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Pharmacopeial Forum is covered in Current Contents/Life Sciences and in the Science Citation
Index (SCI), in International Pharmaceutical Abstracts, and in Current Awareness in Biological
Sciences.
The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
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The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Section

Proposed and Adopted Revisions to the USP–NF
Content
How Readers Can Respond
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Proposed
Interim
Revision
Announcements

In-Process
Revision

Proposals for Interim
Revision Announcements
(IRAs) that will be published
as official USP or NF
standards
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
Proposals for standards that
will be published as official in
a future USP–NF book or
Supplement.
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Review material and send comments within 90
days of the PF publication in which the
standard was proposed (or per the comment
deadline listed in the Briefing section). Direct
comments to the USP Scientific Liaison using
the contact information provided at the end of
each Proposed IRA

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-9986839 or stdsmonographs@usp.org.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

Review material and provide comments to the
USP Scientific Liaison using the contact
information provided at the end of each Stage
4 Harmonization. Individuals who wish to
correspond with the European and Japanese
Pharmacopoeias concerning monographs in the
Stage 4 period of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a copy to
USP.
PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Department
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu
JP Secretariat
Mr. Issei Takayama
Technical Officer
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
takayama-issei@pmda.go.jp
Articles on standards
Review material and provide comments to the
development topics authored recipient indicated (usually footnoted in each
by the USP Council of
Stimuli article).
Experts, USP staff, or other
interested parties on which
USP desires public input prior
to further development.

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
41 Balances, page 6136 of the Second Supplement to USP 36. Comments received
indicate the potential existence of a problem with the repeatability requirement. When following
the procedure as written in the chapter, the use of a large test weight may produce an
unintended passing result. In order to correct this problem, the EC proposes to modify the test
using the “desired smallest net weight” value as the divisor. The desired smallest net weight
can be selected on the basis of the weighing operations performed in that particular balance.
In the absence of any significant adverse comments, it is proposed to implement this
revision via an Interim Revision Announcement, with an official date of July 1, 2014.
(GCPA: H. Pappa.)
Correspondence Number—C138056

Comment deadline: March 31, 2014
Change to read:
41
BALANCES
This chapter states the requirements for balances used for materials that must be accurately
weighed (see General Notices, 8.20). Unless otherwise specified, when substances must be
“accurately weighed”, the weighing shall be performed using a balance that is calibrated over
the operating range and meets the requirements defined for repeatability and accuracy. For
balances used for other applications, the balance repeatability and accuracy should be
commensurate with the requirements for its use.
For discussion of the theoretical basis of these requirements, see general information chapter
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Weighing on an Analytical Balance
resource.
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1251 , which may be a helpful—but not mandatory—

Change to read:
REPEATABILITY
Repeatability is assessed by weighing one test weight NLT 10 times. [Note—The test weight
must be within the balance's operating range, but the weight need not be calibrated. Because
repeatability is virtually independent of sample mass within the balance's capacity, use of a
small test weight, which may be difficult to handle, is not required.]
Repeatability is satisfactory if two times the standard deviation of the weighed value, divided
by the nominal value of the weight used
desired smallest net weight, (IRA 1-Jul-2014)
does not exceed 0.10%. If the standard deviation obtained is less than 0.41d, where d is the
scale interval, replace this standard deviation with 0.41d. In this case, repeatability is
satisfactory if two times 0.41d, divided by the nominal value of the weight used
desired smallest net weight, (IRA 1-Jul-2014)
does not exceed 0.10%.
ACCURACY
The accuracy of a balance is satisfactory if its weighing value, when tested with a suitable
weight(s), is within 0.10% of the test weight value.
A test weight is suitable if it has a mass between 5% and 100% of the balance's capacity. The
test weight's maximum permissible error (mpe), or alternatively its calibration uncertainty, shall
be NMT one-third of the applied test limit of the accuracy test. [Note—Applicable standards
are the following: ASTM E617 (available from http://www.astm.org) and OIML R 111 (available
from http://www.oiml.org).]
2S (USP36)

BRIEFING
Tacrolimus Capsules, page 6709 of the Second Supplement to USP 36. On the basis of
comments received, the following revisions are proposed:
1.
The test for Organic Impurities, Procedure 2 is revised to correct the trivial name
tacrolimus 21-carboxylic acid to tacrolimus hydroxy acid, on the basis of input from
the original sponsor of the procedure. The chemical name of this impurity is updated.
Relative response factors, based on supporting data, are added.
2.
The footnotes in Table 6 and Table 8 are updated for clarity and consistency.
The comment period for this revision ends on March 31, 2014. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of July 1, 2014.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Wise.)
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Correspondence Number—C122038

Comment deadline: March 31, 2014
Tacrolimus Capsules
DEFINITION
Tacrolimus Capsules contain NLT 93.0% and NMT 105.0% of the labeled amount of tacrolimus
(C44 H69 NO12 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
[Note—Allow the Standard solution and Sample solution to stand for 3 h at ambient
temperature before use. Protect the solutions from light by using low-actinic glassware.]
Solution A: 6 mM phosphoric acid
Solution B: 50 g/L of polyoxyethylene (23) lauryl ether. [Note—Polyoxyethylene (23) lauryl
ether is also called Brij-35.]
Solution C: Acetonitrile and Solution B (7:3)
Mobile phase: Acetonitrile, tert-butyl methyl ether, and Solution A (335:55:600)
Standard solution: 50 µg/mL of USP Tacrolimus RS in Solution C
Sample solution: Equivalent to 50 µg/mL of tacrolimus, from NLT 10 Capsules, in Solution
C. [Note—Sonicate, and stir with a magnetic stirrer.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.0-mm × 5.5-cm; 3-µm packing L1
Column temperature: 60
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for tacrolimus 19-epimer and tacrolimus are 0.67 and
1.0, respectively.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 3.0% for the sum of the tacrolimus and tacrolimus
19-epimer peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tacrolimus (C44 H69 NO12 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= sum of the peak responses of tacrolimus and tacrolimus 19-epimer from the Sample
solution
rS= sum of the peak responses of tacrolimus and tacrolimus 19-epimer from the Standard
solution
C=
S concentration of USP Tacrolimus RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 93.0%–105.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Test 1
Medium: Hydroxypropylcellulose in water (1:2 × 104), adjusted with 6% phosphoric acid
to a pH of 4.5; 900 mL
Apparatus 2: 50 rpm with sinker (see Dissolution 711 , Figure 2a)
Time: 90 min
Mobile phase: Acetonitrile, methanol, water, and 6% phosphoric acid (46: 18: 36: 0.1)
Standard stock solution: (L/360) mg/mL in acetonitrile, where L is the Capsule label
claim in mg
Standard solution: To 20.0 mL of the Standard stock solution add 50.0 mL of Medium,
and mix to obtain solutions with known concentrations as indicated in Table 1. Allow the
solution to stand for NLT 6 h at 25 before use.
Sample solution: Pass 10 mL of the solution under test through a G4 glass filter. To 5.0
mL of the filtrate add 2.0 mL of acetonitrile, and mix. Allow the solution to stand for NLT
1 h at 25 before use.
Table 1
Capsule Strength Final Concentration
(mg)
(µg/mL)
0.5
0.4
1
0.8
5
4
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 50
Flow rate: Adjust the flow rate so that the retention time of tacrolimus is
approximately 14 min.
Injection volume: See Table 2.
Table 2
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Capsule Strength Injection Volume
(mg)
(µL)
0.5
800
1
400
5
80
[Note—For products with strengths other than those listed in Table 2, adjust the
injection volume to deliver an equivalent amount of tacrolimus into the column.]
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between tacrolimus 19-epimer and tacrolimus
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tacrolimus (C44 H69 NO12 ) dissolved:
Result = (rU/rS) × CS × D × V × (100/L)
rU= peak response of tacrolimus from the Sample solution
rS= peak response of tacrolimus from the Standard solution
C=
S concentration of USP Tacrolimus RS in the Standard solution (mg/mL)
D= dilution factor of the Sample solution
V= volume of Medium, 900 mL
L= label claim (mg/Capsule)
Tolerances: NLT 80% (Q) of the labeled amount of tacrolimus (C44 H69 NO12 ) is dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
[Note—Allow the Standard solution to stand for 3 h at ambient temperature before use.
Protect the solutions from light by using low-actinic glassware.]
Buffer: Dissolve 6 g of sodium dodecyl sulfate and 8.28 g of monobasic sodium phosphate
in 6000 mL of water. Adjust with 2 N sodium hydroxide to a pH of 7.0.
Medium: Buffer; 900 mL
Apparatus 2: 50 rpm, with sinkers
Time: 60 min
Standard stock solution: 0.2 mg/mL of USP Tacrolimus RS in alcohol and Medium (3:7).
[Note—Dissolve USP Tacrolimus RS in alcohol using 30% of the final volume. Sonicate
until dissolved, and dilute with Medium to volume.]
Standard solution: Dilute the Standard stock solution with Medium to obtain a final
concentration of 5 µg/mL.
Sample solution: Pass a portion of the solution under test through a suitable filter.
Solution A: 6 mM phosphoric acid
Mobile phase: Acetonitrile, tert-butyl methyl ether, and Solution A (335:50:600)
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 205 nm
Column: 4.0-mm × 5.5-cm; 3-µm packing L1
Column temperature: 60
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for tacrolimus 19-epimer and tacrolimus are 0.67 and
1.0, respectively.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 5.0% for the sum of the areas of tacrolimus and
tacrolimus 19-epimer
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tacrolimus (C44 H69 NO12 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= sum of the peak responses of tacrolimus and tacrolimus 19-epimer from the Sample
solution
rS= sum of the peak responses of tacrolimus and tacrolimus 19-epimer from the Standard
solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Capsule)
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of tacrolimus (C44 H69 NO12 ) is dissolved.
Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium: 50 mg/L of hydroxypropyl cellulose in water. Adjust with phosphoric acid to a
pH of 4.5; 900 mL.
Apparatus 2 (without sinker), Time, and Sample solution: Proceed as directed for
Test 1.
Buffer: 3.6 g/L of monobasic potassium phosphate in water. Adjust with diluted
phosphoric acid to a pH of 2.5.
Mobile phase: Buffer and acetonitrile (1:1)
Standard stock solution: 0.1 mg/mL of USP Tacrolimus RS in acetonitrile
Standard solution: Dilute the Standard stock solution with Medium to obtain a final
concentration of (L/900) mg/mL, where L is the Capsule label claim in mg.
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
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Column temperature: 60
Flow rate: 1.3 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for tacrolimus 19-epimer, tacrolimus open ring, and
tacrolimus are 0.67, 0.79, and 1.0, respectively.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tacrolimus (C44 H69 NO12 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= sum of the peak responses of tacrolimus, tacrolimus 19-epimer, and tacrolimus open
ring from the Sample solution
rS= sum of the peak responses of tacrolimus, tacrolimus 19-epimer, and tacrolimus open
ring from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Capsule)
V= volume of Medium, 900 mL
Tolerances: NLT 75% (Q) of the labeled amount of tacrolimus (C44 H69 NO12 ) is dissolved.
Test 4: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 4.
Medium: Hydroxypropylcellulose in water (1 in 20,000), adjusted with phosphoric acid to
a pH of 4.5. See Table 3 for the volume.
Table 3
Capsule Strength Volume of Medium
(mg)
(mL)
0.5
500
1
900
5
900
Apparatus 2: 50 rpm, with sinkers
Time: 120 min
Diluent: 1 mg/mL of hydroxypropylcellulose in water. Sonicate as needed to dissolve.
Buffer: To a solution of 1 g/L of sodium 1-hexanesulfonate in water add 0.1 mL/L of
trifluoroacetic acid.
Mobile phase: Acetonitrile, methanol, and Buffer (550:50:400)
Standard stock solution: Dissolve USP Tacrolimus RS in acetonitrile. See Table 4 for
the concentrations (L is the Capsule label claim in mg).
Table 4
Capsule Strength Concentration
(mg)
(mg/mL)
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0.5
L/25
1
L/45
5
L/45
Standard solution: Dilute the Standard stock solution with Diluent. See Table 5 for the
concentrations (L is the Capsule label claim in mg).
Table 5
Capsule Strength Concentration
(mg)
(mg/mL)
0.5
L/500
1
L/900
5
L/900
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 60
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tacrolimus (C44 H69 NO12 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Tacrolimus RS in the Standard solution (mg/mL)
L = label claim (mg/Capsule)
V= volume of Medium (mL) (see Table 3)
Tolerances: NLT 75% (Q) of the labeled amount of tacrolimus (C44 H69 NO12 ) is
dissolved.
(RB 1-Feb-2013)

• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities, Procedure 1
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[Note—Use Organic Impurities, Procedure 1 when the impurity profile includes tacrolimus diene
and tacrolimus regioisomer. It is suggested that new columns be conditioned with about
500 mL of ethanol before use to meet the resolution criterion.]
Mobile phase: Hexane, n-butyl chloride, and acetonitrile (7:2:1). Add n-butyl chloride to
hexane, and mix well before adding acetonitrile. After adding acetonitrile, mix the Mobile
phase for 2 h to get a clear solution. Any deviations from the ratio of components in the
Mobile phase and the order of mixing will result in a two-phase solution.
System suitability solution: 0.1 mg/mL each of USP Tacrolimus RS and USP Tacrolimus
Related Compound A RS in Mobile phase
Sample solution: Transfer the contents of a suitable number of Capsules (equivalent to
about 5 mg of tacrolimus for 0.5-mg Capsules or 10 mg of tacrolimus for 1-mg and 5-mg
Capsules) into a centrifuge tube. Add 1.5 mL of a mixture of n-butyl chloride and
acetonitrile (2:1), sonicate in an ultrasonic bath for 2 min, add 3.5 mL of n-hexane, and
mix. Centrifuge this solution, and collect the supernatant or pass the solution through a
0.5-µm membrane filter. Use the solution within 30 min of preparation.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Columns: Two 4.6-mm × 25-cm columns; 5-µm packing L20
Column temperature: 28 ± 2
Flow rate: 1.5 mL/min. [Note—Adjust the flow rate so that the retention time of
tacrolimus is approximately 15 min.]
Injection volume: 20 µL
Run time: 3 times the retention time of tacrolimus
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.1 between tacrolimus and tacrolimus related compound A
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/F i) × [1/S(rU/F i)] × 100
r=
U peak response of each impurity in the Sample solution
F=i relative response factor for each corresponding impurity (see
Table 6 (RB 1-Feb-2013)
Acceptance criteria: See
Table 6. (RB 1-Feb-2013)
Disregard peaks due to the solvent.
Table 6

(RB 1-Feb-2013)
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Name
Tacrolimus
Tacrolimus
Tacrolimus
Tacrolimus
Tacrolimus

dienea
regioisomerb
impurity 1c
related compound Ad

Tacrolimus 19-epimere,f
Tacrolimus open ringe,g
Any individual unspecified impurity
Total impuritiesh
(IRA 1-Jul-2014)

Relative
Retention
Time
0.79
0.88
0.96
0.96
1.0

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

1.1

2.2
1.0
1.0
—
—
—

0.3
0.5
0.3
—
—
—

1.3
—

—
1.0

—
0.2

—

—

1.0

a (14E,18E)-17-Allyl-1-hydroxy-12-[(E)-2-(4-hydroxy-3-methoxycyclohexyl)-1methylvinyl]-23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4azatricyclo[22.3.1.04,9] octacosa-14,18-diene-2,3,10,16-tetrone.
b (4E,11E)-10-Allyl-7,8,10,13,14,15,16,17,18,19,20,21,26,22,28,28a-hexadecahydro7,21-dihydroxy-3-(4-hydroxy-3-methoxycyclohexyl)-16,18-dimethoxy-4,6,12,14,20pentamethyl-17,21-epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclopentacosine1,9,22,23(6H,25H)-tetrone.
c Tacrolimus impurity 1 is a specified, unidentified impurity.
d For information only. Not to be reported.
Tacrolimus related compound A is listed here to indicate the relative retention time of this
compound. It is used in the procedure to evaluate system suitability and is not to be
reported. It is not to be included in total impurities. (IRA 1-Jul-2014)
e Tacrolimus open ring and tacrolimus 19-epimer are isomers of tacrolimus, which are
present in equilibrium with the active ingredient. They are not to be reported as
degradation products and are not included in total impurities. (IRA 1-Jul-2014)
f (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19S,26aS)-8-Allyl5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-{(E)2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine1,7,20,21(4H,23H)-tetrone.
g (3S,4R,5S,8R,12S,14S,15R,16S,18R,26aS,E)-8-Allyl5,6,11,12,13,14,15,16,17,18,24,25,26,26a-tetradecahydro-5,15,20,20-tetrahydroxy-3{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy4,10,12,18-tetramethyl-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine1,7,19,21(4H,8H,20H,23H)-tetrone.
h Total impurities limit does not include tacrolimus open ring and tacrolimus 19-epimer.
(IRA 1-Jul-2014)

Change to read:
• Organic Impurities, Procedure 2
[Note—Use Organic Impurities, Procedure 2 when the impurity profile includes tacrolimus 21carboxylic acid
tacrolimus hydroxy acid (IRA 1-Jul-2014)
and tacrolimus 8-epimer. It is suggested to equilibrate the column overnight with a mixture of
Solution C and Solution D (17:3) before performing this procedure. Allow the System
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suitability solution, Standard solution, and Sample solution to stand for 3 h at ambient
temperature before use. Protect the solutions from light by using low-actinic glassware.]
Solution A: 6 mM phosphoric acid
Solution B: Acetonitrile and tert-butyl methyl ether (81:19). [Note—The ratio of
acetonitrile to tert-butyl methyl ether is critical.]
Solution C: Solution A and Solution B (4:1)
Solution D: Solution A and Solution B (1:4)
Mobile phase: See
Table 7. (RB 1-Feb-2013)
Table 7 (RB 1-Feb-2013)
Time
Solution C Solution D
(min)
(%)
(%)
0
74
26
45
74
26
60
15
85
75
15
85
76
74
26
85
74
26
Solution E: 50 g/L polyoxyethylene (23) lauryl ether in Solution A. [Note—Polyoxyethylene
(23) lauryl ether is also called Brij-35.]
Diluent: Acetonitrile and Solution E (7:3)
System suitability solution: 1.5 mg/mL of USP Tacrolimus System Suitability Mixture RS in
Diluent
Standard solution: 7.5 µg/mL of USP Tacrolimus RS in Diluent
Sensitivity solution: 1.5 µg/mL of USP Tacrolimus RS in Diluent from Standard solution
Sample solution: Equivalent to 1.5 mg/mL of tacrolimus in Diluent. [Note—Shake the
mixture on a mechanical shaker for 30 min, and pass through a suitable filter.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 60
Flow rate: 1.5 mL/min
Injection volume: 40 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Signal-to-noise ratio: NLT 10.0, Sensitivity solution
Resolution: NLT 3.0 between tacrolimus and ascomycin, System suitability solution
Relative standard deviation: NMT 10.0% for the sum of the responses of tacrolimus
and tacrolimus 19-epimer, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:

PF 40(1): Jan.-Feb. 2014

22

Result = (rU/rS) × (CS/CU) × P × 100
Result = (rU/rS) × (CS/CU) × P × (1/F) × 100

(IRA 1-Jul-2014)

rU= peak response of each impurity from the Sample solution
rS= sum of the peak responses for tacrolimus 19-epimer and tacrolimus from the Standard
solution
CS= concentration of USP Tacrolimus RS in the Standard solution (mg/mL)
CU= nominal concentration of tacrolimus in the Sample solution (mg/mL)
P = potency of tacrolimus in USP Tacrolimus RS (mg/mg)
F= relative response factor (see Table 8) (IRA 1-Jul-2014)
Acceptance criteria: See
Table 8. (RB 1-Feb-2013)
Disregard peaks that are smaller than the tacrolimus peak in the Sensitivity solution.
Table 8

Name
Tacrolimus 21-carboxylic acida
Tacrolimus hydroxy acida
(IRA 1-Jul-2014)

Tacrolimus open ringb,c
Ascomycin 19-epimerd,
e

(RB 1-Feb-2013)

0.18
0.49

Tacrolimus 19-epimerb,f
Ascomycine,g
Desmethyl tacrolimuse,h
Tacrolimus

0.52
0.62
0.84
0.91
1.0

Tacrolimus 8-epimeri
Tacrolimus 8-propyl analoge,j
Any individual unspecified impurity
Total impurities

1.28
1.30
—
—

(IRA 1-Jul-2014)

Relative
Response
Factor

Relative
Retention
Time

(IRA 1-Jul-2014)

1.5

1.0

—

0.5
—

—

—

—
—
—
—

—
—
—
—
0.5

(IRA 1-Jul-2014)

(IRA 1-Jul-2014)

—
1.0

Acceptance
Criteria,
NMT (%)

(IRA 1-Jul-2014)

—

(RB 1-Feb-2013)

—
0.2
1.5
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a 2-[(2R,3R,5S,6R)-6-{(1S,3S,5E,7R,10S,11R,12S,13E)-7-Allyl-10-hydroxy-14-{(1R,3R,4R)-4hydroxy-3-methoxycyclohexyl}-1-methoxy-3,5,11,13-tetramethyl-8-oxo-12-[(S)-piperidine2-carbonyloxy]tetradeca-5,13-dienyl}-2-hydroxy-5-methoxy-3-methyltetrahydro-2H-pyran2-yl]-2-oxoacetic acid
(3S,4R,5S,8R,12S,14S,15R,16S,18R,25aS,E)-8-Allyl-5,15,19-trihydroxy-3-{(E)-1-[(1R,3R,4R)4-hydroxy-3-methoxycyclohexyl]prop-1-en-2-yl}-14,16-dimethoxy-4,10,12,18-tetramethyl1,7,20-trioxo-1,3,4,5,6,7,8,11,12,13,14,15,16,17,18,19,20,22,23,24,25,25adocosahydropyrido[2,1-c][1]oxa[4]azacyclodocosine-19-carboxylic acid. (IRA 1-Jul-2014)
b Tacrolimus open ring and tacrolimus 19-epimer are isomers of tacrolimus, which are present
in equilibrium with the active ingredient. They are not to be reported as degradation products
and are not included in total impurities. (IRA 1-Jul-2014)
c (3S,4R,5S,8R,12S,14S,15R,16S,18R,26aS,E)-8-Allyl5,6,11,12,13,14,15,16,17,18,24,25,26,26a-tetradecahydro-5,15,20,20-tetrahydroxy-3-{(E)2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18tetramethyl-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine-1,7,19,21(4H,8H,20H,23H)-tetrone.
d (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19S,26aS)-8-Ethyl5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-[(E)-2[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl]-14,16-dimethoxy-4,10,12,18tetramethyl-15,19-epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)tetrone.
e These are process impurities that are controlled in the drug substance. They are not to be
reported in the drug product.
f (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19S,26aS)-8-Allyl5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-{(E)-2[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18tetramethyl-15,19-epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)tetrone.
g (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-8-Ethyl5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-[(E)-2[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl]-14,16-dimethoxy-4,10,12,18tetramethyl-15,19-epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)tetrone.
h (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-8-Allyl5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-[(E)-2[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl]-14,16-dimethoxy-4,12,18trimethyl-15,19-epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)tetrone.
i (3S,4R,5S,8S,9E,12S,14S,15R,16S,18R,19R,26aS)-8-Allyl5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-{(E)-2[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18tetramethyl-15,19-epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine-1,7,20, 21(4H,23H)tetrone.
j
(3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-Hexadecahydro-5,19-dihydroxy-3-{(E)-2[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18tetramethyl-15,19-epoxy-8-propyl-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine1,7,20,21(4H,23H)-tetrone. (ERR 1-O ct-2012)

ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, then the labeling
states with which Organic Impurities test the article complies. When more than one
Dissolution test is given, the labeling states the Dissolution test used only if Test 1 is not
used.
Change to read:
• USP Reference Standards 11
USP Tacrolimus RS
USP Tacrolimus Related Compound A RS
(E)-8-Ethyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19dihydroxy-3-[(E)-2-(4-hydroxy-3-methoxycyclohexyl)-1-methylvinyl]-14,16dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone.
C43 H69 NO12
792.01
USP Tacrolimus System Suitability Mixture RS
It contains tacrolimus, ascomycin
(3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-8-Ethyl5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-[(E)2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl]-14,16-dimethoxy4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine1,7,20,21-(4H,23H)-tetrone.
C43 H69 NO12
792.01
and tacrolimus 8-propyl analog
(3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-Hexadecahydro-5,19-dihydroxy-3{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy4,10,12,18-tetramethyl-15,19-epoxy-8-propyl-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone. (ERR 1-Jun-2013)
C44 H71 NO12
806.03
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
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Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example,
2S (USP 34)

indicates that the proposed revision is slated for the Second Supplement to USP 34,

and
USP35

and

NF30

indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
4 Mucosal Drug Products—Product Quality Tests. This proposed new general test
chapter addresses the mucosal delivery of drug products to effect local action or systemic
absorption. This chapter includes seven different membrane surfaces, or routes, for drug
delivery: otic, ophthalmic, nasal, oropharyngeal, urethral, vaginal, and rectal. Drug product
quality and performance tests, including generally applicable and specific tests, are also
described for the mucosal drug products. Product-specific tests for the various dosage forms
available for each membrane route are listed. Quality tests that are related to a specific
mucosal route represent expectations for any dosage form administered by that specific route.
This chapter provides a prospective framework to support new individual monographs. Via
updating, USP may reference this general test chapter in individual monographs. Existing
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monographs contain all the tests that are required for the article. The entry "currently no
specific tests" indicates that dosage-form-specific tests are not given. In these cases,
interested parties are encouraged to work with USP to develop appropriate quality tests. For
the generally applicable test Definition, the proposed chapter references general information
chapter Pharmaceutical Dosage Forms

1151 .

(GCDF: W. Brown.)
Correspondence Number—C135263

Comment deadline: March 31, 2014
Add the following:
4

MUCOSAL DRUG PRODUCTS—PRODUCT QUALITY TESTS
INTRODUCTION

The mucosal route of drug administration is subdivided into seven membrane surfaces for the
purposes of taxonomic distinction of dosage form by route of administration. These membrane
surfaces are characterized as otic, ophthalmic, nasal, oropharyngeal, urethral, vaginal, and
rectal. This grouping does not include the pulmonary mucosal route addressed in chapter
Inhalation and Nasal Drug Products—General Information and Product Quality Tests 5 . A
drug product is administered to any of these seven mucosal surfaces either to effect local
action or systemic absorption. Local action is to the area proximate to application. Where local
action is intended, systemic absorption is not typically desired and is unnecessary for
therapeutic effect. In some cases, however, the mucosal delivery of a drug for systemic
absorption is used because it avoids first-pass metabolism, it provides more rapid systemic
delivery, or it provides an alternative when oral delivery (to the gastrointestinal tract) is not
possible due to a disease state. A large number of the dosage forms listed in Pharmaceutical
Dosage Forms 1151 1 can be delivered by way of the various membrane surfaces in the
mucosal category.
Analytical procedures and acceptance criteria for testing drug products are divided into two
categories: those that assess general product quality attributes and those that assess product
performance. Drug product quality tests assess attributes such as identification, assay
(strength), dose content uniformity, and impurities and are usually part of the compendial
monograph. Product performance tests include the dissolution test for a solid oral dosage form,
Dissolution 711 , and the drug release test, Drug Release 724 . Taken together, quality
and performance tests ensure the identity, strength, quality, and purity of a mucosal drug
product.
This chapter also provides lists of consolidated, common product quality tests and certain
specific tests based on route of drug administration requirements. Existing monographs contain
all the tests required for the article. For new, specific drug product monographs or where a
monograph is not available, the chapter provides specific quality tests as a resource for
manufacturers until particular monographs for the specific product are developed by USP.
PRODUCT QUALITY TESTS FOR MUCOSAL DRUG PRODUCTS
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This chapter provides product quality tests that are generally necessary, tests that apply to
specific products, and tests that apply to one or more of the specific mucosal routes. Quality
tests listed under a specific mucosal route in this chapter represent expectations for any
dosage form administered by that specific route.
Generally Necessary Tests
Product quality attributes for mucosal dosage forms should reflect acceptable requirements for
marketed products. The following tests should be generally applied to all dosage forms intended
for mucosal delivery. Tests that are generally necessary for any article include: Definition,
Identification, Assay, and Impurities (organic, inorganic, and residual solvents). Uniformity of
Dosage Units

905

is typically included in a USP product monograph.
DEFINITION

The Definition section (see General Notices and Requirements 4.10) in a USP monograph
describes the drug product and specifies the range of acceptable assayed content of the drug
substance(s) present in the dosage form. For certain products, the Definition includes any
relevant additional information, such as the presence or absence of other components,
excipients, or adjuvants, and cautionary statements on toxicity and stability. Appearance
information is used in a regulatory submission to aid in product identification. Because the size,
shape, color, etc., are attributes of individual marketed products, a qualitative description is
typically not required as part of a USP monograph (see

1151 ).

IDENTIFICATION
Identification is included in a monograph as an aid in verifying the identity of the article and to
provide a positive identification of the drug substance or substances in a drug product (see
General Notices and Requirements 5.40).
ASSAY
The assay is used to determine the strength (content) of the drug product. Typically, the
assay is specific and stability indicating. When a nonspecific assay is justified, other supporting
analytical procedures should ensure that any interfering species will be detected and can be
limited. Assay results are often reported as a percentage of the label claim, with acceptance
criteria that are typically in the range from 90.0% to 110.0%. For some antibiotic products, the
range may be wider. The width of these limits is intended to allow for manufacturing variability,
including changes in stability, as well as analytical variation. The narrower acceptance range of
95.0%–105.0% is used less often and with justification.
IMPURITIES
Process impurities include those arising from starting materials, synthetic byproducts, and other
inorganic and organic impurities that may be present in the drug substance and in the
excipients used in the manufacture of the drug product. These impurities are controlled by
using the appropriate test, as specified within the drug substance and excipient monographs.
Impurities in the drug product may also result from degradation of the drug substance or
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excipients, from interactions between the drug substance and an excipient, or from interactions
between the drug substance and the packaging components. The procedures and acceptance
criteria should specifically limit toxic degradation products as well as degradation products that
endanger the quality of the article if they exceed certain levels. Limits should be provided for
process impurities that are found to be present during the test for degradation products. A
more complete discussion of impurities is provided in general information chapter Impurities in
Drug Substances and Drug Products

1086 .1

UNIFORMITY OF DOSAGE UNITS
Chapter 905 is used to ensure the consistency of drug substance content in dosage units
within a narrow range around the label claim. The test is applied only to dosage forms
containing a single dose or a part of a dose of the drug substance in each unit. Uniformity of
dosage units may be demonstrated by one of two methods: content uniformity or weight
variation. Content uniformity is based on the assays of a number of individual dosage units.
Weight variation can be used to estimate content uniformity under certain conditions.
Dosage Forms by Specific Mucosal Route and Product-Specific Tests
In addition to the generally necessary product quality tests already discussed, the dosage form
may require specific quality tests that are common across routes of administration. General test
chapter Injectable and Implantable Drug Products—Product Quality Tests 1 provides testing
requirements common to injectable and implantable products. General test chapter Oral Drug
Products—Product Quality Tests

2

provides testing requirements for tablets and lozenges.

General test chapter Topical and Transdermal Drug Products—Product Quality Tests

3

provides testing requirements common to semi-solids (creams, ointments, and gels). Chapter
5 presents testing requirements for sprays and aerosols. Where a dosage form has no specific
test given in this chapter, no additional test is required unless included in the individual
monograph specification.
OTIC ROUTE
The otic route is characterized by administration of a preparation into, or by way of, the ear.
Demonstration of sterility (see Sterility Tests 71 ) is not always required for products
delivered to the ear. Typically, sterility is required where the product is administered to the
inner ear or where the eardrum is damaged. Where sterility if not required, the quantitative
enumeration of mesophilic bacteria and fungi that grow under anaerobic conditions,
Microbiological Examination of Nonsterile Products: Microbial Enumeration Tests 61 , or the
determination of the absence or limited occurrence of specified organisms, Microbiological
Examination of Nonsterile Products: Tests for Specified Microorganisms
required.

62 , may be

If an antimicrobial preservative is used, Antimicrobial Effectiveness Testing

51

Antimicrobial Agents—Content 341 may be required.
Dosage forms given by the otic route include liquids, solutions, and suspensions.

and
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OPHTHALMIC ROUTE
The ophthalmic route is to the eye. In addition to the generally necessary tests, the following
specific tests for ophthalmic drug products should be considered (see Table 1). For products
that are injected or implanted into the eye, see 1 . Some of the important product quality
tests for products administered by the ophthalmic route are listed below. See Ophthalmic
Preparations 771 for details and other product quality information.
Foreign and Particulate Matter
Sterility
Particle Size and Particle Size Distribution
Antimicrobial Preservative
Table 1. Drug Products Administered by the Ophthalmic Route, with Product-Specific
Tests
Ophthalmic Route
Dosage
Form

Product-Specific Tests

Gels

Minimum Fill 755
Topical and Transdermal Drug Products—Product Quality Tests

Emulsions

Osmolality and Osmolarity 785
pH 791
Surface Tension
Viscosity—Capillary Viscometer Methods
Zeta Potential

Inserts

Bacterial Endotoxins Test

Ointments

Minimum Fill 755
Topical and Transdermal Drug Products—Product Quality Tests

3

911

85
3

Strips

Particulate Matter in Ophthalmic Solutions 789
Viscosity—Capillary Viscometer Methods 911
pH 791
Osmolality and Osmolarity 785
Currently no specific tests (additional specific monograph requirements may
apply)

Suspensions

pH 791
Osmolality and Osmolarity 785
Particle Size and Particle Size Distribution
Viscosity—Capillary Viscometer Methods 911

Solutions

NASAL ROUTE
The nasal route is administration to the nose, or by way of the nose, for local or systemic
effect (see Table 2).
Table 2. Drug Products Administered by the Nasal Route, with Product-Specific Tests
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Nasal Route
Dosage
Form
Aerosols

Product-Specific Tests
Inhalation and Nasal Drug Products—General Information and Product Quality
Tests 5

Gels (Jelly)

Minimum Fill 755
Topical and Transdermal Drug Products—Product Quality Tests

Ointments
Sprays
Solutions

3

Minimum Fill 755
Topical and Transdermal Drug Products—Product Quality Tests 3
Inhalation and Nasal Drug Products—General Information and Product Quality
Tests 5
Inhalation and Nasal Drug Products—General Information and Product Quality
Tests 5
OROPHARYNGEAL ROUTE

The oropharyngeal route is into the oral cavity and/or pharyngeal region. The oropharyngeal
route is subclassified by the specific intra-oral surfaces, such as buccal or sublingual. Buccal
and sublingual administrations are typically intended to promote systemic absorption by
permeation through the respective mucosa. However, in this context, oral administration may
mean topical application for local action (see Table 3). Product quality tests for products
administered to oropharyngeal surfaces often conform to those for oral administration to the
gastrointestinal tract (see Oral Drug Products—Product Quality Tests

2 ).

Table 3. Drug Products Administered by the Oropharyngeal Route, with Product-Specific
Tests
Oropharyngeal Route
Dosage
Form
Buccal
Patches
Films

Product-Specific Tests
See Topical and Transdermal Drug Products—Product Quality Tests 3 for
testing requirements common to patches.
Currently no specific tests (additional specific monograph requirements may
apply)

Lozenges

Minimum Fill 755
Topical and Transdermal Drug Products—Product Quality Tests 3
Currently no specific tests (additional specific monograph requirements may
apply)
Currently no specific tests (additional specific monograph requirements may
apply)

Ointments
Solutions
(Rinses)

Topical and Transdermal Drug Products—Product Quality Tests 3
Minimum Fill 755
Currently no specific tests (additional specific monograph requirements may
apply)

Gels
Gums
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Sprays

Inhalation and Nasal Drug Products—General Information and Product Quality
Tests 5

Tablets

Oral Drug Products—Product Quality Tests

2

URETHRAL ROUTE
The urethral route is into the urethra, typically for local action, but systemic distribution is also
possible. Chapter
urethral inserts.

61

and chapter

62

may apply. Drug products in this category include

VAGINAL ROUTE
The vaginal route is into the vagina, typically for local action, but systemic distribution is also
possible. Chapter

61

and chapter

62

may apply (see Table 4).

Relative foam density: Determine relative foam density by weighing a mass of foam (m) and a
mass of the same volume of water (e) in a flat-bottom dish. Relative foam density = m/e.
Duration of foam expansion: Estimate the volume of foam expansion at 25 using a
graduated buret and a foam-generating container equipped with a push button fitted to the
buret.
Table 4. Drug Products Administered by the Vaginal Route, with Product-Specific Tests
Vaginal Route
Dosage
Form

Product-Specific Tests

Creams

Minimum Fill 755
Topical and Transdermal Drug Products—Product Quality Tests

Foams

Minimum Fill 755
Physical Appearance (of the foam and of the collapsed foam)
Relative Foam Density
Duration of Foam Expansion

Gels
Inserts

3

Minimum Fill 755
Topical and Transdermal Drug Products—Product Quality Tests 3
Currently no specific tests (additional specific monograph requirements may
apply)
RECTAL ROUTE

The rectal route is into the rectum. Rectally administered products may produce local effect(s)
or delivery to the systemic circulation.
Softening time determination of lipophilic suppositories: The test is intended to determine,
under defined conditions, the time that elapses until a suppository maintained in water at 37 ±
0.5 softens to the extent that it no longer offers resistance when a defined weight is applied
(see Table 5).
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Relative foam density: Determine relative foam density by weighing a mass of foam (m) and a
mass of the same volume of water (e) in a flat-bottom dish. Relative foam density = m/e.
Duration of foam expansion: Estimate the volume of foam expansion at 25 using a
graduated buret and a foam-generating container equipped with a push button fitted to the
buret.
Table 5. Drug Products Administered by the Rectal Route, with Product-Specific Tests
Rectal Route
Dosage
Form

Foams

Ointments
Suppositories
Solutions
Suspensions

Product-Specific Tests
Minimum Fill 755
Physical Appearance (of the foam and of the collapsed foam)
Relative Foam Density
Duration of Foam Expansion
Minimum Fill 755
Topical and Transdermal Drug Products—Product Quality Tests 3
Relative Foam Density
Softening Time of Lipophilic Suppositories
Currently no specific tests (additional specific monograph requirements may
apply)
Currently no specific tests (additional specific monograph requirements may
apply)

USP38

1 Note that all references to chapters above 1000 are for informational purposes only, for use as a helpful
resource. These chapters are not mandatory unless explicitly called out for application.

BRIEFING
51 Antimicrobial Effectiveness Testing, USP 36 page 54. The Microbiology Expert
Committee of the Council of Experts in the United States Pharmacopeial Convention proposes to
revise this chapter, which provides procedures to demonstrate the effectiveness of
antimicrobial preservatives. The purpose of the revision is to align the content, layout, and
format with other general chapters such as Microbiological Examination of Nonsterile Products:
Microbial Enumeration Tests

61 , Microbiological Examination of Nonsterile Products: Tests

for Specified Microorganisms 62 , and Sterility Tests 71 . The revision provides greater
clarity in preparation and use of test organisms, including the use of standardized microbial
cultures; growth promotion; and method suitability. This proposed revision also clarifies the
definition of “no increase” and method execution. Product categories that require testing and
acceptance criteria are unchanged.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCM: R. Tirumalai.)
Correspondence Number—C137952

Comment deadline: March 31, 2014
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51

ANTIMICROBIAL EFFECTIVENESS TESTING

Change to read:
Antimicrobial preservatives are substances added to nonsterile dosage forms to protect them
from microbiological growth or from microorganisms that are introduced inadvertently during or
subsequent to the manufacturing process. In the case of sterile articles packaged in multipledose containers, antimicrobial preservatives are added to inhibit the growth of microorganisms
that may be introduced from repeatedly withdrawing individual doses.
Antimicrobial preservatives should not be used as a substitute for good manufacturing practices
or solely to reduce the viable microbial population of a nonsterile product or control the
presterilization bioburden of multidose formulations during manufacturing. Antimicrobial
preservatives in compendial dosage forms meet the requirements for Added Substances under
Ingredients and Processes in the General Notices.
All useful antimicrobial agents are toxic substances. For maximum protection of patients, the
concentration of the preservative shown to be effective in the final packaged product should
be below a level that may be toxic to human beings.
The concentration of an added antimicrobial preservative can be kept at a minimum if the
active ingredients of the formulation possess an intrinsic antimicrobial activity. Antimicrobial
effectiveness, whether inherent in the product or whether produced because of the addition of
an antimicrobial preservative, must be demonstrated for all injections packaged in multiple-dose
containers or for other products containing antimicrobial preservatives. Antimicrobial
effectiveness must be demonstrated for multiple-dose topical and oral dosage forms and for
other dosage forms such as ophthalmic, otic, nasal, irrigation, and dialysis fluids (see
Pharmaceutical Dosage Forms

1151 ).

This chapter provides tests to demonstrate the effectiveness of antimicrobial protection. Added
antimicrobial preservatives must be declared on the label. The tests and criteria for
effectiveness apply to a product in the original, unopened container in which it was distributed
by the manufacturer.
PRODUCT CATEGORIES
For the purpose of testing, compendial articles have been divided into four categories (see
Table 1). The criteria of antimicrobial effectiveness for these products are a function of the
route of administration.
Table 1. Compendial Product Categories
Category
Product Description
1
Injections, other parenterals including
emulsions, otic products, sterile nasal
products, and ophthalmic products made
with aqueous bases or vehicles.
2
Topically used products made with aqueous
bases or vehicles, nonsterile nasal products,
and emulsions, including those applied
to mucous membranes.
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3
4

Oral products other than antacids, made with
aqueous bases or vehicles.
Antacids made with an aqueous base.
TEST ORGANISMS

Use cultures of the following microorganisms1: Candida albicans (ATCC No. 10231), Aspergillus
niger (ATCC No. 16404), Escherichia coli (ATCC No. 8739), Pseudomonas aeruginosa (ATCC No.
9027), and Staphylococcus aureus (ATCC No. 6538). The viable microorganisms used in the
test must not be more than five passages removed from the original ATCC culture. For purposes
of the test, one passage is defined as the transfer of organisms from an established culture to
fresh medium. All transfers are counted. In the case of organisms maintained by seed-lot
techniques, each cycle of freezing, thawing, and revival in fresh medium is taken as one
transfer. A seed-stock technique should be used for long-term storage of cultures. Cultures
received from the ATCC should be resuscitated according to directions. If grown in broth, the
cells are pelleted by centrifugation. Resuspend in 1/20th the volume of fresh maintenance
broth, and add an equal volume of 20% (v/v in water) sterile glycerol. Cells grown on agar may
be scraped from the surface into the 10% glycerol broth. Dispense small aliquots of the
suspension into sterile vials. Store the vials in liquid nitrogen or in a mechanical freezer at no
more than 50 . When a fresh seed-stock vial is required, it may be removed and used to
inoculate a series of working cultures. These working cultures may then be used periodically
(each day in the case of bacteria and yeast) to start the inoculum culture.
MEDIA
All media used in the test must be tested for growth promotion. Use the microorganisms
indicated above under Test Organisms.
PREPARATION OF INOCULUM
Preparatory to the test, inoculate the surface of a suitable volume of solid agar medium from a
recently revived stock culture of each of the specified microorganisms. The culture conditions
for the inoculum culture are described in Table 2 in which the suitable media are Soybean–
Casein Digest or Sabouraud Dextrose Agar Medium (see Microbial Enumeration Tests
Tests for Specified Microorganisms

61

and

62 ).

To harvest the bacterial and C. albicans cultures, use sterile saline TS, washing the surface
growth, collecting it in a suitable vessel, and adding sufficient sterile saline TS to obtain a
microbial count of about 1 × 108 colony-forming units (cfu) per mL. To harvest the cells of A.
niger, use sterile saline TS containing 0.05% of polysorbate 80, and add sufficient sterile saline
TS to obtain a count of about 1 × 108 cfu per mL.
Alternatively, the stock culture organisms may be grown in a suitable liquid medium (i.e.,
Soybean–Casein Digest Broth or Sabouraud Dextrose Broth) and the cells harvested by
centrifugation, then washed and resuspended in sterile saline TS to obtain a microbial count of
about 1 × 108 cfu per mL. [Note—The estimate of inoculum concentration may be performed by
turbidimetric measurements for the challenge microorganisms. Refrigerate the suspension if it is
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not used within 2 hours. ]
Determine the number of cfu per mL in each suspension, using the conditions of media and
microbial recovery incubation times listed in Table 2 to confirm the initial cfu per mL estimate.
This value serves to calibrate the size of inoculum used in the test. The bacterial and yeast
suspensions are to be used within 24 hours of harvest, but the fungal preparation may be
stored under refrigeration for up to 7 days.
PROCEDURE
The test can be conducted either in five original containers if sufficient volume of product is
available in each container and the product container can be entered aseptically (i.e., needle
and syringe through an elastomeric rubber stopper), or in five sterile, capped bacteriological
containers of suitable size into which a sufficient volume of product has been transferred.
Inoculate each container with one of the prepared and standardized inoculum, and mix. The
volume of the suspension inoculum used is between 0.5% and 1.0% of the volume of the
product. The concentration of test microorganisms that is added to the product (Categories 1,
2, and 3) are such that the final concentration of the test preparation after inoculation is
between 1 × 105 and 1 × 106 cfu per mL of the product. For Category 4 products (antacids)
the final concentration of the test preparation after inoculation is between 1 × 103 and 1 ×
104 cfu per mL of the product.
The initial concentration of viable microorganisms in each test preparation is estimated based
on the concentration of microorganisms in each of the standardized inoculum as determined by
the plate-count method.
Incubate the inoculated containers at 22.5 ± 2.5 . Sample each container at the appropriate
intervals specified in Table 3. Record any changes observed in appearance at these intervals.
Determine by the plate-count procedure the number of cfu present in each test preparation for
the applicable intervals (see Procedure under Microbial Enumeration Tests

61

and Tests for

Specified Microorganisms 62 ). Incorporate an inactivator (neutralizer) of the specific
antimicrobial in the plate count or in the appropriate dilution prepared for plating. These
conditions are determined in the validation study for that sample based upon the conditions of
media and microbial recovery incubation times listed in Table 2. Using the calculated
concentrations of cfu per mL present at the start of the test, calculate the change in log10
values of the concentration of cfu per mL for each microorganism at the applicable test
intervals, and express the changes in terms of log reductions.
Table 2. Culture Conditions for Inoculum Preparation

Organism
Escherichia coli
(ATCC No. 8739)

Suitable Medium
Soybean–Casein Digest
Broth;
Soybean–Casein Digest
Agar

Incubation
Temperature
32.5 ± 2.5

Inoculum
Incubation
Time
18 to 24 hours

Microbial
Recovery
Incubation
Time
3 to 5 days
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Pseudomonas
aeruginosa
(ATCC No. 9027)
Staphylococcus
aureus
(ATCC No. 6538)
Candida albicans
(ATCC No. 10231)

Aspergillus niger
(ATCC No. 16404)
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Soybean–Casein Digest
Broth;
Soybean–Casein Digest
Agar
Soybean–Casein Digest
Broth;
Soybean–Casein Digest
Agar
Sabouraud Dextrose
Agar;
Sabouraud Dextrose
Broth
Sabouraud Dextrose
Agar;
Sabouraud Dextrose
Broth

32.5 ± 2.5

18 to 24 hours

3 to 5 days

32.5 ± 2.5

18 to 24 hours

3 to 5 days

22.5 ± 2.5

44 to 52 hours

3 to 5 days

22.5 ± 2.5

6 to 10 days

3 to 7 days

CRITERIA FOR ANTIMICROBIAL EFFECTIVENESS
The requirements for antimicrobial effectiveness are met if the criteria specified under Table 3
are met (see Significant Figures and Tolerances under General Notices). No increase is defined
as not more than 0.5 log10 unit higher than the previous value measured.
Table 3. Criteria for Tested Microorganisms
For Category 1 Products
Bacteria: Not less than 1.0 log reduction from the initial calculated count at 7 days, not less
than 3.0 log reduction from the initial count at 14 days, and no increase from the 14
days' count at 28 days.
Yeast
No increase from the initial calculated count at 7, 14, and 28 days.
and
Molds:
For Category 2 Products
Bacteria: Not less than 2.0 log reduction from the initial count at 14 days, and no increase
from the 14 days' count at 28 days.
Yeast
No increase from the initial calculated count at 14 and 28 days.
and
Molds:
For Category 3 Products
Bacteria: Not less than 1.0 log reduction from the initial count at 14 days, and no increase
from the 14 days' count at 28 days.
Yeast
No increase from the initial calculated count at 14 and 28 days.
and
Molds:
For Category 4 Products
Bacteria, No increase from the initial calculated count at 14 and 28 days.
Yeast,
and
Molds:
INTRODUCTION
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Antimicrobial preservatives are substances added to aqueous pharmaceutical products.
Nonsterile dosage forms may have preservatives added to protect them from microbiological
growth or from microorganisms present in raw materials, or those inadvertently introduced
during or subsequent to the manufacturing process. In the case of sterile articles packaged in
multiple-dose containers, antimicrobial preservatives are added to inhibit the growth of
microorganisms that may be introduced from repeatedly withdrawing individual doses. One or
more antimicrobial preservative(s) are expected in all sterile multidose units.
Antimicrobial preservatives should not be used as a substitute for good manufacturing
practices, solely to reduce the viable microbial population of a nonsterile product, or control the
presterilization bioburden of a multidose formulation during manufacturing. Antimicrobial
preservatives in compendial dosage forms meet the requirements for Added Substances in the
General Notices.
All useful antimicrobial agents are toxic substances. For maximum protection of patients, the
concentration of the preservative shown to be effective in the final packaged product should
be below a level that may be toxic to human beings based on the recommended dosage of the
medicinal product.
The concentration of an added antimicrobial preservative can be kept to a minimum if the
active ingredients of the formulation possess an intrinsic antimicrobial activity. Antimicrobial
effectiveness, whether inherent in the product or whether produced because of the addition of
an antimicrobial preservative, must be demonstrated for all injections packaged in multiple-dose
containers or for other products containing antimicrobial preservatives. Antimicrobial
effectiveness must be demonstrated for aqueous-based, multiple-dose topical and oral dosage
forms and for other dosage forms such as ophthalmic, otic, nasal, irrigation, and dialysis fluids
(see general information chapter Pharmaceutical Dosage Forms 1151 ). For the purpose of
the test, aqueous is defined as a water activity of more than 0.5 (see general information
chapter Application of Water Activity Determination to Nonsterile Pharmaceutical Products
1112 ).
Challenge organisms are generally based on likely contaminants to a drug product while
considering its physical attributes, formulation, and intended use. The standard battery of
challenge organisms described in this test is not meant to be prescriptive and should not
prevent the inclusion of other species of microorganisms if deemed useful to measure the
biological activity of the preservative system for a specific product. These supplemental
challenge organisms are not within the scope of this chapter, but may be added in addition to
the described test organisms.
GENERAL PROCEDURES
This chapter provides procedures to demonstrate the effectiveness of added antimicrobial
preservatives. Such antimicrobial preservatives must be declared on the label. The procedures
and acceptance criteria for effectiveness apply to a product in the original, unopened container
in which it was distributed by the manufacturer. The test need not be conducted in these
containers, but care should be taken to avoid using materials that can interact with the
preservative in the containers that are used for antimicrobial effectiveness testing.
Growth Promotion Procedure and Suitability of the Recovery Method
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GENERAL CONSIDERATIONS
The ability of the procedure to detect challenge microorganisms in the presence of a suitably
neutralized product to be tested must be established. The suitability of the procedure must be
reconfirmed if a change is made in materials or methods or if a change is made in the product
that may affect the outcome of the test.
The growth-promoting capabilities of media used in this procedure must be established. Refer to
chapter Microbiological Examination of Nonsterile Products: Microbial Enumeration Tests
for procedures.

61

PREPARATION OF TEST STRAINS
Use standardized suspensions of test strains or prepare as stated below. Seed-lot culture
maintenance techniques (seed-lot systems) are used so that the viable microorganisms used
for inoculation are NMT five passages removed from the original master seed lot. Grow each of
the bacterial and fungal test strains separately (see Table 2).
Use cultures of the following microorganisms:1 Candida albicans (ATCC No. 10231), Aspergillus
brasiliensis (ATCC No. 16404), Escherichia coli (ATCC No. 8739), Pseudomonas aeruginosa
(ATCC No. 9027), and Staphylococcus aureus (ATCC No. 6538). The viable microorganisms
used in the procedure should be part of a vigorously growing culture (e.g., in logarithmic growth
phase) with the exception of A. brasiliensis spores used in the microbial challenge. The culture
conditions for the inoculum culture are described (see Table 2) in which the suitable media are
Soybean–Casein Digest or Sabouraud Dextrose Agar Medium (see chapter

61 ).

To harvest the bacterial and C. albicans cultures, use sterile saline TS to wash the surface
growth, collecting it in a suitable vessel, and add sufficient sterile saline TS to obtain a
microbial count of about 1 × 108 colony-forming units (cfu)/mL. To harvest the spores of A.
brasiliensis, use sterile saline TS containing 0.05% of polysorbate 80, and add sufficient sterile
saline TS to obtain a count of about 1 × 108 cfu/mL. The spore suspension should be filtered
through sterile glass wool to remove hyphae. All microbial suspensions should be washed once
by centrifugation, followed by resuspension in appropriate suspending fluid to remove residual
growth medium from the inoculum.
Alternatively, the stock culture organisms may be grown in a suitable liquid medium (i.e.,
Soybean–Casein Digest Broth or Sabouraud Dextrose Broth) and the cells harvested by
centrifugation, then washed and resuspended in sterile saline TS to obtain a microbial count of
about 1 × 108 cfu/mL. Use the bacterial and yeast suspensions within 2 h, or within 24 h if
stored between 2 and 8 . A stable spore suspension can be prepared and then may be
maintained at 2 –8 for up to 7 days. [Note—The estimate of inoculum concentration may be
obtained by turbidimetric procedures for the challenge microorganisms and later confirmed by
plate count.]
GROWTH PROMOTION OF THE MEDIA
Media used in this procedure must be capable of supporting microbial growth and consistent
quantitative microbial recovery. If standard media are used consistently, historical data and
preparation under validated conditions may serve as documentation of adequate growth
promotion for the majority of batches of media. If nonstandard media are used, evaluate each
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batch of ready-prepared medium and each batch of medium prepared either from dehydrated
medium or from the ingredients described.
For solid media, counts obtained must be at least 70% of the calculated value for a
standardized inoculum. For a freshly prepared inoculum, growth of the microorganisms occurs
comparable to that previously obtained with a previously tested and approved batch of
medium.
Suitability of the Counting Method in the Presence of Product
Prepare a 10 1 dilution by adding 1 mL of product (by volume) to 9 mL of saline or other
neutralizing diluent. Continue this dilution scheme to 10 2 and 10 3 dilution levels. Add an
appropriate number of challenge organisms to each tube of diluted product, mix, and then plate
a suitable volume from each dilution to yield less than 250 cfu/plate (80 cfu/plate for A.
brasiliensis). This plating should be performed in 5–6 replicates to minimize variability in the
plate count estimate. A control for this procedure is to introduce the same inocula into saline,
and transfer similar volumes of saline to agar plates. The suitable dilution is the one that
provides at least 70% of the saline control count (averaged).
If the diluted product exhibits antimicrobial properties, specific neutralizers may need to be
incorporated into the diluents or the recovery media. See chapter Validation of Microbial
Recovery from Pharmacopeial Articles

1227

for more information.

The ability of the procedure to measure preservative efficacy may be compromised if the
method suitability requires significant dilution (10 2 or 10 3) as this will affect the measured
recovery (e.g., it may be difficult to measure a 3-log unit reduction for a 105–106 inoculum).
Reported recovery cannot be less than 1 cfu/plate on average (or 100 cfu/mL if 1 mL is plated
in duplicate at the 10 2 dilution).
Membrane filtration may be used to filter larger volumes of dilutions to overcome this difficulty
or to assist in the neutralization of antimicrobial properties.
Testing of Products
PRODUCT CATEGORIES
For the purpose of testing, compendial articles have been divided into four categories (see
Table 1). The criteria of antimicrobial effectiveness for these products are a function of the
route of administration. It is expected that formulations containing preservatives will meet
minimal efficacy standards, whether packaged as multidoses or unit doses.
Table 1. Compendial Product Categories
Category
Product Description
Injections; other parenterals including emulsions,
otic products, sterile nasal products, and
ophthalmic products made with aqueous bases
1
or vehicles.
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2
3
4

Topically used products made with aqueous
bases or vehicles; nonsterile nasal products
and emulsions, including those applied
to mucous membranes.
Oral products other than antacids, made with
aqueous bases or vehicles.
Antacids made with an aqueous base.
PROCEDURE

The procedure can be conducted either in five original containers if a sufficient volume of
product is available in each container and if the product container can be entered aseptically
(i.e., needle and syringe through an elastomeric rubber stopper), or in five sterile, capped
bacteriological containers [inert relative to the antimicrobial agent(s)] of suitable size into
which a sufficient volume of product has been transferred. Inoculate each container with one
of the prepared and standardized inocula, and mix. The volume of the suspension inoculum used
is between 0.5% and 1.0% of the volume of the product to minimize potential effects on the
product. The concentration of test microorganisms that is added to the product (Category 1,
2, or 3) is such that the final concentration of the test preparation after inoculation is between
1 × 105 and 1 × 106 cfu/mL of the product. For Category 4 products (antacids), the final
concentration of the test preparation after inoculation is between 1 × 103 and 1 × 104 cfu/mL
of the product.
The initial concentration of viable microorganisms in each test preparation is estimated based
on the concentration of microorganisms in each of the standardized inocula as determined by
the plate-count method. Incubate the inoculated containers at 22.5 ± 2.5 . Sample each
container at the appropriate intervals (specified in Table 3). Record any changes observed in
appearance at these intervals. Determine, by the plate-count procedure, the number of cfu
present in each test preparation for the applicable intervals (see General Procedures in chapter
61 ). Plate counts will be conducted using a minimum of duplicate plates, with the cfu
averaged before determination of deduced cfu/mL. If membrane filtration is used, duplicate
membrane filters will be used for each estimate. Using the calculated concentrations of cfu/mL
present at the start of the test, calculate the change in log10 values of the concentration of
cfu/mL for each microorganism at the applicable test intervals, and express the changes in
concentration in terms of log reductions. The log reduction is defined as the difference
between the log10 unit value of the starting concentration of cfu/mL in the suspension and the
log10 unit value of cfu/mL of the survivors at that time point.
Table 2. Culture Conditions for Inoculum Preparation

Organism

Escherichia coli
(ATCC No. 8739)

Suitable Medium
Soybean–Casein Digest
Broth;
Soybean–Casein Digest
Agar

Incubation
Temperature

Inoculum
Incubation
Time

Microbial
Recovery
Incubation
Time

32.5 ± 2.5

18–24 h

3–5 days
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Pseudomonas
aeruginosa
(ATCC No. 9027)
Staphylococcus
aureus
(ATCC No. 6538)

Candida albicans
(ATCC No. 10231)

Aspergillus niger
(ATCC No. 16404)
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Soybean–Casein Digest
Broth;
Soybean–Casein Digest
Agar
Soybean–Casein Digest
Broth;
Soybean–Casein Digest
Agar
Sabouraud Dextrose
Agar;
Sabouraud Dextrose
Broth
Sabouraud Dextrose
Agar;
Sabouraud Dextrose
Broth

32.5 ± 2.5

18–24 h

3–5 days

32.5 ± 2.5

18–24 h

3–5 days

22.5 ± 2.5

44–52 h

3–5 days

22.5 ± 2.5

6–10 days

3–7 days

Criteria for Antimicrobial Effectiveness
The requirements for antimicrobial effectiveness are met if the criteria specified in Table 3 are
met (see Test Results in General Notices). “No increase” in counts is defined as NMT 0.5 log10
unit more than the value to which it is compared.
Table 3. Criteria for Tested Microorganisms
For Category 1 Products
NLT 1.0 log reduction from the initial calculated count at 7 days, NLT 3.0 log
reduction from the initial count at 14 days, and no increase from the 14 days' count
Bacteria at 28 days.
Yeast
and
molds
No increase from the initial calculated count at 7, 14, and 28 days.
For Category 2 Products
NLT 2.0 log reduction from the initial count at 14 days, and no increase from the 14
Bacteria days' count at 28 days.
Yeast
and
molds
No increase from the initial calculated count at 14 and 28 days.
For Category 3 Products
NLT 1.0 log reduction from the initial count at 14 days, and no increase from the 14
Bacteria days' count at 28 days.
Yeast
and
molds
No increase from the initial calculated count at 14 and 28 days.
For Category 4 Products
Bacteria,
yeast,
and
molds
No increase from the initial calculated count at 14 and 28 days.
USP38

1 Available from American Type C ulture C ollection, 10801 University Boulevard, Manassas, VA 20110-2209
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(http://www.atcc.org).
1 Available from American Type C ulture C ollection, 10801 University Boulevard, Manassas, VA 20110-2209
(http://www.atcc.org).

BRIEFING
209 Low Molecular Weight Heparin Molecular Weight Determinations. The USP Low
Molecular Weight Heparin Expert Panel proposes a new general test chapter. The molecular
weight (MW) determinations for low molecular weight heparins (LMWHs) are accomplished
using a polydisperse standard for which the distribution of molecular weight is clearly
described in the form of a Broad Standard Table. Because MW determinations are required in
LMWH USP monographs, placing the MW determination procedure in a general chapter
promotes consistency across these monographs.
By introducing this chapter, USP intends to provide a common molecular weight determination
procedure and calibrant for most LMWH monographs.
(BIO1: A. Szajek.)
Correspondence Number—C57299

Comment deadline: March 31, 2014
Add the following:
209

LOW MOLECULAR WEIGHT HEPARIN MOLECULAR WEIGHT DETERMINATIONS

This proposed new chapter provides procedures used to determine molecular weight (MW)
distribution and weight-average molecular weight for low molecular weight heparins (LMWH).
INTRODUCTION
Low molecular weight heparins are prepared from Heparin Sodium, USP, by partial
depolymerization. LMWHs are polydisperse, i.e., they are made up of polysaccharide chains
with a range of molecular weights. The MW distribution is a defining characteristic for each
LMWH product. The USP contains specific monographs for LMWH products, including limits on
molecular weight distribution parameters.
Most techniques for determination of the MW distribution of LMWHs make use of gel
permeation chromatography (GPC), sometimes referred to as size exclusion chromatography
(SEC). In order to derive molecular weight distribution from a chromatogram, it is necessary
to know the relationship between retention time and MW. This chapter describes a GPC
method that is calibrated using the USP Low Molecular Weight Heparin Molecular Weight
Calibrant Reference Standard (RS). This preparation is a single polydisperse Standard for
which the distribution of molecular weights is described in the form of a Broad Standard Table
(see the USP Certificate for USP Low Molecular Weight Heparin Molecular Weight Calibrant RS)
that lists the log of the molecular weight (log MW) of a number of reference points and the
matching percent fractions by weight of the calibrant above or below these reference points.
The Broad Standard Table is used together with a chromatogram of the calibrant to fit a
suitable function, in this case a third degree polynomial, to the relationship between log MW
and retention time, thus generating a calibration curve for the chromatographic system. With
this calibration curve, the analyst calculates the weight-average molecular weight and
distribution parameters from the chromatogram of a sample of LMWH.
All the calculations described in this chapter may be performed using a spreadsheet program,
but this method is not recommended as it is laborious and open to human error. Proprietary

PF 40(1): Jan.-Feb. 2014

43

software capable of automating the calibration and molecular weight calculations can be
obtained from a number of chromatography systems manufacturers.
PROCEDURE
• Molecular Weight Measurements of Low Molecular Weight Heparins by Gel
Permeation Chromatography
The following procedure, with any necessary variations, is used where specified in the
individual monographs.
Ammonium acetate stock solution: 1 M ammonium acetate in water
Sodium azide solution: 1% (w/v) sodium azide in water
Mobile phase: Transfer 100 mL of Ammonium acetate stock solution to a 1-L volumetric
flask, add 20 mL of Sodium azide solution, and dilute with water to volume. Filter using a
nylon membrane of 0.45-µm pore size prior to use.
Calibration solution: Add 2 mL of Mobile phase to a vial containing USP Low Molecular
Weight Heparin Molecular Weight Calibrant RS. Filter using a nylon membrane of 0.45-µm
pore size prior to use.
Sample solution: 5 mg/mL of low molecular weight heparin sample in Mobile phase. Filter
using a nylon membrane of 0.45-µm pore size.
System suitability solution: 5 mg/mL of USP Dalteparin Sodium RS in Mobile phase. Filter
using a nylon membrane of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
[Note—The temperature of the refractive index detector must be set at the same
temperature as that of the Column temperature.]
Mode: LC
Detector: Refractive index
Columns
Analytical: 7.8-mm × 30-cm, 5-µm packing L59 in series with a 7.8-mm × 30-cm, 5-µm
packing L591
Guard: 6-mm × 4-cm; 7-µm packing L59
Column temperature: 30
Flow rate: 0.5 mL/min
Column equilibration: 0.5 mL/min at least for 2 h
Injection volume: 20 µL
System suitability
Sample: System suitability solution
Suitability requitements
Resolution: There is baseline resolution between the last peak of the USP Low
Molecular Weight Heparin Calibrant RS and the salt peak, or negative exchange peaks.
Calibration curve: The coefficient of determination of the calibration curve fitted to
the Broad Standard Table values must be NLT 0.990, using a third order polynomial
equation.
Weight-average molecular weight (Mw): Take the mean of the calculated Mw from
the duplicate injections of the System suitability solution, and round to the nearest 50
Da. The chromatographic system is suitable if the Mw of the USP Dalteparin RS is
within 150 Da of the labeled value as stated in the USP Certificate for USP Dalteparin
Sodium RS.
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Analysis
Samples: Inject 20 µL of the Calibration solution (single injection), System suitability
solution (duplicate injections), and Sample solution (duplicate injections), and record the
chromatograms for a length of time to ensure complete elution, including salt and
solvent peaks (about 50 min).
[Note—The calibrant, Standard, or sample of low molecular weight heparin will give a
broad peak between about 25 and 45 min, followed by a later eluting narrow salt peak,
as illustrated in the USP Certificate for USP Low Molecular Weight Heparin Molecular
Weight Calibrant RS.]
Calculations: Calculate the total area under the low molecular weight heparin peak from
the Calibration solution and the cumulative area at each point under the peak as a
percent of the total. Do not include the salt peak. Using the Broad Standard Table
provided in the USP Certificate for USP Low Molecular Weight Heparin Molecular Weight
Calibrant RS, identify those points in the chromatogram for which the percent
cumulative area is closest to the percent fractions listed in the Broad Standard Table,
and assign the MW in this Table to the corresponding retention time (RT) in the
chromatogram. For the set of retention times and molecular weights identified, fit
log(MW) vs. RT to a third-order polynomial function using suitable gel permeation
chromatography (GPC) software, or find values of a, b, c, and d such that log MW = a +
(b × RT) + (c × RT)2 + (d × RT)3.
Using the same GPC software, for each of the duplicate chromatograms of the System
suitability solution and the Sample solution, with the calibration function derived as
described above, calculate Mw:
Mw = S(RIi × Mi)/SRIi
RIi = detector response at each point
Mi = MW at each point
Round the mean value of Mw to the nearest 50 Da. Using the same GPC software,
determine for each of the duplicate Sample solution chromatograms the percentage of
product with molecular weight as indicated in the product monograph.
Acceptance criteria: As indicated in the product monograph
ADDITIONAL REQUIREMENTS
• USP Reference Standards 11
USP Dalteparin Sodium RS
USP Low Molecular Weight Heparin Molecular Weight Calibrant RS

USP38

1 The method was validated using a guard column TSK SWXL 6-mm × 4-mm, 7-µm in series with two
analytical columns: TSK G3000 SWXL 7.8-mm × 30-cm, 5-µm in series with a TSK G2000 SWXL 7.8-mm × 30cm, 5-µm.

BRIEFING
251 Lead, USP 36 page 156. In preparation for the omission of Heavy Metals 231 and
all references to this general chapter from USP–NF monographs and chapters proposed in PF
39(1) [Jan.–Feb. 2013], the following change is proposed. Replace the reference to Standard
Lead Solution, as currently described in the Special Reagents section of Heavy Metals

231 ,
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with the reference to standard lead solution TS. The entry for this test solution is proposed
elsewhere in this issue of PF. In addition, delete the cross-reference to
introduction.

231

from the

Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCCA: K. Zaidi.)
Correspondence Number—C137549

Comment deadline: March 31, 2014
251

LEAD

Change to read:
The imposition of stringent limits on the amounts of lead that may be present in pharmaceutical
products has resulted in the use of two methods, of which the one set forth in this chapter
depends upon extraction of lead by solutions of dithizone. For determination of the content of
heavy metals, generally expressed as a lead equivalent., see Heavy Metals

231

USP38

Select all reagents for this test to have as low a content of lead as practicable, and store all
reagent solutions in containers of borosilicate glass. Thoroughly rinse all glassware with warm
dilute nitric acid (1 in 2), followed by water.
Change to read:
SPECIAL REAGENTS
Ammonia-cyanide solution: Dissolve 2 g of potassium cyanide in 15 mL of ammonium
hydroxide, and dilute with water to 100 mL.
Ammonium citrate solutionDissolve 40 g of citric acid in 90 mL of water. Add 2 or 3 drops of
phenol red TS, then cautiously add ammonium hydroxide until the solution acquires a reddish
color. Remove any lead that may be present by extracting the solution with 20-mL portions of
Dithizone extraction solution (see below), until the dithizone solution retains its orange-green
color.
Diluted standard lead solutionDilute an accurately measured volume of Standard Lead
Solution (see Heavy Metals 231 )
standard lead solution TS USP38
(containing 10 µg of lead per mL), with 9 volumes of dilute nitric acid (1 in 100) to obtain a
solution that contains 1 µg of lead per mL.
Dithizone extraction solution: Dissolve 30 mg of dithizone in 1000 mL of chloroform, and add
5 mL of alcohol. Store the solution in a refrigerator.
Before use, shake a suitable volume of the dithizone extraction solution with about half its
volume of dilute nitric acid (1 in 100), discarding the nitric acid.
Hydroxylamine hydrochloride solution: Dissolve 20 g of hydroxylamine hydrochloride in
sufficient water to make approximately 65 mL. Transfer to a separator, add 5 drops of thymol
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blue TS, then add ammonium hydroxide until the solution assumes a yellow color. Add 10 mL of
sodium diethyldithiocarbamate solution (1 in 25), mix, and allow to stand for 5 min. Extract this
solution with successive 10- to 15-mL portions of chloroform until a 5-mL portion of the
chloroform extract does not assume a yellow color when shaken with cupric sulfate TS. Add 3 N
hydrochloric acid until the solution is pink (if necessary, add 1 or 2 drops more of thymol blue
TS), then dilute with water to 100 mL.
Potassium cyanide solution: Dissolve 50 g of potassium cyanide in sufficient water to make
100 mL. Remove the lead from this solution by extraction with successive portions of Dithizone
extraction solution, as described in Ammonium citrate solution, then extract any dithizone
remaining in the cyanide solution by shaking with chloroform. Finally, dilute the cyanide solution
with sufficient water so that each 100 mL contains 10 g of potassium cyanide.
Standard dithizone solution: Dissolve 10 mg of dithizone in 1000 mL of chloroform. Keep the
solution in a glass-stoppered, lead-free bottle, suitably wrapped to protect it from light, and
store in a refrigerator.
PROCEDURE
Test preparation or Sample solution
[Note—If, in the following preparation, the substance under test reacts too rapidly and begins
charring with 5 mL of sulfuric acid before heating, instead use 10 mL of cooled dilute sulfuric
acid (1 in 2), and add a few drops of hydrogen peroxide before heating.]
Where the monograph does not specify preparation of a solution, prepare a Test preparation or
Sample solution as follows. [Caution—Exercise safety precautions in this procedure, because
some substances may react with explosive violence when digested with hydrogen peroxide.]
Transfer 1.0 g of the substance under test to a suitable flask, add 5 mL of sulfuric acid and a
few glass beads, and digest on a hot plate in a hood until charring begins. Other suitable means
of heating may be substituted. (Add additional sulfuric acid, if necessary, to wet the substance
completely, but do not add more than a total of 10 mL.) Add, dropwise and with caution, 30%
hydrogen peroxide, allowing the reaction to subside and heat between drops. Add the first few
drops very slowly, mix carefully to prevent a rapid reaction, and discontinue heating if foaming
becomes excessive. Swirl the solution in the flask to prevent unreacted substance from caking
on the walls of the flask. [Note—Add peroxide whenever the mixture turns brown or darkens.]
Continue the digestion until the substance is completely destroyed, copious fumes of sulfur
trioxide are evolved, and the solution is colorless. Cool, and cautiously add 10 mL of water.
Evaporate until sulfur trioxide again is evolved, and cool. Repeat this procedure with another 10
mL of water to remove any traces of hydrogen peroxide. Cautiously dilute with 10 mL of water,
and cool.
Analysis: Transfer the Test preparation or Sample solution, rinsing with 10 mL of water, or the
volume of the prepared sample specified in the monograph to a separator, and, unless
otherwise directed in the monograph, add 6 mL of Ammonium citrate solution and 2 mL of
Hydroxylamine hydrochloride solution. (For the determination of lead in iron salts, use 10 mL of
Ammonium citrate solution.) Add 2 drops of phenol red TS, and make the solution just alkaline
(red in color) by the addition of ammonium hydroxide. Cool the solution if necessary, and add 2
mL of Potassium cyanide solution. Immediately extract the solution with 5-mL portions of
Dithizone extraction solution, draining off each extract into another separator, until the
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dithizone solution retains its green color. Shake the combined dithizone solutions for 30 s with
20 mL of dilute nitric acid (1 in 100), and discard the chloroform layer. Add to the acid solution
5.0 mL of Standard dithizone solution and 4 mL of Ammonia-cyanide solution, and shake for 30
s.
Acceptance criteria: The color of the chloroform layer is of no deeper shade of violet than
that of a control made with a volume of Diluted standard lead solution equivalent to the
amount of lead permitted in the sample under examination and made with the same quantities
of the same reagents and in the same manner as in the test with the sample.
BRIEFING
660 Containers—Glass, USP 36 page 282. On the basis of discussions and comments
received by the Packaging, Storage, and Distribution Expert Committee, it is proposed to revise
the autoclave procedure in the Glass Grains Test.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCPS: D.G. Hunt.)
Correspondence Number—C109164

Comment deadline: March 31, 2014
660

CONTAINERS—GLASS

Change to read:
DESCRIPTION
Glass containers for pharmaceutical use are intended to come into direct contact with
pharmaceutical products. Glass used for pharmaceutical containers is either borosilicate
(neutral) glass or soda-lime-silica glass. Borosilicate glass contains significant amounts of boric
oxide, aluminum oxide, and alkali and/or alkaline earth oxides
in the glass network. USP38
Borosilicate glass has a high hydrolytic resistance and a high thermal shock resistance due to
the chemical composition of the glass itself; it is classified as Type I glass. Soda-lime-silica
glass is a silica glass containing alkaline metal oxides, mainly sodium oxide, and alkaline earth
oxides, mainly calcium oxide,
in the glass network. USP38
Soda-lime-silica glass has a moderate hydrolytic resistance due to the chemical composition of
the glass itself; it is classified as Type III glass. Suitable treatment of the inner surface of Type
III soda-lime-silica glass containers will raise the hydrolytic resistance from a moderate to a
high level, changing the classification of the glass to Type II.
The following recommendations can be made as to the suitability of the glass type for
containers for pharmaceutical products, based on the tests for hydrolytic resistance. Type I
glass containers are suitable for most products for parenteral and nonparenteral uses. Type II
glass containers are suitable for most acidic and neutral aqueous products for parenteral and
nonparenteral uses. Type II glass containers may be used for alkaline parenteral products
where stability data demonstrate their suitability. Type III glass containers usually are not used
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for parenteral products or for powders for parenteral use, except where suitable stability test
data indicate that Type III glass is satisfactory.
The inner surface of glass containers may be treated to improve hydrolytic resistance. The
outer surface of glass containers may be treated to reduce friction or for protection against
abrasion or breakage. The outer surface treatment is such that it does not contaminate the
inner surface of the container.
Information on chemical composition of glass types, the formation of glass containers, and
factors that influence inner surface durability of glass containers is provided in Evaluation of
the Inner Surface Durability of Glass Containers 1660 . This chapter also contains
recommended approaches to evaluate the potential of a drug product to cause the formation of
glass particles and delamination.
USP38

Glass may be colored to provide protection from light by the addition of small amounts of metal
oxides and is tested as described in Spectral Transmission for Colored Glass Containers. A clear
and colorless container that is made light resistant by means of an opaque enclosure (see
Packaging and Storage Requirements 659 , Light-Resistant) is exempt from the requirements
for spectral transmission. Containers for aqueous parenteral products are tested for arsenic
release.
Change to read:
SPECIFIC TESTS
The Glass Grains Test combined with the Surface Glass Test for hydrolytic resistance
determines the glass type. The hydrolytic resistance is determined by the quantity of alkali
released from the glass under the conditions specified. This quantity of alkali is extremely small
in the case of the more resistant glasses, thus calling for particular attention to all details of
the tests and the use of apparatus of high quality and precision.
Conducting these tests in conjunction with a glass standard reference material (SRM) will help
to ensure the accuracy of the method. Reference materials are available for both borosilicate
glass (SRM 623) and soda-lime-silica glass (SRM 622) from the National Institute of Standards
and Technology. USP38
The tests should be conducted in an area relatively free from fumes and excessive dust. Test
selection is shown in Table 1 and Table 2.
Table 1. Determination of Glass Types
Container Type
Test
Reason
Distinguishes Type I borosilicate
glass from Type II and III sodaI, II, III
Glass Grains Test lime-silica glass.
The inner surface of glass containers is the contact surface for pharmaceutical preparations,
and the quality of this surface is determined by the Surface Glass Test for hydrolytic
resistance. The Surface Etching Test may be used to determine whether high hydrolytic
resistance is due to chemical composition or to surface treatment. Alternatively, the
comparison of data from the Glass Grains Test and the Surface Glass Test may be used in
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Table 2.
Table 2. Determination of Inner Surface Hydrolytic Resistance
Container
Type

I, II, III

I, II

Test

Reason
Determines hydrolytic resistance of inner surface.
Distinguishes between Type I and Type II containers with high
Surface Glass hydrolytic resistance and Type III containers with moderate
Test
hydrolytic resistance.
Surface
Etching Test
or comparison
of Glass
Grains Test
and Surface Where it is necessary, determines whether high hydrolytic
Glass Test
resistance is due to inner surface treatment or to the chemical
data
composition of the glass containers.

Glass containers must comply with their respective specifications for identity and surface
hydrolytic resistance to be classified as Type I, II, or III glass. Type I or Type II containers for
aqueous parenteral products are tested for extractable arsenic.
Hydrolytic Resistance
APPARATUS
Autoclave: For these tests, use an autoclave capable of maintaining a temperature of 121 ± 1
, equipped with a thermometer
or a calibrated thermocouple device, allowing a temperature measurement independent of the
autoclave system, a suitable recorder, USP38
a pressure gauge, a vent cock, and a tray of sufficient capacity to accommodate the number
of containers needed to carry out the test above the water level. Clean the autoclave and
other apparatus thoroughly with Purified Water before use.
Mortar and pestle: Use a hardened-steel mortar and pestle, made according to the
specifications in Figure 1.
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Figure 1. Mortar and pestle for pulverizing glass.
Other apparatus: Also required are a set of three square-mesh stainless steel sieves mounted
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on frames consisting of US Sieve Nos. 25, 40, and 50 (see Particle Size Distribution Estimation
by Analytical Sieving 786 , Table 1. Sizes of Standard Sieve Series in Range of Interest);
a mechanical sieve-shaker or a sieving machine that may be used to sieve the grains; USP38
a tempered, magnetic steel hammer; a permanent magnet; weighing bottles; stoppers; metal
foil (e.g. aluminum, stainless steel); a hot air oven, capable of maintaining 140 ± 5 ; a balance,
capable of weighing up to 500 g with an accuracy of 0.005 g; a desiccator; and an ultrasonic
bath.
REAGENTS
Carbon dioxide-free water: This is Purified Water that has been boiled vigorously for 5 min or
more and allowed to cool while protected from absorption of carbon dioxide from the
atmosphere, or Purified Water that has a resistivity of not less than 18 Mohm-cm.
Methyl red solution: Dissolve 50 mg of methyl red in 1.86 mL of 0.1 M sodium hydroxide and
50 mL of ethanol (96%), and dilute with Purified Water to 100 mL. To test for sensitivity, add
100 mL of carbon dioxide-free water and 0.05 mL of 0.02 M hydrochloric acid to 0.1 mL of the
methyl red solution. The resulting solution should be red. NMT 0.1 mL of 0.02 M sodium
hydroxide is required to change the color to yellow. A color change from red to yellow
corresponds to a change in pH from pH 4.4 (red) to pH 6.0 (yellow).
Glass Grains Test
The Glass Grains Test may be performed either on the canes used for the manufacture of
tubing glass containers or on the containers.
SAMPLE PREPARATION
Rinse the containers to be tested with Purified Water, and dry in the oven. Wrap at least three
of the glass articles in clean paper, and crush to produce two samples of about 100 g each in
pieces NMT 30 mm across. Place in the mortar 30–40 g of the pieces between 10 and 30 mm
across taken from one of the samples, insert the pestle, and strike it heavily with the hammer
once only. Alternatively, transfer samples into a ball mill-breaker, add the balls, and crush the
glass. Transfer the contents of the mortar or ball mill to the coarsest sieve (No. 25) of the set.
Repeat the operation until all fragments have been transferred to the sieve. Shake the set of
sieves for a short time by hand, and remove the glass that remains on sieves No. 25 and No.
40. Submit these portions to further fracture, repeating the operation until about 10 g of glass
remains on sieve No. 25. Reject this portion and the portion that passes through sieve No. 50.
Reassemble the set of sieves, and shake for 5 min. Transfer to a weighing bottle the glass
grains that passed through sieve No. 40 and are retained on sieve No. 50. Repeat the crushing
and sieving procedure with the second glass sample until two samples of grains are obtained,
each of which weigh more than 10 g.
Spread each sample on a piece of clean glazed paper, and remove any iron particles by passing
the magnet over them. Transfer each sample into a beaker for cleaning. Add 30 mL of acetone
to the grains in each beaker, and scour the grains, using suitable means such as a rubbertipped or plastic-coated glass rod. After scouring the grains, allow to settle, and decant as
much acetone as possible. Add another 30 mL of acetone, swirl, decant, and add a new portion
of acetone. Fill the bath of the ultrasonic vessel with water at room temperature, then place
the beaker in the rack, and immerse it until the level of the acetone is at the level of the

PF 40(1): Jan.-Feb. 2014

52

water; apply the ultrasound for 1 min. Swirl the beaker, allow to settle, and decant the
acetone as completely as possible; then repeat the ultrasonic cleaning operation. If a fine
turbidity persists, repeat the ultrasonic cleaning and acetone washing until the solution remains
clear. Swirl, and decant the acetone. Dry the grains, first by putting the beaker on a warm
plate, then by heating at 140 for 20 min in a drying oven. Transfer the dried grains from each
beaker into separate weighing bottles, insert the stoppers, and cool in a desiccator.
METHOD
Filling and heating: Weigh 10.00 g of the cleaned and dried grains into two separate conical
flasks. Pipet 50 mL of carbon dioxide-free Purified Water into each of the conical flasks (test
solutions). Pipet 50 mL of carbon dioxide-free Purified Water into a third conical flask that will
serve as a blank. Distribute the grains evenly over the flat bases of the flasks by shaking
gently. Close the flasks with neutral glass dishes or aluminum foil rinsed with Purified Water or
with inverted beakers so that the inner surfaces of the beakers fit snugly down onto the top
rims of the flasks. Place all three flasks in the autoclave containing the water at ambient
temperature, and ensure that they are held above the level of the water in the vessel. Carry
out the following operations:
1. Heat the autoclave to 100 , and allow the steam to issue from the vent cock for 10
minutes.
2. Close the vent cock, and raise the temperature from 100 to 121 at a rate of 1 per
minute.
3. Maintain the temperature at 121 ± 1 for 30 ± 1 minutes.
4. Lower the temperature from 121 to 100 at a rate of 0.5 per minute, venting to
prevent a vacuum.
5. Do not open the autoclave before it has cooled to 95 . Remove the containers from the
autoclave, using normal precautions, and cool the flasks in running tap water.

1. Insert the end of a calibrated thermometric device in a filled container through a hole of
approximately the diameter of the thermocouple and connect it to an external
measuring device. If the container is too small to insert a thermocouple, apply a
thermocouple in a suitable, similar container.
2. Close the autoclave door or lid securely but leave the vent-cock open.
3. Start automatic recording of the temperature versus time, and heat the autoclave at a
regular rate such that steam issues vigorously from the vent-cock after 20–30 min, and
maintain a vigorous evolution of steam for a further 10 min. When a steam autoclave is
used, it is not necessary to maintain the temperature for 10 min at 100 .
4. Close the vent-cock, and raise the temperature from 100 to 121 at a rate of 1 /min
within 20–22 min.
5. Maintain the temperature at 121 ± 1 for 30 ± 1 min from the time when the holding
temperature is reached.
6. Cool down to 100 at a rate of 0.5 /min, venting to prevent formation of a vacuum,
within 40–44 min.
7. Do not open the autoclave until it has cooled to 100 .
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8. Remove the hot samples from the autoclave using appropriate safety precautions, and
cool the flasks cautiously down to room temperature within 30 min, avoiding thermal
shock.
USP38

Titration: To each of the 3 flasks add 0.05 mL of Methyl red solution. Titrate the blank solution
immediately with 0.02 M hydrochloric acid, then titrate the test solutions until the color
matches that obtained with the blank solution. Subtract the titration volume for the blank
solution from that for the test solutions. Calculate the mean value of the results in mL of 0.02
M hydrochloric acid per g of the sample. Repeat the test if the highest and lowest observed
values differ by more than 20%.
the permissible range given in Table 3.
Table 3. Permissible Range for Values Obtained
Mean of the Values Obtained for the
Consumption of
Hydrochloric Acid Solution per Gram of Glass
Grains
Permissible Range of the Values
(mg/g)
Obtained
NMT 0.10
25% of the mean
0.10–0.20
20% of the mean
NLT 0.20
10% of the mean
USP38

Note—Where necessary to obtain a sharp endpoint, decant the clear solution into a separate
250-mL flask.
Rinse the grains by swirling with three 15-mL portions of carbon dioxide-free water, and add
the washings to the main solution. (ERR 1-Dec-2012)
Add 0.05 mL of Methyl red solution. Titrate, and calculate as before. In this case also add 45
mL of Purified Water and 0.05 mL of Methyl red solution to the blank solution.
LIMITS
The volume does not exceed the values indicated in Table 3
Table 4. USP38
Table 3
4. USP38
Test Limits for Glass Grains Test
Maximum Volume of 0.02 M
HCl per g of Test Glass
(mL)
Filling
Volume
Types II
(mL)
Type I
and III
All
0.1
0.85
Surface Glass Test
DETERMINATION OF THE FILLING VOLUME
The filling volume is the volume of Purified Water to be added to the container for the purpose
of the test. For vials, bottles, cartridges, and syringes, the filling volume is 90% of the brimful
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capacity. For ampuls, it is the volume up to the height of the shoulder.
Vials and bottles: Select six dry vials or bottles from the sample lot, or three if their capacity
exceeds 100 mL, and remove any dirt or debris. Weigh the empty containers with an accuracy
of 0.1 g. Place the containers on a horizontal surface, and fill them with Purified Water to about
the rim edge, avoiding overflow and the introduction of air bubbles. Adjust the liquid levels to
the brimful line. Weigh the filled containers to obtain the mass of the water expressed to two
decimal places, for containers having a nominal volume less than or equal to 30 mL, and
expressed to one decimal place, for containers having a nominal volume greater than 30 mL.
Calculate the mean value of the brimful capacity in mL, and multiply it by 0.9. This volume,
expressed to one decimal place, is the filling volume for the particular container lot.
Cartridges and syringes: Select six dry syringes or cartridges, and seal the small opening
(mouth of cartridges; Luer cone or staked needle of syringes), using an inert material.
Determine the mean brimful capacity and filling volume according to Vials and Bottles.
Ampuls: Place at least six dry ampuls on a flat, horizontal surface, and fill them with Purified
Water from a buret until the water reaches point A, where the body of the ampul starts to
decrease to the shoulder of the ampul (see Figure 2). Read the capacities, expressed to two
decimal places, and calculate the mean value. This volume, expressed to one decimal place, is
the filling volume for the particular ampul lot. The filling volume also may be determined by
weighing.

PF 40(1): Jan.-Feb. 2014

55

Figure 2. Filling volumes of ampuls up to point A.
TEST
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The determination is carried out on unused containers. The volumes of the test liquid necessary
for the final determination are shown in Table 4
Table 5. USP38
Table 4
5. USP38
Volume of Test Liquid and Number of Titrations
Volume of
Test
Liquid
Filling
for One
Number
Volume
Titration
of
(mL)
(mL)
Titrations
NMT 3
25.0
1
3–30
50.0
2
30–100
100.0
2
NLT 100
100.0
3
METHOD
Cleaning: Remove any debris or dust. Shortly before the test, rinse each container carefully at
least twice with Purified Water., and allow to stand
USP38

Immediately before testing, empty the containers; rinse once with Purified Water, then with
carbon dioxide-free water; and allow to drain. Complete the cleaning procedure from the first
rinsing in not less than 20 minutes and not more than 25
within 20–30 USP38
min. Heat closed ampuls
Closed ampules may be warmed USP38
in a water bath or in an air oven at about 50
40 USP38
for approximately 2 min before opening
to avoid container pressure when opening.
Do not rinse before testing.

USP38

Filling and heating: The containers are filled with carbon dioxide-free water up to the filling
volume. Containers in the form of cartridges or prefillable syringes are closed in a suitable
manner with material that does not interfere with the test. Each container, including ampuls,
shall be loosely capped with an inert material such as a dish of neutral glass or aluminum foil
previously rinsed with Purified Water. Place the containers on the tray of the autoclave. Place
the tray in an autoclave containing a quantity of water such that the tray remains clear of the
water. Close the autoclave, and carry out the autoclaving procedure as described for the Glass
Grains Test, except that the temperature is maintained at 121 ± 1 for 60 ± 1 minutes. Remove
the containers from the autoclave using normal precautions, place them in a water bath at 80 ,
and run cold tap water into the water bath. To avoid contamination of the extraction solution,
take care that the water does not contact the loose foil caps. The cooling time does not
exceed 30 minutes.
Close the autoclave, and carry out autoclaving procedure steps 1–8 as described in the Glass
Grains Test, except that the temperature is maintained at 121 ± 1 for 60 ± 1 min. If a water
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bath is used, take care that the water does not contact the loose foil caps to avoid
contamination of the extraction solution. USP38
The extraction solutions are analyzed by titration according to the method described below.
Titration: Carry out the titration within 1 h of the removal of the containers from the
autoclave. Combine the liquids obtained from the containers, and mix. Introduce the prescribed
volume (see Table 4
Table 5 USP38
) into a conical flask. Transfer the same volume of carbon dioxide-free water, to be used as a
blank, into a second similar flask. Add to each flask 0.05 mL of Methyl red solution for each 25
mL of liquid. Titrate the blank with 0.01 M hydrochloric acid. Titrate the test liquid
solution USP38
with the same acid until the color of the resulting solution is the same as that obtained for the
blank. Subtract the value found for the blank titration from that found for the test liquid
solution, USP38
and express the results in mL of 0.01 M hydrochloric acid per 100 mL of test liquid
solution. USP38
Express titration values of less than 1.0 mL to two decimal places; express titration values of
greater than or equal to 1.0 mL to one decimal place.
LIMITS
The results, or the average of the results if more than one titration is performed, are not
greater than the values stated in Table 5
Table 6. USP38
Table 5
6. USP38
Limit Values for the Surface Glass Test
Maximum Volume
of 0.01 M HCl
per 100 mL of
Test Liquid
(mL)
Filling Volume
(mL)
NMT 1
1–2
2–5
3 USP38
3–5

Types I
and II
Type III
2.0
20.0
1.8
17.6
1.3
13.2
1.6 USP38 16.1 USP38
1.3
13.2 USP38

5–10 1.0 10.2 10–20 0.80 8.1 20–50 0.60 6.1 50–100 0.50 4.8 100–200 0.40 3.8 200–500 0.30
2.9 NLT 500 0.20 2.2
Surface Etching Test
The Surface Etching Test is used in addition to the Surface Glass Test when it is necessary to
determine whether a container has been surface treated and/or to distinguish between Type I
and Type II glass containers. Alternatively, the Glass Grains Test and Surface Glass Test may
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be used. The Surface Etching Test may be carried out either on unused samples or on samples
used in the Surface Glass Test.
METHOD
Vials and bottles: The volumes of test liquid required are shown in Table 4
Table 5. USP38
Rinse the containers twice with Purified Water, fill to the brimful point with a mixture of 1
volume of hydrofluoric acid and 9 volumes of hydrochloric acid, and allow to stand for 10 min.
Empty the containers, and rinse carefully five times with Purified Water. Immediately before the
test, rinse once again with Purified Water. Submit these containers to the same autoclaving
and determination procedure as described in the Surface Glass Test. If the results are
considerably higher than those obtained from the original surfaces (by a factor of about 5–10),
the samples have been surface treated. [Caution—Hydrofluoric acid is extremely aggressive.
Even small quantities can cause life threatening injuries.]
Ampuls, cartridges, and syringes: Apply the test method as described in Vials and bottles. If
the ampuls, cartridges, and syringes are not surface treated, the values obtained are slightly
lower than those obtained in the previous tests. [Note—Ampuls, cartridges, and syringes made
from Type I glass tubing are not normally subjected to internal surface treatment.]
DISTINCTION BETWEEN TYPE I AND TYPE II GLASS CONTAINERS
The results obtained from the Surface Etching Test are compared to those obtained from the
Surface Glass Test. For Type I glass containers, the values obtained are close to those found
in the Surface Glass Test. For Type II glass containers, the values obtained greatly exceed
those found in the Surface Glass Test; and they are similar to, but not greater than, those
obtained for Type III glass containers of the same filling volume.
IMPURITIES
Arsenic

211

Use as the Test Preparation 35 mL of the water from one Type I or Type II glass container, or,
in the case of smaller containers, 35 mL of the combined contents of several Type I or Type II
glass containers, prepared as directed in the Surface Glass Test. The limit does not exceed 0.1
µg/g.
Change to read:
FUNCTIONALITY
Spectral Transmission for Colored Glass Containers
APPARATUS
A UV-Vis spectrophotometer, equipped with either a photodiode detector or a photomultiplier
tube coupled with an integrating sphere
SAMPLE PREPARATION
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Break the glass container or cut it with a circular saw fitted with a wet abrasive wheel, such as
a carborundum or a bonded diamond wheel. Select sections representative of the wall
thickness, and trim them as suitable for mounting in a spectrophotometer. After cutting, wash
and dry each specimen, taking care to avoid scratching the surfaces. If the specimen is too
small to cover the opening in the specimen holder, mask the uncovered portion of the opening
with opaque paper or tape, provided that the length of the specimen is greater than that of
the slit. Before placing in the holder, wash, dry, and wipe the specimen with lens tissue. Mount
the specimen with the aid of wax, or by other convenient means, taking care to avoid leaving
fingerprints or other marks.
METHOD
Place the specimen in the spectrophotometer with its cylindrical axis parallel to the slit and in
such a way that the light beam is perpendicular to the surface of the section and the losses
due to reflection are at a minimum. Measure the transmission of the specimen with reference to
air in the spectral region of 290–450 nm, continuously or at intervals of 20 nm.
LIMITS
The observed spectral transmission for colored glass containers for products for nonparenteral
use does not exceed 10% at any wavelength in the range of 290–450 nm, irrespective of the
type and capacity of the glass container. The observed spectral transmission in colored glass
containers for parenteral products does not exceed the limits given in Table 6
Table 7. USP38
Table 6
7. USP38
Limits of Spectral Transmission for Colored Glass Containers for Parenteral Products
Maximum Percentage
of Spectral
Transmission
at Any Wavelength
between 290 nm
and 450 nm
Nominal Volume
(mL)
NMT 1
1–2
2–5
5–10
10–20
NLT 20

Flame-Sealed
Containers
50
45
40
35
30
25

Containers
with
Closures
25
20
15
13
12
10

BRIEFING
852 Atomic Absorption Spectroscopy, PF 39(2) [Mar.–Apr. 2013]. On the basis of
comments received, Accuracy and Precision requirements are revised, and other minor
corrections are also incorporated. A Stimuli article in this PF titled An Alignment of Concepts
and Content Across the Spectroscopy General Chapters provides insight on the rationale of the
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revisions involving the chapters related to spectroscopy and contains an annex, with a list of
monographs directly affected by the revisions.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCCA: H. Pappa.)
Correspondence Number—C133468; C133466; C133832; C133475; C133881

Comment deadline: March 31, 2014
Add the following:
852

ATOMIC ABSORPTION SPECTROSCOPY

Change to read:
INTRODUCTION
Atomic absorption (AA) spectroscopy is an analytical method that supports qualification and/or
quantification of elements. In this use, the AA method supports procedures that measure the
absorbance of radiation at a characteristic wavelength by a vapor composed of ground state
atoms. A typical instrument consists of a primary energy source that produces the spectrum of
the element under examination, a monochromator, and a suitable detector.
For discussion of the theory and principles of measurements, see Atomic Absorption
Spectroscopy—Theory and Practice 1852 ,
a resource that may be helpful but is not mandatory.

USP38

Change to read:
QUALIFICATION OF ATOMIC ABSORPTION SPECTROPHOTOMETERS
Qualification of an AA spectrophotometer can be divided into three elements: installation
qualification (IQ), operational qualification (OQ), and performance qualification (PQ); see also
the general information chapter Analytical Instrument Qualification

1058 .

Installation Qualification
The IQ requirements provide evidence that the hardware and software are properly installed in
the desired location.
Operational Qualification
In OQ, an instrument's performance is characterized using standards of known spectral
properties to verify that the system operates within target specifications (see Table 1 and
Table 2). The purpose of OQ is to demonstrate that instrument performance is suitable. OQ is a
check of the key operational parameters and should be
USP38

performed following installation and following repairs and/or maintenance.
The OQ tests in the following sections are typical examples only. Other tests and samples can
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be used to establish specifications for OQ. Instrument vendors often have samples and test
parameters available as part of the IQ/OQ package.
Test

Table 1. OQ Test and Acceptance Criteria for Flame AAS
Procedure
Acceptance
Criteria

±20% of AUa
specified by
instrument
Sensitivity Aspirate a 0.3-µg/mL Zn standard and record the absorbance. manufacturer
Aspirate blank, 0.05-, 0.075-, 0.10-, 0.25-, and 0.50-µg/mL Zn Correlation
standards. Generate calibration curve and record correlation
coefficient
Linearity coefficient (R).
NLT 0.995
Assay 5 separate replicates of the 0.10-µg/mL Zn standard
versus the standard curve generated for the Linearity test.
Precision Calculate the %RSD of the 5 results in µg/mL.
%RSDb <5%
a AU = absorption unit.
b %RSD = % relative standard deviation.
Table 2. OQ Test and Acceptance Criteria for Graphite Furnace AAS
Test
Procedure
Acceptance Criteria
±20% of Cu characteristic
Prepare a Cu standard and measure the characteristic mass as specified by the
Sensitivity mass as described by the manufacturer.
manufacturer
Correlation coefficient
NLT 0.995
Generate a calibration curve from a blank, 25-,
%RSD of triplicate injections
50-, 75-, and 100-µg/L Cu standards. Inject each
of each Cu standard <5%
Linearity standard in triplicate and record the %RSD.
(not including the blank)
Assay 5 separate replicates of the 50-µg/L Cu
%RSD of 5 replicates <5%
standard versus the standard curve generated for the %RSD of triplicate injections
Precision Linearity test. Inject each replicate in triplicate.
<5%
Performance Qualification
PQ determines that the instrument is capable of meeting the user's requirements for all the
parameters that may affect the quality of the measurement.
Depending on typical use, the specifications for PQ may be different from the manufacturer's
specifications. For validated methods, specific PQ tests, also known as system suitability tests,
can be used in lieu of PQ requirements.
Specific procedures, acceptance criteria, and time intervals for characterizing AA
spectrophotometer performance depend on the instrument and intended application.
Demonstrating stable instrument performance over extended periods of time provides some
assurance that reliable measurements can be taken from test sample spectra using validated
AA procedures.
Change to read:
PROCEDURE
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The analyst should evaluate the selection of the type,
Evaluate and select the type of USP38
material of construction, pretreatment, and cleaning of analytical labware used in AA analyses.
The material must be inert and, depending on the specific application, resistant to caustics,
acids, and/or organic solvents. For some analyses, diligence must be exercised to prevent the
adsorption of analytes onto the surface of a vessel, particularly in ultra-trace analyses.
Contamination of the sample solutions from metal and ions present in the container also can
lead to inaccurate results.
For the analysis of a ubiquitous element, it is often necessary to use the purist grade of
reagent or solvent available. Check all solutions (diluents, matrix modifier solutions, ionization
suppression solutions, reactants, and others) for elemental contamination before they are used
in an analysis.
Standard Solution
Prepare as directed in the individual monograph. [Note—Commercially available single- or multielement standard solutions, traceable to the National Institute of Standards and Technology or
to an equivalent national metrology organization, can be used in the preparation of standard
solutions.] Standard solutions, especially those used for ultra-trace analyses, may have limited
shelf life. Standard solutions should be retained for NMT 24 h unless stability is demonstrated
experimentally.
The method of standard additions also can be used. This method involves adding a known
concentration of the analyte element to the sample at no fewer than two concentration levels
and comparison
USP38

against an unspiked sample preparation. The instrument response is plotted against the
concentration of the added analyte element, and a linear regression line is drawn through the
data points. The absolute value of the x-intercept multiplied by any dilution factor is the
concentration of the analyte in the sample.
Sample Solution
Prepare as directed in the individual monograph.
A variety of digestion techniques may be indicated to dissolve the sample. These
may USP38
include hot-plate and microwave-assisted digestions, including open-vessel and closed-vessel
approaches. Note that open-vessel digestion generally is not recommended for the analysis of
volatile metals, e.g., selenium and mercury.
Analysis
Follow the procedure as directed in the individual monograph for the instrumental parameters.
The instrument must be standardized for quantification at the time of use. The absorbance of
standard solutions that bracket the expected range of the analyte
target USP38
concentration is determined against an appropriate blank. The detector response is plotted as a
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function of the analyte concentration. When an analysis is performed at or near the detection
limit, the analyst cannot always use a bracketing standard. This is acceptable for qualitative
but not quantitative tests. Regression analysis of the standard plot should be used to evaluate
the linearity of detector response, and individual monographs may set criteria for the residual
error of the regression line.
To demonstrate the stability of the system's initial standardization, the analyst must reassay a
solution used in the initial standard curve as a check standard at appropriate intervals
throughout the analysis of the sample set. Unless otherwise indicated in the individual
monograph, the reassayed standard should agree with its expected value to within ±2% for an
assay or ±20% for an impurity analysis.
Sample concentrations are calculated versus the working curve generated by plotting the
detector response versus the concentration of the analyte in the standard solutions.
Change to read:
VALIDATION AND VERIFICATION
Validation
Validation is required when an AA method is intended for use as an alternative to the official
procedure for testing an official article.
The objective of an AA procedure validation is to demonstrate that the measurement is suitable
for its intended purpose, including quantitative determination of the main component in a drug
substance or a drug product (Category I assays), quantitative determination of impurities or
limit tests (Category II), and identification tests (Category IV). [Note—For definition of
different categories, see Validation of Pharmacopeial Procedures 1225 .] Depending on the
category of the test, analytical procedure validation for AA requires the testing of linearity,
range, accuracy, specificity, precision, detection limit, quantitation limit, and robustness. These
analytical performance characteristics apply to externally standardized methods and to the
method of standard additions.
General information chapter 1225 provides definitions and general guidance on analytical
procedures validation without indicating specific validation criteria for each characteristic. The
intention of the following sections is to provide the user with specific validation criteria that
represent the minimum expectations for this technology. For each particular application, tighter
criteria may be needed to demonstrate suitability for the intended use.
ACCURACY
For Category I assays or Category II tests, accuracy can be determined by conducting
recovery studies with the appropriate matrix spiked with known concentrations of elements. It
is also an acceptable practice to compare assay results obtained using the AA procedure under
validation to those of an established analytical procedure.
In standard addition methods, accuracy assessments are based on the final intercept
concentration, not the recovery calculated from the individual standard additions. USP38
Validation criteria: 98%–102% recovery for drug substances and drug product assay and
70%–150% recovery for impurity analysis.98.0%–102.0% recovery for drug substance assay,
95.0%–105.0% recovery for drug product assay, and 70.0%–150.0% recovery for impurity
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analysis.
95.0%–105.0% mean recovery for the drug substance assay and the drug product assay, and
70.0%–150.0% mean recovery for the impurity analysis. USP38
These criteria should be met
apply USP38
throughout the intended range.
Precision
REPEATABILITY
The analytical procedure should be assessed by measuring the concentrations of six
independently prepared sample solutions at 100% of the assay test concentration. These
acceptance criteria should be met throughout the intended range and thus may require
additional experiments than needed to satisfy the minimum requirement.
Alternatively, three replicates of three separate sample solutions at different concentrations
can be used. The three concentrations should be close enough that the repeatability is
constant across the concentration range. If this is done, the repeatability at the three
concentrations is pooled for comparison to the acceptance criteria. If validating a procedure by
the method of standard additions, the precision criterion applies to the final experimental result,
not the accuracy of the individual standard addition levels. USP38
Validation criteria: The relative standard deviation is NMT 2% for drug substance or drug
product assay and NMT 20% for impurity analysis.
The relative standard deviation is NMT 2.0% for drug substance assay, NMT 3.0%
5.0% for the drug substance assay, NMT 5.0% USP38
for the drug product assay, and NMT 20% for the impurity analysis. USP38
INTERMEDIATE PRECISION
The effect of random events on the analytical precision of the procedure should be established.
Typical variables include performing the analysis on different days, using different
instrumentation, or having the method performed by two or more analysts. As a minimum, any
combination of at least two of these factors totaling six experiments will provide an estimation
of intermediate precision. (For example, this could be two analysts on each of 3 days, or two
analysts on two sets of equipment on 2 days for each analyst–equipment combination.)
Validation criteria: The relative standard deviation is NMT 3% for drug substance or drug
product assay and NMT 25% for impurity analysis.
The relative standard deviation is NMT 2.0% for drug substance assay, NMT 3.0%
8.0% for the drug substance assay, NMT 8.0% USP38
for the drug product assay, and NMT 25.0% for the impurity analysis. USP38
SPECIFICITY
The procedure must be able to unequivocally assess each analyte element in the presence of
components that may be expected to be present, including any matrix components.
Validation criteria: Demonstrated by meeting the accuracy requirement.
QUANTITATION LIMIT
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The limit of quantitation (QL) can be estimated by calculating the standard deviation of NLT 6
replicate measurements of a blank solution and multiplying by 10.
The limit of quantitation (QL) can be estimated by calculating the standard deviation of NLT
six replicate measurements of a blank solution, divided by the slope of a standard curve, and
multiplying by 10. If validating a procedure using the method of standard additions, the slope of
standards applied to a solution of the test material is used. USP38
Other suitable approaches can be used (see chapter

1225 ).

A measurement of a test solution prepared from a representative sample matrix spiked at the
estimated QL concentration must be performed to confirm accuracy.
If validating a procedure using the method of standard additions, the validation criterion
applies to the final experimental result, not the spike recovery of the individual standard
addition levels. USP38
Validation criteria: For the estimated QL to be considered valid, the measured concentration
must be within 70%–150% of the spike concentration.
The analytical procedure should be capable of determining the analyte precisely and
accurately at a level equivalent to 50% of the specification. USP38
LINEARITY
A linear relationship between the analyte concentration and AA response should be
demonstrated by preparing
A response curve between the analyte concentration and absorbance is prepared from USP38
NLT five standard solutions at concentrations encompassing the anticipated concentration of
the test solution. The standard curve is then evaluated using appropriate statistical methods,
such as a least-squares regression.
For experiments that do not yield a linear relationship between analyte concentration and AA
response, appropriate statistical methods must be applied to describe the analytical response.
Validation criteria: Correlation coefficient (R), NLT 0.995 for Category I assays and NLT 0.99
for Category II quantitative tests. The percent error of each calibration point must be NMT 5%
for Category I assays and NMT 15% for Category II, quantitative tests.
USP38

RANGE
Range is the interval between the upper and lower concentrations (amounts) of analyte in the
sample (including these concentrations) for which it has been demonstrated that the analytical
procedure has a suitable level of precision, accuracy, and linearity. Range is demonstrated by
meeting the linearity,
precision, USP38
and accuracy requirements.
Validation criteria: For Category I procedures, the range requirements are from 10% below
the lower limit of the acceptance criterion to 10% above the upper limit of the acceptance
criterion. For Category II, the range requirements are 50%–120% of the acceptance criterion.
For Category I tests, the validation range for 100.0% centered acceptance criteria is 80.0%–
120.0%. For noncentered acceptance criteria, the validation range is 10.0% below the lower
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limit to 10.0% above the upper limit. For content uniformity, the validation range is 70.0%–
130.0%. For Category II tests, the validation range covers 50.0%–120.0% of the acceptance
criteria. USP38
ROBUSTNESS
The reliability of an analytical measurement should be demonstrated by means of deliberate
changes to experimental parameters.
Validation criteria: The measurement of a standard or sample response following the change
in experimental parameters must differ from the same standard measured using established
parameters by NMT ±5% for a drug product assay and NMT ±20% for an impurity analysis.
The reliability of an analytical measurement is demonstrated by deliberate changes to
experimental parameters. For AA this can include but is not limited to sample preparation steps
and heating programs, including atomization hold time or atomization temperature. Exercise
caution when changing fuel and oxidant gas flows and burner hardware, because this could
potentially create a flash-back condition.
USP38

Verification
U.S. Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
users of the analytical procedures, as described in USP–NF, are not required to validate these
procedures if provided in a monograph. Instead, they must simply verify their suitability under
actual conditions of use.
The objective of an AA procedure verification is to demonstrate that the procedure, as
prescribed in a specific monograph, can be executed by the user with suitable accuracy,
specificity, and precision using the instruments, analysts, and sample matrices available.
According to Verification of Compendial Procedures 1226 , if the verification of the
compendial procedure by following the monograph is not successful, the procedure may not be
suitable for use with the article under test. It may be necessary to develop and validate an
alternative procedure as allowed in General Notices 6.30.
Verification of compendial AA methods should, at a minimum, include the execution of the
validation parameters for specificity, accuracy, precision, and limit of quantitation, when
appropriate, as indicated in Validation. USP38
BRIEFING
853 Fluorescence Spectroscopy, PF 39(1) [Jan.–Feb. 2013]. On the basis of comments
received, additional changes are proposed for this new general chapter. In the section
Accuracy in Validation and Verification, the revision clarifies that the acceptance criteria apply
to the mean value obtained. A Stimuli article published in this issue of PF, entitled “An
Alignment of Concepts and Content Across the Spectroscopy General Chapters”, provides
insight on the rational of the revisions involving the chapters related to spectroscopy and
contains an annex with the list of monographs directly affected by the revision.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCCA: H. Pappa.)
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Correspondence Number—C131194

Comment deadline: March 31, 2014
Add the following:
853

FLUORESCENCE SPECTROSCOPY
INTRODUCTION

Fluorescence is a two-step process that requires absorption of light at a specific wavelength
(excitation) followed by emission of light, usually at a higher wavelength. The emission of light
is termed fluorescence.
The most common type of fluorescent sample is a submicromolar transparent solution that
absorbs light following the Beer–Lambert–Bouguer Law and fluoresces with an intensity that is
directly proportional to the concentration, the absorptivity, and the fluorescence quantum yield
of the fluorescent species or fluorophore.
Unlike absorption spectroscopy, where deviation from linearity is the exception, fluorescence
linearity can be affected by a number of sample-related effects. For additional information, see
Fluorescence Spectroscopy—Theory and Practice 1853 .
Fluorescence methods also are termed background-free because little excitation light reaches
the detector. This characteristic makes fluorescence detection highly sensitive, down to singlemolecule detection in some cases. Fluorescence detection also can be highly specific because
a fluorophore emits a characteristic emission pattern. Specificity and sensitivity are two of the
more important strengths of fluorescence methods.
Change to read:
QUALIFICATION OF FLUORESCENCE INSTRUMENTS
Analysts ensure the suitability of a specific instrument for a given procedure by using a
stepwise evaluation for the desired application from selection to instrument retirement: design
qualification (DQ); installation qualification (IQ); an initial performance-to-specification
qualification, also known as operational qualification (OQ); and an ongoing performance
qualification (PQ). For additional information, see general chapter Analytical Instrument
Qualification 1058 .
DQ and IQ are not further considered in this chapter. The purpose of this section is to provide
test methods and acceptance criteria to ensure that the instrument is suitable for its intended
use (OQ) and that it will continue to function properly over extended time periods (PQ).
As with any spectrometric device, analysts must qualify a spectrofluorometer for both
wavelength (x-axis) and relative intensity (y-axis or signal axis) accuracy and precision. They
also must establish sensitivity. OQ should span the operational ranges required within the
laboratory for both intensity and wavelength scales.
Instrument Operational Qualification
The tolerances given in both the instrument OQ and PQ are applicable for general use.
Specifications for particular instruments and applications can vary depending on the analytical
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procedure used and the desired accuracy of the final result.
Wherever possible, analysts should use certified reference materials for purposes of calibration
in the steps detailed below in preference to laboratory-prepared solutions. When certified
reference materials are obtained from a recognized accredited source, they have independently
verified traceable value assignments with associated calculated uncertainties.
Two general types of instrumental measurements are differentiated here: spectral (i.e., those
that measure intensity versus wavelength) and fixed (i.e., those that measure intensity at a
fixed wavelength and bandwidth).
CONTROL OF WAVELENGTHS
The level of confidence of measured peak positions is defined by wavelength accuracy for
spectral measurements. Determination of the accuracy of many wavelengths across the desired
wavelength range demonstrates if further calibration beyond a single point is needed. Multipoint
calibration involves measuring wavelength biases at multiple wavelengths and correcting for the
wavelength dependence of the bias. A single-point calibration often can be applied to the
wavelength axis in an instrument's software before data are collected, but a multipoint
calibration may require that the correction be applied to spectra after they are collected.
For fixed measurements, the wavelength position and bandwidth must be reproducible. For
filter-based wavelength selection, this requires that only the same filter be used when analysts
compare data over time. If a different filter must be used (e.g., when data are compared
across instruments and laboratories), then the transmission curves of the filters must be
compared.
Wavelength precision should be determined over the operational range using at least six
replicate measurements. The standard deviation should not exceed ±1 nm.
ATOMIC LINE SPECTRA
This procedure is described as the primary application because the emission lines produced from
a discharge lamp are characteristic of the source element, and, as a fundamental physical
standard, these wavelengths have been measured with an uncertainty of NMT ± 0.01 nm. In
solution spectrofluorometry the wavelength bias required rarely exceeds 1.0 nm. For these
reasons, the atomic line standard values are cited without uncertainty. The lamp should be
placed at the source position in the spectrofluorometer.
A commonly employed low-pressure mercury lamp has a number of intense lines that cover a
large part of the UV and visible range. Manufacturers often use two Xenon lines from the
source at 260.5 and 541.9 nm as an internal calibration check, because the accuracy of both
the excitation and emission monochromators can be verified and can be used for diagnostic
purposes (see Table 1).1
Table 1. Elemental Line Spectra Wavelengths
Wavelength
Element
(nm)
Hg
253.7
Xe
260.5
Hg
296.7
Hg
365.0
Hg
404.7
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Hg
Xe
Hg
Hg
Hg

435.8
541.9
546.1
577.0
579.1

USE OF RARE EARTH OXIDE SOLUTIONS
This procedure uses a solution of a rare earth oxide prepared by dissolution in acid media. The
most frequently used is holmium oxide in perchloric acid in combination with a diffuse reflector
located at the sample position. Suitable certified reference materials are available
commercially.2 The wavelength selector not being scanned should be removed; if removal is not
practicable, it should be set to zero order (in this position a grating behaves like a mirror
reflecting all wavelengths). The diffuse reflector is scanned with and without the rare earth
sample in place, and the ratio of the two intensities is calculated to obtain an effective
transmittance spectrum. Minima in the intensity ratio correspond to absorption peaks of the
sample. For a 4% m/m solution of holmium oxide in perchloric acid at 1.0 nm spectral bandwidth
and a path length of 1 cm, these minima are in Table 2.3
Table 2
Wavelength
(nm)
241.1
249.9
278.1
287.2
333.5
345.4
361.3
385.6
416.3
451.4
467.8
485.2
536.6
640.5
If the operational range of the spectrophotometer lies outside 240–650 nm, other certified rare
earth oxides or other solutions are used.
Didymium (a mixture of neodymium and praseodymium) is available as a traceable standard in
both solution and glass presentations. Didymium is similar in preparation to the holmium
materials and has useful peak characteristics in the 730–870 nm region. (approximately 731.6,
740.0, 794.1, 799.0, and 864.4 nm).
USP38

USE OF POLYMETHYLMETHACRYLATE-DOPED REFERENCES
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This procedure uses solid reference materials manufactured by polymerization of a variety of
fluorescent active aromatic ring compounds into an inert polymethylmethacrylate (PMMA)
matrix. These materials are supplied as polished blocks for use in a standard cuvette holder
(see Table 3).
Table 3. Dopant, Excitation, and Emission Data for Selected Reference Materials
Dopant
p-Terphenyl
Ovalene
Tetraphenylbutadiene
Anthracene

Excitation
(nm)
295
342
348
360

Emission
(nm)
338
482
422
402

Performance Verification
Results from day-to-day testing of photostable intensity standards are used to verify the
performance of an instrument. If the measured intensity does not change from that observed
when the instrument was qualified, then instrument performance has not changed and remains
qualified. Using such standards to determine an artifact-based or quasi-absolute intensity scale
potentially enables measured intensities and instrument sensitivity to be compared over time or
between instruments. Intensity measurements should be within the linear range of the
instrument's detection system before analysts attempt intensity comparisons.
For instruments with filter-based wavelength selection, analysts use fluorescence standards for
spectral correction to determine expected intensity differences caused by filters with different
transmission profiles. By compensating for these intensity differences due to spectral mismatch,
the analyst can determine a quasi-absolute intensity scale for these instruments. Analysts
should approach instrument-to-instrument comparisons with particular caution because of the
relatively large and difficult-to-quantify uncertainties involved.
USE OF LOW-CONDUCTIVITY (18-MW) WATER
The Raman band of water is used to measure signal-to-noise ratios in fluorescent instruments.
The Raman band of water is inherently reproducible and does not degrade with time. Water is
convenient to obtain in a pure state and allows interlaboratory comparisons to be made with a
high level of confidence. No preparation or dilution is required. The Raman band is a low-level
signal that provides a good test for both the optics and the electronics of an instrumental
system.
The Raman band of water is not caused by fluorescence but is a result of Raman scattering.
For water, the Raman band is always red-shifted 3382 cm–1 relative to the excitation.4 This
band usually is measured by excitation at 350 nm, resulting in a Raman peak at 397 nm, but
radiation up to 500 nm also can be used as the excitation wavelength, and the corresponding
emission peak is 602 nm.
USE OF INTENSITY STANDARDS
Several solid-doped fluorescent materials are available.5 These polymers or glasses enable the
relative spectral correction and day-to-day performance qualification of fluorescence
instruments across the UV, visible, and NIR regions from 320 to 830 nm. The high photostability

PF 40(1): Jan.-Feb. 2014

71

of the materials makes them particularly useful as day-to-day intensity standards, even when
spectral correction is not needed or when the excitation wavelength differs from that used for
certification. A certified, steady-state emission spectrum is supplied with each certified
reference material, along with the estimated total uncertainties. The reference is available in
the form of a solid glass, standard-sized cuvette (12.5 mm × 12.5 mm × 45 mm) with three
polished long faces for 90 detection and one frosted long face for front-face or
epifluorescence detection.
Alternatively, analysts can use fluorophores in solutions that have been shown to be stable.6,7
QUALITATIVE AND QUANTITATIVE FLUORESCENCE MEASUREMENTS
Two general classes of procedural measurements commonly are performed by fluorescence
spectrometry: qualitative and quantitative.
Qualitative Fluorescence Measurements
Qualitative fluorescence measurements are used to detect the presence of particular analytes
and yield a positive or negative answer. The excitation and emission wavelengths often are
selected at the peak maximum of the fluorophore to be detected. The observation of
fluorescence at the peak position above the limit of detection (usually 3 times the noise level)
indicates a positive result.
Quantitative Fluorescence Measurements
Quantitative fluorescence measurements are used to determine amounts or concentrations of
analytes in unknown samples. These quantities may be determined in absolute units, such as
moles or moles per L, or in relative units, such as the ratio of the concentrations of two
fluorescent analytes contained in a single unknown solution. These determinations use the
following proportionality relating fluorescence signal (S) at a given pair of excitation and
emission wavelengths (

ex,

em)

to fluorescent analyte concentration (c):
S

/0 × W × Rd ×

×F×c

/0 = intensity of the excitation beam
W = fraction of the fluorescence collected by the detection system
Rd = responsivity of the detection system
= absorption coefficient
F = fluorescence quantum yield
c = concentration of the fluorescent analyte
This linear proportionality with concentration applies to optically dilute samples (e.g., solutions
with an absorbance of less than 0.05 at a path length of 1 cm).
GOOD SPECTROSCOPIC PRACTICE
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Comparisons of a test specimen with a Reference Standard are best made at a peak of spectral
emission for the compound of interest. Assays based on spectrofluorometry give the commonly
accepted wavelengths for excitation and peak spectral emission of the substance in question.
Different spectrofluorometers may show minor variation in the apparent wavelength of this
peak. Comparisons should be made at the wavelength at which peak emission occurs. If this
differs from the wavelength specified in the monograph by more than ±1 nm in the range of
200–400 nm or by more than ±2 nm in the range of 400–800 nm, recalibration of the instrument
may be indicated.
Use of Reference Standards
With few exceptions, pharmacopeial spectrofluorometric procedures provide results by
comparison against a USP Reference Standard. This ensures measurement under identical
conditions for the test specimen and the Reference Standard. These conditions could include
wavelength setting, spectral bandwidth selection, cell placement and correction, and intensity
levels. Cells that exhibit identical optical fluorescence characteristics at a specific wavelength
may differ considerably at other wavelengths. Analysts should establish and use appropriate
cell corrections where required.
The terms similar preparation and similar solution in tests and assays that involve
spectrofluorometry indicate that the Reference Standard should be prepared and observed in a
manner that is identical to that used for the sample under test. Usually when a solution of the
specified Reference Standard is prepared at (i.e., within 10% of) the desired concentration, the
fluorescence intensity is calculated on the basis of the exact amount weighed out. If analysts
have not used a previously dried specimen of the Reference Standard, they should correct this
intensity on the anhydrous basis.
The expressions concomitantly determine and concomitantly measured as used in procedures
that involve spectrofluorometry indicate that the fluorescence of both the sample solution and
the standard solution, relative to the specified test blank, are to be measured in immediate
succession.
Sample Solution Preparation
For determinations using UV or visible spectrofluorometry, the specimen generally is dissolved in
a solvent. Unless otherwise directed in the monograph, determinations are made at room
temperature by using a path length of 1 cm. Many solvents are suitable for these ranges,
including water, alcohols, chloroform, lower hydrocarbons, ethers, and dilute solutions of strong
acids and alkalis. Solvents should be free from contaminants that fluoresce in the spectral
region under examination. For the solvent, water-free methanol or alcohol or alcohol that has
been denatured by the addition of methanol but does not contain benzene or other interfering
impurities should be used. Spectrophotometric-quality solvents that are guaranteed to be free
from contaminants are available commercially from several sources, but some analytical
reagent-grade organic solvents may contain traces of impurities that fluoresce strongly in the
UV region. New lots of these solvents should be checked for their transparency, and analysts
should take care to use the same lot of solvent for the preparation of the sample solution, the
standard solution, and the blank. Solvents that do not have an interfering fluorescence
signature at the wavelength(s) of interest are optimal. In normal usage, the fluorescence
baseline intensity should not be more than 2% of the expected measurement signal unless a
larger value previously has been justified.
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Assays in the visible region usually call for comparing concomitantly the fluorescence intensities
produced by the sample solution with that produced by a standard solution that contains
approximately an equal quantity of a USP Reference Standard. In some situations, it may be
permissible to omit the use of a Reference Standard. This is true when spectrofluorometric
assays are made with routine frequency, when a suitable standard curve is available and is
prepared with the appropriate USP Reference Standard, and when the substance assayed
conforms to Beer–Lambert–Bouguer Law within the range of about 75%–125% of the final
concentration used in the assay. Under these circumstances, the fluorescence intensity found
in the assay can be interpolated on the standard curve, and the assay result can be
calculated. Such standard curves should be confirmed frequently and always when a new
spectrofluorometer or new lots of reagents are put into use.
Change to read:
VALIDATION AND VERIFICATION
Validation
Validation is required when a procedure based on fluorescence spectroscopy is intended for use
as an alternative to the official procedure. The objective of validation is to demonstrate that
the measurement is suitable for its intended purpose, including the following: quantitative
determination of the main component in a drug substance or a drug product (Category I
assays), quantitative determination of impurities or limit tests (Category II), and identification
tests (Category IV). Depending on the category of the test (for additional information, see
Table 2 in Validation of Compendial Procedures 1225 ), the process for analytical procedure
validation for fluorescence requires testing for linearity, range, accuracy, specificity, precision,
detection limit, quantitation limit, and robustness. These analytical performance characteristics
apply to externally standardized procedures and those that use standard additions. Chapter
1225 provides definitions and general guidance about analytical procedures validation without
indicating specific validation criteria for each characteristic. The intention of the following
sections is to provide the user with specific validation criteria that represent the minimum
expectations for fluorescence technology. For each particular application tighter criteria may be
needed in order to demonstrate suitability for the intended use.
ACCURACY
For Category I, Category II, and Category III procedures, accuracy is determined by
conducting recovery studies with the appropriate matrix spiked with known concentrations of
the analyte. Analysts also can compare assay results obtained using the fluorescence
procedure under validation to those from an established analytical procedure.
Validation criteria: 98.0%–102.0%
mean USP38
recovery for a drug substance, 95.0%–105.0%
mean USP38
recovery for a drug product assay, and 80.0%–120.0%
mean USP38
recovery for impurity analysis. These criteria should
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must USP38
be met throughout the intended range.
Precision
REPEATABILITY
Repeatability of the analytical procedure is assessed by measuring the concentrations of six
independently prepared sample solutions at 100% of the assay test concentration.
Alternatively, repeatability is assessed by measuring concentrations of three replicates of three
separate sample solutions at different concentrations. The three concentrations should be
sufficiently similar so that the repeatability is similar across the concentration range. If this is
done, the repeatability at the three concentrations can be pooled for comparison to the
acceptance criteria.
Validation criteria: The relative standard deviation is NMT 1.0% for a drug substance, NMT
2.0% for a drug product assay, and NMT 20.0% for impurity analysis.
Intermediate Precision
The effect of random events on the analytical precision of the procedure should be evaluated.
Typical variables include performing the analysis on different days, using different
instrumentation, and having the method performed by two or more analysts. As a minimum, any
combination of at least two of these factors totaling six experiments will provide an estimation
of intermediate precision.
Validation criteria: The relative standard deviation is NMT 1.0% for a drug substance, NMT
3.0% for a drug product assay, and NMT 25.0% for impurity analysis.
SPECIFICITY
In fluorescence measurements, specificity is ensured by the use of a Reference Standard
wherever possible and is demonstrated by the lack of interference from other components
present in the matrix
Validation criteria: Demonstrated by meeting the accuracy requirement
DETECTION LIMIT
Analysts can estimate the detection limit (DL) by calculating the standard deviation of NLT six
replicate measurements of a blank solution and multiplying by 3.3. Alternatively, the standard
deviation can be determined from the error of the intercept from a calibration curve or by
demonstration that the signal-to-noise ratio is >3.3. Analysts must confirm the estimated DL by
analyzing samples at the calculated concentration.
QUANTITATION LIMIT
Analysts can estimate the quantitation limit (QL) by calculating the standard deviation of NLT
six replicate measurements of a blank solution and multiplying by 10. Alternatively, the standard
deviation can be determined from the error at the intercept from a calibration curve or by
demonstration that the signal-to-noise ratio is >10.
A sample solution prepared from a representative sample matrix spiked at the required QL

PF 40(1): Jan.-Feb. 2014

75

concentration is measured to confirm sufficient sensitivity and adequate precision. The
observed signal-to-noise ratio at the required QL should be >10.
Validation criteria: For the estimated limit of quantitation to be considered valid, the
measured concentration must be accurate and precise at a level equal to or less than 50% of
the specification.
LINEARITY
A linear relationship between the analyte concentration and fluorescence response is
demonstrated with
A response curve between the analyte concentration and absorbance is prepared from USP38
NLT five standard solutions at concentrations that encompass the anticipated concentration of
the sample solution. Analysts then should evaluate the standard curve using appropriate
statistical methods such as a least-squares regression. Deviation from linearity can result from
either instrumental or sample factors, or both, and can be reduced to acceptable levels by
reduction of the analyte concentration and thereby the associated absorbance values.
Validation criteria: The correlation coefficient (R) must be NLT 0.995 for Category I assays
and NLT 0.99 for Category II quantitative tests.
RANGE
The operational range of an analytical instrument (and the analytical procedure as a whole) is
the interval between the upper and lower concentrations (amounts) of analyte in the sample
(including these concentrations) for which it has been demonstrated that the instrumental
response function has a suitable level of precision, accuracy, and linearity.
Validation criteria: For Category I tests, the validation range for 100.0% centered
acceptance criteria is 80.0%–120.0%. For noncentered acceptance criteria, the validation
range is 10.0% below the lower limit to 10.0% above the upper limit. For content uniformity,
the validation range is 70.0%–130.0%. For Category II tests, the validation range covers
50.0%–120.0% of the acceptance criteria.
ROBUSTNESS
Analysts should demonstrate the reliability of an analytical measurement by deliberate changes
to experimental parameters. For UV-Vis these changes can include measuring the stability of
the analyte under specified storage conditions, varying pH, and adding possible interfering
species, to list a few examples. Analysts should determine robustness concurrently using a
suitable design-of-experiments procedure.
Verification
Analytical procedures described in USP–NF do not require validation. Instead, a verification is
used to determine a procedure's suitability under actual conditions of use.
Thus the objective of fluorescence procedure verification is to demonstrate the suitability of a
test procedure under actual conditions of use. Performance characteristics that verify the
suitability of a fluorescence procedure are similar to those required for any analytical
procedure. For additional information, see Verification of Compendial Procedures 1226 for a
discussion of the applicable general principles. Verification should be performed using a
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reference material and a well-defined matrix. Verification of compendial fluorescence procedures
should at a minimum include the execution of the validation parameters for specificity,
accuracy, precision, and quantitation limit, when appropriate, as indicated in Validation.
Indirect Measurement Requirements
Some fluorescence procedures employ chromogenic reactions. Generally the requirements for
the analytical performance characteristics should be used. In some instances the required
accuracy and precision for the direct measurements may not be achievable. Under these
circumstances, the accuracy and precision requirements may be widened by as much as 50%.
However, any such widening must be justified on scientific grounds and with documented
evidence. Under these circumstances, the amount of replication required to produce a
scientifically sound reportable value may be increased. USP38
1 The rounded values are taken from ASTM Standard E388-04 (2009).
2 NIST SRM 2034 is no longer available.
3 The rounded values are taken from the intrinsic wavelength standard absorption band data from Travis et al.
J Phys C hem Ref Data 2005;34(1):41. The maximum 95% measurement uncertainty is ±0.06 nm.
4 The red-shift value is taken from Parker C A. Raman spectra in spectrofluorimetry. Analyst. 1959;84:446–
453.
5 Available from commercial vendors and from NIST as SRMs 2940 (orange emission), 2941 (green emission),
2942 (UV emission), 2943 (blue emission), and 2944 (red/NIR emission).
6 C ommercial vendors provide a 1-mg/L solution of quinine sulfate dehydrate in 0.105 M perchloric acid that
has been fully characterized by NIST as SRM 936a.
7 A series of day-to-day Intensity Standards is available from the German Federal Institute for Materials
Research and Testing (BAM).

BRIEFING
854 Mid-Infrared Spectroscopy, PF 39(2) [Mar.–Apr. 2013]. On the basis of comments
received, additional changes are proposed for this new general test chapter. In Wavenumber
Accuracy, additional peaks of the polystyrene spectrum are mentioned. In Procedure, the
microscope sampling technique is reinstated. In Accuracy in Validation and Verification, the
acceptance criteria has been clarified to apply to the mean value obtained. Other minor
corrections are also incorporated. A stimuli article in this PF titled An Alignment of Concepts and
Content Across the Spectroscopy General Chapters provides insight into the rationale for the
revisions involving the chapters related to spectroscopy and contains an annex with the list of
monographs directly affected by the revision.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCCA: H. Pappa.)
Correspondence Number—C133476; C133470; C133835; C134041; C133879

Comment deadline: March 31, 2014
Add the following:
854

MID-INFRARED SPECTROSCOPY
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Change to read:
INTRODUCTION
Mid-infrared (mid-IR) spectroscopy is an instrumental method used to measure the absorption
of electromagnetic radiation with wavelengths
over the wavenumber range USP38
between 4000 and 400 cm 1 (2.5 and 25 µm). Unless otherwise specified in a monograph
or other validated procedure, USP38
the region from 3800 to 650 cm 1 (2.6 to 15 µm) should be used to ensure compliance with
monograph specifications for IR absorption. The absorption of certain photons causes the
promotion of molecules from a ground state of their vibrational mode to an excited vibrational
state.
Vibrational modes are defined by the motion of all atoms in a molecule. When molecules contain
certain functional groups, IR absorption often occurs in specific narrow spectral ranges. In
these cases, the wavenumbers at which these transitions occur are known as group
frequencies. When a vibrational mode involves atomic motions of more than just a few atoms,
the frequencies occur over wider spectral ranges and are not characteristic of a particular
functional group but are more characteristic of the molecules as a whole. Such bands are
known as fingerprint bands. All strong bands that absorb at wavenumbers above 1500 cm 1
are group frequencies. Strong bands that absorb below 1500 cm 1 can be either group
frequencies or fingerprint bands.
For discussion of the theory and principles of measurements, see Mid-Infrared Spectroscopy—
Theory and Practice 1854 ,
which may be a helpful, but not mandatory, resource.

USP38

Change to read:
QUALIFICATION OF IR SPECTROPHOTOMETERS
Qualification of mid-IR spectrophotometers is divided into three components: Installation
Qualification (IQ), Operational Qualification (OQ), and Performance Qualification (PQ). For
further information, see general information chapter Analytical Instrument Qualification
.

1058

Installation Qualification
The IQ requirements provide evidence that the hardware and software are properly installed in
the desired location.
Operational Qualification
Because essentially all
the majority of USP38
mid-IR spectra are measured with Fourier-transform IR (FTIR) spectrophotometers, only these
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instruments will be discussed. [Note—No recommended values for signal-to-noise ratio or 100%
line stability are included in this chapter because these vary with manufacturer, model, and age
of the instrument.]
WAVENUMBER ACCURACY
The most commonly used wavenumber standard for IR spectrophotometry is an approximately
35 µm thick, matte polystyrene film. The spectrum of such a film has several sharp bands of
which the most frequently used is located at
at 3060.0, 2849.5, 1942.9, 1601.2, 1583.0, 1154.5, and 1028.3 cm 1. The most frequently
chosen band for wavenumber accuracy determination is located at USP38
1601.4
1601.2 USP38
cm 1. Using a suitable polystyrene film or other well-characterized wavenumber standard, scan
from 3800 to 650 cm 1 wavenumbers, and compare the wavenumber of maximum response of
the chosen band using the center-of-gravity, polynomial spline procedure, or other peakpicking algorithms to the known absorption wavenumber of the standard. The acceptable
tolerance for the measured wavenumber is ±1.0 cm 1.
PHOTOMETRIC ACCURACY
There is no good way of measuring the absolute photometric accuracy of an FT-IR
spectrometer. A good way to test the accuracy of the instrument’s zero-energy level is to
check the region of the single-beam spectrum below the detector cut-off between 200 and 300
cm-1 when a deuterated triglycine sulfate (DTGS) detector is used and between 400 and 300
cm-1 when a mercury cadmium telluride (MCT) detector is used. The average value of the
single-beam spectrum in this region should be less than 1000 times the maximum value of the
signal in the single-beam spectrum. This criterion is usually met when a DTGS detector is used
but is rarely met with an MCT detector.
SENSITIVITY
The sensitivity of the instrument can be determined by measuring two single-beam spectra
under exactly the same conditions and calculating their ratio to produce what is commonly
known as a 100% line. The noise level in different spectral regions can be estimated either as
the peak-to-peak noise, i.e., the difference between the maximum and minimum values of the
percent transmission in the selected spectral region(s), or the root-mean-square (RMS) noise,
i.e., the standard deviation of the spectrum in that region. The RMS noise level is the preferred
metric because this calculation involves all the data in the selected region rather than just the
two most deviant points. Typical measurement conditions to test the sensitivity of an FT-IR
spectrometer equipped with a DTGS detector are 16 co-added scans, a resolution of 2 cm-1,
and Norton-Beer medium apodization. The most commonly used spectral region is 2200–2000
cm-1 because (a) this is where the performance of most mid-IR spectrometers is highest and
(b) no common atmospheric interferent such as H2 O or CO2 absorbs strongly in this region.
However, other regions should be tested close to the ends of the spectrum, such as 650–450
cm-1 and 4000–3800 cm-1. The signal-to-noise ratio (SNR) of the spectrometer operating with
certain parameters in a given spectral region is estimated as 100/(RMS noise level in percent
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transmission).
STABILITY
The short- and long-term stability of the instrument also can be estimated from the deviation
of the 100% line from 100% T (where T stands for transmittance) at the short wavelength
(high wavenumber) end of the spectrum. Short-term stability is estimated by measuring the
two single-beam spectra a few minutes apart and calculating the 100% line. The long-term
stability is measured by increasing the time between the two measurements to several hours.
SIGNAL AVERAGING
The SNR should increase with the square root of the number of co-added scans. To test the
signal-averaging capability, measure the SNR with the following numbers of scans: N = 1, 4, 16,
64, 256, 1024, and 4096. A plot of SNR vs. N is linear if the instrument is correctly averaging
signals. An alternative means of testing this is to plot log SNR vs. log N. This plot should be
linear with a slope of 2.00.
USP38

Performance Qualification
The purpose of performance qualification (PQ) is to determine that the instrument is capable of
meeting the user's requirements for all the parameters that may affect the quality of the
measurement.
Change to read:
PROCEDURE
Mid-IR spectra can be measured by transmission, external reflection, internal reflection (often
called attenuated total reflection), diffuse reflection, and photoacoustic spectroscopy.
Different sample preparation techniques are available for these options. The most common
sample preparation techniques are presented below.
Potassium Bromide (KBr) Disks
Certain powdered alkali halides such as potassium bromide, potassium chloride, and caesium
iodide coalesce under high pressure and can be formed into self-supporting disks that are
transparent to mid-IR radiation. The alkali halide most commonly used is powdered, dry, highly
pure potassium bromide, which is transparent to mid-IR radiation above 400 cm 1.
Commercial presses and dies in a range of diameters are available for the preparation of alkali
halide and similar disks.
Mineral Oil Mulls
A typical procedure to prepare a mull is to place 10–20 mg of the sample into an agate mortar,
and then grind the sample to a fine particle-size powder using a vigorous rotary motion of the
pestle. A small drop of the mulling agent is added to the mortar. Rotary motion of the pestle is
used to mix the components into a uniform paste, which is transferred to the center of a clean
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IR-transparent window (e.g., potassium bromide, sodium chloride, silver bromide, or caesium
iodide). A second matching window is placed on top of the mull, and the mull is squeezed to
form a thin, translucent film that is free from bubbles.
The most widely used mulling agent for the mid-IR region is a saturated hydrocarbon mineral oil
(liquid paraffin, Nujol).
Compression Cells
A compression cell is useful when measuring a small or limited-quantity solid sample such as a
single particle of an active pharmaceutical ingredient (API) or excipient, a contaminant such as
a short length of fiber, or a small fragment from a packaging material. This is particularly the
case for investigations using an IR microscope system.
When using a compression cell, the sample is placed between the windows of the cell, the cell
is then tightened, and the sample thickness is reduced to an optimum for a transmission
measurement. Because of the high strength of diamond, it is commonly used as the window
material of compression cells.
USP38

Self-Supported Polymer Films
The mid-IR transmission spectrum of many polymers used as packaging materials is at times
recorded from samples prepared as thin self-supporting films using hot compression molding or
microtoming.
Capillary Films
Nonvolatile liquids can be examined neat in the form of a thin layer sandwiched between two
matching windows that are transparent to mid-IR radiation. The liquid layer must be free of
bubbles and must completely cover the diameter of the IR beam focused on the sample.
Liquids and Solutions in Transmission Cells
For the examination of liquid and solution samples, transmission cell assemblies that comprise a
window pair, spacer, filling ports, and a holder are available commercially in both macro- and
micro-sample configurations.
For laboratory applications, spacers typically are formed from lead, poly(tetrafluoroethylene), or
poly(ethylene terephthalate) and can be supplied, depending on spacer materials, in standard
thickness path lengths from approximately 6 µm to 1 mm or larger.
Gases
Mid-IR transmission cells for static or flow-through gas and vapor sampling are available in a
wide range of materials to suit the application, from laboratory to process scale. In the
laboratory, the traditional gas cell has been a 10 cm long cylinder made from borosilicate glass
or stainless steel with an approximately 40-mm aperture at each end. Each open end is covered
with an end cap that contains one of a pair of mid-IR–transparent windows constructed from,
e.g., potassium bromide, zinc selenium, or calcium fluoride.
Attenuated Total Reflection
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Attenuated total reflectance spectroscopy relies on the optical phenomenon of radiation
passing through a medium of high refractive index at a certain angle of incidence entirely
reflected internally at a boundary in contact with a material of lower refractive index. The
medium of high refractive index is also known as the internal reflection element (IRE).
The sample under examination should be placed in close contact with the IRE such as diamond,
germanium, zinc selenide, or another suitable material of high refractive index. Ensure close and
uniform contact between the substance and the whole crystal surface by applying pressure or
by dissolving the substance in an appropriate solvent and then covering the IRE with the
solution and evaporating to dryness.
Diffuse Reflection
The most important and commonly used form of sample preparation for diffuse reflection is to
dilute the sample by intimately mixing it with 90%–99% of nonabsorbing diluents such as finely
powdered potassium bromide or potassium chloride. The sample dilution has the added benefit
of reducing absorption band intensities to an appropriate level.
Microscope Sampling
Coupling a light microscope with a mid-IR spectrometer allows spectra to be obtained from very
small samples. Generally applied in transmittance or reflectance modes, it provides, for example,
a powerful tool for obtaining spectroscopic data of contaminants in pharmaceutical samples.
Microscope Sampling
Coupling a light microscope with a mid-IR spectrophotometer allows spectra to be obtained
from very small samples. Generally applied in transmittance or reflectance modes, it provides,
for example, a powerful tool for obtaining spectroscopic data of contaminants in pharmaceutical
samples. USP38
Change to read:
VALIDATION AND VERIFICATION
Validation
Validation is required when an IR method is intended for use as an alternative to the official
procedure for testing an official article.
The objective of an IR method validation is to demonstrate that the measurement is suitable for
its intended purpose including: quantitative determination of the main component in a drug
substance or a drug product (Category I assays), quantitative determination of impurities or
limit tests (Category II), and identification tests (Category IV, see Table 2 in Validation of
Pharmacopeial Procedures 1225 ). Depending on the category of the test, the validation
process for IR requires the testing of linearity, range, accuracy, specificity, precision, detection
limit, quantitation limit, and robustness. If the IR procedure employs a chemometrics model
calculated against the response of another analytical technology (e.g., HPLC), then the
principles of Near-Infrared Spectroscopy
to be applied.

1119 , specifically the Method Validation section, is
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Chapter 1225 provides definitions and general guidance on analytical procedures validation
without indicating specific validation for each characteristic. The following sections are
intended to provide the user with specific validation criteria that represent the minimum
expectations for this technology. For each particular application, tighter criteria may be needed
in order to demonstrate suitability for the intended use.
ACCURACY
For Category I and II procedures, accuracy can be determined by conducting recovery studies
with the appropriate matrix spiked with known concentrations of the analyte. It is also an
acceptable practice to compare assay results obtained using the validated IR method
IR procedure under validation USP38
with those obtained from an established alternative analytical method.
Validation criteria: 98%–102% recovery for drug substances and drug product assay and
70%–150% recovery for impurity analysis
98.0%–102.0%
mean USP38
recovery for drug substances, 95.0%–105.0%
mean USP38
recovery for drug product assay and 70.0%–150.0%
mean USP38
recovery for impurity analysis. USP38
These criteria are met throughout the intended range.
PRECISION
Repeatability: The analytical method
procedure USP38
is assessed by measuring the concentrations of six independently prepared sample preparations
at 100% of the assay test concentration.
Alternatively it can be based on measurements of three replicates of three separate sample
solutions at different concentrations. The three concentrations should be close enough so that
the repeatability is constant across the concentration range. If this is done, the repeatability
at the three concentrations is pooled for comparison to the acceptance criteria. USP38
Validation criteria: Relative standard deviation of NMT 2% for Category I procedures and NMT
20% for Category II procedures
Relative standard deviation of NMT 1.0% for drug substance, NMT 2.0% for drug product, and
NMT 20.0% for impurity analysis USP38
Intermediate precision: The effect on analytical precision caused by changes in variables
such as performing the analysis on different days, using different instrumentation, or having the
method performed by two or more analysts needs to be assessed. At a minimum, any
combination of at least two of these factors totaling six experiments will provide an estimation
of intermediate precision.
Validation criteria: Relative standard deviation NMT 3% for Category I procedures and NMT
25% for Category II procedures
The relative standard deviation is NMT 1.0% for drug substance, NMT 3.0% for drug product
assay, and NMT 25.0% for impurity analysis. USP38
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SPECIFICITY
For Category IV tests, the identity of the analyte should be ensured. Regarding Category I and
II procedures, the accuracy requirement also demonstrates specificity for the targeted
analytes.
QUANTITATION LIMIT
The quantitation limit can be estimated by calculating the standard deviation of NLT 6 replicate
measurements of a blank preparation
divided by the slope of the calibration line USP38
and multiplying by 10. Other suitable approaches can be used (see 1225 ). A measurement
of a representative sample matrix spiked at the estimated quantitation limit concentration must
be performed to confirm accuracy.
Validation criteria: For the estimated quantitation limit to be considered valid, the measured
concentration must be accurate and precise at a level equal to or less than 50% of the
specification.
LINEARITY
A linear relationship between the analyte concentration and the IR spectral response is
demonstrated by preparing NLT 5 standard preparations at concentrations encompassing the
anticipated concentration of the test preparation. The standard curve should then be
evaluated using appropriate statistical methods such as a least squares regression. For
experiments that do not have a linear relationship between analyte concentration and IR
spectral response, appropriate statistical methods should be applied to describe the analytical
response.
Validation criteria: Correlation coefficient (R), NLT 0.995 for Category I assays and NLT 0.99
for Category II quantitative tests. The percent error of each calibration point must be NMT 5%
for Category I assays and NMT 15% for Category II quantitative tests.
USP38

RANGE
This parameter is demonstrated by meeting linearity, precision, and accuracy requirements.
Validation criteria: For Category I procedures, the range requirements are 80%–120% of the
target test concentration. For Category II, the range requirements are 50%–120% of the
acceptance criterion.
For Category I tests, the validation range for 100.0% centered acceptance criteria is 80.0%–
120.0%. For non-centered acceptance criteria, the validation range is 10.0% below the lower
limit to 10.0% above the upper limit. For content uniformity, the validation range is 70.0%–
130.0%. For Category II tests, the validation range covers 50.0%–120.0% of the acceptance
criteria. USP38
ROBUSTNESS
The reliability of an analytical measurement should be demonstrated by deliberate changes to
experimental parameters. For mid-IR this can include
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but is not limited to USP38
changes in sample preparation procedure or changes in hardware settings.
Validation criteria: The measurement of a standard response following the change in
experimental parameters must differ from the standard measured using established parameters
by NMT 5% for a Category I procedure and NMT 20% for a Category II procedure.
USP38

Verification
U.S. Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
users of analytical procedures described in USP–NF are not required to validate these
procedures if provided in a monograph. Instead, they must simply verify their suitability under
actual conditions of use.
The objective of an IR procedure verification is to demonstrate that the method, as prescribed
in specific monographs, is being executed with suitable accuracy, sensitivity, and precision.
Verification of Compendial Procedures 1226 notes that if the verification of the compendial
procedure, according to the monograph, is not successful, the procedure is not suitable for use
with the article under test. It may be necessary to develop and validate an alternative
procedure as allowed in General Notices 6.30.
Although complete revalidation of a compendial procedure is not required, verification of the
compendial Mid-IR procedure should at minimum include the execution of the validation
parameters for specificity, accuracy, precision, and quantitation limit when appropriate
includes the execution of certain critical parameters. When the method being verified is for
identification purposes, specificity is the only parameter required. For quantitative applications,
additional validation parameters should be
are USP38
studied. Typically these include accuracy, precision, and quantitation limit, USP38
as indicated in Validation. USP38
BRIEFING
857 Ultraviolet-Visible Spectroscopy, PF 39(2) [Mar.–Apr. 2013]. On the basis of
comments received, several changes are proposed in this new general chapter. Under
Qualification of UV–Vis Spectrophotometers, the acceptance criteria for Control of
Wavelengths are revised. Clarifications are introduced in the Limit of Stray Light test. Accuracy
requirements are revised to indicate that the acceptance criteria apply to the mean value
obtained. Other minor corrections are also incorporated. A stimuli article in this PF titled An
Alignment of Concepts and Content Across the Spectroscopy General Chapters provides insight
on the rationale of the revisions involving the chapters related to spectroscopy, and contains
an annex with the list of monographs directly affected by the revision.
(GCCA: H. Pappa.)
Correspondence Number—C133477; C133472; C133882; C133473; C133474; C133878;
C133834

Comment deadline: March 31, 2014
Add the following:

PF 40(1): Jan.-Feb. 2014

85

857

ULTRAVIOLET-VISIBLE SPECTROSCOPY

Change to read:
INTRODUCTION
Ultraviolet-visible (UV-Vis) spectra are derived when the interaction between incident radiation
and the electron cloud in a chromophore results in an electronic transition involving the
promotion of one or more of the outer shell or the bonding electrons from a ground state into a
state of higher energy. The UV and visible spectral bands of substances generally are broad
and do not possess a high degree of specificity for compound identification. Nevertheless, they
are suitable for quantitative assays and, for many substances, are useful as an additional
means of identification.
In the Beer–Lambert law USP38
the absorbance (A ) of a solution at given wavelength,
10 of the reciprocal of the transmittance (T ):

I
I

, is defined as the logarithm to base

= intensity of the transmitted radiation at the same wavelength
0

= intensity of the incident radiation at wavelength

In the absence of any other physical or chemical factors, A is proportional to path length, b,
through which the radiation passes, and to the concentration, c, of the substance in the
solution in accordance with the following:
A

=

cb

= molar absorptivity
c = solute concentration (M
mol USP38
/L)
b = path length (cm)
If the concentration, c, is expressed in g/L, the constant
absorptivity.
The expression

becomes a , which is called the
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which represents the specific absorbance of a dissolved substance, refers to the absorbance of
a 10-g/L solution
(1% m/v) USP38
in a 1-cm cell measured at a defined wavelength so that:

M = molar concentration of the solution
When solutions are observed in 1-cm cells, concentrations of about 10 µg of the specimen per
mL often will produce absorbances of 0.2–0.8 in the UV or visible region.
For discussion of the theory and principles of measurements, see Ultraviolet-Visible
Spectroscopy—Theory and Practice 1857 ,
a general information chapter that is not a mandatory resource.

USP38

Change to read:
QUALIFICATION OF UV-VIS SPECTROPHOTOMETERS
The suitability of a specific instrument for a given procedure is ensured by a stepwise life cycle
evaluation for the desired application from selection to instrument retirement: design
qualification (DQ); installation qualification (IQ); an initial performance-to-specification
qualification, also known as operational qualification (OQ); and an ongoing performance
qualification (PQ). For more details, see Analytical Instrument Qualification 1058 .
The purpose of this chapter is to provide test methodologies and acceptance criteria to ensure
that the instrument is suitable for its intended use (OQ), and that it will continue to function
properly over extended time periods as part of PQ. As with any spectrometric device, a UV-Vis
spectrophotometer must be qualified for both wavelength (x-axis) and photometric (y-axis, or
signal axis) accuracy and precision, and the fundamental parameters of stray light and
resolution must be established. OQ is carried out across the operational ranges required within
the laboratory for both the absorbance and wavelength scales.
Installation Qualification
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The IQ requirements provide evidence that the hardware and software are properly installed in
the desired location.
Operational Qualification
Acceptance criteria for critical instrument parameters that establish “fitness for purpose” are
verified during IQ and OQ. Specifications for particular instruments and applications can vary
depending on the analytical procedure used and the desired accuracy of the final result.
Wherever possible in the procedures detailed as follows, certified reference materials (CRMs)
are to be used in preference to laboratory-prepared solutions. CRMs obtained from a recognized
accredited source include independently verified traceable value assignments with associated
calculated uncertainty.
These CRMs should be obtained from a recognized accredited source and include
independently verified traceable value assignments with associated calculated uncertainty.
CRMs must be kept clean and free from dust. Recertification should be performed periodically to
maintain the validity of the certification. USP38
Control of Wavelengths
Ensure that the accuracy of the wavelength axis (x-axis) over the intended operational range
is correct within acceptable limits.
The acceptable limits in the UV are 200–400 nm, and the wavelength accuracy must be ±1 nm.
In the visible region the acceptance limits are 400–700 nm with ±2 nm accuracy. Analysts can
verify the wavelength scale accuracy using one or more of the following procedures:
In the UV region 200–400 nm, the wavelength accuracy must be ±1 nm. In the visible region
400–700 nm the wavelength accuracy must be ±2 nm. Wavelength precision is determined over
the operational range using at least six replicate measurements. The standard deviation must
not exceed 0.5 nm. USP38
ATOMIC LINE SPECTRA
This procedure is described as the primary application because the emission lines produced from
a discharge lamp are characteristic of the source element and, as a fundamental physical
standard, these wavelengths have been measured with an uncertainty of NMT ±0.01 nm. In
solution spectrometry, the wavelength accuracy required rarely exceeds 0.5 nm. For these
reasons, the atomic line standard values are cited without uncertainty. The lamp needs to be
placed at the source position in the spectrophotometer; thus, it can be used only in
spectrophotometers that can be operated in a single-beam intensity mode
and practically should be implemented only on a system designed to accommodate these
sources, e.g., as an accessory. USP38
A commonly employed low-pressure mercury lamp has a number of intense lines that cover a
large part of the UV and visible spectra. Two deuterium lines from the source at 486.0 and
656.1 nm often are used by manufacturers as an internal calibration check and can be used for
diagnostic purposes (Table 1).1
Table 1. Recommended Atomic Lines from Low-Pressure Mercury and Deuterium Lamps
for Wavelength Calibration Purposes
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Element
Hg
Hg
Hg
Hg
Hg
D2
Hg
Hg
Hg
D2

nm
253.7
296.7
365.0
404.7
435.8
486.0
546.1
577.0
579.1
656.1

RARE EARTH OXIDE SOLUTIONS
This procedure uses solutions of rare earth oxides prepared by dissolution in acid media. The
most frequently used is holmium oxide in perchloric acid. Suitable
Holmium oxide solution has been internationally accepted as an intrinsic wavelength standard,
and suitable USP38
CRMs are available commercially.2 The observed peak maxima are determined using the normal
scan mode on the spectrophotometer. The peak maxima for a 4% m/v solution of holmium oxide
in perchloric acid at 1.0-nm spectral bandwidth and a path length of 1 cm are shown in Table
2.3
Table 2. Recommended Peak Maxima from a 4% Solution of Holmium Oxide in Perchloric
Acid for Wavelength Calibration Purposes
nm
241.1
249.9
278.1 USP38
287.2
333.5
345.4
361.3
345.4
385.6 USP38
416.3
451.4
467.8
485.2
536.6
640.5
If the operational range of the spectrophotometer lies outside the range 240–650 nm, other
certified rare earth oxides or other solutions can be used if they are traceable to a national or
international standard. Didymium (a mixture of neodymium and praseodymium) is available as a
traceable standard both in solution and as a glass. Didymium is similar in preparation to the
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holmium materials and has useful peak characteristics in the 730–870 nm region. Useful peaks
are found
in the didymium solution USP38
at approximately 731.6, 740.0, 794.1, 799.0, and 864.4 nm.
RARE EARTH GLASSES
This procedure uses glasses manufactured by fusing the appropriate rare earth oxide in a base
glass matrix. The most frequently used is holmium, for which the reference wavelengths have
been well defined. Although manufacturing can cause batch variation in these glasses,
traceable CRMs are commercially available and can be used. Typical values for a holmium glass
using a 1.0-nm spectral bandwidth are the following: 241.5, 279.2, 287.5, 333.8, 360.9, 418.8,
445.8, 453.7, 460.2, 536.5, and 637.7 nm. Wavelength precision should be determined over the
operational range using at least six replicate measurements. The standard deviation should not
exceed ±0.5 nm.
USP38

Control of Absorbance
To establish the transmittance accuracy and linearity of a given system, it is necessary to
verify the absorbance accuracy of a system by using the following procedures as appropriate
for the wavelength range required.
over its intended operational range by using the following procedures as appropriate for the
wavelength and absorbance ranges required. USP38
The acceptance criteria are ±1%A or ±0.005A, whichever is larger.
USP38

ACIDIC POTASSIUM DICHROMATE SOLUTIONS IN 0.001 M PERCHLORIC ACID
In the 0–200 mg/L range, potassium dichromate solutions provide reference values of up to 3
absorbance units at one of the certified values of 235, 257, 313, or 350 nm. These solutions
are available as CRMs or can be prepared according to NIST from SRM 935a. Absorbance
accuracy should be determined as the average of at least six replicate measurements over the
operational range. The acceptance criteria are ±1%A or ±0.010A, whichever is larger.
Using potassium dichromate solutions, the absorbance accuracy must be ±1%A or ±0.010A,
whichever is larger. The absorbance precision can be determined as the average of at least six
replicate measurements over the operational range. The acceptance criteria are ±0.5%A or
±0.005A, whichever is larger. USP38
NEUTRAL-DENSITY GLASS FILTERS
These gray glass filters are manufactured from doped glass and have a nominally flat spectrum
in the region of the calibration wavelengths. They provide reference values of up to 3
absorbance units at the certified values of 440, 465, 546.1, 590, and 635 nm. These filters are
available as CRMs that are traceable to NIST SRM 930e, 1930, and 2930. Other certified
standard solutions
or glass filters USP38
can be used if they are traceable to a national or international standard. Absorbance precision
should be determined usingaccuracy should be determined as the average of at least six
replicate measurements over the operational range. The acceptance criteria are ±0.5%A or
±0.0030.005 A, whichever is larger.
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Using gray glass filters, the absorbance accuracy must be ±0.8 %A or ±0.008A, whichever is
larger. The absorbance precision can be determined as the average of at least six replicate
measurements over the operational range. The acceptance criteria are ±0.5%A or ±0.005A,
whichever is larger. USP38
Limit of Stray Light (Stray Radiant Energy)
Although the measurement of absorbance or transmittance is a ratio measurement of intensities
and therefore theoretically is independent of monochromatic source intensity, practical
measurements are affected by the presence of unwanted radiation called “stray radiant
energy” or “stray light”. In addition, the adverse effect of stray light increases with aging of
optical components and lamps in a spectrophotometer. The effects are greater at the extremes
of detector and lamp operational ranges. Analysts must monitor the level of stray light
at appropriate wavelength(s) USP38
as part of PQ. Stray light can be detected at a given wavelength with a suitable liquid filter.
These solutions are available as CRMs or can be prepared at the concentrations shown in Table
3 by using reagent-grade materials.
Table 3. Spectral Ranges of Selected Materials for Monitoring Stray Light
Spectral Range
(nm)
Liquid or Solution
190–205
Aqueous potassium chloride (12 g/L)
210–259
Aqueous sodium iodide or potassium iodide (10 g/L)
250–320
Acetone
300–385
Aqueous sodium nitrite (50 g/L)
Analysts can use a 5-mm path length cell filled with the same filter solution as the reference
cell while they concurrently measure a 10-mm cell over the appropriate spectral range.Analysts
can use a 5-mm path length cell filled with a filter solution in the reference beam while they
concurrently measure a 10-mm cell (with an approximate absorbance between 4A and 5A at the
wavelength of interest) containing the same filter solution over the appropriate spectral range
against a water blank with the same cuvettes.
When using a 5-mm path length cell (filled with the same filter) as the reference cell, and
then measuring the 10-mm cell over the required spectral range, analysts can calculate the
stray light value from the observed maximum absorbance using the formula: USP38
S
A

= 0.25 × 10 2A

= observed maximum absorbance

Acceptance criteria: S
0.01.

is

3.5

This procedure simply requires the 10-mm cell measurement to be referenced against the 5-mm
cell (filled with the same filter) and therefore can be achieved by either chronological or spatial
referencing in any type of spectrophotometer. Alternatively, analysts can measure the
absorbance of the filters specified in Table 3 against the appropriate reference, and record the
maximum absorbance value. (An S value of 0.01 equates to a maximum absorbance value of
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2A measured by this alternate procedure.) [Note—For some instruments where absorbance
values greater than 3A cannot be reported directly, this procedure may require a two-step
process whereby the sample beam initially is attenuated by a 1- to 2-A filter, the value of
which is measured and recorded. After zeroing the instrument with this filter in place, measure
the stray-light filter, and again record the absorbance value. The estimated stray light value is
now the sum of these two absorbance readings.] USP38
Resolution
If accurate absorbance measurements must be made on benzenoid compounds or other
compounds with sharp absorption bands (natural half-bandwidths of less than 15 nm), the
spectral bandwidth of the spectrophotometer used should
not USP38
be greater than 1/8th the natural half-bandwidth of the compound's absorption.
Determine the resolution of the spectrophotometer by using the following procedure. Measure
the ratio of the absorbance of a 0.020% (v/v) solution of toluene in hexane (UV grade) at the
maximum and minimum at about 269 and 266 nm, respectively, using hexane as the reference.
The absorbance ratio obtained depends on the spectral bandwidth of the instrument. For most
pharmacopeial quantitative purposes, a spectral bandwidth of 2 nm is sufficient, and the
acceptance criteria for the ratio is NLT 1.3.
The effect of spectral bandwidth and measurement temperature on the ratio is shown in Table
4.4
Table 4. Spectral Bandwidth and Measurement Temperature
Spectral Bandwidth
Temperature of
Measurement
20 ± 1

0.5 nm ±
0.1 nm
2.4–2.5

1.0 nm ±
0.1 nm
2.0–2.1

1.5 nm ±
0.1 nm
1.6–1.7

2.0 nm ±
0.2 nm
1.3–1.4

3.0 nm ±
0.2 nm
1.0–1.1

25 ± 1

2.3–2.4

1.9–2.0

1.6–1.7

1.3–1.4

1.0–1.1

30 ± 1

2.1–2.2

1.8–1.9

1.5–1.6

1.3–1.4

1.0–1.1

Suitable CRMs may also be used for this measurement. USP38
Alternatively, a suitable atomic line can be scanned in single-beam mode, and the peak width
at half peak height can be determined. This peak width at half peak height equates to the
bandwidth of the spectrophotometer.
Performance Qualification
The purpose of PQ is to determine that the instrument is capable of meeting the user's
requirements for all the parameters that may affect the quality of the measurement and to
ensure that it will function properly over extended periods of time.
Change to read:
PROCEDURE
With few exceptions, compendial spectrophotometric tests and assays call for comparison
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against a USP Reference Standard. This helps ensure measurement under identical conditions
for the test specimen and the reference substance. These conditions could include wavelength
setting, spectral bandwidth selection, cell placement and correction, and transmittance levels.
Cells that exhibit identical transmittance at a given wavelength may differ considerably in
transmittance at other wavelengths. Appropriate cell corrections should be established and
used where required.
Comparisons of a test specimen with a reference standard are best made at a peak of spectral
absorption for the compound concerned. Assays that prescribe spectrophotometry give the
commonly accepted wavelength for peak spectral absorption of the substance in question.
Different spectrophotometers may show minor variation in the apparent wavelength of this
peak. Good practice demands that comparisons be made at the wavelength at which peak
absorption occurs. Should this differ by more than ±1 nm (in the range 200–400 nm) or ±2 nm
(in the range 400–800 nm) from the wavelength specified in the individual monograph,
recalibration of the instrument may be indicated.
The expressions “similar preparation” and “similar solution” as used in tests and assays involving
spectrophotometry indicate that the reference comparator, generally a USP Reference
Standard, should be prepared and observed in an identical manner for all practical purposes to
that used for the test specimen. Usually when analysts make up the solution of the specified
reference standard, they prepare a solution of about (i.e., within 10%) the desired
concentration, and they calculate the absorptivity on the basis of the exact amount weighed
out. If a previously dried specimen of the reference standard has not been used, the
absorptivity is calculated on the anhydrous basis. The expressions “concomitantly determine”
and “concomitantly measure” as used in tests and assays involving spectrophotometry indicate
that the absorbances of both the solution containing the test specimen and the solution
containing the reference specimen, relative to the specified test blank, must be measured in
immediate succession.
Sample Solution Preparation
For determinations using UV or visible spectrophotometry, the specimen generally is dissolved in
a solvent. Unless otherwise directed in the monograph, analysts make determinations at room
temperature using a path length of 1 cm. Many solvents are suitable for these ranges, including
water, alcohols, chloroform,
USP38

lower hydrocarbons, ethers, and dilute solutions of strong acids and alkalis. Precautions should
be taken to use solvents that are free from contaminants that absorb in the spectral region
under examination. For the solvent, analysts typically should use water-free methanol or
alcohol or alcohol denatured by the addition of methanol but without benzene or other
interfering impurities. Solvents of special spectrophotometric quality, guaranteed to be free
from contaminants, are available commercially from several sources. Some other analytical
reagent-grade organic solvents may contain traces of impurities that absorb strongly in the UV
region. New lots of these solvents should be checked for their transparency, and analysts
should take care to use the same lot of solvent for preparation of the test solution, the
standard solution, and the blank. The best practice is to use solvents that have NLT 40%
transmittance
(39.9%T = 0.399A) USP38
at the wavelength of interest.
Assays in the visible region usually call for concomitantly comparing the absorbance produced
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by the assay preparation with that produced by a standard preparation containing
approximately an equal quantity of a USP Reference Standard. In some situations, analysts can
omit the use of a reference standard (e.g., when spectrophotometric assays are made with
routine frequency) when a suitable standard curve is available and is prepared with the
appropriate USP Reference Standard, and when the substance assayed conforms to the Beer–
Lambert law within the range of about 75%–125% of the final concentration used in the assay.
Under these circumstances, the absorbance found in the assay may be interpolated on the
standard curve, and the assay result can be calculated. Such standard curves should be
confirmed frequently and always when a new spectrophotometer or new lots of reagents are
put into use.
Change to read:
VALIDATION AND VERIFICATION
Validation
Validation is required when a UV-Vis method is intended for use as an alternative to the official
procedure for testing an official article.
The objective of UV-Vis method validation is to demonstrate that the measurement is suitable
for its intended purpose, including quantitative determination of the main component in a drug
substance or a drug product (Category I assays), quantitative determination of impurities or
limit tests (Category II), and identification tests (Category IV). Depending on the category of
the test (see Table 2 in Validation of Compendial Procedures 1225 ), the analytical method
validation process for UV-Vis requires testing for linearity, range, accuracy, specificity,
precision, detection limit, quantitation limit, and robustness. These analytical performance
characteristics apply to externally standardized procedures and those that use standard
additions.
Chapter 1225 provides definitions and general guidance on analytical procedures validation
without indicating specific validation criteria for each characteristic. The intention of the
following sections is to provide the user with specific validation criteria that represent the
minimum expectations for this technology. For each particular application, tighter criteria may
be needed in order to demonstrate suitability for the intended use.
ACCURACY
For Category I, II, and III procedures, accuracy can be determined by conducting recovery
studies with the appropriate matrix spiked with known concentrations of the analyte. Analysts
also can compare assay results obtained using the UV-Vis procedure under validation to those
from an established analytical procedure.
Validation criteria: 98%–102% recovery for drug substances and drug product assay and
95%–105% recovery for impurity analysis98.0%–102.0%
mean USP38
recovery for the drug substances, 95.0%–105.0%
mean USP38
recovery for the drug product assay, and 80.0%–120.0%
mean USP38
recovery for the impurity analysis. These criteria are met throughout the intended range.
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Precision
REPEATABILITY
The repeatability of the analytical procedure is assessed by measuring the concentrations of six
independently prepared sample solutions at 100% of the assay test concentration.
Alternatively, it can be assessed by measuring the concentrations of three replicates of three
separate sample solutions at different concentrations. The three concentrations should be
close enough so that the repeatability is constant across the concentration range. If this is
done, the repeatability at the three concentrations is pooled for comparison to the acceptance
criteria. USP38
Validation criteria: The relative standard deviation should be NMT 2% for drug substance or
drug product assay and NMT 5% for impurity analysis.
The relative standard deviation is NMT 1.0% for the drug substance, NMT 2.0% for the drug
product assay, and NMT 20.0% for the impurity analysis. USP38
INTERMEDIATE PRECISION
The effect of random events on the analytical precision of the method must be established.
Typical variables include performing the analysis on different days, using different
instrumentation, and/or having the method performed by two or more analysts. At a minimum,
any combination of at least two of these factors totaling six experiments will provide an
estimation of intermediate precision.
Validation criteria: The relative standard deviation should be NMT 3% for drug substance or
drug product assay and NMT 10% for impurity analysis.
The relative standard deviation is NMT 1.0% for the drug substance, NMT 3.0% for the drug
product assay, and NMT 25.0% for the impurity analysis. USP38
SPECIFICITY
In UV-Vis measurements, specificity is ensured by the use of a reference standard wherever
possible and is demonstrated by the lack of interference from other components present in the
matrix.
DETECTION LIMIT
The detection limit (DL) can be estimated by calculating the standard deviation of NLT 6
replicate measurements of a blank solution and multiplying by 3.3. Alternatively, the standard
deviation can be determined from the error of the intercept from a calibration curve or by
determining that the signal-to-noise ratio is >3.3. The estimated DL must be confirmed by
analyzing samples at the calculated concentration.
QUANTITATION LIMIT
The quantitation limit (QL) can be estimated by calculating the standard deviation of NLT 6
replicate measurements of a blank solution and multiplying by 10. Alternatively, the standard
deviation can be determined from the error of the intercept from a calibration curve or by
determining that the signal-to-noise ratio is >10.
Measurement of a test solution prepared from a representative sample matrix spiked at the
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required QL concentration must be performed to confirm sufficient sensitivity and adequate
precision. The observed signal-to-noise ratio at the required QL should be >10. [Note—A
suitable procedure for measuring the signal-to-noise ratio is given in ASTM 1657-98 (2006)
Standard Practice for the Testing of Variable-Wavelength Photometric Detectors Used in Liquid
Chromatography.]
Validation criteria: For the estimated limit of quantitation to be considered valid, the
measured concentration must be accurate and precise at a level

50% of the specification.

LINEARITY
A linear relationship between the analyte concentration and UV-Vis response must be
demonstrated by preparation of NLT five standard solutions at concentrations encompassing
the anticipated concentration of the test solution. The standard curve is then evaluated using
appropriate statistical methods such as a least-squares regression. Deviation from linearity
results from either instrumental or sample factors, or both, and can be reduced to acceptable
levels by reducing the analyte concentration and thereby the associated absorbance values.
Validation criteria: The correlation coefficient (R) must be NLT 0.995 for Category I assays
and NLT 0.99 for Category II quantitative tests. The percent error of each calibration point
must be NMT 5% for Category I assays and NMT 15% for Category II quantitative tests.
USP38

RANGE
The operational range of an analytical instrument (and the analytical procedure as a whole) is
the interval between the upper and lower concentrations (amounts) of analyte in the sample
(including these concentrations) for which it has been demonstrated that the instrumental
response function has a suitable level of precision, accuracy, and linearity.
Validation criteria: For Category I procedures, the range requirements are 80%–120% (70%–
130% for content uniformity and ±20% for dissolution). For Category II, the range requirements
are 50%–120% of the acceptance criteria.
For Category I tests, the validation range for 100.0% centered acceptance criteria is 80.0%–
120.0%. For noncentered acceptance criteria, the validation range is 10.0% below the lower
limit to 10.0% above the upper limit. For content uniformity, the validation range is 70.0%–
130.0%. For Category II tests, the validation range covers 50.0%–120.0% of the acceptance
criteria. USP38
ROBUSTNESS
The reliability of an analytical measurement is demonstrated by deliberate changes to
experimental parameters. For UV-Vis this can include measuring the stability of the analyte
under specified storage conditions, varying pH, and adding possible interfering species, to list a
few examples. Robustness is determined concurrently using a suitable design for the
experimental procedure.
INDIRECT MEASUREMENT REQUIREMENTS
For certain UV-Vis procedures, chromogenic reactions are employed. Generally the requirements
for the analytical performance characteristics are used. In some instances, the required
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accuracy and precision criteria for the direct measurements may not be achievable. Under
these circumstances, the accuracy and precision requirements can be widened by as much as
50%. Any such widening must be justified on scientific grounds and with documented evidence.
It may be necessary to increase the amount of replication required to produce a scientifically
sound reportable value.
Verification
Current US Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
users of analytical procedures described in USP–NF are not required to validate these
procedures if provided in a monograph. Instead, they simply must verify their suitability under
actual conditions of use.
The objective of a UV-Vis procedure verification is to demonstrate the suitability of a test
procedure under actual conditions of use. Performance characteristics that verify the suitability
of a UV-Vis procedure are similar to those required for any analytical procedure. A discussion of
the applicable general principles is found in Verification of Compendial Procedures 1226 .
Verification is usually performed using a reference material and a well-defined matrix.
Verification of compendial UV-Vis procedures includes at minimum the execution of the
validation parameters for specificity, accuracy, precision, and quantitation limit, when
appropriate, as indicated under Validation. USP38
1 The rounded values are taken from ASTM Standard E275-08.
2 NIST SRM 2034 is no longer available.
3 The rounded values are taken from the intrinsic wavelength standard absorption band data from Travis JC ,
Acosta JC , Andor G, et al. Intrinsic wavelength standard absorption bands in holmium oxide solution for
UV/visible molecular absorption spectrophotometry. J Phys Chem Ref Data. 2005;34(1):41–57. The maximum
95% measurement uncertainty is ±0.06 nm.
4 ASTM E958 2011.

BRIEFING
1066 Physical Environments That Promote Safe Medication Use, USP 36 page 668.
This general chapter is proposed for revision to include advancements in research regarding
physical environments that promote safe medication use. The proposed revisions include a
partial reorganization of the content to present the Medication Safety Zones section earlier in
the general chapter for greater emphasis. In addition, the proposed revisions provide greater
detail on the human factors that affect safe medication use. New sections are proposed for
addition to this general chapter to incorporate recent research on multi-tasking, the home
environment, odors, temperature and humidity, and evidence-based design of the workplace.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(HQS: D. Bohannon.)
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Change to read:
PURPOSE OF THIS CHAPTER
The work environment has been identified as one of the most commonly reported factors
contributing to medication errors reported to the United States Pharmacopeia (USP). This
chapter describes optimal physical environment standards that promote accurate medication
use and improve the performance of persons involved in the medication use process (e.g.,
procurement, prescribing, transcribing, order entry, preparation, dispensing, administration, and
monitoring of medications) in any practice setting, including the patient’s home. Accuracy and
safety of the medication use system is the result of interactions between humans, the physical
work environment, equipment employed, and procedures performed. This chapter focuses on
one aspect of this system: the characteristics of the physical environment that can promote
accurate medication use. Standards are provided when justified by evidence and expert
opinion.
DEFINITIONS
Color Rendering Index (CRI)—is an expression of how a light source affects the color
appearance of objects or humans compared to how they would appear under a reference light
source (29).
Constraint—is a rule stating under what conditions an action is allowed or prohibited.
Constraints are used in designing procedures or tools to prevent unsafe practices.
Crowding—occurs when multiple workers utilize the same workspace, adversely affecting the
amount of space available for each to organize, and also increasing the negative factors of
distractions, interruptions, and noise.
Decibel—a unit used to measure the intensity of a sound by comparing it with a given level on
a logarithmic scale, thereby indicating the degree of loudness. The A scale is commonly used
when measuring decibels because it most closely represents what the human ear perceives in
terms of loudness.
Distractions—occur when there is a continuation of work while responding to anything that
diverts or disturbs attention, such as a telephone call or question from a coworker (19, 38).
Ergonomic Design—refers to a workspace that accommodates each individual’s capacities and
limitations, allowing them to work safely and efficiently (24). This includes an optimum ambient
environment and adjustable furniture.
Forcing Function—is an aspect of a design that prevents a target action from being
performed, or that allows its performance only if another specific action is performed first.
Forcing functions need not involve device design. One of the first forcing functions identified in
healthcare was the removal of concentrated potassium from hospital units. This was designed
to eliminate the risk of inadvertent preparation of intravenous solutions with concentrated
potassium, an error that has produced a small but stable number of deaths over the years (17).
Human Factors or Ergonomics—the scientific discipline concerned with the understanding of
interactions among humans and other elements of a system, and the profession that applies
theory, principles, data and methods to design in order to optimize human well-being and
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overall system performance (30).
Illumination Level—is the rate of light energy emission falling on an area as measured by a
photometer with an illuminance sensor in lux or foot-candles (fc) (8) and indicates brightness.
A lux is a unit of illuminance, measured in lumens per square meter (34). A foot-candle (fc) is
lumens per square foot (28), and is also commonly measured by light meters. The term candela
replaced foot-candle as the International System (SI) measure of luminous intensity (29), and
represents one lumen per steradium (lm/st).
Interruptions—are the cessation of productive activity before a task is completed and are
caused by an externally imposed reason (19).
Lean Production—is the increase of high-quality work output, while eliminating waste and
decreasing resources, time, and errors (53).
Medication Safety Zone—is a critical area where medications are prescribed, orders are
entered into a computer or transcribed onto paper documents, or where medications are
prepared or administered. The characteristics of an optimal physical environment for accurate
medication use will apply to medication safety zones.
Noise and Sound—Noise is defined as an auditory stimulus that bears no informational
relationship to the task at hand (9, 18). Sound is a change in volume that has some
informational relationship to the task at hand (18). A quiet work environment is defined as an
area where noise is absent and the worker is free from disturbance.
Override—to neutralize the action of (as an automatic control). See MERRIAM-WEBSTER
ONLINE (www.Merriam-Webster.com).
Photometer—an instrument for measuring photometric quantities such as illuminance (28).
Physical Design and Organization of Workspace—accuracy of medication preparation may
be influenced by the amount of workspace in which a worker can process one medication order
at a time, with only those items involved in the process in the active work area.
Physical Environment—consists of the surroundings that can affect one or more human
senses (36).
Workaround—a plan or method to circumvent a problem (as in computer software) without
eliminating it. See MERRIAM-WEBSTER ONLINE (www.Merriam-Webster.com).
Working Conditions—include the physical environment, workforce staffing, workflow design,
personal/social factors, and organizational factors (25). The focus of this general chapter is on
how the physical environment can be designed to improve safe medication use.
FACTORS TO CONSIDER WHEN ASSESSING PHYSICAL ENVIRONMENT NEEDS
There are five work system elements that may affect the importance of meeting the physical
environment standards (11, 12, 13, 47):
1. Characteristics of the individual performing the work (e.g., visual and hearing acuity,
age, experience level, distractibility, and level of attention). Humans vary in their
responses to the physical environment. Therefore, the ideal situation is to make it
possible to modify the physical environment on an individual basis, so it can be adapted
to match the needs of the current user in a way that will optimize the accuracy of
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his/her performance.
Tasks performed, and characteristics of these tasks that contribute to unsafe patient
care. If the worker is pressured by excessive workload or interruptions, are there
opportunities for workarounds or overrides that risk patient safety?
Tools and technologies used to perform the tasks, and affecting the likelihood of
medication errors. Are the tools and technologies readily understandable and available
when needed? Is a bar code medication verification system present? Automated
medication dispensing devices? Electronic medication administration records (eMAR)?
Unit-dose packaging? Ready access to patient- and medication-related clinical
information? Are tools and technologies user-friendly? Have they passed usability tests,
and failure mode and effects analysis (FMEA)?
The status of the physical work environment in terms of compliance with the
recommendations of this general chapter.
Support within the organization that promotes or hinders patient safety.

Because of their interrelatedness, work design should consider all these elements. Whenever
one work element changes, there will be implications for the other elements (11). This general
chapter focuses on recommendations for the physical environment.
PHYSICAL ENVIRONMENT GUIDELINES FOR MEDICATION SAFETY ZONES
Sensory interference resulting from extreme temperatures, noise, poor lighting, glare-producing
surfaces, interruptions, or clutter can affect the work of healthcare practitioners and adversely
affect working memory (48, 8, 18, 19, and 20). The guidelines described here for the physical
environment apply to medication safety zones.
Methods for Assessing the Physical Environment
An illuminance meter (also referred to as a light level meter or photometer) is an instrument
that consists of a photodetector and a digital or analog display that measures illuminance in lux
or foot-candles (fc) (28). Illuminance meters should be recalibrated annually (29). Lighting
levels should be measured in medication safety zones using point illuminance measurements.
The photodetector should be placed in the area where the critical medication task is performed
(e.g., a work counter medication inspection location), with the worker standing in a normal
working position when the measurement is taken (28). Measurements of medication storage
areas should include light levels at the top, middle, and bottom shelves, because levels depend
on the distance from the lighting source. Photometers are commercially available, or
management engineers may be able to provide them.
Sound level meters capable of reading from 30–130 decibels A scale (dBA) should be used to
measure sound levels. The A scale is commonly used when measuring decibels because it most
closely represents what the human ear hears in terms of loudness. The meters should be
calibrated prior to each use. Measurements are taken while standing in a working position, using
the instructions provided in the manual for the specific sound meter. Type 1 or Type 2 meters
have acceptable levels of accuracy.
Illumination
Proper illumination levels can improve both accuracy and efficiency of performance.
Prescription-filling accuracy improved significantly from 96.2% to 97.4% when lighting levels in
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a busy outpatient pharmacy were increased from 450 to 1460 lux (45 to 146 fc) (8). One study
found that pharmacists rating lighting levels as at least adequate detected 38% more errors
when filling prescriptions (22). In addition, as visual fatigue increases over a shift, more light is
needed. Pharmacists using task lights to increase illumination had a 10.7% reduction in product
verification errors (22). A study of luminance in homes, offices, and public places found lower
levels than recommended for reading, and age affected performance in different lighting
conditions (14). Efforts should be made to prevent medication errors caused directly or
indirectly by low lighting. For example, one incident report showed that poor lighting
contributed to improperly connected patient controlled analgesia (PCA) administration tubing,
causing medication to run onto the floor, resulting in uncontrolled patient pain (27). Low
lighting contributed to difficulty in seeing that the tubing was not connected properly. A study
of lighting in a retail pharmacy detected an error in strength and dosage form: dicyclomine 10mg capsules were used to fill a prescription for 20-mg tablets. The light level at the shelf where
the medications were stored was 220 lux (22 fc) (20).
The recommendations described here consider the level of task visibility required, the need for
speed and accuracy during medication handling, and worker comfort (33). Architects and
lighting engineers can consult the Illuminating Engineering Society of North America (IESNA)
reference “Lighting for Hospitals and Healthcare Facilities” for details about lighting medication
areas (29). It is important to note that the illuminance levels recommended in the IESNA
reference are below those listed in this standard, because of evidence of relationships between
higher lighting levels and medication errors. Fluorescent cool white deluxe lamps or compact
fluorescent lamps are recommended, because they have a color rendering index of 80 or more
(28, 29). Fluorescent lamps also have a high efficacy, and emit more lumens per watt than
incandescent lamps (29). The recommended color rendering index can help avoid
misidentification of medications.
Task lighting is required in areas where critical visual tasks are performed if illuminance levels
are below recommendations. If task lighting is not available, then workers can cast shadows on
the workspace, resulting in lower lighting levels (29). Critical tasks include reading small print on
labels and handwritten prescriptions, and inspecting medication dosage forms. Because
individuals perceive lighting levels differently, adjustable 50-watt high-intensity task lights are
recommended when difficult-to-read prescriptions and product labels (e.g., unit-dose package
labels) are encountered (22). Key healthcare provider work areas for which lighting levels are
important are computer order entry (e.g., physicians or pharmacists), prescription filling,
inspection, and patient counseling. Illumination levels for computer order entry areas should be
at least 750 lux (75 fc). Higher levels are recommended when handwritten orders are read—
1000 lux (100 fc) are recommended in these situations. Lighting should be positioned so there is
no glare on the computer monitor that may make it difficult to view the screen accurately (44).
Prescription preparation areas, medication inspection stations (double-checking), and
counseling areas should have illumination levels between 900 and 1500 lux (90 and 150 fc) (8,
20). These standards are all above the minimum of 200 lux (20 fc) for accurate reading of
medication labels set by the American Society for Testing and Materials International (ASTM
International). An ASTM International standard prescribes a legibility test requiring that the
name and amount of the drug on the label be legible in 20 fc of light at a distance of about 20
inches (500 mm) by a person with 20/20 unaided or corrected vision (3). Lighting levels should
be increased where the work force has an average age beyond 45 years to optimize legibility
(general recommendation for treatment of presbyopia) (32). Healthcare providers should also
have a magnifying glass available to assist in the careful reading of labels with very small script
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and in situations where low lighting levels are unavoidable. Using a magnification lens along with
a task light reduced pharmacist product verification errors by 22% compared to a control group
(22).
Key medication-related nursing work areas for which lighting is important include the following:
medication order review, medication selection, preparation, and administration. These tasks
may take place in one or more locations on the nursing unit, such as the nursing station where
patient charts are stored, the medication room, or a patient’s room. Transitional lighting is
recommended for medication areas on nursing stations and other patient care units to avoid
dark and bright spots located next to dimly lit areas. Luminance should enable good color
rendering (color rendering index of 80 or more) to assist with proper medication checking (29).
Task lighting can help achieve appropriate levels of lighting and should be included on mobile
medication carts (including those used with bar code medication verification systems). Glare
should be controlled by ensuring that light reflections that can wash out the screen and make
it difficult to read are not visible in computer monitors (29).
Illumination levels for medication rooms located on nursing units should be at least 1000 lux
(100 fc) based on the complexity of the task, reading small type font on medication packages,
and the need for accuracy and speed (28, 44). The higher range of the lighting level should be
used when the task requires reading small print. Lighting level recommendations are summarized
in Table 1. Lighting levels can decrease by 25% over a 2-year period, so it is important that
lighting fixtures are cleaned routinely to maintain recommended luminance levels. Lighting levels
should be measured on a quarterly basis. Burned out or flickering bulbs should be promptly
replaced (29).
Table 1. Lighting Level Recommendations for Healthcare Settings
Illumination Level

Work Area
Computer order entry (44, p. 408)
Handwritten order processing (44, p. 408)
Medication filling and checking (pharmacy) (8, 20)
Patient counseling (pharmacy) (8, 20)
Sterile compounding and preparation (8)
Pharmacy medication storeroom (29)
Medication preparation area, e.g., nursing station (2)
Medication administration work area (e.g., cart surface, patient
room) (2)

Lux
1000
1000
900–1500
900–1500
1000–
1500
500
1000
1000

FootCandle
(fc)
100
100
90–150
90–150
100–150
50
100
100

Proper lighting is also essential at the point of care. Attempting to be patient- and familyfriendly may run contrary to the necessary lighting conditions for safe medication
administration. Administration of medication at night under low luminance to avoid disturbing
the patient or family is an unsafe practice. Task or spot lighting must be available, so that
visual confirmation of the correct patient (reading armband), medication, and administration
site is not compromised.
Interruptions and Distractions
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Workplace designers need to be keenly aware of the significant impact that interruptions and
distractions can have on accurate patient care, so that they design workspaces to counter
these effects. Distraction from competing tasks is likely to impair performance in several ways,
such as sensory/perceptual interference (you don’t hear the alarm because a coworker
interrupts with a question), cognitive cost of switching tasks (you respond to an alarm more
slowly because it takes time to reorient to the alarmed task after a coworker’s question), or
prospective memory failure (you forget to perform a step because you forget where you left off
when returning to the task after interruption). Countermeasures may address some or all of
these problems (e.g., use of checklists). Nurses frequently cite distractions and interruptions as
contributing to the incidence of medication errors (27, 51, 52). Interruptions and distractions
have been associated with higher prescription dispensing error rates in an ambulatory pharmacy
(19). According to the 2008 USP MEDMARX Data Report, distractions continue to rank high
(approximately 45%) as contributing to medication errors in hospitals and health systems (27).
Interruptions and distractions can be prevented by providing staff with the ability to control
and manage their exposure to these disturbances. Workers can be allowed to adjust features of
the medication safety zone to maximize their concentration and attention levels, and to
optimize their performance. Adjustable features include provision of a work station that is
protected from interruptions and distractions, such as a separate medication room, or a mobile
cart with workspace for those that are not adversely affected by distractions. Individuals have
different levels of distractibility—workers should be sensitive to their own need for a
distraction-free work area (19). Heightened worker awareness of the adverse impact of
interruptions and distractions can help minimize problems. Workers can be trained in how to
avoid interrupting coworkers for nonurgent reasons, while their coworkers are performing
medication-related tasks. Coworkers asking for assistance were found to be the most frequent
source of interruptions in a pharmacy study (19). Techniques to decrease interruptions and
distractions include visual cues (such as wearing orange safety vests), physical barriers (e.g.,
preparing doses in a medication room), and the use of checklists that assist attention focus or
refocus (38). Medication safety zones should be located in areas where the potential for
distraction and interruption is minimized.
Sound and Noise
The Environmental Protection Agency (EPA) recommends peak sound levels of 45 dB during the
day and 35 dB at night in hospitals (10). The World Health Organization (WHO) guidelines state
that background sound levels in a patient room should not exceed 35 dB (5). The International
Noise Council recommends 45 dB during the day and 20 dB at night for acute care areas (10).
Ear protection is required when workers are exposed to sound levels averaging 90 dB.
The standard for sound levels in medication safety zones is set at the level of conversation, 50
dBA. This is intended to ensure that critical verbal information can be heard accurately (7).
Healthcare providers should be sensitive to their individual need for quiet, depending on the
task being performed, and they should have a quiet area available to promote accurate
performance. The total elimination of noise in patient-care settings is not feasible or desirable.
Patient counseling areas in pharmacies should include sound-reduction methods to enhance
audibility and learning—for example, use of a closed room.
Noise is recognized as a serious health hazard to hospitalized patients, and as an interference
with effective work performance. Most studies of the effects of noise in the work environment
have been conducted in non-healthcare settings. However, noise levels as a contributing factor
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of stress for nurses is increasingly being documented. In healthcare facilities, sources of noise
can range from overhead paging systems, equipment alarms, heating, ventilation, airconditioning (HVAC) systems, plumbing, televisions, and radios to ice machines (5). Noise has
been cited as one obstacle to the effective performance of nurses (23). An in-depth study
developed a noise map of a hospital, and found sound levels of 55 dB, which is 10–20 dB above
EPA recommendations, depending on the time of day. Average sound levels in other hospitals
have been measured between 45 and 68 dB, with peaks between 85 and 90 dB (50). A study of
sound levels during shift changes measured 113 dB (15).
The following sound-related features may affect accuracy when dispensing medication:
predictability; controllability (16); type of task (simple vs. complex) (6); multitasking;
distraction due to noise (which may mask environmental cues and the worker’s internal voice,
used to rehearse and recall important tasks) (39, 40). Out of 58 studies, 7 showed that noise
improved performance, while 29 showed that it impaired performance (21). Unpredictable but
controllable sounds and noise were found in one study to improve prescription filling accuracy,
contrary to previous research (18). This may indicate that some environmental stimuli are
needed to maintain proper alertness and attention of workers. Researchers are attempting to
identify optimal levels of arousal due to sound and noise for people performing different kinds of
tasks (e.g., Yerkes-Dodson law) (54).
Noise and other sensory interference can be reduced by employing activities, tools, and
principles developed by human factors and engineering experts—many of these principles are
already being used by some healthcare organizations. The effect of these and other design
characteristics of nursing workspaces on patient outcomes and facility performance are being
studied as part of a research project (http://www.pebbleproject.org/pebble_data.php)
sponsored by the Center for Health Design, a nonprofit research and advocacy organization,
and a network of 11 healthcare providers. The project reported decreases in medical errors, as
well as decreases in patient transfers, nosocomial infections, patient falls, and medication
usage (49). When permitted by infection control guidelines, reducing noise by installing
materials that absorb sound (e.g., ceiling and wall materials, and carpeting) can be
accomplished at modest cost. Acoustical engineers can provide additional methods for noise
reduction. Workers who don’t have to respond to any audible signals such as telephone calls or
alarms may be able to wear noise-canceling headphones and listen to music, provided that
performance is not adversely affected.
Physical Design and Organization of Workspace
Ergonomic design of the workplace environment can influence the ability of providers to
effectively utilize information and accurately perform tasks (2). Counter height, height of
supplies, and lighting changes in lower drawers and cabinets that decrease visibility of products
can contribute to errors if improperly adjusted. The provision of adjustable fixtures and counter
heights can improve efficiency as well as safety. Work counter clutter is typically an indicator
of disorganization and a lack of sufficient space to perform key tasks. One study found that
more dispensing errors occurred when medication storage containers were placed on shelves in
a cluttered fashion (less than 1 inch between distinct drugs) (20). Older workers have more
difficulty discriminating between different items on a cluttered work surface, which is an
important consideration given the increasing average age of nurses (35).
Medication Safety Zones
A medication safety zone is defined as a critical area where medications are prescribed, orders
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are entered into a computer or transcribed onto paper documents, and where medications are
prepared, dispensed, or administered. Examples include the work surface of a medication cart
on a nursing unit, any location where prescribing decisions are made, the work surface of an
automated medication dispensing device, a pharmacy where prescriptions are prepared,
inspected, and dispensed, and patient homes where medications are prepared, administered, or
consumed. The patient’s bedside in a hospital is another important medication safety zone that
presents unique challenges. The physical environment of the operating room during surgery is
an area that deserves special attention due to increased noise levels and distractions when
critical life-and-death medications are in use.
One critically important medication safety zone for nurses is the medication preparation and
administration area, which should be analogous to the cockpit of an airplane. Information must
be readily available and user-friendly in order to increase ease of information synthesis. Access
to medication-related information should be efficient, with materials and records readily
available at the proper sites (i.e., drug information and patient-specific information used to
make a decision about drug administration should be near each other to support fact finding)
(2). Information and components within the space should be arranged according to specific
principles that promote correct choices and decrease distractions when seeking information.
As described in the human factors literature (45), these principles include the following:
Importance Principle—Important components should be placed in convenient locations. This
includes information systems near the medication safety zone so that lab results, drug
information, vital signs, and pertinent patient information are readily obtained. Information
regarding equipment function and trouble-shooting should be located near or on the
equipment to provide clarification or a quick answer to questions that arise.
Frequencies of Use Principle—Items that are used frequently are easily found and accessible.
This prevents workarounds, in which alternate equipment is used as a substitute.
Function Principle—Items that are related to a function are grouped together. Examples
include syringes, needles, and alcohol swabs; and IV tubing and connectors that are used in
preparation of infusions. It is important to ensure that appropriate supply levels are
maintained and that product expiration dates and applicable storage conditions (e.g.,
temperature-sensitive products) are routinely checked.
Sequence of Use Principle—Items are placed in an order that supports the sequence needed
to perform the task correctly (e.g., sterile gloves are in or with sterile dressing kits;
needleless connectors are with the IV administration sets; and epidural medications and
epidural supplies are all in one place).
Methods for workplace analysis are available (31). Bedside medication administration areas
should follow the same design as the centralized medication safety zone. Distractions are an
even greater challenge at the bedside, and measures should be taken to minimize them
whenever possible. Information and supplies should follow the same principles and be placed in
an uncluttered area with adequate lighting. Sharps containers should be placed within easy
reach and out of high-traffic areas. Each bedside work station should be standardized in
design, so that information and supplies do not need to be relocated when moving from one
patient bed to another.
The incorporation of lean operation techniques to enhance desirable, value-added activities and
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eliminate the undesirable, often invisible activities that result in waste in the work process is
one approach to workspace redesign (1). An efficient and effective workplace is less conducive
to errors. Lean operational techniques that eliminate waste and improve timeliness include the
following:
Visual Controls—keeping work processes and indicators in view to allow everyone to
understand the status of the work system at a glance.
Streamlined Layout—optimizing the sequencing of work processes through facility
design.
Point-of-Use Storage—locating supplies, equipment, information, and procedure rules in
convenient, easily accessible locations (37).
Simplifying and standardizing the patient-care environment and equipment decrease the
cognitive load, making slips and lapses less likely to occur during routine tasks by minimizing
decision and manipulation time (37). Standardization can be used for facility and room design,
medical equipment (e.g., IV infusion devices), and medication areas (e.g., medication delivery
and storage of patient-specific medications). Ensuring ready access to clinical information, both
patient-specific and medication-related, is essential for all areas in which steps in the
medication-use process occur.
Another medication safety zone design approach is to involve workers in innovating solutions to
work station problems. There is a need to incorporate flexibility into medication safety zone
design in order to support worker innovation (41).
Medication safety–related tools and technologies, such as automated drug dispensing devices
with point-of-care bar code verification and an integrated electronic medication record, can
decrease or avert medication errors. Constraint and forcing functions are an effective means of
reducing error, particularly for high-risk medications and situations. The simplest of these do
not require technology. For example, sealing neuromuscular blockers in an intubation kit lessens
the chance of a paralyzing agent being administered to a patient without a means of ventilation
support. An enteral product that is physically unable to connect to an intravenous tubing luer
lock connector would avert a wrong route error, even if the nurse was working in low-light
conditions and initially misidentified the intended route for the tubing (46).
The availability of medication safety technology is never a substitute for safe medication
practices within a medication safety zone. Reports have warned of errors as a result of ignoring
or overriding safety checks such as smart infusion pump drug libraries and alarms (42).
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INTRODUCTION
The physical work environment in healthcare settings is one of the most important potential
contributors to medication errors. Data on medication errors reported to the United States
Pharmacopeia (USP) Medication Error Reporting Program (2008) show that various physical
attributes of the workplace affect human performance on the job. These attributes may help or
hinder healthcare providers as they strive to deliver safe, high-quality care to every patient. As
noted by the Institute of Medicine (IOM) in its landmark 2001 report, Quality Chasm, “Health
care today harms too frequently and routinely fails to deliver its potential benefits.”
This general chapter describes evidence-based standards for creating and maintaining a
physical environment that supports and promotes accurate, safe medication use. The process
of safe medication use involves multiple aspects, or stages: procurement, prescribing,
transcribing, order entry, preparation, dispensing, and administration, as well as monitoring the
medication's effects on the patient. A better understanding of these processes can form a solid
foundation for improvement, allowing healthcare providers to reach optimal performance within
the medication use system in various practice settings. This general chapter focuses on the
characteristics of the physical environment that can promote accurate medication use.
Standards are provided when justified by evidence and expert opinion, and a glossary of terms
used in this general chapter is provided.
ORGANIZATIONAL SUPPORT
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The leadership of a healthcare organization typically determines the operations, policies, and
procedures that influence safety. The leaders also establish the workplace design and cultural
environment, and they have a powerful influence on the espoused safety culture versus the
enacted safety culture. For example, the organizational hierarchy can either enhance safety by
encouraging the free flow of information and reinforcing safety behaviors, or can discourage
and downplay any safety initiatives. Two reports are available that document issues related to
organizational actions and culture as they affect patient safety and care: The IOM's 1999
report, To Err is Human, and the IOM's 2006 report, Preventing Medication Errors.
Accreditation agencies such as The Joint Commission (TJC), the National Integrated
Accreditation for Healthcare Organizations (NIAHO), and the International Organization for
Standardization (ISO) emphasize the roles of the organization and leadership in determining
safety standards. TJC defines the critical function of leadership and holds the leaders
accountable for their systems and processes, whereas NIAHO and ISO call for management
review of both quality and safety by the governing body, with the goal of promoting highquality, safe healthcare.
Organizational influence can be understood as falling somewhere on a continuum ranging from
prescriptive controls, in the form of rules and procedures, to discretionary controls, which may
rely solely on the individual's experience, according to James Reason (Human Error, 1990).
Organizational controls that foster a safe environment should include, at a minimum, the
reporting, analysis, and intervention plans necessary to shore up defenses against adverse
medication events. Systems analysis of errors should include the organizational influences that
ultimately affect the workforce at the unit level.
Leadership that is supportive and empowering, at all levels of the organization, should result in
optimal physical work environments that help to prevent medication errors and promote
accurate medication use. This approach can improve the performance of all persons involved in
the medication use process. An organization that aligns leadership goals and resources to a
strategic safety focus based on evidence will create safer systems for medication delivery.
Although hospitals have been “designed” for patient care, there is a growing body of research
that points to evidence-based design (EBD) for safe delivery of care. Other high-risk industries
with a strategic safety emphasis share common characteristics including the use of robust
processes for improvement throughout organizations; this can lead to interventions based on
scientific data and evidence.
MEDICATION SAFETY ZONES
In the medication use system, the degree of accuracy and safety accomplished is the end
result of many interactions between humans, their physical work environments, and the
equipment and technology they use. It is important to focus on areas of the work environment
where: (1) medications are prescribed; (2) orders are entered into a computer or transcribed
onto paper; and (3) medications are prepared/compounded, dispensed, and administered.
These work areas are commonly referred to as medication safety zones (MSZ). Examples
include the work areas around a medication cart on a nursing unit; any location where
prescribing decisions are made; the work space of an automated medication dispensing device;
a pharmacy where prescriptions are prepared, inspected, and dispensed; and areas in patients’
homes where medications are prepared, consumed, or administered. The patient’s bedside in
the healthcare facility or home is another important MSZ that presents unique challenges.
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The physical environment of any procedure room deserves special attention because of the
increased noise levels, variable illumination, and other distractions. In this challenging setting,
providers are making critical medication decisions that can influence whether a patient lives or
dies. Overall, in any MSZ, it is important to ensure that appropriate quantities of supplies are
maintained; product expiration dates are checked routinely; and temperature-sensitive
products are kept in the correct storage conditions.
Principles From Human-Factors Research
The research literature describes several principles that may be useful in planning the physical
environment of the MSZ.
IMPORTANCE PRINCIPLE
Within the MSZ, important components should be placed in convenient locations. For example,
information systems should be accessible within or near the MSZ so that drug information and
patient data (e.g., lab results and vital signs) are readily available. Instructions about
equipment function and trouble-shooting should be located directly on or near the equipment to
provide a quick answer to questions that arise.
FREQUENCY OF USE PRINCIPLE
Supplies and equipment that are used frequently should be easy to find and accessible. This
reduces the likelihood that staff will create workarounds, in which suboptimal
equipment/supplies are substituted for the recommended items.
FUNCTION PRINCIPLE
Displays, controls, or supplies related to a specific function should be grouped together. For
example, syringes, needles, and alcohol swabs could be stored together in one drawer, and IV
tubing and connectors that are used to prepare infusions could be placed together on the same
shelf.
SEQUENCE OF USE PRINCIPLE
Items should be placed in an order that reflects the sequence of steps needed to perform the
task correctly. For example, sterile gloves are in or with sterile dressing kits, and the items are
arranged in sequence. This allows personnel to complete tasks quickly and correctly.
Bedside Workstations
Methods for performing workplace analysis are available. One important aspect is the
medication administration areas at the bedside (in healthcare facilities or the patient's home),
which should follow the same design as the centralized MSZ. Distractions are an even greater
challenge at the bedside, and measures should be taken to minimize them whenever possible.
Information and supplies should be kept accessible (according to the human-factor principles
already discussed) and placed in an uncluttered area with adequate lighting. Sharps containers
should be placed within easy reach for the provider, but out of high-traffic areas. Each bedside
work station should be standardized in design, so that information and supplies do not need to
be brought along when moving from one patient bed to another.
Lean Production
Maintaining an efficient, effective workplace reduces the likelihood of errors. One efficient
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approach to workspace design uses lean-production techniques to enhance desirable, valueadded activities while eliminating undesirable activities that lead to waste during work
processes.
Three lean-production techniques are as follows: (1) Visual Controls, i.e., keeping work
processes and indicators in view so that personnel can see the status of tasks at a glance; (2)
Streamlined Layout, i.e., optimizing the sequence of work processes through facility design;
and (3) Point-of-Use Storage, i.e., storing supplies at the location where they will be used
whenever possible so that personnel can perform tasks more efficiently.1
Simplification and Standardization
Making changes that simplify and standardize the patient-care environment decreases the
cognitive load, reducing the likelihood of slips and lapses during routine tasks by minimizing
decision and manipulation time. Standardization can be used for facility and room design,
medical equipment, and medication-related functions (e.g., medication delivery, storage of
patient-specific medications). Ensuring ready access to clinical information that is specific to
the patient (or the drug) is essential for all areas in which personnel implement steps in the
medication-use process.
Innovative Solutions
Another approach to optimizing the design of the MSZ is to involve personnel who perform the
tasks on a routine basis. Workers may suggest innovative solutions to work station problems.
To support innovation, it is advisable to incorporate flexibility into the MSZ design.
Forcing Functions
Constraint and forcing functions are an effective means of preventing errors, particularly for
high-risk medications and situations. Forcing functions do not always refer to device design.
The simplest of these do not require technology. One of the first forcing functions identified in
healthcare was the removal of concentrated potassium from hospital units to eliminate the risk
of inadvertent preparation of intravenous solutions with concentrated potassium, an error that
has caused a small but stable number of deaths over the years.
Other examples would include sealing neuromuscular blockers in an intubation kit which lowers
the chance of a paralyzing agent being administered to a patient without having access to
ventilation support. Additionally, packaging an enteral product so it is physically unable to
connect to an intravenous tubing luer lock connector would avert a wrong route error, even if
the nurse was working in low-light conditions and initially misidentified the intended route for
the tubing. The availability of medication safety technology is never a substitute for safe
medication practices within an MSZ. Reports have warned of errors that result from ignoring or
overriding safety checks, such as smart infusion pump drug libraries and alarms.
Work System Elements
CHARACTERISTICS OF INDIVIDUALS
Characteristics of the individual performing the work include his or her experience level, age,
visual and hearing acuity, distractibility, and level of attention. Humans vary in their responses
to the physical environment. In an ideal scenario, the physical environment could be modified
on an individual basis. In that way, the environment could be adapted to match the needs of
the current user, thereby optimizing the accuracy of his/her performance. Alternately, the
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environment should be as supportive as possible to as wide a range of capabilities as possible.
SOUND AND NOISE
The Environmental Protection Agency (EPA) recommends peak sound levels of 45 dB during the
day and 35 dB at night in hospitals. The World Health Organization (WHO) guidelines state that
background sound levels in a patient room should not exceed 35 dB. The International Noise
Council recommends maximums of 45 dB during the day and 20 dB at night for acute care
areas. Ear protection is required when workers are exposed to sound levels averaging 90 dB.
The standard for sound levels in MSZs is set at the level of conversation, 50 dB. This is
intended to ensure that critical verbal information can be heard accurately. Healthcare
providers should be sensitive to their individual need for quiet, depending on the task being
performed, and they should have a quiet area available to promote accurate performance. The
total elimination of noise in patient-care settings is not feasible or desirable. Patient counseling
areas in pharmacies should include sound-reduction methods to enhance audibility and learning,
for example, the use of a closed room.
Noise is recognized as a serious health hazard to hospitalized patients, and as a source of
interference with effective work performance. Most studies of the effects of noise in the work
environment have been conducted in non-healthcare settings. However, noise levels as a
factor contributing to stress for nurses is increasingly being documented. In healthcare
facilities, sources of noise can range from overhead paging systems, equipment alarms, heating,
ventilation, and air-conditioning (HVAC) systems, plumbing, televisions, and radios to ice
machines. Noise has been cited as one obstacle to the effective performance of nurses. An indepth study developed a noise map of a hospital, and found sound levels of 55 dB, which is 10–
20 dB above EPA recommendations, depending on the time of day. Average sound levels in
other hospitals have been measured between 45 and 68 dB, with peaks between 85 and 90 dB.
A study of sound levels during shift changes measured 113 dB.
The following sound-related features may affect accuracy when dispensing medication:
predictability of the sound; controllability of the sound; type of task (simple vs. complex);
multitasking; and distraction due to noise (which may mask environmental cues and the
worker's internal voice, used to rehearse and recall important tasks). Out of 58 studies, 7
showed that noise improved performance, while 29 showed that it impaired performance.
Unpredictable but controllable sounds and noise were found in one study to improve
prescription filling accuracy, contrary to previous research. This may indicate that some
environmental stimuli are needed to maintain proper alertness and attention of workers.
Researchers are attempting to identify optimal levels of arousal due to sound and noise for
people performing different kinds of tasks (e.g., Yerkes–Dodson law).
Noise and other sensory interference can be reduced by employing activities, tools, and
principles developed by human factors and engineering experts; many of these principles are
already being used by some healthcare organizations. The effect of these and other design
improvements for nursing workspaces on patient outcomes and facility performance are being
studied as part of a research project (http://www.healthdesign.org/pebble) sponsored by the
Center for Health Design, a nonprofit research and advocacy organization. The project has
found decreases in medical errors, as well as reductions in patient transfers, nosocomial
infections, patient falls, and medication usage. When permitted by infection control guidelines,
reducing noise by installing materials that absorb sound (e.g., ceiling and wall materials, and
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carpeting) can be accomplished at modest cost. Acoustical engineers can provide additional
methods for noise reduction. Workers who don't have to respond to any audible signals such as
telephone calls or alarms may be able to wear noise-canceling headphones and listen to music,
provided that performance is not adversely affected.
ACTIVITIES AND TASKS PERFORMED
When designing an optimal physical environment that promotes accurate medication use, one
should consider the activities and tasks that need to be performed. A poorly designed
environment or other adverse conditions in the work area can lead to an unsafe adaptation of
the procedures. For example, practitioners who have to listen to the constant barrage of
equipment alarms that are not set within appropriate parameters (and are producing too many
false alarms) may silence the alarms to reduce the noise. However, this limits the practitioner's
ability to monitor the safety of the system. Similar situations occur with visual alarms and
computer messages that are often ignored or overridden. In general, activities and tasks should
be structured so they can be performed with the least amount of difficulty. If workarounds are
detected, they should be investigated as an indication that the procedure or workflow is not
suited for the task.
Multi-Tasking
The term "multi-tasking" originated in the computer engineering industry; it is the ability of a
person to perform more than one task simultaneously. The human brain is wired differently in
every individual; therefore, not everyone can multi-task successfully. The need to multi-task is
common in all areas of the healthcare environment, whether on a nursing unit, in a pharmacy,
in an operating room, or in a special procedure area. Some people can focus on performing more
than one task at a time, whereas others cannot. In the human brain, multi-tasking involves
linearly switching back and forth among different activities while actually completing one task
at a time.
This can be problematic in healthcare settings, particularly if something unexpected happens in
relation to one task while the individual is focused on the other task. These interruptions and
distractions can lead to medication errors and other forms of patient harm. Another type of
multi-tasking error is related to “mental stacking,” that is, when several items are under
consideration at the same time. An excessive cognitive workload can lead to unintended
consequences, and it is important to note that not all practitioners are able to handle
established systems and processes in a particular physical environment.
Pharmacists and nurses are practitioners who typically multi-task. Although most prescriptions
are prepared or administered one at a time, this does not mean that multi-tasking cannot
occur. The work area should be designed to keep individual prescriptions separate while
accommodating multi-tasking. Individuals vary in their abilities to perform sequential tasks
versus multi-tasking. Currently there is not enough evidence to evaluate an individual's fitness
to perform multi-tasking in healthcare settings, but human factors research in controlled
laboratory settings suggests that in the future, it may be possible to assess and augment this
skill in healthcare providers.
TOOLS AND TECHNOLOGIES IN THE PHYSICAL ENVIRONMENT
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In the healthcare setting, tools and technologies that are used to perform the tasks can also
interact with the physical environment to affect the likelihood of medication errors. Therefore,
the design of the environment should account for the specific tools and technologies that
individuals will use to complete their work. For instance, the physical layout of an operating
room should accommodate the size, maneuverability, and required spacing of the many devices
used during surgery. Tools and technologies should also meet ergonomic design standards.
Another example is that labels on medications are sometimes too small to display instructions
for preparation, dispensing, or administration; when this occurs, alternatives should be
considered. One alternative is to include Quick Response (QR) codes on the labels, which allows
healthcare personnel with a web-enabled device (such as an iPad, iPhone, or Android-powered
device) to access prescriptive information and handle the product correctly. QR codes are twodimensional bar codes that, when read by an imaging device, bring the user directly to the
website containing the needed information.
Additional factors that should be considered include equipment malfunction, downtime, and
vibration.
Equipment malfunction: Any equipment that malfunctions, is damaged, or is lost should be
reported to the supervisor immediately. In the case of malfunction, a decision should be made
either to repair or replace the item as soon as possible. In many cases, the item can be
replaced rapidly, but some pieces of equipment take longer to disassemble and reinstall.
Personnel should confirm that the equipment is in good working order before and after each
use. A routine program of confirming equipment function should be in place.
Equipment downtime: The term “downtime” refers to periods of time when a system or item
of equipment is unavailable. The outage, or downtime duration, is the length of time that the
equipment fails to perform its primary function. The concept of downtime is commonly applied
to computer networks and servers but can also be used in other environments when discussing
equipment failures. These failures can occur for various reasons, including damage; design
flaws; procedural error, i.e., improper use by humans; engineering issues, i.e., how the
equipment is used and deployed; overload occurring when system resources are stressed
beyond capacity; environmental problems with support systems such as heating, ventilation,
and air conditioning (HVAC) and power; and scheduled downtime for maintenance, upgrades, or
expansion. Service agreements are a common strategy for minimizing downtime and outages.
Procedures should be in place to address downtime.
Equipment vibration: Vibration is a mechanical phenomenon in which oscillations occur around
an equilibrium point. Although vibration may be desirable, usually it is undesirable, wasting
energy and creating unwanted noise. As examples, the vibrational motions of engines, electric
motors, or any mechanical device are typically unwanted and may result from imbalances in the
rotating parts, uneven friction, imperfect meshing of gear teeth, and other factors. Careful
design and proper installation can usually minimize unwanted vibrations.
DISTRACTIONS AND DISTRACTIBILITY INDEX
The healthcare work environment is replete with distractions and interruptions that can
adversely affect work performance and lead to medication errors. Architects, engineers, and
other professionals who play a role in workplace design have a responsibility to be educated
about, and keenly aware of, this issue so they can design safe, ergonomically ideal workspaces.
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This approach should have a significant beneficial impact by counteracting the negative effects
of interruptions and distractions on patient care. In general, MSZs should be located in areas
where the potential for distraction and interruption is minimized. Nurses frequently cite
distractions and interruptions as contributing to the incidence of medication errors. Distraction
from competing tasks is likely to impair performance in several ways, such as
sensory/perceptual interference (e.g., the nurse doesn't hear the alarm because a coworker
interrupts with a question), cognitive cost of switching tasks (the nurse responds to an alarm
more slowly because it takes time to reorient to the alarmed task after a coworker's question),
or prospective memory failure (when returning to the task after the interruption, the nurse
omits a step because of forgetting where he/she left off).
In addition, interruptions and distractions have been linked to higher rates of prescription
dispensing errors in an ambulatory pharmacy. According to the 2008 USP MEDMARX Data
Report, distractions continue to play a major role in medication errors, identified as a
contributing factor in 45% of all medication errors in hospitals and health systems. However,
interruptions and distractions can be prevented or reduced by giving staff the ability to control
and manage their exposure to these disturbances. Personnel can be allowed to adjust features
of the MSZ to maximize their concentration and attention levels, and to optimize their
performance. Adjustable features include a work station that is protected from interruptions
and distractions, such as a separate medication room, versus a mobile cart with workspace for
those that are not adversely affected by distractions. Individuals have different levels of
distractibility, and should be sensitive to their own need for a distraction-free work area.
Heightened self-awareness of the adverse impact of interruptions and distractions can help
minimize problems. Also, workers can be trained in how to avoid interrupting coworkers for nonurgent requests, particularly while their coworkers are performing medication-related tasks. In a
pharmacy study, the most frequent source of interruptions was coworkers asking for
assistance.
Techniques that may be effective for decreasing interruptions and distractions include visual
cues (such as wearing orange safety vests) and physical barriers, such as preparing doses in a
medication room. Personnel can also use checklists to focus or refocus their own attention on
the task. Scientific research about distractions and interruptions in the physical environment is
limited; therefore, additional studies are needed to identify evidence-based corrective actions
that will promote safe medication use.
PHYSICAL ENVIRONMENT ELEMENTS
Factors in the physical environment, such as lighting, noise, temperature, layout, and
workstation design, interact with human and task-related factors to influence the accuracy of
medication use. The remainder of this general chapter focuses on providing guidance on the
optimal environment to improve the performance of persons involved in the medication use
process.
WORK SYSTEM DESIGN
According to the Systems Engineering Initiative for Patient Safety (SEIPS) model, five work
systems—humans, tasks, technology and tools, organization, and environment—interact to
affect employee, organization, and patient outcomes. Because these five work systems are
closely interrelated, designers should consider all of the systems. Whenever one work element
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changes, there will be implications for the other elements. The entire work system needs to be
well designed to optimize performance and ensure positive outcomes. Although this general
chapter describes all the work systems, it focuses on recommendations for the physical
environment.
Evidence-Based Design
Evidence-based design (EBD) is a field of study that draws upon the most reliable research
data in planning the design of the workplace environment and equipment. EBD is closely related
to the systematic hierarchy of evidence-based practice, and uses a systematic process of
evaluating scientific research as the basis for design decisions that enhance human
performance and reduce stress in the complex environment of healthcare. EBD intersects and
combines the domains of ergonomics, human factors, usability, and cognitive psychology to
arrive at the best possible work environment.
EBD principles are available to inform environmental design choices. In 2008, Ulrich and
associates published a review of the research literature on evidence-based healthcare design,
concluding that “The evidence indicates that well-designed physical settings play an important
role in making hospitals safer and more healing for patients and better places for staff to work.”
For example, major advances such as reduced infection rates have been linked to the design
and location of sinks for hand washing, proper ventilation, and suitable materials for surfaces.
Application of EBD principles to equipment design is just as essential as applying these
principles to the work environment. The use of EBD for intravenous pumps, feeding tubes, and
patient-controlled analgesic devices has been described in recent years. Research continues to
support the use of standardized fonts and labels for drug identification, as well as EBD for
medication storage areas. In each decision regarding the complex healthcare work environment,
stakeholders should draw upon the most substantial research evidence available and use it as a
major guiding factor. Objects such as furniture, cabinetry, and fixtures should be selected after
careful consideration of EBD goals and research. For example, it is ideal if furniture can be
configured to create a sense of privacy and minimize visual and auditory distractions during
medication transcription, preparation, dispensing, and administration. Furniture should be
adjustable to meet a worker's ergonomic needs. In addition, surface contamination can be
reduced by selecting nonporous surface materials with no joints or seams, allowing for ease of
cleaning.
CHALLENGES IN THE PHYSICAL ENVIRONMENT
Ordering and Transcribing
Errors in ordering medications or transcribing medication orders are well documented in the
research literature. Because errors made during these tasks can directly endanger patient
safety, ordering and transcribing should be treated as high-risk activities within the healthcare
environment. Manual methods of ordering and transcribing are dependent on human
performance. Errors may result when the reader misinterprets handwriting flaws, abbreviations,
or decimal points, or when there is frank misreading of handwriting. Faxed orders involve
additional concerns, because legibility may be poor after transmission and printing.
Computerized systems for ordering, known as computerized physician order entry (CPOE), and
transcription of orders by electronic means are not completely protected from the possibility of
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error. For example, electronic healthcare records have been cited for failures in usability and
visual display, and may lack the customization necessary to order for specific populations, such
as pediatric patients. Although the electronic transmission of data is considered more secure
from errors of interpretation, the addition of decision support in CPOE has not been established
as an evidence-based intervention that assures safety. At all times, applications of technology
should undergo the same degree of scrutiny as other methods to prevent medication errors.
Preparation and Compounding
The preparation/compounding work area should be designed, arranged, and maintained to
facilitate high-quality compounding that meets the standards of general chapters
Pharmaceutical Compounding—Nonsterile Preparations
Compounding—Sterile Preparations

795

and Pharmaceutical

797 . The area for sterile drug preparation should be

separate from the area for nonsterile drug preparation (see general chapters

795

and

797

). Traffic in the preparation/compounding area should be kept to a minimum, with only
authorized individuals allowed access. Lighting, temperature, and ventilation should be optimal
to prevent decomposition of active pharmaceutical ingredients (APIs), excipients, and drug
products. These measures can also ensure a workplace where personnel are not distracted by
physical discomfort.
Humidity should be monitored and controlled, because drugs tend to degrade in the presence of
moisture. Because of its effect on drug stability and integrity, the humidity in compounding and
storage areas is second in importance only to temperature (see general chapters

795

and

797 ). A hygrometer should be placed on an interior wall, but not near an air-handling return,
hot plate, or door entrance/exit, so that it will provide a representative reading of the relative
humidity in the compounding area or storage facility.
The materials used for the floor, walls, shelving, cabinets, and ceiling should not retain dust,
odors, or residues from the compounding activities. Also, the area should be free of dustcollecting overhangs (e.g., ceiling pipes, hanging light fixtures, and ledges). The actual work
area should be level, smooth, impervious (free of cracks and crevices), and non-shedding, and
the shelving and cabinets should be easy to clean.
Hazardous drugs should be prepared, stored, and handled by appropriately trained personnel
under conditions that protect the healthcare workers and others who may come in contact
with these drugs. Disposal of all hazardous drug wastes should comply with the applicable
federal and state regulations. Any workers who perform routine custodial waste removal and
cleaning activities in the storage and preparation areas for hazardous drugs should be trained in
appropriate procedures to protect themselves and prevent contamination of the physical
environment. This training should include procedures to be followed in the event of a spill.
For sterile compounding, the primary engineering control (PEC) unit should be placed in a
location that will minimize noise and avoid conditions that could adversely affect its operation.
For example, strong air currents from opened doors, personnel traffic, or air streams from the
HVAC systems can disrupt the unidirectional airflow in open-faced workbenches. The PEC
should be placed out of the traffic flow and in a position that will avoid disruption from the
HVAC system and room cross-drafts. In general, all equipment should be selected and installed
to create optimal working conditions, with minimal noise and sufficient lighting, so that
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personnel can perform accurate, high-quality work (see general chapter

797 ).

Dispensing
There are many potential distractions in dispensing areas of pharmacies and other areas where
medications are dispensed. These distractions may include ringing telephones and interruptions
from patients, other staff, visitors, and others. Distractions should be minimized or eliminated to
the greatest extent possible. Although dispensing functions often require multi-tasking, it is
optimal that only one prescription or medication order be prepared, processed, and checked at
a time. The final check should be done by a pharmacist or an authorized, licensed professional
in an area that is free of distractions. Additional points include the following:
Proper illumination is necessary because the labels on some containers have very small
or lightly colored print.
Noise levels should be kept to a minimum (see Table 2), which may require moving noisy
equipment to a different room, or at least using a partition for separation.
Odors in the pharmacy setting should be controlled by using appropriate exhaust
systems, which should be maintained properly and monitored periodically. Pharmacies
contain a combination of odors resulting from the storage, preparation, and dispensing
of the drugs themselves; odors also emanate from other items such as disinfecting
agents.
Temperature should be maintained at appropriate levels for the comfort of pharmacy
personnel and for the stability of the pharmaceuticals.
The pharmacy workspace should be designed to enhance workflow efficiency and to
maintain safety throughout the entire dispensing process.
Administration
Some critically important MSZs for nurses include the medication preparation and administration
areas. Information should be readily available in a user-friendly format that will facilitate the
practitioner's synthesis of facts and data. Access to medication-related information should be
efficient, with materials and records available at the proper sites. For example, a nurse may
need both drug information and patient-specific data to make a decision about drug
administration; therefore, these two sources should be near each other to support fact finding
and/or decision making. The various information components within the space should be
arranged according to specific principles that decrease distractions when seeking information
and making decisions. Nurses also need to be aware of additional factors when administering
medications, e.g., illumination, clutter, odor, noise levels, and temperature.
The Home Environment
The home healthcare environment differs from hospitals and other institutional environments in
some important ways. For example, clinicians recognize that the homecare setting is the
private domain of the patient. Thus the care they provide to each patient should be unique and
individualized, based largely on that home setting. There may be situational variables in the
patient's home that present risks to the patient and are difficult or impossible for the clinician
to eliminate. For instance, hospitals have environmental safety departments to monitor air
quality, as well as designers/engineers to ensure that the heights of stair risers are safe, but
home healthcare providers are not likely to have the training or resources needed to assess and
ameliorate such risks in the patient's home.
Yet the patient and caregiver still can promote a safe home environment by establishing proper
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storage, organization, and accessibility of medications, as well as adequate lighting in areas
where drugs are administered. Several other physical elements also should be assessed to
facilitate safe handling and administration of medications. There should be reliable telephone
service to the home, an adequate area to prepare and administer medications (e.g., parenteral
infusions), and intact, safe electrical outlets for any required equipment. All medicines should
be stored in ways that facilitate both medication safety and compliance. The storage locations
should be dry and cool. Medication needing refrigeration should be stored in areas where they
will not freeze. All medications, whether prescription or over-the-counter, should be kept out of
reach of children, pets, or mentally altered/impaired adults.
PHYSICAL ENVIRONMENT FACTORS
Sensory interference resulting from extreme temperatures, noise, poor lighting, glare-producing
surfaces, interruptions, or clutter can adversely affect the working memory and job
performance of healthcare practitioners. The guidelines described here for the physical
environment should be applied to MSZs.
Illumination
Proper illumination levels can improve both accuracy and efficiency of performance.
Prescription-filling accuracy improved significantly, from 96.2% to 97.4%, when lighting levels in
a busy outpatient pharmacy were increased from 450 to 1460 lux (45–146 fc). One study found
that pharmacists who rated lighting levels as at least adequate detected 38% more errors
when filling prescriptions. In addition, as visual fatigue increases over a shift, increased light is
needed. Pharmacists using task lights to increase illumination had a 10.7% reduction in product
verification errors. A study of luminance in homes, offices, and public places found lower levels
than recommended for reading, and also found that performance was related to age. Efforts
should be made to prevent medication errors caused directly or indirectly by low lighting. For
example, one incident report showed that poor lighting contributed to improperly connected
patient-controlled analgesia (PCA) administration tubing, causing medication to run onto the
floor, resulting in uncontrolled patient pain. Low lighting contributed to difficulty in seeing that
the tubing was not connected properly. A study of lighting in a retail pharmacy revealed an
error in strength and dosage form as dicyclomine 10-mg capsules were used to fill a prescription
for 20-mg tablets. The light level at the shelf where the medications were stored was 220 lux
(22 fc).
The recommendations described here take into consideration the need to work quickly and
accurately during medication handling, the level of task visibility, and the comfort of personnel.
Architects and lighting engineers can consult the Illuminating Engineering Society of North
America (IESNA) reference “Lighting for Hospitals and Healthcare Facilities” for details about
lighting medication areas. It is important to note that the illuminance levels recommended in the
IESNA reference are below those listed in this guidance; the latter are higher because of
evidence that lighting levels are inversely related to medication errors. Fluorescent cool white
deluxe lamps or compact fluorescent lamps are recommended, because they have a color
rendering index of 80 or more and are highly efficient compared to incandescent lamps.
Providing the recommended color rendering index can help avoid misidentification of
medications.
If illumination levels are below recommendations, task lighting is required in areas where critical
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visual tasks are performed. If task lighting is not available, then workers can cast shadows on
the workspace, further reducing lighting levels. Critical tasks include reading handwritten
prescriptions and small print on labels, and inspecting medication dosage forms. Because
individuals perceive lighting levels differently, adjustable 50-watt high-intensity task lights are
recommended for situations where personnel encounter difficult-to-read prescriptions and
product labels such as unit-dose package labels. Lighting levels are important for key
healthcare providers involved in computer order entry (e.g., physicians or pharmacists),
prescription filling, inspection, and patient counseling. Illumination levels for computer order
entry areas should be at least 750 lux (75 fc). Higher levels [1000 lux (100 fc)] are
recommended when handwritten orders are read.
Lighting should be positioned so there is no glare on the computer monitor that may make it
difficult to read the screen accurately. Prescription preparation areas, medication inspection
stations (for double-checking), and counseling areas should have illumination levels between
900 and 1500 lux (90–150 fc). These standards are all above the minimum of 200 lux (20 fc) for
accurate reading of medication labels set by the American Society for Testing and Materials
International (ASTM International). An ASTM International standard includes a legibility test
requiring that the name and amount of the drug on the label be legible in 20 fc of light at a
distance of about 20 inches (500 mm) by a person with 20/20 unaided or corrected vision.
Lighting levels should be increased where the work force has an average age beyond 45 years
to optimize legibility (general recommendation for treatment of presbyopia). Healthcare
providers should also consider having a magnifying glass available to assist in the careful
reading of labels with very small print and in situations where low lighting levels are
unavoidable. Pharmacists using a magnification lens along with a task light reduced errors in
product verification by 22% compared to a control group.
For nurses, key medication-related tasks that require good lighting include medication order
review, medication selection, preparation, and administration. These tasks may take place in
one or more locations on the nursing unit, such as the nursing station where patient charts are
stored, the medication room, or a patient's room. Transitional lighting is recommended for
medication areas on nursing stations and other patient care units to avoid dark and bright
spots located next to dimly lit areas. Luminance should enable good color rendering (i.e., color
rendering index of 80 or more) to assist with proper medication checking. Task lighting can help
achieve appropriate levels of lighting and should be included on mobile medication carts
(including those used with bar code medication verification systems). Glare on computer
monitors should be controlled by ensuring that there are no light reflections that can wash out
the screen and make it difficult to read.
Illumination levels for medication rooms located on nursing units should be at least 1000 lux
(100 fc) based on the complexity of the task (e.g., reading small type on medication packages)
and the need for accuracy and speed. The higher range of the lighting level should be used
when the task requires reading small print. Lighting level recommendations are summarized in
Table 1. Over time, lighting levels can decrease (e.g., by 25% over a 2-year period), so it is
important to clean lighting fixtures routinely in order to maintain recommended luminance levels.
Lighting levels should be measured on a quarterly basis. Burned out or flickering bulbs should be
replaced promptly.
Table 1. Lighting Level Recommendations for Healthcare Settings
Illumination Level
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Work Area
Computer order entry
Handwritten order processing
Medication filling and checking (pharmacy)
Patient counseling (pharmacy)
Sterile compounding and preparation
Pharmacy medication storeroom
Medication preparation area (e.g., nursing station)
Medication administration work area (e.g., cart surface, patient
room)

FootCandle
(fc)
100
100
90–150
90–150

Lux
1000
1000
900–1500
900–1500
1000–
1500
500
1000

100–150
50
100

1000

100

Proper lighting is also essential at the point of care. Attempting to be patient- and familyfriendly may run contrary to the necessary lighting conditions for safe medication
administration. If practitioners administer medication at night under low luminance to avoid
disturbing the patient or family, this an unsafe practice. Task or spot lighting should be
available so practitioners can visually confirm that they have the correct patient (by reading
armband or other identification technology), and so the medication and administration site are
not compromised. Compact fluorescent lamps take time to come to the correct lighting level.
Therefore, no critical tasks should be performed until the light is working at its rated level.
Sound and Noise Recommendations
For hospitals, the Environmental Protection Agency (EPA) recommends peak sound levels of 45
decibels (dB) during the day and 35 dB at night in hospitals. The World Health Organization
(WHO) guidelines state that background sound levels in a patient room should not exceed 35
dB. The International Noise Council recommends limits of 45 dB during the day and 20 dB at
night for acute care areas. Ear protection is required when workers are exposed to sound levels
averaging 90 dB. Sound level recommendations are shown in Table 2.
Table 2. Peak Sound Level Recommendations
Work Area
Sourcea
Sound Level (dB)
Hospitals (daytime)
EPA
45
Hospitals (nighttime)
EPA
35
Patient room
WHO
35
Acute care areas (daytime)
INC
45
Acute care areas (nighttime)
INC
20
Ear protection required
INC
90 (average)
Medication safety zones
—
50
a EPA, Environmental Protection Agency; WHO, World Health Organization; INC, International
Noise Council.
The standard for sound levels in MSZs is set at the level of conversation, 50 dB, which is
intended to ensure that critical verbal information can be heard accurately. However, this will
be exceeded in many typical pharmacy dispensing and compounding areas. Healthcare providers
should be sensitive to their individual needs for quiet, depending on the task being performed,
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and they should have a quiet area available to promote accurate performance. The total
elimination of noise in patient-care settings is not feasible or desirable. Patient counseling areas
in pharmacies should include sound-reduction methods (e.g., use of a closed room) to enhance
audibility, learning, and privacy.
Excessive noise is recognized as a serious health hazard. Its effect on hospitalized patients and
its possible interference with effective work performance by clinicians should be considered.
Most studies of the effects of noise in the work environment have been conducted in nonhealthcare settings. However, noise levels are being documented more often as a contributor
to stress for nurses. In healthcare facilities, sources of noise can include overhead paging
systems, equipment alarms, heating, ventilation, air-conditioning (HVAC) systems, plumbing,
televisions, and radios to ice machines. Noise has been cited as one obstacle to the effective
performance of nurses. An in-depth study developed a noise map of a hospital, and found
sound levels of 55 dB, which is 10–20 dB above EPA recommendations, depending on the time
of day. Average sound levels in other hospitals have been measured between 45 and 68 dB,
with peaks between 85 and 90 dB. A study of sound levels during shift changes measured 113
dB.
Accuracy when dispensing medication can be affected by specific characteristics of the
sound/noise, e.g., whether it is predictable and whether it can be controlled. These factors
may mask environmental cues and the worker's internal voice, used to rehearse and recall
important tasks. Out of 58 studies, 7 showed that noise improved performance, while 29
showed that it impaired performance. Unpredictable but controllable sounds and noise were
found in one study to improve prescription filling accuracy, contrary to previous research. This
may indicate that some environmental stimuli are needed to maintain proper alertness and
attention of workers. Researchers are attempting to identify optimal levels of arousal due to
sound and noise for people performing different kinds of tasks (e.g., Yerkes–Dodson law).
The adverse effects of noise and other sensory interference can be reduced by using activities,
tools, and principles developed by human factors and engineering experts. Many of these
principles and tools are already being used by some healthcare organizations. Researchers are
studying these and other design characteristics of nursing workspaces to assess their effects
on patient outcomes and facility performance; one study is sponsored by the Center for Health
Design, a nonprofit research and advocacy organization, and a network of 11 healthcare
providers (http://www.healthdesign.org/pebble). The data have shown reductions in medical
errors, patient transfers, nosocomial infections, patient falls, and medication usage. Reducing
noise by installing materials that absorb sound (e.g., ceiling and wall materials, and carpeting)
when permitted by infection control guidelines, can be accomplished at modest cost. Acoustical
engineers can provide additional methods for noise reduction. In addition, workers who do not
have to respond to any audible signals such as telephone calls or alarms may be able to wear
noise-canceling headphones and listen to music, provided that performance is not adversely
affected.
Odor
Areas where pharmaceuticals are stored or manipulated tend to have an odor that is
characteristic of the respective drugs. These odors often can be minimized by using appropriate
air handling/exhaust systems. Indoor environmental quality (IEQ) can be related to chemicals
and other sources. The odors found in almost any working environment may result from caulks,
sealants, coatings, adhesives, paints, varnishes, stains, wall coverings, cleaning agents, fuels
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and combustion products, carpeting, vinyl flooring, fabric materials, air fresheners, other
scented products, as well as personal products of employees (e.g., perfumes, shampoos, and
others). If these odors are not controlled, IEQ problems can arise, especially if the building's
ventilation system is improperly designed and/or poorly maintained. IEQ can be improved by
installing appropriate exhaust systems to remove the odors emanating from drug products. This
may also include “snorkel exhaust” facilities close to where the drug products are manipulated,
as well as cabinet-type exhaust hoods. Other measures that may be helpful include establishing
perfume-free zones, prohibiting smoking, and not allowing food storage or eating in the
immediate area. The practice of introducing pleasant odors in the workplace may or may not be
beneficial, but managing the response to odors and irritants is critical to maintaining the health
and well-being of workers.
Temperature Controls and Humidity
Temperature control is important for drug stability and for the comfort of personnel. In a room
where equipment is present (e.g., laminar air flow hoods), heat tends to be generated, and
therefore, appropriate temperature control measures should be designed and implemented.
In some situations such as compounding, it is important to control humidity and thereby
minimize static electricity in powders, packaging, and other dosage forms (see general chapters
795 and 797 ). Humidity control is also important for related technologies, such as
computers, tablets, and automated dispensing machines. Computer temperatures should be
between 10 and 32 , and the ideal humidity index is between 30% and 50%.
Physical Design and Organization of Workspace Assessment
The design of the work environment influences the ability of providers to effectively use
information and accurately perform tasks. The height of counters, height of shelving for storage
of supplies, and lighting changes in lower drawers and cabinets that decrease visibility of
products can contribute to errors if improperly adjusted. The effective integration of adjustable
fixtures and appropriate counter heights, with the use of mobile carts, can improve efficiency
as well as safety. Work counter clutter or lack of sufficient space to perform key tasks is
typically an indicator of disorganization and poor planning. One study found that more
dispensing errors occurred when medication storage containers were placed on shelves in a
cluttered fashion (<1 inch between distinct drugs). When choosing appropriate furniture, an
evidence based design furniture checklist may be used to make informed investment decisions
and improve healthcare outcomes (see Table 3 for a complete checklist).
Table 3. Evidence-Based Design Checklist
Findings

Evidence-Based Design Goals and Featuresa
1. Reduce surface contamination linked to healthcare associated infections
a. Surfaces are easily cleaned, with no surface joints or seams.
b. Materials for upholstery are impervious (nonporous).
c. Surfaces are nonporous and smooth.
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2. Reduce patient falls and associated injuries
a. Chair seat height is adjustable.
b. Chair has armrests.
c. Space beneath the chair supports foot position changes.
d. Chair seat posterior tilt angle and seat back recline facilitate
patient egress.
e. Chairs are sturdy, stable and cannot be easily tipped over.
f. Rolling furniture includes locking rollers or casters.
g. Chairs have no sharp or hard edges that can injure patients who
fall or trip.
3. Decrease medication errors
a. Lighting fixtures should provide 90–150 foot candle illumination and
an adjustable 50-watt high intensity task lamp for furniture with
built-in lighting that is used in a medication safety zone.
b. Furniture is configurable to create a sense of privacy to minimize
visual distractions and interruptions from sound and noise during
medication transcription, preparation, dispensing, and
administration activities.
4. Improve communication and social support for patients and family
members
a. Furniture can be configured into small flexible groupings that are
easily adjusted to accommodate varying numbers of individuals in
a variety of healthcare settings.
b. Wide-sized and age variations are supported.
c. Acoustic and visual patient privacy are supported.
5. Decrease patient, family member, and staff stress and fatigue
a. Materials suggest a link to nature.
b. Appearance is attractive and noninstitutional.
c. Furniture is tested for safe and comfortable use by all. Including
morbidly-obese individuals.
6. Improve staff effectiveness, efficiency, and communication
a. Furniture is easily adjustable to individual worker's ergonomic
needs.
b. Design enables care coordination and information sharing.
c. Materials are sound absorbing.
7. Improve environmental safety
a. Materials do not contain volatile organic compounds (VOCs), such
as formaldehyde and benzene.
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8. Represent the best investment
a. Reflect and reinforce the organizational mission, strategic goals,
and brand.
b. Integrate new with existing furniture and objects for facility
renovations projects.
c. Pieces can be flexibly reconfigured and moved to support changing
and emerging missions.
d. Provide casters or glides to reduce floor damage.
e. Check that there are no protuberances that may damage walls;
check chair rail heights.
f. Manufacturer provides results of safety and durability testing.
g. Manufacturer describes the specific evidence that has been used
to design the product.
h. Manufacturer includes a warranty appropriate to use, such as
furniture used all day, every day.
i. Replacement parts are available.
j. Repair can be done in the healthcare facility.
k. Manufacturer or local dealer can assist with furniture repair and
refurbishing.
l. Environmental services/housekeeping staff can easily maintain
furniture.
Findings Scale:
Present (+), Absent ( ), More Information Needed (?), Not Applicable (N/A).
a Malone DB, Delinger BA. Furniture Design Features and Healthcare Outcomes. The Center
of Health Design; 2011.

METHODS FOR ASSESSING THE PHYSICAL ENVIRONMENT
Illumination
An illuminance meter, also referred to as a light level meter or photometer, is an instrument
that consists of a photodetector (with a digital or analog display) that measures illuminance in
lux or foot-candles (fc). Lighting levels should be evaluated in all MSZs using point illuminance
measurements. To do this, the photodetector should be placed in the area where the critical
medication task is performed (e.g., medication inspection at a work counter), with the worker
standing in a normal working position when the measurement is taken. In medication storage
areas, measurements should include light levels at the top, middle, and bottom shelves,
because light levels depend on the distance from the lighting source. Photometers are
commercially available, or management engineers may be able to provide them, and they should
be recalibrated annually.
Illumination levels also can be measured using a smart phone “Light Meter” application (app).
These apps are easy to use and inexpensive. They are simply downloaded to a Smartphone,
and after clicking on the app, the camera function is pointed to a lighted area/surface and the
on/off button is pressed. The device takes measurements and also provides a description of the
activities for which those light levels are appropriate. The apps can be calibrated and the
sensitivity adjusted, with readouts in either lux or fc.
Sound Levels
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Sound level meters capable of reading from 30 to 130 decibels on the A scale (dBA) should be
used to measure sound levels. The A scale is commonly used when measuring decibels because
it most closely represents what the human ear hears in terms of loudness. The meters should
be calibrated prior to each use. Measurements are taken while standing in a working position,
using the instructions provided in the manual for the specific sound meter. Type 1 or Type 2
meters have acceptable levels of accuracy. Sound levels also can be measured easily and
inexpensively by using a Smartphone app. The app is downloaded to a Smartphone, and the
readout options are selected. The measurement is activated, and it continues to provide a
complete readout of frequency (x-axis) and decibel sound pressure level (y-axis) in real time.
Odor Detection
Odors can be detected by individuals, but this approach is very subjective. Some odors indicate
the presence of a specific chemical entity or moiety. However, appropriate measuring devices
for use in a work environment may not be available or practical. Consequently, it may be
necessary to select a team of individuals to categorize what is acceptable and what is not
acceptable in terms of odors in the work environment. Appropriate HVAC systems may play a
role in reducing odors.
Temperature/Humidity Measurement
Temperature is typically measured with digital thermometers, and humidity is measured with
hygrometers. In both cases, a recording instrument (e.g., recording thermometer) offers the
advantage of documentation.
SUMMARY
As early as the 19th century, Florence Nightingale identified the importance of physical
environments for patient healing, but only recently was it established that the physical
environment can support the performance of critical tasks by healthcare personnel to protect
the patient from iatrogenic harm. Currently, medication errors are recognized as complex,
multifactorial, and system dependent, and full scientific understanding of error prevention has
proven elusive. However, Nightingale's counsel, “above all, do no harm,” compels us to use the
most up-to-date evidence for safe practices in healthcare to prevent errors and protect the
patient. Aspects and considerations of the physical work environment discussed in this general
chapter are not exhaustive, but can serve as a stimulus for the assessment of existing work
spaces and for consideration of the latest evidence from human factors science in the design
of new facilities. The remaining constituent not discussed in this general chapter is the
healthcare provider working in arduous conditions who may, with the best intent, contribute to
patient harm through inadvertent actions in substandard conditions. The physical work
environment should be structured to support and promote safe delivery of care and prevent
harm to patients while also bolstering the practice of healthcare by clinicians.
GLOSSARY OF TERMS
Administering: The preparation, directly prior to use, of a pharmacologic or other
therapeutic agent for ingestion, injection, insertion, or application.
Color rendering index (CRI): An expression of how a light source affects the color
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appearance of objects or humans, compared to how they would appear under a reference
light source.
Compounding: The preparation, mixing, assembling, altering, packaging, and labeling of a
drug, drug-delivery device, or device in accordance with a licensed practitioner's prescription,
medication order, or initiative based on the practitioner/patient/pharmacist/compounder
relationship in the course of professional practice.
Constraint: A rule stating under what conditions an action is allowed or prohibited.
Constraints are used in designing procedures or tools to prevent unsafe practices.
Crowding: A condition that occurs when multiple workers use the same workspace, adversely
affecting the amount of space available for each person and also increasing the negative
factors of distractions, interruptions, and noise.
Decibel: A unit used to measure the intensity of a sound by comparing it with a standard
level on a logarithmic scale, thereby indicating the degree of loudness. The A scale is
commonly used when measuring decibels, because it most closely represents what the human
ear perceives in terms of loudness.
Dispensing: The act of providing a medication or prescription order; to fill a prescription.
Distraction: An external stimulus that occurs when a person is engaged in a task or activity
that causes a cognitive or emotional disturbance, but does not result in the discontinuation of
the activity, such as a telephone ringing or question from a coworker.
Ergonomic design: Arrangement of a workspace to accommodate each individual's capacities
and limitations, allowing them to work safely and efficiently. This includes an optimum ambient
environment and adjustable furniture.
Forcing function: An aspect of a design that prevents a target action from being performed,
or that allows its performance only if another specific action is performed first.
Human factors: The scientific discipline concerned with interactions among humans and
other elements of a system, and the profession that applies the theory, principles, data, and
methods to design systems that optimize human well-being and overall system performance.
Illumination level: The quantity of light energy reaching an area as measured (in lux or footcandles) by a photometer with an illuminance sensor; this indicates brightness. A lux is a unit
of illuminance, measured in lumens per square meter. A foot-candle (fc) is lumens/square foot,
and is also commonly measured by light meters. The term candela replaced fc as the
International System (SI) measure of luminous intensity and represents 1 lumen/steradium
(lm/st).
Interruption: The cessation of productive activity before a task is completed, caused by an
externally imposed stimulus.
Lean production: High-quality work output achieved while eliminating waste and decreasing
resources used, time spent, and errors.
Medication safety zone: A critical area where medications are prescribed; orders are
entered into a computer or transcribed onto paper documents; or medications are
prepared/compounded or administered. The characteristics of an optimal physical environment
for accurate medication use will apply to MSZs.
Multi-tasking: The ability of human beings to perform multiple tasks simultaneously.
Noise and sound: Noise is defined as an auditory stimulus that bears no informational
relationship to the task at hand. Sound is a change in volume that has some informational
relationship to the task at hand. A quiet work environment is defined as an area where noise
is absent, and the worker is free from disturbance.
Override: To neutralize or counteract the action of an automatic control.
Photometer: An instrument for measuring photometric quantities such as illuminance.
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Physical environment: The surroundings that can affect one or more human senses.
Workaround: A plan or method used to circumvent a problem (as in computer software)
without eliminating it.
Working conditions: A set of factors that include the physical environment, workforce
staffing, workflow design, personal/social factors, and organizational characteristics.
USP38

1 Sanders MS, McC ormick EJ. Human Factors in Engineering and Design. New York: McGraw-Hill; 1993.
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THE DISSOLUTION PROCEDURE: DEVELOPMENT AND VALIDATION

Change to read:
The USP dissolution procedure is a performance test applicable to many dosage forms. It is one
test in a series of tests that constitute the dosage form's public specification (tests,
procedures for the tests, acceptance criteria). To satisfy the performance test, USP provides
the general test chapters Disintegration 701 , Dissolution 711 , and Drug Release 724 .
These chapters provide information about conditions of the procedure. For dissolution, these
include information about (1) medium, (2) apparatus/agitation rate, (3) study design, (4)
assay, and (5) acceptance criteria. Overall the dissolution procedure yields data to allow an
accept/reject decision relative to the acceptance criteria, which are frequently based on a
regulatory decision. This chapter provides recommendations on how to develop and validate a
dissolution procedure.
GENERAL COMMENTS
The dissolution procedure requires an apparatus, a dissolution medium, and test conditions that
provide a method that is discriminating yet sufficiently rugged and reproducible for day-to-day
operation and capable of being transferred between laboratories.
The acceptance criteria should be representative of multiple batches with the same nominal
composition and manufacturing process, typically including key batches used in pivotal studies,
and representative of performance in stability studies.

PF 40(1): Jan.-Feb. 2014

129

The procedure should be appropriately discriminating, capable of distinguishing significant
changes in a composition or manufacturing process that might be expected to affect in vivo
performance. It is also possible for the procedure to show differences between batches when
no significant difference is observed in vivo. This situation requires careful evaluation of
whether the procedure is too sensitive or appropriately discriminating. Assessing the results
from multiple batches that represent typical variability in composition and manufacturing
parameters may assist in this evaluation. It is sometimes valuable to intentionally vary
manufacturing parameters, such as lubrication, blend time, compression force, or drying
parameters, to further characterize the discriminatory power of the procedure.
With regard to stability, the dissolution test should appropriately reflect relevant changes in the
drug product over time that are caused by temperature, humidity, photosensitivity, and other
stresses.
A properly designed test should result in data that are not highly variable and should not be
associated with significant analytical solution stability problems. High variability in results can
make it difficult to identify trends or effects of formulation changes. Dissolution results may be
considered highly variable if the relative standard deviation (RSD) is greater than 20% at time
points of 10 minutes or less and greater than 10% RSD at later time points.1 However, most
dissolution results exhibit less variability than this. The source of the variability should be
investigated when practical, and attempts should be made to reduce variability whenever
possible. The two most likely causes are the formulation itself (e.g., drug substance,
excipients, or manufacturing process) or artifacts associated with the test procedure (e.g.,
coning, tablets sticking to the vessel wall or basket screen). Visual observations are often
helpful for understanding the source of the variability and whether the dissolution test itself is
contributing to the variability. Any time the dosage contents do not disperse freely throughout
the vessel in a uniform fashion, aberrant results can occur. Depending on the problem, the
usual remedies include changing the apparatus type, speed of agitation, or deaeration;
consideration and/or examination of sinker type; and changing the composition of the medium.
Modifications to the apparatus may also be useful, with proper justification and validation.
Many causes of variability can be found in the formulation and manufacturing process. For
example, poor content uniformity, process inconsistencies, a reaction taking place at different
rates during dissolution, excipient interactions or interference, film coating, capsule shell aging,
and hardening or softening of the dosage form on stability may be sources of variability and
interferences. During routine testing of the product, variability outside the expected range
should be investigated from analytical, formulation, and processing perspectives.
MEDIUM
Physical and chemical data for the drug substance and dosage unit need to be determined
before selecting the dissolution medium. Two key properties of the drug are the solubility and
solution state stability of the drug as a function of the pH value. When selecting the
composition of the medium, the influence of buffers, pH value, and surfactants on the solubility
and stability of the drug need to be evaluated. Key properties of the dosage unit that may
affect dissolution include release mechanism (immediate, delayed, or modified) and
disintegration rate as affected by hardness, friability, presence of solubility enhancers, and
presence of other excipients.
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Generally, when developing a dissolution procedure, one goal is to have sink conditions, defined
as the volume of medium at least three times that required in order to form a saturated solution
of drug substance. When sink conditions are present, it is more likely that dissolution results will
reflect the properties of the dosage form. A medium that fails to provide sink conditions may be
acceptable if it is shown to be more discriminating or otherwise appropriately justified.
Using an aqueous–organic solvent mixture as a dissolution medium is discouraged; however,
with proper justification this type of medium may be acceptable.
Purified water is often used as the dissolution medium, but is not ideal for several reasons.
First, the quality of the water can vary depending on the source of the water, and the pH
value of the water is not controlled. Second, the pH value can vary from day to day and can
also change during the run, depending on the active substance and excipients. Despite these
limitations, water is inexpensive, readily available, easily disposed of, ecologically acceptable,
and suitable for products with a release rate independent of the pH value of the medium.
The dissolution characteristics of an oral formulation should be evaluated in the physiologic pH
range of 1.2 to 6.8 (1.2 to 7.5 for modified-release formulations). During method development,
it may be useful to measure the pH before and after a run to discover whether the pH changes
during the test. Selection of the most appropriate conditions for routine testing is then based
on discriminatory capability, ruggedness, stability of the analyte in the test medium, and
relevance to in vivo performance, where possible.
Typical media for dissolution may include the following (not listed in order of preference): dilute
hydrochloric acid, buffers in the physiologic pH range of 1.2 to 7.5, simulated gastric or
intestinal fluid (with or without enzymes), water, and surfactants (with or without acids or
buffers) such as polysorbate 80, sodium lauryl sulfate, and bile salts.
The molarity of the buffers and acids used can influence the solubilizing effect, and this factor
may be evaluated.
For compounds with high solubility and high permeability (as defined by the Biopharmaceutics
Classification System), the choice of medium and apparatus may be influenced by the
referenced FDA Guidance1.
For very poorly soluble compounds, aqueous solutions may contain a percentage of a
surfactant (e.g., sodium lauryl sulfate, polysorbate, or lauryldimethylamine oxide) that is used
to enhance drug solubility. The need for surfactants and the concentrations used can be
justified by showing profiles at several different concentrations. Surfactants can be used either
as wetting agents or to solubilize the drug substance.
Volume
Normally, for basket and paddle apparatus, the volume of the dissolution medium is 500 mL to
1000 mL, with 900 mL as the most common volume. The volume can be raised to between 2
and 4 L, using larger vessels and depending on the concentration and sink conditions of the
drug; justification for this procedure is expected.
Deaeration
The significance of deaeration of the medium should be determined, because air bubbles can
interfere with the test results, acting as a barrier to dissolution if present on the dosage unit or
basket mesh. Further, bubbles can cause particles to cling to the apparatus and vessel walls.
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On the other hand, bubbles on the dosage unit may increase buoyancy, leading to an increase
in the dissolution rate, or may decrease the available surface area, leading to a decrease in the
dissolution rate. A dearation method is described as a footnote in the Procedure section under
Dissolution 711 . Typical steps include heating the medium, filtering, and drawing a vacuum
for a short period of time. Other methods of deaeration are available and in routine use
throughout the industry. Media containing surfactants are not usually deaerated because the
process results in excessive foaming. To determine whether deaeration of the medium is
necessary, results from dissolution samples run in nondeaerated medium and deaerated medium
should be compared.
Enzymes
The use of enzymes in the dissolution medium is permitted in accordance with Dissolution

711

when dissolution failures occur as a result of cross-linking with gelatin capsules or gelatincoated products.
In Vitro–In Vivo Correlation (IVIVC)
An in-depth discussion on IVIVC can be found in In Vitro and In Vivo Evaluation of Dosage
Forms

1088 . A brief discussion follows.

Biorelevant medium is a medium that has some relevance to the in vivo performance of the
dosage unit. Choice of a biorelevant medium is based on (1) a mechanistic approach that
considers the absorption site, if known, and (2) whether the rate-limiting step to absorption is
the dissolution or permeability of the compound. In some cases, the biorelevant medium will be
different from the test conditions chosen for the regulatory test, and the time points are also
likely to be different. If the compound dissolves quickly in the stomach and is highly permeable,
gastric emptying time may be the rate-limiting step to absorption. In this case, the dissolution
test should demonstrate that the drug is released quickly under typical gastric (acidic)
conditions. On the other hand, if dissolution occurs primarily in the intestinal tract (e.g., for a
poorly soluble, weak acid), a higher pH range (e.g., simulated intestinal fluid with a pH of 6.8)
may be more appropriate. The fed and fasted states may also have significant effects on the
absorption or solubility of a compound. Compositions of media that simulate the fed and fasted
states can be found in the literature. These media reflect changes in pH, bile concentrations,
and osmolarity after meal intake and therefore have a composition different from that of typical
compendial media. They are primarily used to establish in vitro–in vivo correlations during
formulation development and to assess potential food effects and are not intended for quality
control purposes. For quality control purposes, the substitution of natural surfactants (bile
components) with appropriate synthetic surfactants is permitted and encouraged because of
the expense of the natural substances and the labor-intensive preparation of the biorelevant
media.
APPARATUS/AGITATION
Apparatus
The choice of apparatus is based on knowledge of the formulation design and the practical
aspects of dosage form performance in the in vitro test system. For solid oral dosage forms,
Apparatus 1 and Apparatus 2 are used most frequently.
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When Apparatus 1 or 2 is not appropriate, another official apparatus may be used. Apparatus 3
(Reciprocating Cylinder) has been found to be especially useful for bead-type modified-release
dosage forms. Apparatus 4 (Flow-Through Cell) may offer advantages for modified-release
dosage forms that contain active ingredients with limited solubility. In addition, Apparatus 3 or
Apparatus 4 may have utility for soft gelatin capsules, bead products, suppositories, or poorly
soluble drugs. Apparatus 5 (Paddle over Disk) and Apparatus 6 (Rotating Cylinder) have been
shown to be useful for evaluating and testing transdermal dosage forms. Apparatus 7
(Reciprocating Holder) has been shown to have application to nondisintegrating oral modifiedrelease dosage forms, as well as to transdermal dosage forms.
Some changes can be made to the apparatus; for example, a basket mesh size other than the
typical 40-mesh basket (e.g., 10, 20, 80 mesh) may be used when the need is clearly
documented by supporting data. In countries where available mesh sizes vary from the USPspecified mesh value, basket material with the nearest metric dimension should be used. Care
must be taken that baskets are uniform and meet the dimensional requirements specified under
Dissolution 711 . If the basket screens become clogged during dissolution of capsule or
tablet formulations, it may be advisable to switch to the paddle method. The volume can be
increased from the typical 900 to 1000 mL by using 2- and 4-L vessels to assist in meeting sink
conditions for poorly soluble drugs.
A noncompendial apparatus may have some utility with proper justification, qualification, and
documentation of superiority over the standard equipment. For example, a small-volume
apparatus with mini paddles and baskets may be considered for low-dosage strength products.
The rotating bottle or static tubes (jacketed stationary tubes enclosed with a water jacket and
equipped with a magnetic stirrer) may also have utility for microspheres and implants, peak
vessels for eliminating coning, and modified flow-through cells for special dosage forms,
including powders and stents.
Sinkers
When sinkers are used, a detailed description of the sinker must be stated in the written
procedure. It may be useful to evaluate different sinkers, recognizing that sinkers can
significantly influence the dissolution profile of a dosage unit. When transferring the procedure,
the sinkers should be duplicated as closely as possible in the next facility. There are several
types of commercially available sinkers. A method for making sinkers by hand, sinkers that are
similar to “a few turns of wire helix” as described in Apparatus 2 (Paddle Apparatus) under
Dissolution

711 , is described below.

Materials—Use 316 stainless steel wire or other inert material, typically 0.032 inch/20 gauge;
and cylinders of appropriate diameter (e.g., cork borers). Sizes are shown in the accompanying
table.
Capsule
Shell Type
#0, elongated
#1 and #2
#3 and #4

Length of
Wire (cm)
12
10
8

Diameter
Size (cm)
0.8
0.7
0.55

Cork Bore
Number
4
3
2

Procedure—Cut the specified length of wire, coil around a cylinder of the appropriate size, and
use small pliers to curve in the ends. Use caution, because wire ends may be rough and may
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need to be filed.
If the sinker is handmade, the sinker material and construction procedure instructions should be
documented; if a commercial sinker is used, the vendor part number should be reported.
Agitation
For immediate-release capsule or tablet formulations, Apparatus 1 (baskets) at 100 rpm or
Apparatus 2 (paddles) at 50 or 75 rpm are most commonly used. Other agitation speeds and
apparatus are acceptable with appropriate justification.
Rates outside 25 to 150 rpm are usually inappropriate because of the inconsistency of
hydrodynamics below 25 rpm and because of turbulence above 150 rpm. Agitation rates
between 25 and 50 rpm are generally acceptable for suspensions. For dosage forms that exhibit
coning (mounding) under the paddle at 50 rpm, the coning can be reduced by increasing the
paddle speed to 75 rpm, thus reducing the artifact and improving the data. If justified, 100 rpm
may be used, especially for extended-release products. Decreasing or increasing the apparatus
rotation speed may be justified if the profiles better reflect in vivo performance and/or the
method results in better discrimination without adversely affecting method reproducibility.
Selection of the agitation and other study design elements for modified-release dosage forms is
similar to that for immediate-release products. These elements should conform to the
requirements and specifications given in Dissolution
appropriately calibrated.

711

when the apparatus has been

STUDY DESIGN
Time Points
For immediate-release dosage forms, the duration of the procedure is typically 30 to 60
minutes; in most cases, a single time point specification is adequate for Pharmacopeial
purposes. Industrial and regulatory concepts of product comparability and performance may
require additional time points, which may also be required for product registration or approval. A
sufficient number of time points should be selected to adequately characterize the ascending
and plateau phases of the dissolution curve. According to the Biopharmaceutics Classification
System referred to in several FDA Guidances, highly soluble, highly permeable drugs formulated
with rapidly dissolving products need not be subjected to a profile comparison if they can be
shown to release 85% or more of the active drug substance within 15 minutes. For these types
of products a one-point test will suffice. However, most products do not fall into this category.
Dissolution profiles of immediate-release products typically show a gradual increase reaching
85% to 100% at about 30 to 45 minutes. Thus, dissolution time points in the range of 15, 20,
30, 45, and 60 minutes are usual for most immediate-release products. For rapidly dissolving
products, including suspensions, useful information may be obtained from earlier points, e.g., 5
to 10 minutes. For slower-dissolving products, time points later than 60 minutes may be useful.
Dissolution test times for compendial tests are usually established on the basis of an evaluation
of the dissolution profile data.
So-called infinity points can be useful during development studies. To obtain an infinity point,
the paddle or basket speed is increased at the end of the run for a sustained period (typically
15 to 60 minutes), after which time an additional sample is taken. Although there is no
requirement for 100% dissolution in the profile, the infinity point can provide data that may
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supplement content uniformity data and may provide useful information about formulation
characteristics during initial development or about method bias.
For an extended-release dosage form, at least three test time points are chosen to
characterize the in vitro drug release profile for Pharmacopeial purposes. Additional sampling
times may be required for drug approval purposes. An early time point, usually 1 to 2 hours, is
chosen to show that there is little probability of dose dumping. An intermediate time point is
chosen to define the in vitro release profile of the dosage form, and a final time point is chosen
to show the essentially complete release of the drug. Test times and specifications are usually
established on the basis of an evaluation of drug release profile data. For products containing
more than a single active ingredient, drug release is to be determined for each active
ingredient.
Observations
Visual observations and recordings of product dissolution and disintegration behavior are very
useful because dissolution and disintegration patterns can be indicative of variables in the
formulation or manufacturing process. To accomplish visual observation, proper lighting (with
appropriate consideration of photodegradation) of the vessel contents and clear visibility in the
bath are essential. Documenting observations by drawing sketches and taking photographs or
videos can be instructive and helpful for those who are not able to observe the real time
dissolution test. Observations are especially useful during method development and formulation
optimization. Examples of typical observations include, but are not limited to, the following:
1. Uneven distribution of particles throughout the vessel. This can occur when particles
cling to the sides of the vessel, when there is coning or mounding directly under the
apparatus, when particles float at the surface of the medium, when film-coated tablets
stick to the vessel, and/or when off-center mounds are formed.
2. Air bubbles on the inside of the vessel or on the apparatus or dosage unit. Sheen on the
apparatus is also a sign of air bubbles. This observation would typically be made when
assessing the need to deaerate the medium.
3. Dancing or spinning of the dosage unit, or the dosage unit being hit by the paddle.
4. Adhesion of particles to the paddle or the inside of the basket, which may be observed
upon removal of the stirring device at the end of the run.
5. Pellicles or analogous formations, such as transparent sacs or rubbery, swollen masses
surrounding the capsule contents.
6. Presence of large floating particles or chunks of the dosage unit.
7. Observation of the disintegration rate (e.g., percentage reduction in size of the dosage
unit within a certain time frame).
8. Complex disintegration of the coating of modified or enteric-coated products—for
example, the partial opening and splitting apart (like a clamshell) or incomplete opening
of the shell accompanied by the release of air bubbles and excipients.
Sampling
Manual—Manual sampling uses plastic or glass syringes, a stainless steel cannula that is
usually curved to allow for vessel sampling, a filter, and/or a filter holder. The sampling site
must conform to specifications under Dissolution

711 .

Autosampling—Autosampling is a useful alternative to manual sampling, especially if the test
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includes several time points. However, because regulatory labs may perform the dissolution test
using manual sampling, autosampling requires validation with manual sampling.
There are many brands of autosamplers, including semiautomated and fully automated systems.
Routine performance checks, cleaning, and maintenance as described in the pertinent standard
operating procedures or metrology documents are useful for reliable operation of these devices.
Some instruments are equipped with sampling through the basket or paddle shaft. Proper
validation (e.g., demonstrated equivalence to results with the usual sampling procedure) may
be required.
The disturbance of the hydrodynamics of the vessel by sampling probes should be considered
and adequate validation performed to ensure that the probes are not introducing a significant
change in the dissolution rate.
Comparison of manual and automated procedures should be performed to evaluate the
interchangeability of the procedures. This can be accomplished by comparing data from
separate runs or, in some cases, by sampling both ways from the same vessel. Results should
be consistent with the requirements for intermediate precision (described in this chapter in
Validation) if the procedures are to be considered interchangeable.
Other aspects of automation validation may include carryover of residual drug, effect of an inresidence probe (simultaneous sampling as mentioned above may not be suitable in this case),
adsorption of drug, and cleaning and/or rinse cycles.
Filters
Filtration of the dissolution samples is usually necessary to prevent undissolved drug particles
from entering the analytical sample and further dissolving. Also, filtration removes insoluble
excipients that may otherwise cause high background or turbidity. Prewetting of the filter with
the medium may be necessary.
Filters can be in-line or at the end of the sampling probe or both. The pore size can range from
0.45 to 70 µm. The usual types of filters are depth, disk, and flow-through. However, if the
excipient interference is high, if the filtrate has a cloudy appearance, or if the filter becomes
clogged, an alternative type of filter or pore size should be evaluated.
Adsorption of the drug(s) onto the filter needs to be evaluated. If drug adsorption occurs, the
amount of initial filtrate discarded may need to be increased. If results are still unsuitable, an
alternative filter material may be sought.
Filter validation may be accomplished by preparing a suitable standard solution or a completely
dissolved sample solution (e.g., prepared as a typical sample in a vessel or a sample put in a
beaker and stirred with a magnetic stirrer for 1 hour). For standard solutions, compare the
results for filtered solutions (after discarding the appropriate volume) to those for the unfiltered
solutions. For sample solutions, compare the results for filtered solutions (after discarding the
appropriate volume) to those for centrifuged, unfiltered solutions.
Centrifugation
Centrifugation of samples is not preferred, because dissolution can continue to occur and
because there may be a concentration gradient in the supernatant. A possible exception might
be for compounds that adsorb onto all common filters.
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ASSAY
The usual assay for a dissolution sample is either spectrophotometric determination or HPLC.
The preferred method of analysis is spectrophotometric determination because results can be
obtained faster, the analysis is simpler, and fewer solvents are used. HPLC methods are used
when there is significant interference from excipients or among drugs in the formulation to
improve analytical sensitivity and/or when the analysis can be automated. It may be useful to
obtain data for the drug with a stability-indicating assay (e.g., HPLC chromatograms) in the
medium of choice, even if the primary assay is based on a spectrophotometric method.
VALIDATION
The validation topics described in this section are typical but not all-inclusive. The validation
elements addressed may vary, depending on the phase of development or the intended use for
the data.2 The acceptance criteria are presented as guidelines only and may differ for some
products. Firms should document the appropriate acceptance criteria for their products in
pertinent SOPs. Other considerations may be important for special dosage forms. The extent of
validation depends on the phase of the product development. Full validation takes place by the
time of Phase III clinical studies. Validation studies should address the variations associated
with different profile time points. For products containing more than a single active ingredient,
the dissolution method needs to be validated for each active ingredient.
Specificity/Placebo Interference
It is necessary to demonstrate that the results are not unduly affected by placebo
constituents, other active drugs, or degradates.
The placebo consists of all the excipients and coatings (inks, sinker, and capsule shell are also
included when appropriate) without the active ingredient. Placebo interference may be
determined by weighing samples of the placebo blend and dissolving or dispersing them in
dissolution medium at concentrations that would be encountered during testing. It may be
desirable to perform this experiment at 37 by comparing it to the 100% standard by the
formula:
100C(AP/AS)(V/L)
in which C is the concentration, in mg per mL, of the standard; AP and AS are the absorbances
of the placebo and the standard, respectively; V is the volume, in mL, of the medium; and L is
the label claim, in mg. The interference should not exceed 2%.
Note—For extended-release products, a placebo version of the finished dosage form may be
more appropriate to use than blends, because this placebo formulation will release the various
excipients in a manner more nearly reflecting the product than will a simple blend of the
excipients. In this case, it may be appropriate to evaluate potential interference at multiple
sampling points in the release profile.
If the placebo interference exceeds 2%, then method modification—such as (1) choosing
another wavelength, (2) baseline subtraction using a longer wavelength, or (3) using HPLC—
may be necessary in order to avoid the interference. When other active drugs or significant
levels of degradates are present, it is necessary to demonstrate that these do not significantly
affect the results. One procedure for doing this is to measure the matrix in the presence and
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absence of the other active drug or degradate: any interference should not exceed 2%.
Linearity and Range
Linearity and range are typically established by preparing solutions of the drug, ranging in
concentration from below the lowest expected concentration to above the highest
concentration during release. This may be done in conjunction with accuracy/recovery
determination. The scheme may be altered if different flow-cell sizes or injection volumes are
used.
Typically, solutions are made from a common stock if possible. For the highest concentration,
the determination may not exceed the linearity limits of the instrument.
Organic solvents may be used to enhance drug solubility for the preparation of the standard
solutions; however, no more than 5% (v/v) of organic solvent in the final solution should be
used, unless validated.
Linearity is typically calculated by using an appropriate least-squares regression program.
Typically, a square of the correlation coefficient (r2 0.98) demonstrates linearity. In addition,
the y-intercept must not be significantly different from zero.
Accuracy/Recovery
Accuracy/recovery are typically established by preparing multiple samples containing the drug
and any other constituents present in the dosage form (e.g., excipients, coating materials,
capsule shell) ranging in concentration from below the lowest expected concentration to above
the highest concentration during release.
In cases of poor drug solubility, it may be appropriate to prepare a stock solution by dissolving
the drug substance in a small amount of organic solvent (typically not exceeding 5%) and
diluting to the final concentration with dissolution medium. An amount of stock solution
equivalent to the targeted label claim may be added to the vessel instead of the drug powder.
Similarly, for very low strengths, it may be more appropriate to prepare a stock solution than to
attempt to weigh very small amounts. The measured recovery is typically 95% to 105% of the
amount added. Bracketing or matrixing of multiple strengths may be useful.
A special case for validation is the Acid Stage procedure described in Delayed-Release Dosage
Forms under Dissolution 711 . The limit of not more than 10% needs to be validated. If the
compound degrades in acid, the validation experiment must address this fact.
Precision
Repeatability—Repeatability is determined by replicate measurements of standard and/or
sample solutions. It can be measured by calculating the RSD of the multiple injections or
spectrophotometric readings for each standard solution, or from the accuracy or linearity data.
Intermediate Precision—Intermediate precision may be evaluated to determine the effects of
random events on the precision of the analytical procedure. This evaluation is typically done
later in the development of the drug product. The precision can be across the range of product
strengths. Typical variations to study include days, analysts, and equipment. The use of an
experimental matrix design is encouraged for evaluation of intermediate precision. If possible,
intermediate precision can be evaluated using a well-characterized lot of drug product of tight
content uniformity. In cases where a well-characterized product is not available, placebo and
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active ingredient may be used to identify intermediate precision.
The dissolution profiles on the same sample may be run by at least two different analysts, each
analyst preparing the standard solutions and the medium. Typically, the analysts use different
dissolution baths, spectrophotometers or HPLC equipment (including columns), and
autosamplers; and they perform the test on different days. This procedure may not need to be
performed for each strength; instead, bracketing with high and low strengths may be
acceptable.
A typical acceptance criterion is that the difference in the mean value between the dissolution
results at any two conditions using the same strength does not exceed an absolute 10% at
time points with less than 85% dissolved and does not exceed 5% for time points above 85%.
Acceptance criteria may be product-specific, and other statistical tests and limits may be
used.
Robustness
The evaluation of robustness, which assesses the effect of making small, deliberate changes to
the dissolution conditions, typically is done later in the development of the drug product. The
number of replicates (typically 3 or 6) is dependent on the intermediate precision.
Parameters to be varied are dependent on the dissolution procedure and analysis type. They
may include medium composition (e.g., buffer or surfactant concentration), pH, volume,
agitation rate, and temperature. For HPLC analysis, parameters may include mobile phase
composition (percentage organic, buffer concentration, pH), flow rate, wavelength, column
temperature, and multiple columns (of the same type). For spectrophotometric analysis, the
wavelength may be varied.
Standard and Sample Solution Stability
The standard solution is stored under conditions that ensure stability. The stability of the
standard is analyzed over a specified period of time, using a freshly prepared standard solution
at each time interval for comparison. The acceptable range for standard solution stability is
typically between 98% and 102%.
The sample solution is typically stored at room temperature. The sample is analyzed over a
specified period of time using the original sample solution response for comparison. The typical
acceptable range for sample solution stability may be between 98% and 102% compared with
the initial analysis of the sample solutions. If the solution is not stable, aspects to consider
could be temperature (refrigeration may be needed), light protection, and container material
(plastic or glass).
The procedure may state that the standards and samples need to be analyzed within a time
period demonstrating acceptable standard and sample solution stability.
Spectrophotometric Analysis
Samples may be automatically introduced into the spectrophotometer using autosippers and
flow cells. Routine performance checks, cleaning, and maintenance as described in the standard
operating procedures or metrology documents are useful for reliable operation of these
instruments. Cells with path lengths ranging from 0.02 to 1 cm are typically used. Cell alignment
and air bubbles could be sources of error. The smaller path length cells are used to avoid
diluting the sample; however, acceptable linearity and standard error need to be demonstrated.
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During analysis, standard solutions are typically prepared and analyzed at just one
concentration at 100% (or the selected Q value) of the dosage strength. During profile
analysis, other concentrations may be useful. A typical blank, standard, and sample may be
analyzed in a sequence that brackets the sample with standards and blanks, especially at the
beginning and end of the analysis.
In most cases, the mean absorbance of the dissolution medium blank may not exceed 1% of
the standard. Values higher than 1% must be evaluated on a case-by-case basis. The typical
RSD for UV analysis is usually not more than 2%.
The absorptivity is calculated by dividing the mean standard absorbance by the concentration,
in mg per mL, divided by the flow-cell path length in cm. After enough historical data are
accumulated, an acceptable absorptivity range for the analyte (using the appropriate flow cell)
may be determined. This value may be useful in troubleshooting aberrant data.
Fiber optics as a sampling and determinative method, with proper validation, is an option.
It may be useful to examine the UV spectrum of the drug in solution to select the optimum
wavelength.
HPLC
For HPLC analysis, the compatibility of dissolution media and mobile phase may be examined,
especially if large injector volumes (over 100 µL) are needed. Samples are normally analyzed
with HPLC using a spectrophotometric detector and an auto-injector. Single injections of each
vessel time point with standards throughout the run constitute a typical run design. System
suitability tests include, at a minimum, the retention window and injection precision. Typically,
the repeatability of an HPLC analysis should be less than or equal to 2% RSD for five or six
standard determinations. The standard level is typically at the 100% label claim level, especially
for a single-point analysis.
Preparation of the placebo samples for the HPLC analysis is to be performed in the same way as
in the spectrophotometric analysis. Examine the chromatogram for peaks eluting at the same
retention time as the drug. If there are extraneous peaks, inject the standard solution, and
compare retention times. If the retention times are too close, spike the placebo solution with
the drug. Chromatograms may also be obtained over an extended run time using the blank
(dissolution medium), standard, and sample solution to identify late eluters that may interfere
with subsequent analyses.
The validation documentation may include overlaid representative chromatograms or spectra of
blank dissolution medium, a filtered placebo solution, a standard solution, and a filtered
dissolution sample. Absence of interfering peaks in the placebo chromatogram or lack of
absorbance by the placebo at the analytical wavelength demonstrates specificity.
ACCEPTANCE CRITERIA
Typical acceptance criteria for the amount of active ingredient dissolved, expressed as a
percentage of the labeled content (Q), are in the range of 75% to 80% dissolved. A Q value in
excess of 80% is not generally used, because allowance needs to be made for assay and
content uniformity ranges.3 Acceptance criteria including test times are usually established on
the basis of an evaluation of the dissolution profile data. Acceptance criteria should be
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consistent with historical data, and there is an expectation that acceptable batches (e.g., no
significant differences in in vivo performance, composition, or manufacturing procedure) will
have results that fall within the acceptance criteria.
INTRODUCTION
Purpose
General information chapter The Dissolution Procedure: Development and Validation 1092
provides a comprehensive approach covering items to consider for developing and validating
dissolution methods and the accompanying analytical procedures. It addresses the use of
automation throughout the test and provides guidance and criteria for validation. It also
addresses the treatment of the data generated and the interpretation of acceptance criteria
for immediate- and modified-release solid oral dosage forms.
Scope
Chapter 1092 addresses the development and validation of dissolution methods, with a
focus on solid oral dosage forms. Many of the concepts presented, however, may be applicable
to other dosage forms and routes of administration.
The organization of 1092 follows the sequence of actions often performed in the
development and validation of a dissolution test. The sections appear in the following
sequence.
1. PRELIMINARY ASSESSMENT (FOR EARLY STAGES OF PRODUCT
DEVELOPMENT/DISSOLUTION METHOD DEVELOPMENT)
1.1 Performing Filter Compatibility
1.2 Determining Solubility and Stability of Drug Substance in Various Media at 37
1.3 Choosing a Medium and Volume
1.4 Choosing an Apparatus
2. METHOD DEVELOPMENT
2.1 Deaeration
2.2 Sinkers
2.3 Agitation
2.4 Study Design
2.4.1 Time Points
2.4.2 Observations
2.4.3 Sampling
2.5 Data Handling
2.6 Dissolution Method Assessment
3. ANALYTICAL FINISH
3.1 Sample Processing
3.2 Filters
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3.3 Centrifugation
3.4 Analytical Procedure
3.5 Spectrophotometric Analysis
3.6 HPLC
4. AUTOMATION
4.1 Medium Preparation
4.2 Sample Introduction and Timing
4.3 Sampling and Filtration
4.4 Cleaning
4.5 Operating Software and Computation of Results
4.6 Common Deviations from the Compendia Procedures That May Require Validation
5. VALIDATION
5.1 Specificity/Placebo Interference
5.2 Linearity and Range
5.3 Accuracy/Recovery
5.4 Precision
5.4.1 Repeatability of Analysis
5.4.2 Intermediate Precision/Ruggedness
5.4.3 Reproducibility
5.5 Robustness
5.6 Stability of Standard and Sample Solutions
5.7 Considerations for Automation
6. ACCEPTANCE CRITERIA
6.1 Immediate-Release Dosage Forms
6.2 Delayed-Release Dosage Forms
6.3 Extended-Release Dosage Forms
6.4 Multiple Dissolution Tests
6.5 Interpretation of Dissolution Results
6.5.1 Immediate-Release Dosage Forms
6.5.2 Delayed-Release Dosage Forms
6.5.3 Extended-Release Dosage Forms
7. REFERENCES
1.PRELIMINARY ASSESSMENT (FOR EARLY STAGES OF PRODUCT
DEVELOPMENT/DISSOLUTION METHOD DEVELOPMENT)
Before method development can begin, it is important to characterize the molecule so that the
filter, medium, volume of medium, and apparatus can be chosen properly in order to evaluate
the performance of the dosage form.
1.1Performing Filter Compatibility
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Filtration is a key sample-preparation step in achieving accurate test results. The purpose of
filtration is to remove undissolved drug and excipients from the withdrawn solution. If not
removed from the sample solution, particles of the drug will continue to dissolve and can bias
the results. Therefore, filtering the dissolution samples is usually necessary and should be done
immediately if the filter is not positioned on the cannula.
Filtration also removes insoluble excipients that may otherwise interfere with the analytical
procedure during the analytical finish. Selection of the proper filter material is important and
should be accomplished, and experimentally justified, early in the development of the dissolution
method. Important characteristics to consider when choosing a filter material are type, size,
and pore size. The filter that is selected based on evaluation during the early stages of
dissolution method development may need to be reconsidered at a later time point.
Requalification has to be considered after a change in composition of the drug product or
changes in the quality of the ingredients (e.g. particle size of microcrystalline cellulose).
Filters used in dissolution testing can be cannula filters, filter disks or frits, filter tips, or syringe
filters. The filter material has to be compatible with the media and cannot adsorb the drug.
Common pore sizes range from 0.20 to 70 µm, however, filters of other pore sizes can be used
as needed. If the drug substance particle size is very small (e.g., micronized or nanoparticles),
it can be challenging to find a filter pore size that excludes these small particles.
Adsorption of the drug(s) by the filter may occur and needs to be evaluated. Filter materials
will interact with dissolution media to affect the recovery of the individual solutes and must be
considered on a case-by-case basis. Different filter materials exhibit different drug-binding
properties. Drug binding is also dependent on the drug concentration. Therefore the adsorptive
interference should be evaluated on sample solutions at different concentrations bracketing the
expected concentration range. Where the drug adsorption is saturable, discarding an initial
volume of filtrate may allow the collection of a subsequent solution that approaches the original
solution concentration. Alternative filter materials that minimize adsorptive interference can
usually be found. Prewetting of the filter with the medium may be necessary. In addition, it is
important that leachables from the filter do not interfere with the analytical procedure. This
can be evaluated by analyzing the filtered dissolution medium and comparing it with the
unfiltered medium.
The filter size should be based on the volume to be withdrawn and the amount of particles to
be separated. Use of the correct filter dimensions will improve throughput and recovery, and
also reduce clogging. Use of a large filter for small-volume filtration can lead to loss of sample
through hold-up volume, whereas filtration through small filter sizes needs higher pressures and
longer times, and the filters can clog quickly.
Filters used for USP Apparatus 4 need special attention because they are integrated in the
flow-through process. Undissolved particles may deposit on the filters, creating resistance to
the flow.
In the case of automated systems, selection of the filter with regard to material and pore size
can be done in a similar manner to manual filtration. Flow rate through the filter and clogging
may be critical for filters used in automated systems. Experimental verification that a filter is
appropriate may be accomplished by comparing the responses for filtered and unfiltered
standard and sample solutions. This is done by first preparing a suitable standard solution and a
sample solution. For example, prepare a typical dissolution sample in a beaker and stir
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vigorously with a magnetic stirrer to dissolve the drug load completely. For standard solutions,
compare the results for filtered solutions (after discarding the appropriate volume) to those for
the unfiltered solutions. For sample solutions, compare the results for filtered solutions (after
discarding the appropriate volume) to those for centrifuged, unfiltered solutions.
1.2 Determining Solubility and Stability of Drug Substance in Various Media at 37
Physical and chemical characteristics of the drug substance need to be determined before
selecting the proper dissolution medium. When deciding the composition of the medium for
dissolution testing, it is important to evaluate the influence of buffers, pH, and if needed,
different surfactants on the solubility and stability of the drug substance. Solubility of the drug
substance is usually evaluated by determining the saturation concentration of the drug in
different media at 37 using the shake-flask solubility method (equilibrium solubility). Alternative
methods for solubility determination may also be used. To level out potential ion effects
between the drug and the buffers used in the media, mixtures of hydrochloric acid and sodium
hydroxide are used to perform solubility investigations; this is in addition to the typical buffer
solutions. In certain cases, it may be necessary to evaluate the solubility of the drug at room
temperature (i.e., 20 ). The pH of the clear supernatant should be checked to determine
whether the pH changes during the solubility test.
Typical media for dissolution may include the following (not listed in order of preference):
diluted hydrochloric acid; buffers (phosphate or acetate) in the physiologic pH range of 1.2–
7.5; simulated gastric or intestinal fluid (with or without enzymes); and water. For some drugs,
incompatibility of the drug with certain buffers or salts may influence the choice of buffer. The
molarity of the buffers and acids used can influence the solubilizing effect, and this factor may
be evaluated.
For poorly soluble dugs, aqueous solutions (acidic or buffer solutions) may contain a percentage
of a surfactant [e.g., sodium dodecyl sulfate (SDS), polysorbate, or lauryldimethylamine oxide]
to enhance the solubility of the drug. The surfactants selected for the solubility investigations
should cover all common surfactant types, i.e., anionic, nonionic, and cationic. When a suitable
surfactant has been identified, different concentrations of that surfactant should be
investigated to identify the lowest concentration needed to achieve sink conditions. Typically,
the surfactant concentration is above its critical micellar concentration (CMC). Table 1 shows a
list of some of the surfactants used in dissolution media. CMC values are provided with
references when available. The list is not comprehensive and is not intended to exclude
surfactants that are not listed. Other substances, such as hydroxypropyl -cyclodextrin, have
been used as dissolution media additives to enhance dissolution of poorly soluble compounds.
The U.S. Food and Drug Administration maintains a database of dissolution methods, including
1
information on dissolution media that have been used.
It is important to control the grade and purity of surfactants because use of different grades
could affect the solubility of the drug. For example, SDS is available in both a technical grade
and a high-purity grade. Obtaining polysorbate 80 from different sources can affect its
suitability when performing high-performance liquid chromatography (HPLC) analysis.
There may be effects of counter-ions or pH on the solubility or solution stability of the
surfactant solutions. For example, a precipitate forms when the potassium salt for the
phosphate buffer is used at a concentration of 0.5 M in combination with SDS. This can be
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avoided by using the sodium phosphate salt when preparing media with SDS.
Table 1. Commonly Used Surfactants with Critical Micelle Concentrations
CMC
(%
Surfactant
wt/volume)
Ref.
Sodium dodecyl sulfate (SDS), Sodium lauryl sulfate (SLS)
0.18–0.23%
(1–3)
Taurocholic acid sodium salt
0.2%
(2)
Cholic acid sodium salt
0.16%
(2)
Anionic
Desoxycholic acid sodium salt
0.12%
(2)
Cetyltrimethyl ammonium bromide (CTAB,
0.033%–0.036%
Hexadecyltrimethylammonium bromide)
(0.92–1.0 mM) (4,5)
Cationic Benzethonium chloride (Hyamine 1622)
0.18% (4 mM)
(1)
Polysorbate 20 (Polyoxyethylene (20) sorbitan
0.006%–0.093% (2)
monolaurate, Tween 20)
Polysorbate 80 (Polyoxyethylene (80) sorbitan
0.002 %–
(2)
monooleate, Tween 80)
0.082%
Caprylocaproyl polyoxyl-8 glycerides (Labrasol)
0.01%
(3)
Polyoxyl 35 castor oil (Cremophor EL)
0.02%
(6)
Nonionic Polyoxyethylene 23 lauryl ether (Brij 35)
0.013%
(7)
Zwitterion Lauryldimethylamine N-oxide (LDAO)
0.023%
(8)
Routinely, the dissolution medium is buffered, however, the use of purified water as the
dissolution medium is suitable for products with a dissolution behavior independent of the pH of
the medium. There are several reasons why purified water may not be preferred. The water
quality can vary depending on its source, and the pH of the water is not as strictly controlled
as the pH of buffer solutions. Additionally, the pH can vary from day to day and can also
change during the run, depending on the active substance and excipients. Use of an aqueous–
organic solvent mixture as a dissolution medium is discouraged; however, with proper
justification this type of medium may be acceptable.
Investigations of the stability of the drug substance should be carried out, when needed, in the
selected dissolution medium with excipients present, at 37 . Sufficient time should be allowed
to complete or repeat the analytical procedure. This elevated temperature has the potential to
decrease solution stability (degradation). Physical stability may be of concern when
precipitation occurs because of lower solubility at room or refrigerated temperature.
1.3 Choosing a Medium and Volume
When developing a dissolution procedure, one goal is to have sink conditions, which are defined
as having a volume of medium at least three times the volume required to form a saturated
solution of drug substance. When sink conditions are present, it is more likely that dissolution
results will reflect the properties of the dosage form. A medium that fails to provide sink
conditions may be acceptable if it is appropriately justified. The appropriate composition and
volume of dissolution medium are defined by the solubility investigations.
The use of surfactants needs to be justified by data that show low solubility in the aqueous
media. The chosen concentration of surfactant also needs to be justified by providing
dissolution profiles in media containing the surfactant at concentrations higher and lower than
the chosen concentration.

PF 40(1): Jan.-Feb. 2014

145

The use of enzymes in the dissolution medium is permitted, in accordance with general chapter
Dissolution 711 , when dissolution failures occur as a result of cross-linking with gelatin
capsules or gelatin-coated products. A discussion of the phenomenon of cross-linking and
method development using enzymes can be found in proposed general information chapter
Capsules–Dissolution Testing and Related Quality Attributes

1094 .

Another option is to use media that follow more closely the composition of fluids in the stomach
and intestinal tract. These media may contain physiological surface-active ingredients, such as
taurocholate. They may contain emulsifiers (lecithin) and components such as saline solution
that increase osmolality. Also, the ionic strength or molarity of the buffer solutions may be
manipulated. The media are designed to represent the fed and fasted state in the stomach and
small intestine. These media may be very useful in modeling in vivo dissolution behavior of
immediate-release (IR) dosage forms, in particular those containing lipophilic drug substances,
and may help in understanding the dissolution kinetics of the product related to the
physiological make-up of the digestive fluids. Results of successful modeling of dissolution
kinetics have been published, mainly for IR products. In the case of extended-release dosage
forms with reduced effect of the drug substance on dissolution behavior, the use of such media
needs to be evaluated differently. In vitro performance testing does not necessarily require
media modeling the fasted and postprandial states (9,10).
An acid stage is part of the testing of delayed-release products by Method A or Method B in
chapter 711 . For poorly acid-soluble drugs or drugs that degrade in acid there is a challenge
of detecting the drug, therefore guaranteeing passing the 10% limit. This would be handled on
a case-by-case basis. Possible resolutions include the addition of surfactant to the acid stage,
or adjustment of the specifications.
During selection of the dissolution medium, care should be taken to ensure that the sample is
suitably stable throughout the analysis. In some cases, antioxidants such as ascorbic acid may
be used in the dissolution medium to stabilize the drug. There are occasions where such actions
are not sufficient. For compounds that rapidly degrade to form a stable degradant, monitoring
the degradant alone or in combination with a drug substance may be more suitable than
analyzing only the drug substance. In situ spectroscopic techniques tend to be less affected
by degradation when compared with HPLC analysis.
For compendial Apparatus 1 (basket) and Apparatus 2 (paddle), the volume of the dissolution
medium can vary from 500 to 1000 mL, with 900 mL as the most common volume. Usually, the
volume needed for the dissolution test can be determined in order to maintain sink conditions.
In some cases, the volume can be increased to between 2 and 4 L, using larger vessels and
depending on the concentration and sink conditions of the drug; justification for this approach
is expected. In practice, the dissolution medium is usually changed to maintain the volume at
500–1000 mL. Alternatively, it may be preferable to switch to other compendial apparatus, such
as a reciprocating cylinder (Apparatus 3), reciprocating holder (Apparatus 7), or flow-through
cell (Apparatus 4). Certain applications may require low volumes of dissolution media (e.g.,
100–200 mL) when the use of a paddle or basket is preferred. In these cases, an alternative,
noncompendial apparatus (e.g., small-volume apparatus) may be used.
1.4 Choosing an Apparatus
The choice of apparatus is based on knowledge of the formulation design and the practical
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aspects of dosage form performance in the in vitro test system. In general, a compendial
apparatus should be selected.
For solid oral dosage forms, Apparatus 1 and Apparatus 2 are used most frequently. When
Apparatus 1 or Apparatus 2 is not appropriate, another official apparatus may be used.
Apparatus 3 (reciprocating cylinder) has been found especially useful for chewable tablets, soft
gelatin capsules, delayed-release dosage forms, and nondisintegrating-type products, such as
coated beads. Apparatus 4 (flow-through cell) may offer advantages for modified-release
dosage forms and immediate-release dosage forms that contain active ingredients with limited
solubility. In addition, Apparatus 4 may have utility for soft gelatin capsules, beaded products,
suppositories, or injectable-depot dosage forms, as well as suspension-type extended-release
dosage forms for oral or parenteral use, or ocular application. Apparatus 5 (paddle over disk)
and Apparatus 6 (rotating cylinder) are useful for evaluating and testing transdermal dosage
forms. Apparatus 7 (reciprocating holder) has application to non-disintegrating, oral modifiedrelease dosage forms, stents, and implants, as well as transdermal dosage forms. For semisolid
dosage forms, the generally used apparatus include the vertical diffusion cell, immersion cell,
and flow-through cell apparatus with the insert for topical dosage forms (see Semisolid Drug
Products—Performance Tests

1724 ).

Some changes can be made to the compendial apparatus; for example, a basket mesh size
other than the typical 40-mesh basket (e.g., 10-, 20-, or 80-mesh) may be used when the
need is clearly documented by supporting data. Care must be taken that baskets are uniform
and meet the dimensional requirements specified in

711 .

A noncompendial apparatus may have some utility with proper justification, qualification, and
documentation of superiority over the standard equipment. For example, a small-volume
apparatus with mini paddles and baskets may be considered for low-dosage strength products.
A rotating bottle or dialysis tubes may have utility for microspheres and implants; peak vessels
for eliminating coning; and modified flow-through cells for special dosage forms including
powders and stents.
2.METHOD DEVELOPMENT
A properly designed test should yield data that are not highly variable, and should be free of
significant stability problems of the analytical solution. High variability in the results can make it
difficult to identify trends or effects of formulation changes. Sample size can affect the
observed variability. One guidance defines dissolution results as highly variable if the relative
standard deviation (RSD) is more than 20% at time points of 10 min or less and more than 10%
at later time points for a sample size of 12 (11). However, during method development, smaller
sample sizes may be used, and the analyst will need to make a judgment accordingly. Most
dissolution results, however, exhibit less variability. In the development of a dissolution method
the source of the variability should be investigated, and attempts should be made to reduce
variability whenever possible. The two most likely causes are the formulation itself (e.g., drug
substance, excipients, or manufacturing process) or artifacts associated with the test
procedure (e.g., coning, tablets sticking to the vessel wall or basket screen). Visual
observations are often helpful for understanding the source of the variability and whether the
dissolution test itself is contributing to the variability. Any time the dosage contents do not
disperse freely throughout the vessel in a uniform fashion, aberrant results can occur.
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Depending on the problem, the usual remedies include changing any of the following factors:
the apparatus type, speed of agitation, level of deaeration, sinker type, or composition of the
medium.
Many causes of variability can be found in the formulation and manufacturing process. For
example, poor content uniformity, process inconsistencies, excipient interactions or
interference, film coating, capsule shell aging, and hardening or softening of the dosage form on
stability may be sources of variability and interferences.
2.1 Deaeration
The significance of deaeration of the dissolution medium should be determined because air
bubbles can act as a barrier to the dissolution process if present on the dosage unit or basket
mesh and can adversely affect the reliability of the test results. Furthermore, bubbles can
cause particles to cling to the apparatus and vessel walls. Bubbles on the dosage unit may
increase buoyancy, leading to an increase in the dissolution rate, or may decrease the available
surface area, leading to a decrease in the dissolution rate. Poorly soluble drugs are most
sensitive to interference from air bubbles, therefore, deaeration may be needed when testing
these types of products. A deaeration method is described as a footnote in the Procedure
section of 711 . Typical steps include heating the medium, filtering, and drawing a vacuum
for a short period of time. Other methods of deaeration are available and are in routine use
throughout the industry. The extent of deaeration can be evaluated by measuring the total
dissolved gas pressure or by measuring the concentration of dissolved oxygen in water. For
example, an oxygen concentration below 6 mg/L has been found effective as a marker for
adequate deaeration of water for the Performance Verification Test with USP Prednisone
Tablets RS.
Media containing surfactants usually are not deaerated because the process results in
excessive foaming, and usually the effect of dissolved air on the dissolution process is mitigated
by the reduced surface tension of the medium. Sometimes, sonication or deaerating the medium
before adding surfactants can be effective.
To determine whether deaeration of the medium is necessary, compare results from dissolution
samples run in non-deaerated medium and medium deaerated using a compendial technique, as
described above. If no effect of deaeration is detected, this experiment could serve as
justification that deaeration is not required in the future. If there is an effect, however, then it
is necessary to carefully control this parameter, and it is prudent to characterize the
robustness of the deaeration process. The dissolved gas content of deaerated media under
atmospheric pressure is unstable and will tend toward saturation. Manipulations of the
deaerated medium such as stirring or pouring can increase the rate at which atmospheric gases
are redissolved.
2.2 Sinkers
Sinkers are often used to adjust the buoyancy of dosage forms that would otherwise float
during testing with Apparatus 2. When sinkers are used, a detailed description of the sinker
must be provided in the written procedure. It may be useful to evaluate different sinker types,
recognizing that sinkers can significantly influence the dissolution profile of a dosage unit. When
transferring the procedure, the same sinkers should be used, or if a different design is used, it
should be shown to produce equivalent results. There are several types of commercially
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711 , a harmonized sinker is described in Figure 2a.

Table 2. Wire Sinkers Used With Common Capsule Shell Sizes
Length
Capsule
of
Cork
Shell
Wire
Diameter
Bore
Size
(cm)
Size (cm)
Number
#0, elongated
12
0.8
4
#1 and #2
10
0.7
3
#3 and #4
8
0.55
2
A standard sinker can be made by using the appropriate length of wire and coiling it around a
cylinder. For materials, use 316 stainless steel wire, typically 0.032 inch/20 gauge, or other
inert material and wind the wire around cylinders of appropriate diameter (e.g., cork borers) for
an appropriate number of turns to fit the capsule shell type. Sizes are shown in Table 2. The
ends of the coil can be curved to retain the capsule within the sinker when they are immersed.
Because the ends of the wire may be rough, they may need to be filed. If the sinker is
handmade, the sinker material and construction procedure instructions should be documented;
if a commercial sinker is used, the vendor part number should be reported.
Although sinkers are typically used to keep the dosage form at the bottom of the vessel, they
can also be used to keep dosage forms from sticking to the vessel (e.g., film-coated tablets).
The sinker should be appropriate to the dosage form, therefore the same sinker size may not be
suitable for all dosage-form sizes. The sinker should not be wound too tightly around the
dosage form because this will restrict any disintegrating release mechanism and may restrict
interaction with the medium. Conversely, if wrapped too loosely, the dosage form may escape
soon after the test begins. The sinker should be small enough that the capsule does not
change its orientation within the sinker. Care should be taken when testing capsules that have
some cross-linking present, to keep the sticky shell from attaching to the vessel bottom. In this
case, the harmonized sinker design provided in Figure 2a of

711

will be advantageous.

2.3 Agitation
For immediate-release capsule or tablet formulations, Apparatus 1 (baskets) at 50–100 rpm or
Apparatus 2 (paddles) at 50 or 75 rpm are used most commonly. Other agitation speeds are
acceptable with appropriate justification. Rates outside 25–150 rpm for both the paddle and the
basket are usually not appropriate because of mixing inconsistencies that can be generated by
stirring too slow or too fast. Agitation rates between 25 and 50 rpm are generally acceptable
for suspensions.
For dosage forms that exhibit coning (mounding) under the paddle at 50 rpm, the coning can be
reduced by increasing the paddle speed to 75 rpm, thus reducing the artifact and improving the
data. If justified, 100 rpm may be used with Apparatus 2, especially for extended-release
products. Decreasing or increasing the apparatus rotation speed may be justified if to achieve
an in-vitro–in-vivo correlation (IVIVC) the resulting profiles better reflect in vivo performance,
or if the method results in better discrimination without adversely affecting method variability.
Apparatus 3 (reciprocating cylinder) can be used at dip rates ranging from 5 to 30 dips/min.
The hydrodynamics are influenced by the cylinder's reciprocating motion and the resulting
movement of the sample in the medium. The reciprocating motion of the cylinder and screen
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may cause foaming if the medium contains surfactants. Addition of an anti-foaming agent such
as simethicone or n-octanol may be useful for avoiding foaming from surfactants.
Apparatus 4 (flow-through cell) can be used at flow rates up to 50 mL/min with pump speeds
as low as 2 mL/min. Agitation in Apparatus 4 is not only related to the pump speed but can also
be affected by cell diameter. At a set flow rate, as measured by volume, the 12-mm cell will
develop a greater linear fluid velocity than is achieved in the 22.6-mm cell. The addition of
glass beads in the entry cone of the flow-through cell has been said to produce a laminar flow;
this is in contrast to the turbulent flow said to occur in the cell with no glass beads.
Independent of the flow-through cell diameters, the fluid flow is expected to be laminar either
with the 1-mm glass beads in the inlet cone (packed column) or without glass beads (open
column) at compendial flow rates ( 16 mL/min) (12). The placement of the sample in the flowthrough cell will influence the flow patterns that occur and thus should be a consideration in
the attempt to reduce variability of the results.
Selection of the agitation rate and other study design elements for modified-release dosage
forms should be similar to that for immediate-release products. These elements should conform
to the requirements and specifications given in
appropriately.

711

when the apparatus has been calibrated

2.4 Study Design
2.4.1 TIME POINTS
For immediate-release dosage forms, the duration of the dissolution procedure is typically 30–
60 min; in most cases, a single time point specification is adequate for pharmacopeial purposes.
For method development, however, a sufficient number of time points should be selected to
adequately characterize the ascending and plateau phases of the dissolution curve. Industrial
and regulatory concepts of product comparability and performance may require additional time
points, which may also be required for product registration or approval. According to the
Biopharmaceutics Classification System referred to in several FDA Guidances, highly soluble,
highly permeable drugs formulated into rapidly dissolving products need not be subjected to a
profile comparison if they can be shown to release 85% or more of the active drug substance
within 15 min. For these types of products, a one-point test or disintegration will suffice.
However, most products do not fall into this category. Dissolution profiles of immediate- release
products typically show a gradual increase reaching 85%–100% at about 30–45 min. Thus,
dissolution time points in the range of 15, 20, 30, 45, and 60 min are chosen for most
immediate-release products. For some products, including suspensions, useful information may
be obtained from earlier points, e.g., 5–10 min. For slower-dissolving products, time points later
than 60 min may be useful. Dissolution test times for compendial tests are usually established
on the basis of an evaluation of the dissolution profile data.
The f2 similarity factor is not necessary when more than 85% is dissolved at 15 min. If the f2
similarity factor is to be used, multiple time points for the dissolution test are required, with at
least two time points below 85% dissolved and only one point above 85% for both products
(11). The addition of 5-, 10-, 15-, or 20-min time points, therefore, may be useful.
For testing an extended-release dosage form, at least three time points are chosen, to guard
against dose dumping, to define the in vitro release profile, and to show that essentially
complete release (>80%) of the drug is achieved. Additional sampling times may be useful.
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Certain IVIVC criteria, such as level B correlation (according to general information chapter In
Vitro and In Vivo Evaluation of Dosage Forms 1088 ), require the experimental determination
of the time to dissolve 100% of the label claim. Selection of the final time points is reflective of
the data from the drug release profile that are generated during development. For products
containing more than a single active ingredient, determine the drug release for each active
ingredient.
Delayed-release dosage forms usually require specifications for at least two time points;
therefore, it is important during development to evaluate the entire dissolution profile. In the
case of enteric-coated dosage forms, the functionality of the coating is usually proven by
challenge in an acid medium, followed by a demonstration of dissolution in a higher-pH medium.
711 gives a standard buffer medium for that stage of testing but other media may be used
if justified. The timing of the acid stage is typically 2 h, and release in the buffer is similar to
the timing for immediate-release forms. For delayed-release dosage forms that are not enteric
coated, setting of specifications is different. Unlike delayed release, the onset of release is not
determined by the experimental design, which is the pH change; multivariate specifications,
therefore, may be needed to define time ranges and corresponding percentage ranges.
So-called infinity points can be useful during development studies. To obtain an infinity point,
the paddle or basket speed is increased at the end of the run (after the last time point) for a
sustained period (typically, 15–60 min), after which time an additional sample is taken. Although
there is no requirement for 100% dissolution in the profile, the infinity point can be compared to
content uniformity data and may provide useful information about formulation characteristics
during initial development or about method bias.
2.4.2 OBSERVATIONS
Visual observations and recordings of product dissolution and disintegration behavior are useful
because dissolution and disintegration patterns can be indicative of variables in the formulation
or manufacturing process. For visual observation, proper lighting (with appropriate consideration
of photo-degradation) of the vessel contents and clear visibility in the bath are essential.
Documenting observations by drawing sketches and taking photographs or videos can be
instructive and helpful for those who are not able to observe the real-time dissolution test.
Observations are especially useful during method development and formulation optimization. It
is important to record observations of all six vessels to determine if the observation is seen in
all six vessels, or just a few. If the test is performed to assist with formulation development,
provide any unique observations to the formulator. Examples of typical observations include,
but are not limited to, the following:
1. Uneven distribution of particles throughout the vessel. This can occur when particles
cling to the sides of the vessel, when there is coning or mounding directly under the
apparatus, e.g., below the basket or paddle, when particles float at the surface of the
medium, when film-coated tablets stick to the vessel, and/or when off-center mounds
are formed.
2. Air bubbles on the inside of the vessel or on the apparatus or dosage unit. Sheen on the
apparatus is also a sign of air bubbles. This observation would typically be made when
assessing the need to deaerate the medium.
3. Dancing or spinning of the dosage unit, or the dosage unit being hit by the paddle.
4. Adhesion of particles to the paddle or the inside of the basket, which may be observed
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upon removal of the stirring device at the end of the run.
Pellicles or analogous formations, such as transparent sacs or rubbery, swollen masses
surrounding the capsule contents.
Presence of large floating particles or chunks of the dosage unit, especially at the
surface of the media.
Observation of the disintegration rate (e.g., percentage reduction in size of the dosage
unit within a certain time frame).
Complex disintegration of the coating of modified or enteric-coated products, e.g., the
partial opening and splitting apart (similar to a clamshell) or incomplete opening of the
shell, accompanied by the release of air bubbles and excipients.
Whether the dosage form lands in the vessel center or off-center, and if off-center,
whether it sticks there.
Time required for the complete dissolution of the capsule shell or for tablet
disintegration.

Observations also help to document that the proper procedure has been followed, or more
importantly, that a deviation has occurred. Examples include the confirmation that a dosage
form is actually in the vessel during the test or that more than one dosage form are
inadvertently in the same vessel, or that a filter from the autosampler has dropped into the
vessel.
2.4.3 SAMPLING
Manual: For manual sampling, use plastic or glass syringes, a stainless steel cannula that is
usually curved to allow for vessel sampling, a filter, and/or a filter holder. The sampling site
must conform to specifications in 711 . When the agitation conditions are very slow, e.g., a
50-rpm basket, care should be taken to sample consistently in the same location in the vessel
because there may be a concentration gradient; avoid sampling very close to the shaft or
vessel wall. During method development, a decision should be made regarding whether to
replace the media after each time point. Replacement is not preferred because the dosage unit
may be disturbed during delivery of the media. However, replacement may be necessary if
maintaining sink conditions is a challenge. With replacement, the volume used in the
calculations remains the same throughout the time points, but there is some drug substance
withdrawn with each sample that will need to be accounted for in the calculations.
Autosampling: Autosampling is discussed in section 4. Automation.
2.5 Data Handling
Dissolution rates are calculated from the change in drug concentration in the dissolution
medium. For procedures in which the volume of medium is fixed, such as for Apparatus 1 and
Apparatus 2 testing of immediate-release dosage forms with only one sampling time, the
concentration of the sample is multiplied by the medium volume to arrive at the mass of drug
dissolved usually expressed as percent of label claim. When the medium volume is not fixed,
such as testing of extended-release products with sample volume not replaced, the change in
medium volume must be accounted for at successive sampling points. Similarly, the total
amount of drug removed from the medium at earlier sampling points must be part of the
calculation of the amount dissolved. Dissolution tests performed with Apparatus 4 in the
closed-loop configuration with in situ detection provide a convenient control of the medium
volume. For testing with Apparatus 4 in the open configuration, the test time and flow rate will

PF 40(1): Jan.-Feb. 2014

152

determine the volume of medium used in the dissolution calculations.
Dissolution results can be evaluated as either cumulative rates or fractional rates. Cumulative
rates represent the sum of all drug dissolution that occurs during an interval (Figure 1).
Fractional rates are assessed at a specific time point or during a portion of the total test time
(Figure 2). Typically, the rate of release will be expressed as either mass or percentage of label
claim per unit time. For most compendial dissolution testing, the dissolution rate is expressed as
a percentage of LC dissolved at the indicated test time.

Figure 1. Plot of dissolution as a cumulative process. Concentration, C, is the amount of drug
released per volume of medium, and t represents time. This type of plot is readily observed in
constant-volume dissolution systems, such as Apparatus 1 or Apparatus 2, or Apparatus 4 in
closed-loop configuration.
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Figure 2. Plot of instantaneous or fractional dissolution rate (dc/dt) across the time of the test.
The y-axis is the observed concentration of the sample taken for an interval that is negligibly
small in relation to the time of the overall dissolution process. This type of plot is readily
observed in continuous-flow dissolution systems, such as Apparatus 4 in open-loop
configuration.
Cumulative dissolution profiles represent the total amount of drug dissolved from the formulation
over time. When cumulative dissolution is measured in a constant-volume system, no correction
for the amount lost in sampling needs to be made. If sample is removed from the system, the
amount consumed in analysis must be accounted for in the calculation. Recirculated sampling
with Apparatus 1 or Apparatus 2, or with Apparatus 4 in the closed-loop configuration (Figure
3), are all examples of systems that will produce cumulative dissolution rates. With Apparatus 4
in the open configuration (Figure 4), cumulative rates accounting for the total amount of drug
dissolved across the testing interval are obtained by collecting and analyzing the entire outflow
from each individual flow-through cell. With Apparatus 3 (Figure 5), the medium in each tube is
sampled at the end of the programmed interval, and the analyzed concentration represents the
cumulative dissolution rate during that interval.
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Figure 3. Apparatus 4 in the closed-loop configuration.
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Figure 4. Apparatus 4 in the open-loop configuration. The sample can be collected in fractions,
as shown at the top. The medium can be changed by using successive reservoirs.
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Figure 5. The progression that is possible for one reciprocating cylinder from Apparatus 3. The
reciprocating cylinder can move from vessel to vessel. This feature facilitates changing the
dissolution medium and testing for different intervals in successive tubes.
Fractional dissolution rates are typically measured for a discrete interval. A series of such rates
will produce a step function as the dissolution profile. At any time, the cumulative dissolution
rate from this type of profile is the sum of the preceding intervals. This type of profile is
represented by Apparatus 3 using multiple tubes or Apparatus 4 in the open-loop configuration
where the total outflow is collected and analyzed for successive intervals.
A number of algebraic and numerical methods exist for transforming cumulative and fractional
dissolution results. The difference in amount released for successive time points can be
calculated, and the average release rate is determined by the formula:
Result = (M2

M1)/(t 2

t 1)

M = mass or percentage of label claim
t = time
As the difference of t 2 from t 1 is reduced, the average rate can be considered to approach an
instantaneous rate. Sampling considerations and physical constraints on measurement of the
mass transfer at the medium interface of the dosage form make the measurement of true
instantaneous dissolution impractical for routine determination in the laboratory. Fractional
dissolution is measured for intervals where the difference between t 2 and t 1 is small, relative to
the total test time. The design of Apparatus 4 (flow-through cell) in the open configuration
permits a direct measurement of the fractional dissolution over small time intervals. For
example, if a 4-mL fraction of outflow for Apparatus 4 running 16 mL/min is sampled, either by
in situ detection or offline, the amount of drug detected represents the dissolution occurring in
a 15-s interval.
Pooled dissolution has been used in a number of monographs. The pooled dissolution procedure
produces an average release rate for the units tested by combining equal volumes from each
vessel or cell and performing analysis of only the one resulting solution. Because this approach
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uses only the average release rate for comparison with the acceptance table, the pooled
dissolution procedure has been viewed as reducing the amount of data available from the
dissolution test and, thus, reducing its value. However, it should be noted that the pooling of
equal sample volumes is equivalent, from a calculation standpoint, to determining the arithmetic
mean of the individual sample results.
The use of the f2 similarity factor in the comparison of dissolution profiles is discussed in
general information chapter Assessment of Drug Product Performance—Bioavailability,
Bioequivalence, and Dissolution

1090 .

For the purpose of correlation with in vivo data, dissolution data may need a fit to
mathematical models to establish a continuous functional relationship called IVIVC (see chapter
1088 ), which are usually obtained from deconvolution procedures.
2.6 Dissolution Method Assessment
The dissolution procedure requires an apparatus, a dissolution medium, and test conditions that
together provide a method that is discriminating, yet sufficiently rugged and reproducible for
day-to-day operation. The method should be able to be transferred between laboratories.
The ideal method will not contribute an unacceptable degree of variability, will provide a profile
with adequate points below 85% dissolved, and will have enough power to pick up changes in
critical attributes that may affect the release mechanism. There are many ways to challenge
the discriminatory power of the method. One option is to compare dissolution profiles of
formulations that are intentionally manufactured with meaningful variations for the most
relevant critical manufacturing variable, e.g., ±10%–20% change to the ranges of these
variables. This concept may be used to establish the factors that are most significant in their
influence on the dissolution rate. These studies can focus on either the dissolution parameters
(e.g., media concentration, agitation rate, and deaeration) or the product attributes (e.g.,
excipient ratios, particle size, compression). The ultimate goal is to understand the release
mechanisms and determine whether the dissolution method can show change in the critical
quality attributes of a drug product.
3.ANALYTICAL FINISH
The dissolution method has been described as an involved sample preparation. The sample
handling and analytical procedure that are used to determine the amount of drug substance
dissolved during the dissolution procedure are termed the “analytical finish.” Although
spectrophotometric determinations and HPLC are used most commonly and are discussed in this
chapter, any suitable analytical technology may be used. Section 5. Validation describes
criteria for the methods.
3.1 Sample Processing
After the samples are withdrawn from the dissolution medium, they may require additional
processing to make them suitable for the analytical methodology used to determine the amount
released. For example, filtration may be used to remove undissolved particulate matter, or
samples may need to be protected from exposure to light or may need refrigerated storage. In
addition, samples may have to be diluted to a level that is within the linear range of the
method. With analysis by HPLC, dilution of the sample with mobile phase may be necessary to
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reduce the effect on the separation of injecting dissolution medium. Other types of treatment
may be necessary depending on the product formulation, such as the inactivation or elimination
of interference caused by components of the formulation by the addition of appropriate
reagents. However, separation may not be possible or needed in all cases. In some cases, in
situ measurements obtained with methods such as fiber optics or electrochemical determination
may be useful. These techniques require special validation.
3.2 Filters
The topic of filtration is discussed in section 1.1 Performing Filter Compatibility.
3.3 Centrifugation
Centrifugation of samples is not preferred, for several reasons: dissolution can continue to
occur until the solids are removed, a concentration gradient may form in the supernatant, and
energy imparted may lead to increased dissolution of the drug substance particles. Possible
exceptions, when centrifugation could be preferred, might include the use with compounds that
adsorb onto all common filters, or situations when the potential filter leachables and
extractables might interfere in the quantitative step of the dissolution test (e.g., when
fluorescence procedures are used in quantitation). Centrifugation may prove useful during
method development for evaluating the suitability of the filter material.
3.4 Analytical Procedure
The usual assay for a dissolution sample employs either a spectrophotometric procedure or a
liquid chromatographic procedure. Spectrophotometric determination may be direct or may
provide the detection for HPLC. Spectrophotometric determination is used often because
results can be obtained faster, the analysis is simpler, it is easier to automate, and fewer
solvents are needed. The use of direct spectrophotometric determination typically requires
confirmation of specificity. HPLC is preferred for a number of reasons such as providing a wide
dynamic range that reduces the need to dilute some samples while also providing sensitivity in
the analysis of dilute samples, and greater selectivity when excipients or multiple drugs in the
formulation present a significant interference. Modern HPLC systems employ autosamplers that
may reduce speed and simplicity advantages of spectrophotometric analysis.
3.5 Spectrophotometric Analysis
Direct spectrophotometric analysis may be performed on samples that are manually introduced
to the cuvette. Alternatively, samples may be automatically introduced into the
spectrophotometer using autosippers and flow cells. Routine performance checks, cleaning, and
maintenance, as described in the standard operating procedures or metrology documents, help
to ensure reliable operation of these instruments. Cells with path lengths ranging from 0.02 cm
to 1 cm are typically used, and longer path-length cuvettes can be used to increase the range
for quantification of dilute samples. Cell alignment and air bubbles could be sources of error.
The shorter path-length cells are used to avoid diluting the sample; in all cases, however,
acceptable linearity and standard error need to be demonstrated.
The choice of wavelength for the determination should be based on the spectrum of the drug in
solution. In some cases, where the drug substance can degrade in the dissolution medium, it is
useful to carry out the measurements at the isosbestic point (e.g., dosage forms containing
aspirin). Excipients can also have effects, but performing analysis at multiple wavelengths can
minimize their effects. The contribution of the absorbance from an excipient at the analytical
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wavelength can sometimes be determined by ratio from its absorbance at a wavelength where
the absorbance of the drug substance is minimal.
During analysis, standard solutions are typically prepared in dissolution media and analyzed at
just one concentration, at 100% of the dosage strength or the selected Q value. Dissolution
profile analysis, or analysis of products of various strengths, requires that other concentrations
be analyzed. A typical media blank, standard, and sample may be analyzed in a sequence that
brackets the sample with standards and blanks, especially at the beginning and end of the
analysis. The standard and sample solutions should both be prepared in the dissolution medium
in the linear concentration range and measured at the same wavelength. However, small
amounts of an organic solvent may be used in the preparation of the standard, provided that
the accuracy criteria can be met during validation.
The absorptivity is calculated by dividing the mean standard absorbance by the concentration,
in mg/mL, divided by the cell path length in cm. A rearrangement of the Beer-Lambert
expression gives the absorptivity, a, as:
a = A/bc
A = absorbance
b = path length (cm)
c = concentration (mg/mL)
Typical units for absorptivity that are used for dissolution testing are in terms of AU · mL/mg,
where AU is absorbance unit. Historical data may be used to provide an acceptable absorptivity
range for the analyte (using the appropriate path-length cell). This value may be useful in
troubleshooting aberrant data.
3.6 HPLC
For HPLC analysis, the effect on the chromatogram of peaks resulting from injection of
dissolution media require enumeration. A large solvent disturbance may affect accuracy and
precision of response if it is poorly resolved from the peak of interest. This is even more
important if large injector volumes (>100 µL) are needed. System suitability tests may evaluate
peak shape; separation of the main peak from solvent disturbance and from closely eluting
peaks; and injection precision. At a minimum, the precision is critical.
Ideally, the standard solutions should be diluted with the dissolution media at a concentration
within the linear range of the method, e.g., 100%, or the selected Q value of the dosage
strength. In some cases, the sample may be diluted with mobile phase to improve the peak
shape. The standard and sample solutions should both be prepared in the linear concentration
range and measured at the same wavelength. However, small amounts of an organic solvent
may be used in the preparation of the standard, provided that the accuracy criteria can be met
during validation.
4.AUTOMATION
Automated dissolution systems may be configured in various ways and degrees. The elements
of test preparation, initiation, sampling and timing, and cleaning all can be automated. Fully
automated systems are available, as are systems where individual steps, such as media
preparation or sampling, are automated. This section will discuss operational steps that can be
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automated. The level of complexity for automation depends on whether the instrument
configuration is open or closed loop and also whether the analytical device is coupled online or
offline. Online analysis returns the sample aliquot to the test system, as in the case of
spectrophotometry with flow-through cuvettes. Offline analysis removes the sample aliquot
from the dissolution medium for subsequent analysis, typically by HPLC, where the analysis
consumes the sample. The decision on the configuration usually depends on the number of
samples to be processed and the time required for their analysis.
Automation may require deviations from the pharmacopeial specifications of the instruments,
such as incorporation of an integrated outlet on the bottom of the vessel for cleaning and
replacement of medium.
Operational steps that are not part of the compendial procedure should be validated. Deviations
from the standard procedure described in 711 , such as use of sampling probes or fiber-optic
probes, should be validated against the standard procedure.
4.1 Medium Preparation
Automated media preparation generally is accomplished by diluting concentrates. Chemical and
physical stability of the concentrates as well as homogeneity of the dilutions over the intended
period of use are important issues for validation. Concentrates of buffer solutions and
surfactants may have stability issues, such as chemical degradation and pH change. Physical
instability may manifest as precipitation, re-crystallization, or phase separation and should be
prevented. If deaeration of the medium is required, the efficiency of deaeration should be
defined.
The concentration of the dissolved oxygen can be used to evaluate the efficiency of
deaeration procedures discussed in section 2.1 Deaeration. Automated media preparation
systems typically control the volume of medium added to the vessel by monitoring weight.
4.2 Sample Introduction and Timing
Samples should be inserted in the vessel in a reproducible way. Automated sample introduction
and aliquot withdrawal provide an advantage over manual sampling because the automated
techniques can reduce the variability in the vessel-to-vessel timing of the test intervals.
However, automated sample handling may impose timing limitations that need to be considered.
The pharmacopeial tolerance of ±2% of the specified dissolution test time may be difficult to
meet for early time points.
4.3 Sampling and Filtration
Autosampling is a useful alternative to manual sampling, especially if the test includes several
time points. The transfer and filtration of sample solutions from the dissolution instrument to
the analytical unit may be undertaken via tube connections or via robotic devices operated in a
stepwise procedure. Sample volumes may be removed from the dissolution medium and not
returned (consumptive sampling), or the sample volume may be returned to the dissolution
medium (recirculated sampling).
There are many brands of autosamplers, including semi-automated and fully automated
systems. Routine performance checks, cleaning, and maintenance, as described in the pertinent
standard operating procedures or metrology documents, help to ensure reliable operation of
these devices.
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Aliquot sampling probes may or may not remain in the vessel throughout the entire run.
Sampling probes or fiber-optic probes can disturb the hydrodynamics of the vessel, therefore
adequate validation should be performed to ensure that the probes are not causing a significant
change in the dissolution rate. If filters are used that are different from those used for manual
sampling, then these different filters should also be evaluated separately. The position of the
pharmacopeial sampling zone for Apparatus 1 and Apparatus 2 is midway from the top of the
stirring element to the medium surface and depends on the medium volume. Sampling probes
should pull the sample from the sampling zone. Instruments for which the sampling occurs
through the hollow shaft should be designed with a means to adjust the depth of the inlet
aperture to allow conformance with this requirement. The programmed sampling volume
depends on the dead volume of the tubing, cuvettes, and other devices and has to be adjusted
accordingly.
A recirculated sampling alignment can be operated either by discharging the tubing contents
into the vessel after each sampling or by allowing the tubing to remain filled with solution in the
intervals between sampling points. In the latter case, the dead volume and carryover effects
are important considerations.
The need for sample volume replacement should be considered. In consumptive sampling with
multiple sampling time points, the withdrawn volume may be replaced with an equal volume of
fresh medium. The sampling volume may be critical if, in total, it exceeds 1% of the stated
volume of dissolution medium required by the procedure. If it can be shown that replacement of
the medium is not necessary, the volume change must be part of the calculation of results.
Carryover may occur when subsequent samples are affected by residues or conditions of
previous samples; the effect of the first sample or condition “carries over” to the second. In
liquid handling, residues of liquids previously in the sample solution may contaminate subsequent
sample solutions. Dissolution media containing surfactants or lipids may present problems.
Carryover may occur for successive samples taken over a multiple time-point test, as well as at
the beginning of a new test due to the cleaning solution. This topic is discussed in section 4.4
Cleaning.
Interaction of dissolved drug substance with the sampling and transfer devices is an important
consideration. When adsorption of the dissolved drug substance occurs, it most often involves
surfaces of the dissolution apparatus or sampling filters and tubing. Adsorption may be pH
dependent in the case of charged, dissolved drug substance. Adsorption of the dissolved drug
to the parts of the sampling device should be assessed using a typical sample solution
(dissolution sample from the product or drug substance with formulation matrix) with known
concentration. The typical design is a cross-validation with aliquots of the same sample
solution passing and bypassing the sampling device (including the sampling probe, filter, tubing,
valves, and pump). Sometimes instruments with glass surfaces, which are generally considered
to be chemically inert, may be replaced by polymeric devices. There is no general
recommendation that may give preference to any kind of material or equipment construction.
Metal surfaces may interact with the sample. For example, adsorption onto metal surfaces may
occur, or the metal surfaces may release metal ions into aqueous media. The ions can then
catalyze degradation reactions, leading to artifacts during the analytical procedures. The
surfaces of stirring elements, metal locks of syringes, and connections of pumps and tubing
may be sources of contamination. Interferences with the spectroscopic analytical procedures,
which are commonly used for dissolution testing, are less of a concern. However, interferences
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must be evaluated if the product under investigation contains low-dose metal salts, as do some
dietary supplements.
Liquid transfer usually is undertaken via polymeric tubing. Inert materials such as
polytetrafluoroethylene (PTFE) sometimes cannot be used because of their mechanical
properties. Where flexible tubes are required, for example in peristaltic pumps or for coiling in a
small radius, polypropylene (PP) or high-density polyethylene (HDPE) may be the preferred
materials. Depending on the type of polymer and its crystallinity and density, leaching of
constituents, mainly plasticizers, may occur. Leachables can interfere with the analytical
procedure. The concentration leached to the sample solution usually depends on the surface,
the temperature, the exposure time, the hydrodynamic conditions, and the composition of the
media. Although purely aqueous media may not be contaminated, complex media containing
organic solvents are vulnerable to contamination.
4.4 Cleaning
Importance is placed on evaluation of the cleaning process between tests. After changes of
dissolution medium and/or product during the sequence of tests, it may be advisable to
reconsider cleaning. The condition of the vessels can affect the results, and effective cleaning
will return them to a suitable state. Within-run condition of the tubing in automated sampling
and transfer devices should be considered on a case-by-case basis. Evaluation of the
effectiveness of purging and rinsing between samples is recommended.
4.5 Operating Software and Computation of Results
The software systems for data evaluation and instrument operation must be validated as per 21
CFR 11 (13).
4.6 Common Deviations from the Compendia Procedures That May Require Validation
Some common areas of deviation from compendia procedures include the following:
Sample introduction relative to start of spindle rotation
Residence time and positioning of sampling probes
Recirculated versus consumptive sampling affecting Apparatuses 1, 2, 3, and 4
Sample volume replacement in consumptive sampling.
5.VALIDATION
The validation topics described in this section are typical but not all-inclusive and can be
viewed in the context of general information chapter Validation of Compendial Procedures
1225 , as well as the International Conference on Harmonization (ICH) document, Validation of
Analytical Procedures (14). Validation for both parts of the dissolution method will be discussed
in this section. Validation of a dissolution method will take into account the repeatability,
reproducibility, and robustness of the dissolution sample preparation as well as all aspects of
the sample handling and analytical procedure. Depending on the parameter of interest,
validation of the sample handling and analytical procedure can be performed on the intact
product or the drug substance and the sample matrix (e.g., capsule shell, excipients) and can
be undertaken in situ within the dissolution vessel. The validation parameters addressed and
the extent of the validation may vary, depending on the phase of development or the intended
use for the data.
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The acceptance criteria are presented as guidelines only, and may differ for some products.
Manufacturers should document the appropriate acceptance criteria for their products in
pertinent Standard Operating Procedures (SOPs) or in validation protocols. Other considerations
may be important for special dosage forms. Validation studies should address the variations
associated with different profile time points. For products containing more than a single active
ingredient, the dissolution method needs to be validated for each active ingredient. It is
expected that investigations into filter suitability and the potential for glass adsorption will have
been undertaken already (see 1.1 Performing Filter Compatibility). Validation of these
assessments occurs during spiked recovery experiments.
5.1 Specificity/Placebo Interference
It is necessary to demonstrate that the results are not unduly affected by placebo
constituents, other active drugs, or degradants. The placebo consists of all the excipients and
coatings, with inks and capsule shells included if appropriate, without the active ingredient.
Placebo interference can be evaluated by weighing samples of the placebo blend and dissolving
or dispersing them in dissolution medium at concentrations that would be encountered during
testing. It may be preferable to perform this experiment at 37 , comparing the solution to a
standard solution at the concentration expected to be encountered during testing, by using the
formula:
Result = (AP/AS) × CS × (V/L) × 100
AP = absorbance of the placebo
AS = absorbance of the standard
CS = concentration of the standard (mg/mL)
V = volume of the medium (mL)
L = label claim (mg)
The interference should not exceed 2%. Note that for extended-release products, a placebo
version of the finished dosage form may be more appropriate than blends because this placebo
formulation will release the various excipients in a manner more nearly reflecting the product
than will a simple blend of the excipients. In this case, it may be appropriate to evaluate
potential interference at multiple sampling points in the release profile, with worst-case
interference expected at the later sampling points.
The blank is the dissolution medium without dissolved sample, and it is treated in the same
manner as the sample. The effect of the absorbance of the blank at the analytical wavelength
should be evaluated. In most cases, the absorbance of the dissolution medium blank may not
exceed 1% of the standard solution at the concentration used for analysis. Values >1% must
be evaluated on a case-by-case basis.
If the placebo interference exceeds 2%, modification of the method may be necessary. Possible
modifications include choosing another wavelength; subtracting baseline using a longer
wavelength; transforming (first derivative) absorbance values; and using an alternative
analytical technique such as HPLC. Other means for minimizing the placebo interference would
be acceptable with appropriate justification. When other active drug substances or significant
levels of degradants are present, it is necessary to show that these do not significantly affect
the results. One procedure for doing this is to measure the matrix in the presence and absence
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of the other active drug substance or degradant: any interference should not exceed 2%.
5.2 Linearity and Range
Linearity is typically established by preparing solutions of the drug substance, ranging in
concentration from less than the lowest expected concentration to more than the highest
concentration during release. A minimum of five concentrations is normally used (see Validation
of Compendial Procedures 1225 ). Typically, solutions are made from a common stock if
possible. For the highest concentration, the determination may not exceed the linearity limits of
the instrument. Organic solvents may be used to enhance drug solubility for the preparation of
the linearity standard solutions. However, no more than 5% (v/v) of organic solvent should be
present in the final solution unless validated. Linearity is typically calculated by using an
appropriate least-squares regression program. Typically, a square of the correlation coefficient
(r2 0.98) demonstrates linearity. In addition, the y-intercept must not be importantly
different from zero.
The range of the procedure is the interval between the upper and lower concentrations of the
drug substance (including these levels) that has been demonstrated to have a suitable level of
precision, accuracy, and linearity using the procedure as written.
5.3 Accuracy/Recovery
Accuracy/recovery are typically established by preparing multiple samples containing the drug
substance and any other constituents present in the dosage form (e.g., excipients, coating
materials, capsule shell) ranging in concentration from less than the lowest expected
concentration to more than the highest concentration during release. This may be done in
conjunction with linearity determination. Before this activity, it is expected that filter
assessment will already have been performed, and adsorption of drug onto the glass has also
been investigated and ruled out.
In cases of poor drug solubility, it may be appropriate to prepare a stock solution by dissolving
the drug substance in a small amount of organic solvent (typically not exceeding 5% organic
solvent in the final dissolution media) and diluting to the final concentration with dissolution
medium. An amount of stock solution equivalent to the targeted label claim may be used
instead of the drug substance powder. Similarly, for very low strengths, it may be more
appropriate to prepare a stock solution than to attempt to weigh very small amounts.
The measured recovery is typically 95%–105% of the amount added. Bracketing or matrixing of
multiple strengths may be useful. A special case for validation is the Acid Stage procedure
described in chapter 711 in Delayed-Release Dosage Forms. The limit of NMT 10% needs to
be validated. Recovery experiments for drugs that have low solubility in acidic media may be
challenging or impossible to perform. If the compound degrades in acid, the validation
experiment must address this fact.
5.4 Precision
5.4.1 REPEATABILITY OF ANALYSIS
Repeatability is evaluated by obtaining replicate measurements of standard and/or sample
solutions. It can be determined by calculating the RSD of the multiple injections or
spectrophotometric readings for each standard solution, or by using the accuracy or linearity

PF 40(1): Jan.-Feb. 2014

165

data. ICH guidance,Validation of Analytical Procedures: Methodology, recommends that
repeatability should be assessed using a minimum of nine determinations covering the specified
range for the procedure (i.e., three concentrations and three replicates of each concentration)
or using a minimum of six determinations at 100% of the test concentration. A typical
acceptance criterion for HPLC is an RSD of <2% and for UV analysis, 1%–2%.
5.4.2 INTERMEDIATE PRECISION/RUGGEDNESS
Intermediate precision may be evaluated to determine the effects of random events on the
precision of the analytical procedure. This evaluation is typically done later in the development
of the drug product and is required for full method validation. For many analytical procedures
intermediate precision is typically assessed by determination of contributions to variance and,
possibly, by a comparison of means. The use of an experimental matrix design is encouraged for
evaluation of intermediate precision. In dissolution testing, a ruggedness approach that
compares means alone is often taken to investigate the factors that contribute to intermediate
precision. The ruggedness can be evaluated across the range of product strengths. Typical
variations to be studied include different days, analysts, and equipment. If possible, ruggedness
can be evaluated using a well-characterized lot of drug product with tight content uniformity,
but if this type of lot is not available, premeasured placebo and active ingredients may be used
to identify intermediate precision.
The dissolution procedure on the same sample may be run by at least two different analysts
from the same laboratory, with each analyst preparing the standard solutions and the medium
and following the defined extraction/quantification procedure. Typically, the analysts use
different dissolution baths; spectrophotometers or HPLC equipment (including columns); and
autosamplers, and they perform the test on different days. Full profiles are assessed where
relevant to the product. This procedure may not be necessary at each strength; instead,
bracketing with high and low strengths may be acceptable.
Acceptance criteria for intermediate precision or for ruggedness are predetermined. A typical
acceptance criterion for ruggedness is that the difference in the mean value for dissolution
results between any two conditions, using the same strength, does not exceed an absolute
10% at time points with <85% dissolved and does not exceed 5% for time points >85%.
Acceptance criteria may be product specific, and other statistical tests and limits may be used.
5.4.3 REPRODUCIBILITY
Reproducibility follows the general concepts of intermediate precision, but is performed by two
different analysts at different labs.
5.5 Robustness
Evaluation of robustness, which assesses the effect of making small, deliberate changes to the
dissolution conditions, typically is done later in development of the drug product and is a
requirement for full method validation. It is performed using a well-characterized lot of drug
product with tight content uniformity. The number of replicates (typically 3 or 6) is dependent
on the intermediate precision. All profile points should be evaluated.
Selection of parameters to be varied depends on the dissolution procedure and analysis type.
The parameters may include medium composition (e.g., buffer or surfactant concentration, pH,
deaeration), volume, agitation rate, sampling time, and temperature. Statistical analysis of the
data generated will help determine the extent to which the parameters must be controlled in
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the method. The robustness assessment is well suited to Design of Experiments (DoE)
methodologies to efficiently investigate the impact of the individual parameters and/or their
interaction.
Robustness of analytical finish is referenced in chapter 1225 . HPLC analysis parameters may
include mobile phase composition (percentage organic, buffer concentration, pH), flow rate,
wavelength, column temperature, and multiple columns (of the same type). For
spectrophotometric analysis, the wavelength may be varied.
5.6 Stability of Standard and Sample Solutions
The standard solution is stored under conditions that ensure stability. The stability of the
standard is analyzed over a specified period of time (for at least the time of the entire
dissolution procedure), using a freshly prepared standard solution at each time interval for
comparison. The acceptable range for standard solution stability is influenced by the
concentration and is typically between 98% and 102% at the expected final concentration.
The sample solution is typically stored at room temperature. The sample is analyzed over a
specified period of time, using the original sample solution response for comparison. The typical
acceptable range for sample solution stability may be between 98% and 102%, compared with
the initial analysis of the sample solutions. If the solution is not stable, aspects to consider
include temperature (refrigeration may be needed), light protection, and container material
(plastic or glass).
The procedure may state that the standards and samples need to be analyzed within a time
period demonstrating acceptable standard and sample solution stability.
5.7 Considerations for Automation
Automated methods offer opportunities for increased precision and reproducibility; however,
bias may be introduced. In particular, the sampling probe and the sample lines warrant
attention as places where inaccuracies may occur. Deviations from the procedure described in
711 , such as resident sampling probes, sampling through the stirring element shaft (hollowshaft sampling), or fiber-optic probes, should be validated. Other aspects of automation
validation may include carryover of residual drug, effect of an in-residence probe, adsorption of
drug, and cleaning and/or rinse cycles.
Manual and automated procedures should be compared to evaluate the interchangeability of
the procedures. This is done by performing two automated runs at each dosage concentration,
using all sampling points, compared to manually sampled runs of the same samples. The effect
of the in-resident probe cannot be determined by sampling both ways from the same vessel.
Results should be consistent with the requirements for intermediate precision if the procedures
are to be considered interchangeable. The difference in the mean value for dissolution results
between any two conditions using the same strength should not exceed an absolute 10% at
time points with <85% dissolved nor exceed 5% for time points >85%. Acceptance criteria may
be product specific, and other statistical tests and limits may be used.
Revalidation may be necessary when the automated system is used with different formulations
because of the interaction with excipients. Dissolution media containing surfactants or lipids
may require additional validation efforts.
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6.ACCEPTANCE CRITERIA
The acceptance criteria should be consistent with historical data. There is an expectation that
acceptable batches will have results that fall within the acceptance criteria and that all
manufactured batches should have similar dissolution behavior. The acceptance criteria and
time point(s), therefore, should discriminate between an acceptable and an unacceptable
batch. In addition, the dissolution test results are viewed as a link to the pivotal clinical trial
batches. When changes in dissolution rate have been shown to affect bioavailability
significantly, the dissolution test and acceptance criterion should distinguish batches with
unacceptable bioavailability (15). Likewise, when changes in the formulation and manufacturing
process significantly affect dissolution and such changes are not controlled by another aspect
of the specification, the dissolution test and criteria should distinguish these changes.
6.1 Immediate-Release Dosage Forms
Although release and stability data are collected during dosage form development, it is common
to record the entire dissolution profile or the amount of drug dissolved at specified intervals,
such as 10, 20, 30, 40, 50, and 60 min or 15, 30, 45, and 60 min. At registration, dissolution for
an immediate-release tablet usually becomes a single-point test. The acceptance criterion and
test time are established by evaluating the dissolution profile data. The acceptance criterion
for a dissolution test is a function of Q, which is expressed as a percentage of label claim of
drug dissolved at a specified time. Typical Q values are in the range of 75%–80% dissolved. Q
values in excess of 80% are not generally used because allowance needs to be made for assay
and content uniformity ranges.
6.2 Delayed-Release Dosage Forms
The discussion about dissolution of delayed-release dosage forms in 711 focuses on entericcoated dosage forms, which is the most common delayed-release dosage form. A dissolution
test for a delayed-release tablet or capsule is a two-part test, and each part has acceptance
criteria. First, the dosage forms are exposed to an acid medium, followed by exposure to a
buffer medium. To ensure that the enteric coating performs properly, a “NMT” acceptance
criterion is indicated in 711 for the acid stage. The medium used for an acid stage is usually
0.1 N HCl, and the duration of this stage is typically 2 h. The dosage forms are then exposed to
a buffer medium, usually 0.05 M phosphate buffer at pH 6.8, but other buffers and pH targets
may be used if justified. The duration of the buffer stage is usually 45 min for compendial tests,
but this duration may vary, depending on the drug product. As with immediate-release dosage
forms, a Q value and time point are determined by evaluating the entire dissolution profile.
6.3 Extended-Release Dosage Forms
A dissolution test for an extended-release dosage form is generally similar to that used for an
immediate- or delayed-release drug product, except that the duration of the test is longer, and
at least three time points are specified for pharmacopeial purposes (16). Additional sampling
times may be required for drug approval purposes. An early time point, usually 1–2 h, is chosen
to show that dose dumping is not probable. An intermediate time point is chosen to define the
in vitro release profile of the dosage form, and a final time point is chosen to show essentially
complete release of the drug (16). The time points for the test should be determined by
evaluating the dissolution profile across the desired test duration. Often, additional time points
are obtained during dosage form development to aid with selecting the appropriate time points
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for the specification or monograph.
As with an immediate- or delayed-release drug product, the acceptance criteria and time points
for an extended-release drug product should discriminate between an acceptable and an
unacceptable batch. The acceptance criteria for the first stage of testing (L1 ) should be
established on the basis of available batch data (15–17). If human bioavailability data are
available for formulations exhibiting different release rates, then an in vitro/in vivo relationship
may be used to establish acceptance criteria (15–17). Acceptance criteria for the second (L2 )
and third (L3 ) stages are derived from the L1 criteria using Acceptance Table 2.
6.4 Multiple Dissolution Tests
Typically, monographs for extended-release dosage forms contain multiple dissolution tests
representing specific products. In accordance with General Notices 4.10.10 Applicability of Test
Procedures, the appropriate test is indicated on the product labeling. For example, the USP
monograph for Oxycodone Hydrochloride Extended-Release Tablets (18) lists two dissolution
tests, each of which has either three or four time points. If the tablets are analyzed using Test
2 and the dissolution results comply with the criteria provided in the monograph, the labeling for
these tablets can indicate that the tablets meet USP Dissolution Test 2. Multiple dissolution
tests also can be found in monographs for immediate- and delayed-release dosage forms. For
example, the USP monographs for Levothyroxine Sodium Tablets and Pantoprazole Sodium
Delayed-Release Tablets provide four dissolution tests (19, 20).
6.5 Interpretation of Dissolution Results
The Interpretation section of 711 discusses immediate-, delayed-, and extended-release
dosage forms. The discussion for each of these release patterns is expanded here with
examples to assist with applying the criteria during the various stages of testing. Understanding
how these criteria are applied will assist in setting appropriate acceptance criteria.
6.5.1 IMMEDIATE-RELEASE DOSAGE FORMS
The dissolution test is a staged test of three levels. In the first level of testing called S1 , six
dosage forms are tested. Each dosage form must be Q + 5% (absolute percentage points)
dissolved at a specified time. For example, the time and tolerances in a monograph would be:
Time: 30 min
Tolerances: NLT 80% (Q) of the labeled amount of “drug substance” is dissolved.
If the Q value for a 200-mg label claim (LC) immediate-release tablet is specified as 80% and
the time point is 30 min, then NLT 85% LC (170 mg) of the drug substance in each tablet must
be dissolved at 30 min.
If this criterion is not met, then 6 additional tablets are tested at level 2 (S2 ). To pass the S2
acceptance criteria, the average of all 12 tablets must be equal to or greater than Q (80% LC;
160 mg in the above example), and no tablet has less than Q – 15% (65% LC; 130 mg in the
above example).
If these criteria are not met, then level 3 or S3 testing must be performed by testing 12
additional tablets. To pass S3 , the average of all 24 tablets must be equal to or greater than Q
(80% LC in the above example). Two additional criteria must be met as well: 1) no more than 2
tablets are less than Q – 15% (65% LC in the above example), and 2) no tablet is less than Q –
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25% dissolved (55% LC; 110 mg in the above example.)
6.5.2 DELAYED-RELEASE DOSAGE FORMS
An aliquot of the acid medium from each vessel is analyzed at the end of the acid stage. For
the acid stage, the acceptance criteria have three levels. Level 1 (A1 ) testing is passed if no
individual value exceeds 10% dissolved. If the A1 criteria are not met, then the dissolution test
is performed on 6 additional dosage forms for level 2 (A2 ) testing. Level A2 criteria are passed if
the average of all 12 dosage forms in the acid stage is NMT 10% dissolved and if no individual
dosage form is more than 25% dissolved. Level 3 testing is performed if the A2 criteria are not
met. The A3 criteria are passed if the average of all 24 dosage forms in the acid stage is NMT
10% dissolved and if no individual tablet is more than 25% dissolved. For the special case in
which the solubility of the drug in an acidic medium because of conversion to the free acid is
too low to support an acceptance criterion of not more than 10% the drug product should be
exposed to the acid stage for the defined duration and then exposed to the buffered medium.
Alternate acceptance criteria for the acid stage based on drug solubility may be justified.
For delayed-release dosage forms, the total percentage dissolved is determined by adding the
measured amounts in the acid and buffer phases for each individual dosage form. These
calculated values are then compared to staged acceptance criteria (B1 , B2 , and B3 ) that are
based on a Q value. The B1 , B2 , and B3 criteria are identical to those for the immediate release
S1 , S2 , and S3 criteria.
6.5.3 EXTENDED-RELEASE DOSAGE FORMS
In the following hypothetical example, which is used to describe the criteria for an extendedrelease dosage form, the time points are 1, 4, and 8 h. The acceptance range for each time
point is as follows:
Between 24% and 44% LC drug substance dissolved at 1 h;
Between 56% and 76% LC drug substance dissolved at 4 h; and
NLT 85% LC drug substance dissolved at 8 h.
Acceptance ranges are often expressed in tabular form in the USP–NF (see Table 3):
Table 3. L1 Criteria
Time
(h)
Amount Dissolved
1
24%–44%
4
56%–76%
8
NLT 85%
Six tablets are analyzed at Level 1 (L1 ); acceptance criteria are met if no individual value lies
outside each of the stated ranges, and no individual value is less than the percentage specified
for the final time point. If the L1 criteria are not met, then 6 additional tablets are analyzed at
level 2 (L2 ). The L2 criteria are met if these three conditions are met:
1. The average value of the 12 tablets lies within each of the stated ranges and is NLT
the stated range of the final time point.
2. None of the 12 tablets is >10% of the labeled content outside each of the stated
ranges.
3. None of the 12 tablets is >10% of the labeled content below the stated amount at the
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final test time.
For the above example, the L2 acceptance criteria for the 12 tablets (see Table 4) are as
follows:
Table 4. L2 Criteria
1h
4h
8h
Average
24%–44% 56%–76% NLT 85%
Individual Tablets 14%–54% 46%–86% NLT 75%
If the L2 criteria are not met, then 12 additional tablets are tested at level 3 (L3 ). The L3
criteria are met if these five conditions are met:
1. The average value of the 24 tablets lies within each of the stated ranges and is NLT
the stated range of the final time point.
2. NMT 2 of the 24 tablets are >10% of labeled content outside each of the stated
ranges.
3. NMT 2 of the 24 tablets are >10% of the labeled content below the stated amount at
the final test time.
4. None of the 24 tablets is >20% of the labeled content outside each of the stated
ranges.
5. None of the 24 tablets is >20% of the labeled content below the stated amount at the
final test time.
The L3 acceptance criteria for the 24 tablets in the above example are summarized in Table 5:
Table 5. L3 Criteria
1h
4h
Average
24%–44%
56%–76%
NMT 2 tablets are outside the NMT 2 tablets are outside the
range of 14%–54%, and no
range of 46%–86%, and no
Individual individual tablet is outside the individual tablet is outside the
Tablets range of 4%–64%
range of 36%–96%

8h
NLT 85%
NMT 2 tablets
release <75% and
no individual tablet
releases <65%
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1152 Animal Drugs for Use in Animal Feeds. This new general information chapter is
proposed by the Pharmaceutical Dosage Forms Expert Committee. Proposed Animal Drugs for
Use in Animal Feeds

1152

replaces the section Veterinary Drugs and Drug Products

Delivered in Animal Feeds in Pharmaceutical Dosage Forms 1151 . The new chapter presents
naming conventions, labeling and packaging information and information on the preparation of
Type A medicated articles, and Type B and Type C medicated feeds. The definition of “dosage
form” provided in the Glossary of 1151 reads “A formulation that typically contains the
API(s) and excipients in quantities and physical form designed to allow the accurate and
efficient administration of the API to the human or animal patient”. This definition does not
apply to animal drug products intended for use in animal feeds. This mismatch is most notable in
the case of “free-choice” application (21 CFR 510.455), where the animals consume the
product without control on dosing. The information provided in proposed chapter
draws on 21 CFR sections 558.3 and 510.455.
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ANIMAL DRUGS FOR USE IN ANIMAL FEEDS
PURPOSE

This chapter provides general descriptions of, and definitions for, animal drugs and drug
products delivered in animal feeds. It discusses general principles involved in the manufacture,
packaging, and labeling of these drugs and drug products.
SCOPE
Medicated articles and feeds that are used to deliver animal drug(s) via the food given to
animals are discussed in this general information chapter. Drugs approved for further
manufacture into medicated animal feeds are not dosage form drugs. Dosage form drugs
administered with feeds are not medicated articles or feeds. Drug dosage forms are listed in
USP general chapter Pharmaceutical Dosage Forms 1151 .
Animal drugs approved for further manufacture into medicated animal feeds may be in either dry
or liquid form. They are sometimes referred to as premixes. The term “premix” is no longer used
for animal drugs for use in animal feeds but is still used in some older drug monographs. Animal
drugs in feeds are regulated as Type A medicated articles and Type B and Type C medicated
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feeds.
Type A Medicated Articles
Type A medicated articles [21 CFR 558.3(b)(2)] are concentrated forms of animal drugs
intended solely for further manufacture of other approved Type A medicated articles or Type B
or C medicated feeds. This means that Type A medicated articles cannot be fed directly to
animals. They consist of one or more animal drug(s) with or without a carrier (e.g., calcium
carbonate, rice hull, corn, gluten) and with or without other inactive ingredients. They can be
prepared in dry or liquid form. They are sold to feed mills or livestock producers and are
intended to be further diluted by mixing into feed before consumption by animals.
Type B Medicated Feeds
Type B medicated feeds [21 CFR 558.3(b)(3)] are intermediate medicated feeds for animals.
They are manufactured from either Type A medicated article(s) or other Type B medicated
feed(s) by dilution with non-medicated feed ingredients. In addition to the animal drug(s), Type
B medicated feeds contain a substantial quantity of nutrients that comprise NLT 25% of the
total feed weight. They can be prepared in dry or liquid form. Similar to Type A medicated
articles, Type B medicated feeds are intended only for further dilution by mixing into feed, and
they are not approved for feeding to animals.
Type C Medicated Feeds
Type C medicated feeds [21 CFR 558.3(b)(4)] are intended to be fed directly to animals. They
are manufactured from Type A medicated articles, Type B medicated feeds, or other Type C
medicated feeds diluted with non-medicated feed ingredients. Type C medicated feeds may be
prepared in dry or liquid form. Type C medicated feeds can be either fed as the complete feed
for the animals, top-dressed onto the animals' normal daily rations, or offered “free-choice” (21
CFR 510.455). Type C medicated feeds approved to be offered free-choice are not intended to
be fully consumed in a single feeding or to constitute the entire diet of the animals.
PREPARATION
Type A medicated articles in dry form are typically produced by blending the drug substance(s)
with carriers and other excipients to promote uniform mixing when subsequently added to the
animal feed. The drug substance(s) may first be mixed with an excipient (e.g., starch or sodium
aluminosilicate) that has a similar particle size and can help distribute the drug substance(s)
uniformly throughout the final mixture. This pre-blend may then be mixed with bulk excipients
(e.g., calcium carbonate or soybean hulls). The product may be granulated and/or oil (e.g.,
mineral oil, soybean oil) may be added to aid uniform distribution, to prevent particle
segregation during shipping, and/or to minimize formation of airborne drug substance particles
during production of another Type A medicated article or Types B or C medicated feeds.
Type A medicated articles in liquid form are produced by mixing the drug substance(s) with a
suitable solvent (e.g., water or propylene glycol). The drug substance(s) is usually dissolved to
produce a solution, but suspension products could be produced also.
Types B or C medicated feeds are typically manufactured at feed mills or on-farm by livestock

PF 40(1): Jan.-Feb. 2014

174

producers. To manufacture Types B or C medicated feeds in dry form, Type A medicated
articles are added to the feeds during the mixing process. Liquid Type A medicated articles may
be sprayed in at set rates, and dry Type A medicated articles are added using methods that
facilitate uniform distribution in the feeds. Types B and C medicated feeds in dry form may be
further processed by heating, steaming, and extruding into pellets. The pellets may be rolled or
broken up to create crumbles. Types B and C medicated feeds may also be prepared in liquid
form. Liquid feeds are typically molasses based and contain an animal drug(s) dissolved or
suspended in the liquid matrix. The liquid feed may need to be recirculated or agitated on a
routine basis to maintain a uniform distribution of the drug(s).
A Type B medicated feed may also be prepared by diluting another Type B medicated feed. A
Type C medicated feed may also be prepared by diluting a Type B medicated feed or another
Type C medicated feed.
LABELING AND PACKAGING
Labeling for Type A medicated articles and Types B and C medicated feeds provides all
information necessary for their safe and effective use. The label for a Type A medicated article
includes mixing directions for the manufacture of medicated feeds from the Type A medicated
article and feeding directions for the Type C medicated feeds. The label for a Type B medicated
feed provides mixing directions for the manufacture of medicated animal feeds. Labels for both
Type A medicated articles and Type B medicated feeds indicate that they are not to be fed
directly to animals. The label for Type C medicated feeds includes directions for feeding.
Type A medicated articles are packaged in bags (e.g., paper with polyethylene liners) for dry
products or in appropriate containers (e.g., plastic) for liquids. Typical sizes are 50-lb bags or
several-gallon containers. Dry Types B and C medicated feeds may be packaged in bags for
storage and delivery, or they may be shipped in bulk form for storage or immediate use. Freechoice Type C medicated feeds may be packaged in bags (e.g., loose minerals), wrapped in film
(e.g., compressed blocks), or packaged in tubs (e.g., molded blocks). Liquid Types B and C
medicated feeds are stored and shipped in bulk in tanks.
NOMENCLATURE
The drug product's established (non-proprietary) name consists of the drug substance (active
moiety) and an appropriate type of medicated article or feed. The following nomenclature
options are available to indicate types of medicated articles or feeds as part of the product
established name:
[Drug]
[Drug]
[Drug]
[Drug]
[Drug]
[Drug]
[Drug]
[Drug]
[Drug]

Type
Type
Type
Type
Type
Type
Type
Type
Type

A medicated article
A liquid medicated article
B medicated feed
B liquid medicated feed
C medicated feed
C liquid medicated feed
C free-choice medicated feed
C liquid free-choice medicated feed
C top-dress medicated feed USP38

PF 40(1): Jan.-Feb. 2014

175

BRIEFING
1602 Spacers and Valved Holding Chambers Used with Inhalation Aerosols. This
new USP general information chapter addresses the testing of spacers and valved holding
chambers, which are widely prescribed for use with inhalation aerosols. It is a companion
chapter to Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry Powder Inhalers

601 .

The rationale for development of chapter 1602 was published in PF 37(4) [July–Aug. 2011].
In brief, regulatory agencies worldwide have increasingly recognized that spacers and valved
holding chambers modify pressurized metered dose inhaler (pMDI) aerosol plumes to the extent
that quality data should be required to correlate the performance of specific add-on device(s)
and products from pMDI drug product sponsors. The existing methods for evaluating inhalation
aerosols rely on sampling at a constant flow rate; however, spacers and valved holding
chambers are typically prescribed for patients who delay inhalation following inhaler actuation
(poor inhaler technique). Regardless of any delay, users, especially the young and elderly,
tidally breathe when inhaling their medication. Furthermore, these add-on devices are often
supplied with a facemask rather than the mouthpiece that is the norm for the inhalation
aerosol. This chapter addresses all of these aspects of their use by development of patient-use
appropriate procedures that have been evaluated extensively.
(GCDF: K. Zaidi.)
Correspondence Number—C133069

Comment deadline: March 31, 2014
Add the following:
1602

SPACERS AND VALVED HOLDING CHAMBERS USED WITH INHALATION
AEROSOLS
INTRODUCTION

Spacers and valved holding chambers (VHC) are widely used in conjunction with pressurized
metered dose inhalers (pMDIs) to administer inhalation aerosols to patients who have poor
coordination of inhaler actuation and inhalation. Patients using these devices breathe tidally
when inhaling their medication, regardless of any delay, and this is particularly true for young
and elderly users. Also, these add-on devices often come with a facemask instead of the
mouthpiece normally supplied for inhalation aerosols. These add-on devices interface with the
actuator/mouthpiece of the pMDI and provide additional volume for the aerosol plume to
develop. In this chapter, all of these aspects are addressed by providing patient-use
appropriate procedures that have been evaluated extensively.
While existing methods for evaluating inhalation aerosols rely on sampling at a constant flow
rate, spacers and VHCs are typically prescribed for patients who have poor inhalation
technique, i.e., they delay inhalation after actuating the inhaler. This chapter describes tests
that are intended to provide information on how the spacer/VHC modifies the aerosol emitted
by the inhaler.
Description of Common Spacers and VHCs
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Many spacers are open tubes that do not have a valve at the exit nearest the patient
interface (either mouthpiece or facemask) to retain the aerosol before the user can inhale
(Figure 1).

Figure 1. Open-tube spacer with no mechanism for aerosol conservation during exhalation.
Open-tube spacers simply increase the distance between the inhaler mouthpiece and the
mouth of the patient. If the patient exhales instead of inhaling, the medication will be blown
out of the spacer and thus will be lost.
VHCs contain at least one valve that opens to allow the patient to inhale aerosol on inspiration.
This inhalation valve remains closed at other times during each breathing cycle (Figure 2).
Some VHCs may also contain an exhalation valve that is open only during exhalation in order to
direct the exhaled flow away from the inhalation valve.
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Figure 2. Conventional valved holding chamber (VHC) with valve opening upon inhalation
accepting inhaler with forward-firing actuator-mouthpiece.
Some spacers and VHCs are designed with an integral actuator that accepts the inhaler
canister removed from its actuator-mouthpiece. This so-called “reverse firing” feature enables
the design to be modified such that the built-in actuator faces away from, rather than towards
the user. In the example illustrated in Figure 3, the spacer operates in this way. It has some of
the characteristics of a VHC, in that an air dam is created by closure of the valve located
distally from the user on exhalation into the chamber. This type of spacer can therefore be
evaluated as if it were a VHC, because the aerosol released on inhaler actuation is conserved
during exhalation.
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Figure 3. Holding chamber with reverse-firing integral actuator for inhaler canister.
VHCs are preferred to open-tube spacers, particularly for infants and small children, because
the VHC avoids the need for patient coordination.
Chapter Overview
The tests in Part 1 (see Figure 4) are an extension of the procedures described in chapter
Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry Powder Inhalers 601 . However,
sampling at a constant flow rate via a cascade impactor does not do more than enable
assessment of the aerodynamic particle size distribution of the emitted aerosol. Later parts of
the chapter describe tests in which tidal breathing is simulated, in order to assess spacer/VHC
performance in terms of total emitted mass, in ways that are more representative of patient
use. In Part 1A (see Figure 4), the purpose is to enable determination of metrics for which a
direct comparison can be made with and without the add-on device. This methodology is the
same as that described using either Apparatus 1 or Apparatus 6 in 601 , and is therefore not
repeated here. In Part 1B (see Figure 4), delayed sampling is introduced because add-on
devices, especially VHCs, are widely prescribed for individuals who, for whatever reason, are
unable to coordinate inhaler actuation with the onset of inhalation as described for the inhaler
alone in Patient Information and Instructions for Use.
The tests in Part 2 (see Figure 4) evaluate the performance of the inhalation valve (and
exhalation valve if equipped) of the add-on device. This evaluation is accomplished by
simulating tidal breathing, with parameters that are appropriate for the intended user. This
testing approach creates the continually varying flow conditions that are expected in use.
All of the above tests are undertaken with the facemask removed from the spacer/VHC
equipped with this type of patient interface. This modification is allowed so that the device can
be readily interfaced by fitting the mask adapter directly to the entry of the induction port,
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without the complication of a direct facemask-to-induction port connection whose internal
dead space would likely be both ill-defined and unrepresentative of the ‘in-use’ condition. It is
well known, however, that such spacers/VHCs with a facemask as the patient interface ideally
should be evaluated with the facemask in place. However, such in vitro testing requires the use
of a model face that is representative of the age range for which the spacer/VHC is intended.
It is also important that the surfaces of the face coming into contact with the facemask have
mechanical characteristics (i.e., deformability) that are representative of the skin and
underlying soft tissues when the facemask is applied to the face with an appropriate force. In
Part 3 (see Figure 4), the spacer/VHC is evaluated by breathing simulation with the facemask
fitted, mimicking similar fully coordinated use as defined in Part 2 (see Figure 4). By comparing
the emitted mass (EM) of drug with and without the use of a facemask, it is possible to assess
the influence of the facemask.
Note that not all of the tests described in this chapter are applicable to open-tube spacers.
Figure 4 shows the decision tree to be followed so that the tests chosen are appropriate to the
type of add-on device being evaluated.

Figure 4. Decision tree for test selection by add-on device type. [ Note— VHC is the valved
holding chamber; APSD is the aerodynamic particle size distribution; and EM is the emitted mass
of drug from the spacer or valved holding chamber.]
Table 1 further defines the test, method, applicable device, and clinical relevance of the
procedures that are described in this chapter. For the testing in Part 3 (see Figure 4), it is
recognized that currently there is no standardized series of models representing the most
widely recognized age categories for which this interface may be developed, namely infant,
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small child, and adult. However, several face models have been described in the peer-reviewed
literature or are in late-stage development and validation, and the user will therefore need to
select one of these models or develop their own, providing justification for the selection as
required.
Table 2 shows representative tidal-breathing patterns for the various patient age categories
from neonate to adult.

Test
Part 1A:
Measurement of
APSD and extra-fine,
fine, and coarse
subfractions
Part 1B:
Measurement of
APSD and extra-fine,
fine, and coarse
subfractions

Part 2: Measurement
of total EM—2-L
total volume
sampledb

Table 1. In Vitro Tests for Spacers and VHCs
Delay at
Constant
Flow
Rate
Breathing Simulation
Suitability

None

Not applicable

2 secondsa Not applicable

Not
applicable

Spacers and
VHCs

VHCs only

Filter collection of aerosol
simulating tidal breathing in
coordinated and
uncoordinated usec
VHCs only
Filter collection of aerosol
behind lips or at nares of
model, simulating tidal
breathing in coordinated
usec
VHCs only

Clinical
Relevance
Baseline
performance
compared with
inhaler alone
Simulation of a
short delay by
a poorly
coordinated
user
Simulation of
optimum use
(fully
coordinated
with inhaler
actuation) and
fully
uncoordinated
use
Simulation of
use with
facemask
applied with a
1.6 kg forced

Part 3: Measurement
of total EM delivered
Not
by facemask
applicable
a Other delay intervals may be used if validated and justified as required.
b The 2-L sample volume has been added for consistency with the proposed sample volume
for delivered dose uniformity in chapter 601 .
c Representative breathing patterns for different patient ages are listed in Table 2; other
patterns may be used if validated and justified as required.
d 1.6-kg applied force has been shown to be clinically appropriate, but the force used may
differ from this value as required or justified.
Table 2. Representative Tidal Breathing Patterns
Pediatric
Parameter
Tidal volume (mL)
Frequency (min 1)

Neonate
25
40

Infant
50
30

Small Child
155
25

Adult

Normal 1a
500
15

Normal 2a
770
12
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Duty cycle (%)b
25
25
33
33
33
Minute volume (mL)
1000
1500
3875
6500
9240
a Normal 1 represents a resting adult of average build; Normal 2 represents an active adult
of large build.
b Duty cycle = (inspiratory time/expiratory time) × 100 for regular tidal breathing.
[Note—With the permission of the Canadian Standards Association (operating as CSA Group),
material is reproduced from CSA Group standard, CAN/CSA-Z264.1-02 (R2011), “Spacers and
Holding Chambers for Use with Metered-Dose Inhalers” which is copyrighted by CSA Group,
5060 Spectrum Way, Suite 100, Mississauga ON, L4W 5N6. This material is not the complete
and official position of CSA Group on the referenced subject, which is represented solely by
the standard in its entirety. While use of the material has been authorized, CSA is not
responsible for the manner in which the data is presented, nor for any interpretations thereof.
For more information or to purchase standards from CSA Group, please visit
http://shop.csa.ca/ or call 1-800-463-6727.]
MEASUREMENT OF APSD AND SUBFRACTIONS WITH NO DELAY BETWEEN INHALER
ACTUATION AND SAMPLING ONSET
In Part 1A (see Figure 4), the measurement of APSD from the spacer or VHC with no delay
following actuation of the inhaler is defined as an important test of the optimum performance of
the device in the hands of the patient. This test also provides information with which to
compare the in vitro performance of the inhaler with and without the add-on device present.
If the spacer/VHC is intended for adult use, and comparison is being made with the inhaler
alone, follow the procedure given for Apparatus 1 or Apparatus 6, as required, in Particle Size,
Aerodynamic Size Distribution in 601 . Apparatus 1 is the Andersen 8-stage “nonviable”
cascade impactor (ACI) without preseparator, and Apparatus 6 is the Next Generation Impactor
(NGI), also without preseparator. Alternatively, the model 150 Marple-Miller impactor (MSP
Corp., St. Paul, MN) that has the same stage cut-point sizes at 30 L/min as those of Apparatus
2 may be used.
If the spacer/VHC is intended for neonates, infants, or small children, it is appropriate to use an
alternative apparatus that operates at the reduced flow rate(s) more appropriate for these
classes of patients. Examples are Apparatus 6 operated at 15 L/min or the pediatric version of
Apparatus 2 (model 150P Marple-Miller impactor) that functions at either 4.9 L/min or 12.0
L/min.
Carry out the evaluation with the mouthpiece of the spacer or VHC, if so equipped, connected
to the test apparatus. If the spacer or VHC is equipped with a facemask, remove the facemask
and perform the evaluation with the add-on device connected to the test apparatus by means
of the facemask adapter.
In the group of VHCs to be tested, remove each device from its packaging (if supplied), and
prepare it for the test by prewashing in accordance with the manufacturer's instructions, if so
indicated. If no instructions for preparation are provided, test the device out of package
without prewashing, and note this information in the test report.
Connect the spacer or VHC via the mouthpiece or facemask adapter to the entry to the
induction port described in Particle Size, Aerodynamic Size Distribution in 601 . This
connection can be made either with a short piece of flexible tubing or with purpose-built
coupling that ensures on-axis alignment with the entry to the induction port. If flexible tubing is
used for this connection, ensure that the add-on device is supported in such a way that its
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long axis aligns with the axis of the induction port entry.
Verify that the coupling is leak-tight. This check is most easily done by first connecting a
Rotameter-type flow meter to the entry of the induction port and verifying that the flow rate
specified for the test is within ±5% of the desired flow rate, applying a vacuum to the test
apparatus by means of an appropriate regulation valve located between the cascade impactor
and vacuum source. Remove the flow meter from the induction port and connect the
spacer/VHC as described above. Verify that the volumetric flow rate determined by attaching
the same flow meter to the inhaler mouthpiece acceptance port of the spacer/VHC is no less
than 95% of that obtained previously. Turn off the source of vacuum to this apparatus after
this check has been completed, and remove the flow meter, taking care not to disturb the
connection between the spacer/VHC and induction port.
The practice of actuating the inhaler with the spacer or VHC initially disconnected from the
induction port and then rapidly connecting the add-on device after inhaler actuation should be
discouraged, because there is always a small delay interval and medication will be lost in an
uncontrolled manner from an open-tube spacer if this procedure is followed.
Follow the directions in the Patient Information and Instructions for Use for the inhaler to prime
it before inserting into the inhaler adapter of the spacer/VHC. In the case of an add-on device
equipped with an integral actuator, after priming the pMDI canister in its mouthpiece adapter as
supplied, remove the canister from the adapter, and clean the external valve stem with a
suitable wipe. Insert the canister valve stem into the receptacle following the Instructions for
Use for the particular add-on device, taking care to avoid premature actuation.
In cases where more than one actuation of the inhaler is needed in order to collect sufficient
mass of drug product, follow the directions in the Patient Information and Instructions for Use,
or if no directions are provided, allow a minimum of 30 s between actuations. Turn on the
vacuum to the cascade impactor before delivering any actuations. It is important to deliver the
minimum number of actuations in order to obtain an adequate sample of the size-fractionated
drug mass for measurements to be made to the same degree of precision as would be the case
if the inhaler was evaluated alone.
After the inhaler actuation and aerosol sampling are completed, recover the drug from each
component of the cascade impactor, including the induction port, and also from within the
spacer/VHC by using a validated method appropriate to the product being measured. Carefully
remove the backup filter of the cascade impactor from its location, and place it in a suitable
container. For each sample, add a known volume of a suitable solvent to the container, and
agitate to dissolve the collected drug. Transfer a sample to a cuvette or vial for drug assay
using a syringe equipped with an in-line filter to retain any suspended material. Take care with
the recovery of drug retained by the add-on device, because a greater volume of solvent may
be needed, compared with volumes needed for recovery from each stage of the impactor.
Perform separate assays to measure the mass of drug recovered from each component, using a
validated procedure.
Repeat the measurement with the required number of devices and replicates per device.
Typically, five separate spacers or VHCs are each tested once, but other testing protocols may
be adopted if validated and justified as required. These protocols may include replicate
measurements per device to obtain information about intra- as well as interdevice performance.
Calculate the mean value for each metric described below, together with its standard deviation
(SD). Determine the coefficient of variation as a percentage, based on the formula (mean/SD)
× 100. This value is typically 15%. Values that exceed this limit may be indicative of
significant interdevice variability and should be investigated further.
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Determine the following quantities
Total mass of drug collected—The total mass of drug collected in all of the components,
including the inhaler mouthpiece and from within the spacer/VHC [material balance (MB)]
divided by the number of actuations of the inhaler; typically, this is NLT 80% and NMT 110% of
the target-delivered label claim. This is not a test of the product or add-on device, but serves
to ensure that the results are valid. Typically, up to 5% of the target-delivered label claim may
be retained by the apparatus as interstage wall losses.
The total mass of drug emitted—The total mass of drug emitted from the spacer/VHC with zero
seconds delay (total emitted mass, or TEM 0s ) is determined from the sum of the values for the
mass of drug collecting in all of the components of the test apparatus divided by the number of
actuations of the inhaler. This quantity is the same as SA defined in Particle Size, Aerodynamic
Size Distribution in 601 .
Total fine particle mass—The total fine particle mass (FPM 0s ) is the sum of the values for the
mass of drug found on the stages of the apparatus and the backup filter [or micro-orifice
collector (MOC) if Apparatus 6 is used] to the stage immediately before that which has its cutpoint size defining the boundary between fine and coarse particles. The choice of the stage is
appropriate for the drug being tested, but typically lies close to or at a 5-µm aerodynamic
diameter. If the chosen stage cut-point size does not coincide with this boundary, it is
necessary to construct the cumulative mass-weighted aerodynamic particle size distribution
(APSD).
Total coarse particle mass— The total coarse particle mass (CPM 0s ) is the difference between
TEM 0s and FPM 0s . This calculation assigns all of the mass of drug recovered from the induction
port to the coarse particle fraction. This assumption is likely imperfect, based on published data
concerning the performance of this component of the measurement apparatus, but it is close
enough to be a reasonable approximation of reality.
Total extra-fine particle mass—When required, the total extra-fine particle mass (EPM 0 s )
emitted from the spacer/VHC is determined separately from FPM 0 s . Extra-fine particles, whose
size is normally less than about 1.0-µm aerodynamic diameter, may be exhaled without
depositing in the respiratory tract or may deposit in the alveolar sacs and be absorbed into the
systemic circulation.
EPM 0 s is the sum of the mass of drug found on the stages of the apparatus and the backup
filter (or MOC if Apparatus 6 is used) to the stage immediately before that which has its cutpoint size either close to 1.0 m aerodynamic diameter or a size appropriate for the drug being
tested. If the chosen stage cut-point size does not coincide with this boundary, it is necessary
to construct the cumulative, mass-weighted APSD by using the procedure described in Particle
Size, Aerodynamic Size Distribution in 601 . From the APSD curve, EPM 0s is read from the
ordinate scale (cumulative mass of drug < stated size) corresponding to the value of 1.0 µm or
the chosen size on the abscissa scale (aerodynamic diameter). If 1.0 µm or the chosen stage
cut-point size coincides with the boundary, EPM 0s is the sum of the mass of drug found from
the filter to the stage immediately after the stage having that boundary cut-point size.
The coarse particle fraction (CPF 0s ) is calculated in percentage terms as follows:
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0s )

is the following:

The extra-fine particle fraction (EPF

0s )

is the following:

For a properly functioning spacer or VHC, FPF 0s will typically be > 60%, with CPF 0s
correspondingly < 40%. The magnitude of EPF 0s will depend on the APSD of the drug product
from the inhaler alone and will typically be < 20% FPF 0s , but may come close to 50% FPF 0s for
some solution formulations.
When it is required to compare the performance of the spacer/VHC with that of the metered
dose inhaler alone, the procedure described in Particle Size, Aerodynamic Size Distribution in
601 is used to acquire CPM MDI-alone, FPM MDI-alone, and EPM
In the case of a spacer, the following ratios are calculated:

MDI-alone.
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For a properly functioning spacer, R C 0 s will typically be 0.6, and both R f 0 s and R e 0 s
will be close to unity.
It is inappropriate to compare the ratios of the emitted subfractions from a VHC with the
equivalent values from the MDI alone at this condition, because this type of add-on device is
prescribed for individuals who cannot coordinate inhaler actuation with the onset of inhalation
(so-called perfect coordination). Under these circumstances, the comparison is made after one
or more appropriate delay intervals have passed in the tests involving the VHC; the timing and
number of these delay intervals will depend on the requirements in force.
MEASUREMENT OF APSD AND SUBFRACTIONS WITH DELAY BETWEEN INHALER
ACTUATION AND SAMPLING ONSET
[Note—This test is inappropriate for spacers.]
This test requires the adaptation of USP's Apparatus 1 and Apparatus 6 to accept a means by
which the delay interval can be realized. The actuation of the inhaler into the VHC on test with
its mouthpiece or facemask adapter disconnected from the entry to the induction port, followed
by connection to the port with the vacuum applied to the apparatus immediately after the
delay interval has elapsed, is difficult to perform accurately and may result in leakage or an
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inaccurate realization of the delay interval. For these reasons, an apparatus of the type
described in schematic form by Figure 5 is recommended, as it enables the VHC
mouthpiece/facemask adapter to remain in position throughout the measurement. The
methodology for delay testing is based on the apparatus illustrated, but other equipment
offering similar capability may be used if validated and justified as required.
The operation of this apparatus is as follows. The vertically mounted shutter plate comprises a
circular opening in its upper half and is mounted at setup such that the gap between the VHC
mouthpiece/facemask adapter and induction port entry is closed, as illustrated. The induction
port and VHC adapter fit tightly into the mounting block. In this position, when vacuum is
applied to the test apparatus, air is sampled by the apparatus at the desired flow rate via a
bypass channel on the side of the adapter facing the induction port. This arrangement avoids
the need to start flow through the apparatus after the delay interval has elapsed, so that the
cascade impactor is always operated at constant flow rate.

Figure 5. “Delay” apparatus shown with a Ph.Eur./USP induction port and 8-stage Andersen
cascade impactor.
In the configuration described in Figure 5, when the inhaler is actuated, a microphone located
on the adapter block detects the sound emitted at actuation of the inhaler, starting a timer
that operates a solenoid valve that retracts a pin immediately after the preset delay interval
has expired. This process permits gravity to operate on the shutter, which drops to the lower
position in which the aperture is aligned with the VHC mouthpiece/facemask adapter and
induction port entrance. The aerosol retained within the VHC is sampled as soon as the shutter
moves to the ‘open’ position. This procedure avoids the risk of capturing any “blow-by” aerosol
that might escape the VHC as the propellant expands immediately following inhaler actuation,
but would not be inhaled by a user. In the configuration shown, the adapter introduces less
than 5 mL of additional volume to the aerosol pathway from the VHC to the filter, and the
minimum delay interval achievable is 1 s.
A 2-s delay interval is assumed for the purpose of this methodology, although other delay
interval(s) may be substituted if validated and justified as required.
Securely attach the exit port from the delay apparatus to the entry of the induction port.
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Connect the VHC via the patient interface (mouthpiece or facemask adapter) to the entry port
of the delay apparatus and verify that the coupling is leak-tight. This check is most easily done
by connecting a Rotameter-type flow meter to the port for the inhaler (inhaler adapter) on the
VHC and verifying that the volumetric flow rate is NLT 95% of that obtained with the same flow
meter connected to the entry of the induction port. This should be done before attaching the
delay apparatus, with the vacuum source applied to the test apparatus to achieve the
appropriate nominal flow rate. Turn off the vacuum source to this apparatus after this check
has been completed, and remove the flow meter. Reconnect the VHC, and turn on the vacuum
source again.
Before actuating the inhaler for the first time into the VHC being tested, ensure that the delay
apparatus is set such that the shutter is in the “up” or closed position. Select a 2-s delay
interval for the timer.
Follow the directions in the Patient Information and Instructions for Use before inserting the
actuator/mouthpiece of the inhaler into the inhaler adapter of the VHC prior to the first
actuation into the test apparatus. If the spacer/VHC is designed with an integral actuator,
after priming the pMDI canister in its mouthpiece adapter as supplied, remove the canister from
the adapter and clean the external valve stem with a suitable wipe. Insert the canister valve
stem into the receptacle following the Instructions for Use for the particular add-on device,
taking care to avoid premature actuation.
In cases where more than one actuation of the inhaler is needed in order to collect sufficient
mass of drug product, follow the directions in the Patient Instructions, or if no direction is
provided, allow a minimum of 30 s between actuations. Deliver the minimum number of
actuations needed to obtain an adequate sample of the size-fractionated drug mass so that
measurements can be made to the same degree of precision as if the inhaler was evaluated
alone. Reposition the shutter of the delay apparatus in the “up” or closed position, and check
that the timer is set for a 2-s delay after each inhaler actuation.
After the sampling part of the measurement is completed, recover the drug from each
component of the cascade impactor, including the induction port, and from within the
spacer/VHC by using a validated method appropriate to the specific product. In the
configuration shown in Figure 5, the surface area of the shutter that is exposed to aerosol
particles is minimal. Therefore, recovery of drug from this component only needs to be done for
the most accurate work, in which case the inner surfaces of the aperture in the shutter plate
and the exit port are washed with recovery solvent. Take care with the recovery of drug
retained by the VHC, because a greater volume of solvent than is needed for recovery from
each stage of the impactor may be needed in order to be sure that drug is quantitatively
recovered. Assay for the mass of drug recovered from each component separately by using a
validated procedure.
Repeat the measurement with the required number of devices and replicates per device.
Typically, five separate spacers or VHCs are each tested once, but other designs including
replicate measurements per device may be adopted if validated and justified as required.
Calculate the mean values for each metric described below, together with its SD. Determine the
coefficient of variation as a percentage, based on the (mean/SD) × 100. This value is typically
15%. Values greater than this limit may be indicative of significant interdevice variability that
should be investigated further.
Determine the following quantities
Total mass of drug collected—The total mass of drug collected in all of the components,
including the inhaler mouthpiece and from within the spacer/VHC (material balance) is divided
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by the number of actuations of the inhaler. This material balance typically is NLT 75% and NMT
110% of the target-delivered label claim. Although it is desirable to determine the material
balance as a system suitability check, a wider limit for the lower boundary is appropriate for
this quantity for measurements in which delayed sampling from the inhaler is introduced,
compared with the no-delay situation described in Part 1A (see Figure 4). The component of
the dose that may escape past the inhalation valve of the VHC on inhaler actuation (due to
momentary pressurization of the interior of the chamber) is termed “blow-by,” and it may not
be captured for the assay.
Total fine particle mass—The total fine particle mass (FPM 2s ) is the sum of the mass of drug
found on the stages of the apparatus and the backup filter (or MOC if Apparatus 6 is used) to
the stage immediately before that which has its cut-point size defining the boundary between
fine and coarse particles. The choice of the stage is appropriate for the drug being tested, but
typically lies close to or at a 5-µm aerodynamic diameter. If the chosen stage cut-point size
does not coincide with this boundary, it is necessary to construct the cumulative massweighted APSD by using the procedure described in Particle Size, Aerodynamic Size Distribution
in 601 . From the APSD curve, FPM 0s is read from the ordinate scale (cumulative mass of
drug less than the stated size) corresponding to the value of 5 µm or the chosen size on the
abscissa scale (aerodynamic diameter). If 5 µm or the chosen stage cut-point size coincides
with the boundary, FPM 2s is the sum of the mass found from the filter to the stage immediately
after the stage having that boundary cut-point size.
Total coarse particle mass—The total coarse particle mass (CPM 2s ) is the difference between
TEM 2s and FPM 2s . This calculation assigns all of the mass of drug recovered from the induction
port to the coarse particle fraction, an assumption that is likely imperfect, based on published
data concerning the performance of this component of the measurement apparatus, but it is
close enough to be a reasonable approximation of reality.
Total extra-fine particle mass—When required, the total extra-fine particle mass (EPM 2s )
emitted from the spacer/VHC is determined separately from FPM 2s . Extra-fine particles, whose
size is normally less than about 1.0 µm aerodynamic diameter, may be exhaled without
depositing in the respiratory tract or may deposit in the alveolar sacs and be absorbed into the
systemic circulation. EPM 2s is the sum of the mass of drug found on the stages of the
apparatus and the backup filter or MOC to the stage immediately before that which has its cutpoint size either close to a 1.0-µm aerodynamic diameter or a size appropriate for the drug
being tested. If the chosen stage cut-point size does not coincide with this boundary, it is
necessary to construct the cumulative mass-weighted APSD by using the procedure described
in Particle Size, Aerodynamic Size Distribution in 601 . From the APSD curve, EPM 0s is read
from the ordinate scale (cumulative mass of drug less than the stated size) corresponding to
the value of 1.0 µm or the chosen size on the abscissa scale (aerodynamic diameter). If 1.0 µm
or the chosen stage cut-point size coincides with the boundary, EPM 0s is the sum of the mass
of drug found from the filter to the stage immediately after the stage having that boundary
cut-point size.
The coarse particle fraction (CPF

2 s)

is calculated in percentage terms as the following:
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The fine particle fraction (FPF

2 s)

is the following:

The extra-fine particle fraction (EPF

For a properly functioning VHC:
a. CPF 2 s < CPF 0 s
b. FPF

2s

0.8 FPF

0s

c. EPF

2s

0.8 EPF

0s

d. 0.8

and

2s )

is the following:
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1.1 and 0.8

1.1
Calculate the ratio, R f

2 s

for the VHC:

Calculate the corresponding ratio for the pMDI alone (R f

MDI-alone):
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Determine the index of aerosol quality (I 2s ) with a 2-s delay of the VHC:

I 2s is typically >1.0 if the VHC is effective at all and will normally be

10.

TOTAL MASS OF DRUG DELIVERED FROM A SPACER/VHC WHILE SIMULATING PATIENT
TIDAL BREATHING
Cascade impactors used in the assessment of APSD are designed to operate at fixed flow rates.
However well the add-on device may perform during an in vitro test of function using such an
apparatus, the operation of critical moving components (i.e., inhalation and exhalation valves of
VHCs) is not evaluated in the way that these components would perform when the VHC is used
by the patient. An additional test that simulates tidal breathing is therefore included, because
this type of respiratory pattern is most commonly encountered with patients using this type of
add-on device, particularly neonates, infants, and children who are incapable of a forced
inhalation maneuver. Several representative, age-related breathing patterns are listed in Table
2.
There is no breathing simulator recognized in Particle Size, Aerodynamic Size Distribution in
601 . However, general information chapter Products for Nebulization—Characterization Tests
1601 provides for the use of a commercially available breathing simulator that is able to
generate the same breathing profiles as those specified in Table 2. The methodology provided
here assumes that equipment meeting this standard is available. Figure 6 illustrates
schematically a setup that has been effective for these measurements, but other
configurations may be used if validated and justified as required.
The filter system used to collect the aerosol at the mouthpiece/facemask adapter of the
spacer/VHC should be a suitably validated low-resistance filter capable of quantitatively
collecting the aerosol and enabling recovery of the drug substance with use of an appropriate
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solvent. If the filter is contained in its own housing, the dead volume of the filter casing shall
not exceed 10% of the tidal volume used in the breath simulation. This restriction will likely
make it necessary to use filters without a separate housing when performing tests that
simulate neonatal or infant use.
The first part of the test is suitable for both spacers and VHCs, as it simulates the delivery of
medication mimicking a fully coordinated user actuating the inhaler at the onset of inhalation.
However, the second part of the test is only suitable for VHCs because the inhaler is actuated
at the onset of exhalation in order to simulate a fully uncoordinated user.

Figure 6. VHC evaluation by breathing simulator.
Test, Part 1
Set the breathing simulator to the required breathing pattern (identified from Table 2) in
accordance with the manufacturer's instructions. Alternative breathing patterns may be used if
required. Ensure that the simulator has been calibrated before use so that the actual volumes
and frequency are within ±5% of the indicated value during each breathing cycle. Calibration
syringes are available from various suppliers of mechanical ventilation equipment to verify
volumes. To verify frequency, the method varies among breathing simulator manufacturers, and
therefore the advice of the particular supplier/manufacturer should be sought if the method is
not explicitly stated in the Operating Instructions for the apparatus.
Ensure that the selected flow waveform from the breathing simulator is stable before
proceeding. Remove each device in the group of spacers or VHCs to be tested from its
packaging (if supplied), and prepare for the test by prewashing in accordance with the
manufacturer's instructions if indicated. If no instructions for preparation are provided, test the
devices out of package without prewashing and note this fact in the test report.
Connect the mouthpiece or facemask adapter of the spacer/VHC to the appropriate port of the
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breathing simulator by means of a short length of flexible hose. Locate the aerosol filter as
close as possible to the mouthpiece of the spacer/VHC using an adapter or other means that
will enable an airtight seal to be formed with the minimum amount of space (dead volume)
between the device and the filter. Ensure that the adapter does not restrict the path of the
aerosol.
FiltreteTM (3M Corp, St. Paul, MN) is a suitable electret filter medium that readily releases
collected drug quantitatively upon addition of a suitable solvent during the assay procedure.
However, other suitable filter media may be used provided that the tester is satisfied that the
filter is capable of collecting the entire emitted dose and that drug recovery for assay is
quantitative.
Follow the directions in the Patient Information and Instructions for Use for the inhaler to prime
it before inserting into the inhaler adapter of the spacer/VHC prior to the first actuation into
the test apparatus. In the case of an add-on device equipped with an integral actuator, after
priming the pMDI canister in its mouthpiece adapter as supplied, remove the canister from the
adapter, and clean the external valve stem with a suitable wipe. Insert the canister valve stem
into the receptacle by following the Instructions for Use for the particular add-on device,
taking care to avoid premature actuation. This test typically should require only one actuation
of the inhaler into the spacer/VHC per determination. However, for certain highly potent
products delivering low unit mass of drug per actuation, more than one actuation of the inhaler
may be needed in order to collect sufficient mass of drug product. Under such circumstances,
follow the directions in the Patient Information and Instructions for Use for the inhaler, or allow
a minimum of 30 s between actuations if no direction is provided. It is important to deliver the
minimum number of actuations in order to obtain an adequate sample of the drug mass for
measurements to be made with acceptable precision.
For the first part of the test, perform a single actuation timed to coincide with the beginning of
an inhalation. Allow sampling to occur for five further breathing cycles (for adults), or allow a
minimum of 15 s to elapse (for neonates, infants, or children). If the sampling time is more than
15 s, note and report the elapsed time. If additional actuations are required to improve
analytical sensitivity, ensure that the sampling time is of sufficient length for the spacer/VHC to
be emptied of remaining aerosol before the next actuation is delivered, and do not disconnect
the spacer/VHC from the breathing simulator between actuations.
Remove the filter carefully from its location, and place it in a suitable container. Add a known
volume of a suitable solvent to the container, and agitate to dissolve the collected drug.
Transfer a sample to a cuvette or vial for drug assay using a syringe equipped with an in-line
filter to retain any suspended material. Recover the mass of drug from the filter by using a
validated procedure appropriate to the specific product, and assay for the mass of drug
collected by using a validated procedure. Calculate the total mass of drug per actuation; this is
the emitted mass in the “fully coordinated” condition (EM c). Repeat the measurement with the
required number of devices and replicates per device.
Test, Part 2
[Note—The second part of this test is inappropriate for spacers.] For the second part of the
test, either clean the VHC between measurements, or evaluate a new VHC out of its
packaging, as required and justified. Report whether cleaning or replacement of the VHC was
carried out. Repeat the procedure above in Test, Part 1 with the same VHC, this time actuating
the inhaler timed to coincide with the onset of exhalation. Calculate the total mass of drug per
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actuation; this is the EM in the “fully uncoordinated” condition (EM uc). Repeat the
measurement with the required number of devices and replicates per device.
Construct a table of data showing the mass of drug collected on the filter for each individual
measurement of EM c and EM uc. Calculate the mean and SD for each group of measurements.
In the example shown in Table 3, there are three separate VHCs (VHC-1, VHC-2, and VHC-3),
each tested three times (R1, R2, and R3) for each condition.
Table 3. Emitted Mass of Drug with VHC Evaluated by Tidal Breathing Simulator
VHC-1
VHC-2
VHC-3
Group
Condition

R1

R2

R3

R1

R2

R3

R1

R2

R3

Mean

EMc1- EMc1- EMc1- EMc2- EMc2- EMc2- EMc3- EMc3- EMc31

2

3

1

2

3

1

2

SD
SDc

3

Coordinated
EMuc1- EMuc1- EMuc1- EMuc2- EMuc2- EMuc2- EMuc3- EMuc3- EMuc3-

SDuc
1
2
3
1
2
3
1
2
3
Uncoordinated
With the permission of the Canadian Standards Association (operating as CSA Group), material
is reproduced from CSA Group standard, CAN/CSA-Z264.1-02 (R2011), “Spacers and Holding
Chambers for Use with Metered-Dose Inhalers”, which is copyrighted by CSA Group, 5060
Spectrum Way, Suite 100, Mississauga ON, L4W 5N6. This material is not the complete and
official position of CSA Group on the referenced subject, which is represented solely by the
standard in its entirety. While use of the material has been authorized, CSA is not responsible
for the manner in which the data is presented, nor for any interpretations thereof. For more
information or to purchase standards from CSA Group, please visit http://shop.csa.ca/ or call
1-800-463-6727.
However, other designs may be used if validated and justified as required.
Calculate the coefficient of variation as a percentage for each metric (CV c and CV
ratios:

uc)

from the

and
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for
the coordinated and uncoordinated conditions, respectively.
These coefficients of variation are typically 15%. If either or both of these values are
greater than this limit, the result(s) may be indicative of significant intra- or inter-device
variability that should be investigated further.
From the mean values of EM c and EM uc for the batch of VHCs being evaluated, calculate the
quality ratio Q, where:

, and 0 < Q < 1.0.
The lower extreme for Q represents total loss of aerosol when actuation is timed to coincide

PF 40(1): Jan.-Feb. 2014

196

with exhalation, and the upper limit indicates that VHC performance is unaffected by breathing
asynchrony. Q will normally be

0.5 for an effective VHC.

TOTAL MASS OF DRUG DELIVERED FROM A SPACER/VHC WITH FACEMASK WHILE
SIMULATING PATIENT TIDAL BREATHING
The purpose of this test is to provide confirmation that the emitted mass from a spacer/VHC
equipped with facemask is comparable to that obtained in the fully coordinated simulation with
the facemask removed. Facemasks are widely prescribed for infants, small children, and adults
who lack coordination to use a mouthpiece-based product. The evaluation of spacers/VHCs
supplied with a facemask rather than a mouthpiece requires additional attention beyond the
methods previously described, because the facemask itself has a major part to play in the
transport of the drug-containing aerosol particles from the add-on device to the patient (Figure
7). It is therefore important that the facemask be tested in situ as part of the add-on device,
rather than separately. A critical component of the test apparatus is the representation of a
human face appropriate to the age range for which the add-on device is intended (e.g.,
neonate, infant, small child, or adult). This is an active topic of research and there are as of
yet no standardized models that can be defined as apparatus in a way that is similar to what is
done for cascade impactors in the aerodynamic particle size analysis of inhaler-generated
aerosols. A review of face models (see "Appropriate face models for evaluating drug delivery in
infants and small children: the current situation and prospects for future advances." J Aerosol
Med. 2008;21(1):97–111) provides a summary of the prerequisites for a model face suitable for
spacer/VHC facemask testing.

Figure 7. VHC with facemask applied to face.
Prerequisites for face models are the following:
1. Appropriate facial dimensions for the intended user age range;
2. Ability to apply the facemask with the predicted amount of dead-space when it is
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applied with a clinically appropriate force to the model;
3. Physiologically accurate soft facial tissue modeling around the chin, cheeks, and nose
where the facemask makes contact;
4. Means of correctly mounting the spacer/VHC so that the facemask is oriented with the
correct alignment to the face, as would occur when in use by a patient.
[Note—Some models may include anatomically accurate realization of the upper airway (nasoor oro-pharynx), with the aerosol collection filter located at the distal port of the model
representing the entry to the lungs. For the sake of simplicity, and in order to realize a measure
of spacer/VHC performance comparable to the measure obtained with facemask removed in Part
2 (see Figure 4), it is assumed that the model face simulates open-mouth breathing without an
anatomically accurate upper airway, and that the aerosol collection filter is located in a cavity
immediately behind the lips of the model. The mass of drug is reported as the emitted mass (EM
facemask).]
Select a face model appropriate to the intended age range for the spacer/VHC-facemask, and
mount the face model in an appropriate fixture. The fixture should enable the facemask to be
located at an appropriate angle to the face model, such that an effective seal between the
facemask and face model is created with a clinically appropriate force. This is typically a
loading of 1.6 kg, but may differ from this value if justified by the design of the facemask. The
arrangement shown schematically in Figure 8 is one way of achieving the desired result, but
other approaches may be adopted, if validated and justified as required.
Locate and secure the filter media in the cavity behind the lips of the face model. FiltreteTM
(3M Corp, St. Paul, MN) is a suitable electret filter medium that readily releases collected drug
quantitatively upon addition of a suitable solvent during the assay procedure. However, another
suitable filter medium may be used, provided that the tester is satisfied that it is capable of
collecting the entire emitted dose, and that drug recovery for assay is quantitative.
Verify that a seal has been obtained between the facemask and face model. This is
conveniently done by connecting the outlet (distal) port of the face model, using a short length
of flexible hose, to an in-line Rotameter-type flow meter whose distal port is in turn connected
to the vacuum source via a regulating valve capable of setting the flow rate to a suitable
value, typically 30 L/min. Connect a similar flow meter to the port for the inhaler (inhaler
adapter) on the spacer/VHC, and verify that the volumetric flow rate is NLT 90% of that
obtained with the in-line flow meter between face model and regulating valve. Turn off the
vacuum source after this check has been completed, and disconnect the flexible hose from the
in-line flow meter. Remove the upstream flow meter from the inhaler adapter of the
spacer/VHC.
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Figure 8. Mount for face model with alignment fixture including carriage for spacer/VHC; a fixed
(i.e., 1.6 kg) weight acts on the pulley below the VHC and draws the carriage towards the face
with the required force.
Connect the outlet (distal) port of the face model to the appropriate port of the breathing
simulator by means of a short length of flexible hose. Set the breathing simulator to the
required breathing pattern (identified from Table 2) in accordance with the manufacturer's
instructions. Alternative breathing patterns may be used if required. Ensure that the simulator
has been calibrated before use so that the actual volumes and frequency are within ±5% of the
indicated value during each breathing cycle. Calibration syringes are available from various
suppliers of mechanical ventilation equipment to verify volumes. To verify frequency, the
method varies among breathing simulator manufacturers, and therefore the advice of the
particular supplier/manufacturer should be sought if the method is not explicitly stated in the
Operating Instructions for the apparatus. Ensure that the selected flow waveform from the
breathing simulator is stable before proceeding.
Follow the directions in the Patient Information and Instructions for Use for the inhaler to prime
it before inserting it into the inhaler adapter of the spacer/VHC prior to the first actuation into
the test apparatus. In the case of an add-on device equipped with an integral actuator, after
priming the pMDI canister in its mouthpiece adapter as supplied, remove the canister from the
adapter, and clean the external valve stem with a suitable wipe. Insert the canister valve stem
into the receptacle according to the Instructions for Use for the particular add-on device,
taking care to avoid premature actuation. Typically, it should require only one actuation of the
inhaler into the spacer/VHC per determination. However, for certain highly potent products
delivering low unit mass of drug per actuation, more than one actuation of the inhaler may be
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needed in order to collect sufficient mass of drug product. Under such circumstances, follow
the directions in the Patient Instructions, or allow a minimum of 30 s between actuations if no
direction is provided. Deliver the minimum number of actuations needed to obtain an adequate
sample of the drug so that mass measurements can be made with acceptable precision.
Perform a single actuation, timed to coincide with the beginning of an inhalation. Allow sampling
to occur for five additional breathing cycles (for adult) or allow a minimum of 15 s to elapse (for
neonate, infant, or child). If the sampling time is more than 15 s, note and report the elapsed
time. If additional actuations are required to improve analytical sensitivity, ensure that the
sampling time is of sufficient duration for the spacer/VHC to be emptied of remaining aerosol
before the next actuation is delivered, and do not disconnect the spacer/VHC from the
breathing simulator between actuations.
Remove the filter carefully from its location, and place it in a suitable container. Add a known
volume of a suitable solvent to the container, and agitate to dissolve the collected drug.
Transfer a sample to a cuvette or vial for drug assay using a syringe equipped with an in-line
filter to retain any suspended material. Recover the mass of drug from the filter by using a
validated method appropriate to the specific product, and assay for the mass of drug collected
by using a validated procedure. Calculate the total mass of drug per actuation; this is the
emitted mass in the “fully coordinated” condition with facemask fitted to the add-on device
(EM c-fm). Repeat the measurement with the required number of devices and replicates per
device.
Construct a table of data showing the mass of drug collected on the filter for each individual
measurement of EM c-fm. Transfer the values of EM c from the test undertaken in Part 2 (see
Figure 4) in which the facemask adapter was removed for comparison of emitted mass,
simulating fully coordinated use by a breathing simulator. Calculate the mean and SD for each
group of measurements. In the example shown in Table 4, there are three separate VHCs (VHC1, VHC-2, and VHC-3), each tested three times (R1, R2, and R3) for each condition. However,
other designs may be used, if validated and justified as required.
Calculate the coefficient of variation as a percentage for CV c-fm from the following ratio:

This coefficient of variation is typically 15%. If the value exceeds this limit, the result may be
indicative of significant intra- or interdevice variability with the facemask in place that should
be investigated further.
From the mean values of EM c and EM c-fm for the batch of spacers/VHCs, calculate the quality
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ratio Q:

, and
0.8 Q 1.2
If Q is < 0.8, this outcome may indicate a poorly performing facemask with the spacer/VHC
under evaluation and merits further investigation, particularly for leakages between the
facemask and face model.
Table 4. Measures of Emitted Mass of Drug with VHC with and without Facemask
Attached Evaluated by Tidal Breathing Simulator
VHC-1
VHC-2
VHC-3
Group
Condition
Facemask
present

Facemask
removed

R1

R2

R3

R1

R2

R3

R1

R2

R3

EMc-

EMc-

EMc-

EMc-

EMc-

EMc-

EMc-

EMc-

EMc-

fm1-1

fm1-2

fm1-3

fm2-1

fm2-2

fm2-3

fm3-1

fm3-2

fm3-3

EMc1-1 EMc1-2 EMc1-3 EMc2-1 EMc2-2 EMc2-3 EMc3-1 EMc3-2 EMc3-3

Mean

SD
SDc-fm

SDc

USP38

BRIEFING
1852 Atomic Absorption Spectroscopy—Theory and Practice, PF 39(2) [Mar.–Apr.
2013]. On the basis of comments received, additional changes are proposed for this new
general information chapter. A Stimuli article published in this issue of PF entitled An Alignment
of Concepts and Content Across the Spectroscopy General Chapters provides insight on the
rational of the revisions involving the chapters related to spectroscopy and contains an annex
with the list of monographs directly affected by the revision.
Additionally, minor editorial changes have been made to update the chapter to current USP
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style.
(GCCA: H. Pappa.)
Correspondence Number—C133837; C133469

Comment deadline: March 31, 2014
Add the following:
1852

ATOMIC ABSORPTION SPECTROSCOPY—THEORY AND PRACTICE

Change to read:
THEORY
The instrumental technique of atomic absorption spectrometry (AAS; see Appendix for a list of
acronyms in this chapter) uses the Beer-Lambert Law (Beer's Law), which relates the
concentration of an analyte in a sample to the sample's absorption of electromagnetic
radiation. Beer's Law states that the optical absorbance of a chromophore in a transparent
solvent is linearly proportional to the chromophore's concentration and also to the sample cell
path length. Beer's Law is applicable only if the spectral bandwidth of the light is narrow
compared to the spectral line widths in the spectrum and is expressed as follows:
A = bc
A = absorbance
= molar absorptivity L/mol·cm
[L/(mol·cm)] USP38
b = path length of the sample cell (cm)
c = concentration (mol/L)
In addition:
A = log10 Io/I = log10 1/T = log10 100/%T = 2

log10 %T

Io = intensity of light passing through a sample
I = intensity of light leaving the sample
T = transmittance = I/Io
A = log10 (P0/P) = log10 (1/T) = log10 (100/%T) = 2

log10 %T

P0 = intensity of light passing through a sample
P = intensity of light leaving the sample
T = transmittance USP38
%T = 100 × T
AAS methods fall into two categories: flame (FAAS) and flameless. Flameless methods include
graphite furnace AAS (GFAAS), also known as electrothermal vaporization AAS (ETVAAS), for
ultra-trace analyses. Other flameless methods are cold vapor AAS (CVAAS), intended
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specifically for the analysis of mercury, and hydride generation AAS (HGAAS) intended
specifically for the analysis of arsenic, bismuth, germanium, lead, antimony, selenium, tin, and
tellurium.
A basic AAS consists of a radiation source, a sample introduction device, a means to atomize
the sample, a monochromator or a polychromator, a detector, and some means of acquiring
data (usually a computer). Most instruments also have some sort of background correction
system, which will be discussed later in this chapter.
In the case of FAAS, the flame through which the sample passes is considered to be the
sample cell. In the case of electrothermal vaporization (ETV), the graphite tube into which the
sample is deposited is considered to be the sample cell. In the case of CVAAS, a quartz
absorption cell is mounted on top of the burner head, and the space above the burner in the
optical path is considered to be the sample cell. In the case of hydride generation, hydrides are
swept into a heated cell.
INSTRUMENTATION

Figure 1. Basic components of an atomic absorption spectrophotometer.
All atomic absorption spectrophotometers share fundamental components (Figure 1). A wide
variety of AAS are available commercially and are based on one of two designs: a single-beam
or a double-beam light path.
Figure 2 illustrates the light path for a single-beam spectrophotometer. The dotted line
represents the modulated light signal from the external light source (line source), and the solid
line represents the direct current signal from the atomizer, represented by a flame. The ovals
represent lenses.
In this example, the beam from the line source is electrically modulated, and an amplifier placed
after the detector is tuned to this modulation frequency. The beam from the line source
becomes coded in this manner. The result is that the noise from the radiation emitted at all
frequencies, except for the resonance frequency, is rejected, and the signal-to-noise ratio is
improved.
Single-beam spectrophotometers rely on a very stable line source to maintain accuracy. It is
also necessary to run a separate blank solution in order to provide a correct 100% T
adjustment.

Figure 2. Schematic of a single-beam atomic absorption spectrophotometer. Reproduced with
permission of the Royal Society of Chemistry.
Figure 3 illustrates the light path for a double-beam spectrophotometer. The radiation beam
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from the line source is divided by a mirrored chopper. One half is directed through the atomizer
(sample beam), and the other half is directed around it (reference beam). Note that the beam
from the line source is mechanically modulated by the chopper. The two beams are then
recombined by a half-silvered mirror and are directed into a monochromator where the photons
at the characteristic wavelength are measured by the detector. The ratio between the sample
signal and the reference signal is amplified and processed as the absorbance reading. Because
the sample and reference beams are generated from a common line source, are separated into
their characteristic wavelengths by the same monochromator, and are processed by the same
electronics, any variations in the radiation source, detector properties, or electronics are
canceled out. In principle, the stability of a double-beam spectrophotometer is superior to that
of a single-beam spectrophotometer.

Figure 3. Schematic of a double-beam atomic absorption spectrophotometer. Reproduced with
permission of the Royal Society of Chemistry.
Change to read:
SAMPLE CELL DESIGNS
Flame Atomic Absorption Spectrometry
In FAAS, a liquid sample is aspirated into a flame via a nebulizer. In the nebulizer, the sample is
converted to a mist that is composed of uniform droplets that are easily burned in the flame.
The flame desolvates and atomizes the sample providing a source of neutral atoms or molecules
for analysis in the spectrophotometer.
Although other flame types have been documented, the most commonly used flame is an air–
acetylene flame. Because the temperature of the air–acetylene flame is not sufficient to
destroy oxides that might form or are present, a nitrous oxide–acetylene flame often is used,
depending on the analyte and nature of the sample. The air–acetylene flame burns within a
temperature range of 2125 –2400 , but the nitrous oxide–acetylene flame burns within a
temperature range of 2650 –2800 .
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Flames can be optimized for a particular analysis by either increasing or decreasing the
fuel:oxidant ratio. The fuel:oxidant ratio
fuel to oxidant ratio. The fuel to oxidant ratio USP38
can be adjusted to be either lean or rich—oxidizing or reducing—depending on the analyte of
interest. Most instrument manufacturers provide guidance regarding the type of flame to use
for a specific element, and analysts should refer to the manual provided by the instrument
manufacturer for optimal flame conditions for a given analyte.
Some AAS can also be used in the flame emission mode. In flame emission, the atoms and
molecules achieve an excited electronic state following thermal collisions within the flame, and
upon their return to a lower or ground electronic state they emit light at characteristic
wavelengths for each analyte. Although instrumentation may be capable of operation in the
flame emission mode, this will not be discussed further in this chapter.
Electrothermal Vaporization—Graphite Furnace Atomic Absorption Spectrometry
In ETV or GFAAS, a liquid sample is deposited through a small opening into a heated graphite
tube known as a mini-Massmann furnace. Inside the furnace, neutral atoms or molecules are
excited from their ground state when the tube is further heated, thereby heating the sample as
well
the sample is heated at increasing temperatures until the solvent is evaporated, solid residue
is ashed, and neutral atoms are atomized in their ground states. The atoms are then excited by
absorption of radiation at characteristic wavelengths. USP38
Samples can be deposited either directly onto the wall of the graphite furnace or onto a small
graphite platform, known as a L’vov platform, which sits inside of the graphite furnace. With
ETV, a series of heating steps is usually employed, including drying, charring or ashing,
atomizing, and clean-out. Other intermediate heating steps can be used, depending on the
nature of the sample. Throughout the heating process, the graphite furnace is purged with an
inert gas, usually nitrogen or argon. At the atomization step, the furnace is quickly heated to a
high temperature (usually to incandescence). The purge gas flow is stopped temporarily as a
transient absorption signal produced by the atomized analyte is measured. As in FAAS, Beer's
Law can be used to relate the concentration of the analyte and the absorption signal.
Cold Vapor and Hydride Generation Atomic Absorption Spectrometry
Cold vapor and hydride generation techniques are often used for the determination of mercury
or for some hydride-forming elements such as tin, arsenic, selenium, antimony, and bismuth.
In the case of mercury, a chemical reduction generates atoms, and a stream of inert gas
sweeps the cold vapor into a cold quartz cell in the optical path of the instrument. The
technique is very sensitive and has detection limits that range from parts per trillion (ppt) to
low parts per billion (ppb), depending on the sample and the laboratory environment.
In the case of hydride-forming elements, a reaction with sodium borohydride and hydrochloric
acid generates the hydride of the analyte of interest. The resulting gas is swept into an inert
quartz cell that is positioned on top of the burner. The cell can be externally heated, or it can
be heated by an air–acetylene flame. The heat of the flame breaks down the hydride and
creates the elemental form of the analyte. This is known as the direct-transfer mode of hydride
generation. Commercial direct-transfer hydride generators are available in two configurations,
continuous flow and flow injection. As with the cold vapor detection of mercury, hydride
generation also can be very sensitive and has detection limits in the ppb or ppt range.
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LINE SOURCES
An external light source (line source) is used to emit spectral lines corresponding to the energy
required to elicit the electronic transition from the ground state to an excited state in the
sample. The external light sources most commonly used are continuum electrodeless discharge
lamps (EDL) or hollow cathode lamps (HCL). Absorption of radiation from the external light
source is proportional to the population of the analyte species in the ground state, which is
proportional to the concentration of the analyte that is sprayed into the flame, thereby making
it possible to use Beer's Law to determine the concentration of an analyte in the sample. The
absorption is measured by the difference in transmitted signal in the presence and absence of
the analyte.
A suitable line source for AAS must:
Produce lines of sufficiently narrow bandwidths specific to a particular atomic absorption
peak
Produce a beam of radiation of sufficient intensity to allow high signal-to-noise
absorption measurements
Produce a beam of radiation that is stable for extended periods of time
Be easy to start and have a short warm-up time and an extended shelf life.
A common line source for AAS is the HCL.
The gas contained within the HCL tube is ionized when an electrical potential is applied across
the electrodes. Gaseous cations then acquire sufficient kinetic energy to dislodge some of the
metal atoms from the anode surface, a process known as sputtering. A portion of the resulting
cloud of metal ions is excited. Upon relaxation to the ground state, the ions emit photons at
the characteristic wavelengths for that metal. HCLs are available in a variety of configurations
and can be specific for a single element or multiple elements.
Another type of line source is the EDL.
For certain elements, EDLs produce much more intense radiation beams than do HCLs. They are
available for the analysis of antimony, arsenic, bismuth, cadmium, cesium, germanium, lead,
mercury, phosphorus, selenium, tellurium, thallium, tin, and zinc. They are similar to HCLs
because they rely on the sputtering of a metal by accelerated ions, but they ionize the inert
gas by means of an intense radio-frequency field instead of hard-wired electrodes.
The requirement for an individual line source for each metal limits AA to a single-element
technique. Some modern systems allow multi-element analyses by automatic lamp switching or
by positioning multiple lamps in an array. High-resolution continuum source AAS combines a
high-resolution Echelle monochromator with a xenon short-arc lamp to obtain multi-element
analytical capabilities (see Reference 1 for additional details).
WAVELENGTH SELECTORS
Because atomic resonance lines are narrow, analysts frequently use monochromator gratings of
moderate resolution, as used in AAS Ebert and Czerny–Turner monochromator systems.
Although the application is not common, high-resolution Echelle polychromators have been used
in AAS designed for simultaneous measurements of multiple elements. Spectrophotometers of
this type usually mate a high-resolution polychromator with either a Xenon arc continuum
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source or several individual line sources. They typically are equipped with a solid-state detector
system.
DETECTION SYSTEMS
Detection systems convert radiant energy, photons, into a concentration-proportionate
electronic signal. This signal is amplified and processed into an absorbance reading or a
concentration, as illustrated in Figure 1. Photomultiplier tubes (PMTs) are widely used in AAS to
convert photons passed through the monochromator into voltages. Some spectrophotometers
are designed so that the applied PMT currents are under operator control. As mentioned above,
some modern AAS are equipped with solid-state detection systems. There are two types: a
charge-injection device or a charge-coupled device. Advantages and disadvantages of each
design depend on specific applications. In some applications, a solid-state detector can
produce a superior signal-to-noise ratio, provide a flatter response across the UV/Vis spectrum,
and/or improved background correction capabilities when compared to a PMT.
BACKGROUND CORRECTION
Nonspecific absorption can compromise the accuracy of AAS measurements. This is particularly
the case for ultra-trace analyses using GFAAS. The type of background correction used for
GFAAS can have a large impact on the success of the analysis. Three types of background
correction designs are available for modern AAS: continuum source, Smith–Hieftja or variable
giant pulse, and Zeeman effect.
Continuum Source
A continuum source, frequently a deuterium lamp, is configured in the spectrophotometer optics
so that radiation from the continuum source and the line source is alternately passed through
the sample cell by a beam chopper (Figure 4). The width of the continuum source bandpass is
equal to the slit width.
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Figure 4. Schematic of an atomic absorption spectrophotometer with a continuum source
background corrector. Reproduced with permission of the Royal Society of Chemistry.
The signal intensity from both sources can then be measured, and the ratio can be calculated.
Figure 5 displays the operation of a continuum-source background-correction system. Note
that before the analysis, the intensity of the deuterium lamp and the HCL are equalized at the
analyte's resonance wavelength. Also note that the bandwidth of the continuum source is
equal to the width of the monochromator's exit slit, usually 0.2–0.7 nm, compared to the width
of the resonance line of approximately 0.002 nm. If a solution containing the analyte of interest
is introduced, the signals from both sources are attenuated because of atomic absorption
(Figure 5, Panels A and B). If a solution containing the analyte of interest plus components
that lead to nonspecific broad-band absorbance is introduced, the intensity of atomic
absorption of the line source (HCL) is correctly subtracted from the intensity of the continuum
source (Figure 5, Panels C and D).
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Figure 5. Panels A and B: atomic absorption only. Panels C and D: atomic absorption with
background absorption. Reproduced with permission of the Royal Society of Chemistry.
Although continuum-source background correction is a useful design, it has some limitations.
Basically, the introduction of an additional lamp and chopper causes a degradation of the
overall signal-to-noise ratio of measurements. In addition, if the line source and the continuum
source are not in perfect alignment, an erroneous correction will result when the individual
beams are passed through an inhomogeneous gaseous sample, as this frequently occurs in the
sample cell. This is particularly the case for highly structured backgrounds. The radiant
intensity of the deuterium source in the visible region is too low to use for analytical
wavelengths above 350 nm. Some instrument manufacturers equip their spectrophotometers
with alternative continuum sources, such as tungsten halogen lamps, to remedy this issue.
Smith–Hieftja
When high currents are applied to an HCL, the emission-line profile is altered: the line is
broadened and a dip appears in the center because of self-absorption. Self-absorption occurs
when the photons emitted by excited atoms are absorbed by gaseous ground-state atoms
contained within the quartz tube of the HCL. At currents used for normal data acquisition, the
HCL is used to measure the sum absorbance of the element of interest and the nonspecific
background. At high lamp currents, the measured absorbance is predominantly caused by the
background. The absorbance caused by the element of interest is the difference between the
intensities of analyte and nonspecific background absorbances. Figure 6 illustrates the Smith–
Hieftja background correction process.
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Figure 6. Emission profile of a HCL at (A) low current and (B) high current. Low current
absorbance is caused by background plus analyte. High current is background absorbance only.
Adapted from S.B. Smith, Jr. and C.M. Hieftje, Appl Spectrosc, 1983, 37, 419.
The advantages of Smith–Hieftja background correction are that the HCL serves as the single
source for any analytical wavelength, obviating any alignment issues arising from alternative
continuum source. This system allows correction of structured backgrounds very near the
resonance wavelength. Disadvantages are that the lifetimes of the HCLs are notably shortened.
Compared with continuum-source background correction, the Smith–Hieftja procedure may
result in a shorter dynamic range and/or may require higher sample dilutions to reduce
background absorbances.
Zeeman Effect
The Zeeman effect background correction is based on the principle that in the presence of a
magnetic field, the absorption line of an element is split into three optically polarized
components. The

component is positioned at the center of the resonance line. Positioned at

equal distances on either side of the component are the + and
components. The
components are linearly polarized perpendicular to the magnetic field. The distance of the
separation of the + and
components from the component increases as the magnetic
field strength increases. Commercial instruments use magnets with field strengths of
approximately 1 Tesla, which corresponds to a

component separation of approximately 0.01

nm on each side of the component.
Absorbance lines from different elements have normal or anomalous Zeeman patterns. Normal
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Zeeman patterns are composed of a single component and two components. A normal
Zeeman pattern occurs for absorbance wavelengths that correspond to a singlet electron
transition. An anomalous Zeeman pattern has further splitting of the and components and
occurs for wavelengths that correspond to more complex electron transitions.
Three basic designs are available for commercial AAS equipped with Zeeman background
correction: transverse DC Zeeman AAS, transverse AC Zeeman AAS, and longitudinal AC
Zeeman AAS.
TRANSVERSE DC ZEEMAN ATOMIC ABSORPTION SPECTROMETRY
This design uses a DC magnet positioned around the atomizer. The term transverse refers to
the parallel alignment of the magnetic field with the optical axis. The Zeeman effect is
permanently applied in this design. A rotating polarizer is positioned in the light path between
the line source and the atomizer. This splits the incident radiation from the line source into the
characteristic and components. See Figure 7 for a schematic of the configuration and an
illustration of the operation of DC Zeeman AAS.

Figure 7. Configuration and operation of a transverse DC Zeeman atomic absorption
spectrophotometer. Adapted from H. Koizumi and K. Yasuda, Spectrochim Acta, 1976, 31B,
237.
TRANSVERSE AC ZEEMAN ATOMIC ABSORPTION SPECTROMETRY
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This design uses an AC magnet positioned around the atomizer. The magnetic field is in parallel
alignment with the optical axis. The AC magnet is switched on and off at one-half the
modulation frequency of the line source (50 or 60 Hz, typically). A fixed polarizer is positioned
between the atomizer and the monochromator. See Figure 8 and Figure 9 for illustrations of the
operation of transverse AC Zeeman AAS.

Figure 8. Operational principle of a transverse AC Zeeman atomic absorption
spectrophotometer. ©2011 PerkinElmer, Inc. All rights reserved. Printed with permission.
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Figure 9. Illustration of transverse AC Zeeman atomic absorption spectrophotometer operation.
©2011 PerkinElmer, Inc. All rights reserved. Printed with permission.
LONGITUDINAL AC ZEEMAN ATOMIC ABSORPTION SPECTROMETRY
In this design, the magnetic field is in perpendicular alignment with the optical axis. With this
configuration the component is absent and the components are circularly polarized, so a
polarizer is not required. See Figure 10 for comparison between transverse and longitudinal AC
Zeeman AAS.
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Figure 10. Comparison of transverse and longitudinal AC Zeeman atomic absorption
spectrophotometer. ©2011 PerkinElmer, Inc. All rights reserved. Printed with permission.
Zeeman effect background correction offers the advantage of background correction at the
resonance wavelength and correction of relatively high nonspecific absorbances. Compared to
continuum source background correction, Zeeman effect background correction can result in a
reduction of the linear dynamic range in some applications and may require additional dilution of
test solutions. Depending on the specific analyte and application, Zeeman effect background
correction offers advantages and disadvantages that must be considered for each application.
Change to read:
ANALYTICAL CONSIDERATIONS
Sample Preparation
FAAS requires the introduction of a liquid sample into the nebulizer. ETV/GFAAS is normally
performed using liquid samples, but analyses can be performed using slurries and solid samples.
Because the analysis of liquids is far more common, the analysis of solid samples is not
discussed in this chapter.
Samples can be prepared in a variety of ways to dissolve or solubilize them. In some cases,
direct dilution of a solid sample can be performed using deionized water, dilute acids, or organic
solvents. When a sample does not dissolve, however, some form of acid digestion is required.
Acid digestion is also required if the sample is first ashed. Options for acid digestion include
hot-plate digestions, open-vessel microwave digestion, and closed-vessel microwave digestion.
Procedures for acid digestion are specific for a given sample matrix and analyte. Spike and
recovery studies are to be routinely carried out for digestions. When using microwave digestion
systems, analysts should refer to the microwave manufacturer's guidelines for use and
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programming of the instrument.
Interferences
AAS is subject to several types of interferences. The most common are:
Spectral interferences: Spectral interferences can arise when there is an overlapping
signal from another element that is a component of the sample or sample matrix.
Ionization of the analyte: Some elements such as sodium, potassium, calcium, and
cesium are easily ionized, and ionization of the analyte reduces the analytical signal.
Matrix effects: Interferences can arise from differences between sample, standard, and
blank viscosities or can be introduced by surface tension.
Spectral line broadening: Spectral line broadening can occur as a result of several
factors, including self-absorption, Lorentz effect, Doppler effect, or quenching.
Compounds that do not dissociate in the flame.
Matrix Modification, Releasing Agents, and Ionization Suppressants
To counteract potential interferences or to enhance their ability to monitor an analyte,
analysts sometimes use a matrix modifier, a releasing agent, or an ionization suppressant.
Matrix modifiers are added to samples, standards, and blanks with GFAAS with the chief goals
of changing the nature of the sample or analyte in the sample by:
Increasing the volatility of the sample matrix so that matrix components are burned off
Reducing the volatility of the analyte, which helps to eliminate loss of the analyte during
the pyrolysis step
Reducing background absorption by eliminating matrix components so that they do not
interfere with the analyte signal during atomization.
It may be necessary to use more than one matrix modifier during an analysis. Commonly used
matrix modifiers include magnesium nitrate, nickel nitrate, palladium, and lanthanum.
Manufacturers of graphite furnace instrumentation provide detailed information regarding the
use of matrix modifiers, and analysts should consult that information when they perform an
analysis.
In some instances, GFAAS analyses require applying the method of standard additions in order
to overcome matrix induced result biases. Many modern GFAAS systems are equipped with
autosamplers that automatically spike sample solutions at multiple levels specified by the
analyst, perform the linear regression, and report the final concentration result based upon the
intercept. USP38
Releasing agents and ionization suppressants are used in FAAS to eliminate certain potential
interferences. Releasing agents are added in excess to samples, standards, and blanks to
prevent the formation of refractory compounds by combining with a potential interferent.
Ionization suppressants are added in excess to samples, standards, and blanks to help control
ionization of the analyte. By adding an ionization suppressant that has an ionization potential
lower than that of the analyte, analysts create an excess of electrons in the flame, and the
ionization of the analyte is suppressed. Commonly used releasing agents include lanthanum and
strontium. Commonly used ionization suppressants include sodium, potassium, cesium, and
lanthanum. Manufacturers of flame atomic absorption (AA) instrumentation provide detailed
information regarding the use of releasing agents and ionization suppressants, and analysts
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should consult that information when performing an analysis.
Because of the separation of the analyte from the matrix in cold-vapor and hydride-generation
AA, spectral interferences are notably reduced when compared to the other AA methods.
Nonselective background interferences can occur, however, when a sufficient amount of an
absorbing species is transported to the cell. Typically this occurs when an excess of another
hydride-forming species is introduced from the sample matrix or in the case of hydride formation
when nonaqueous media are used. Transport interferences take place during transport of a
hydride from the sample solution to the sample cell. This either causes a delay in hydride
formation, known as transport kinetics interference, or loss of the hydride altogether, known as
transport efficiency interference. These interferences can be remedied either by using the
method of standard additions or by further diluting the sample.
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APPENDIX: ACRONYMS
A: absorption
AA: atomic absorption
AAS: atomic absorption spectrometry
CVAAS: cold vapor AAS
EDL: electrodeless discharge lamp
ETV: electrothermal vaporization
FAAS: flame AAS
GFAAS: graphite furnace AAS
HCL: hollow cathode lamp
HGAAS: hydride generation AAS
PMT: photomultiplier tube
T: transmittance USP38
BRIEFING
1853 Fluorescence Spectroscopy—Theory and Practice, PF 39(1) [Jan.–Feb. 2013].
On the basis of comments received, additional changes are proposed for this new general
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information chapter. A Stimuli article in this PF titled An Alignment of Concepts and Content
Across the Spectroscopy General Chapters provides insight on the rationale of the revisions
involving the chapters related to spectroscopy and contains an annex, with the list of
monographs directly affected by the revisions.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCCA: H. Pappa.)
Correspondence Number—C131195; C133465

Comment deadline: March 31, 2014
Add the following:
1853

FLUORESCENCE SPECTROSCOPY—THEORY AND PRACTICE

Change to read:
THEORY
Fluorescence is a two-step process that requires an initial absorption of light followed by
emission. [Note—Many terms and variables used in this general chapter are explained in the
Appendix: Definitions.] Fluorescence spectroscopy is an electronic spectroscopic method
related to ultraviolet–visible–near infrared (UV–Vis–NIR) absorption spectroscopy. It is also a
background-free method that involves light emitted from the sample in all directions, as is the
case with Raman spectroscopy. The initial absorption of a photon by a molecule in the sample
promotes an electron to an excited state. The excited electron returns to the ground electronic
state by emitting a photon. If the emission arises from an “allowed” transition that typically has
a short lifetime between 1 ns and 10 ns, then it is called fluorescence. If the emission arises
from a “forbidden” transition that typically has a long lifetime between 1 ms and 1 s, then it is
called phosphorescence. Under similar conditions phosphorescence usually is less intense than
fluorescence. This general chapter discusses fluorescence spectroscopy, but many points
raised here also apply to phosphorescence. The basic concepts behind fluorescence
spectroscopy have been well established, but its applications and standardization are still
expanding and progressing, making it a developing rather than a mature method.
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Figure 1. Fluorescence excitation and emission spectra for fluorescein in borate buffer. The
wavelength axis shows excitation and emission wavelengths.
The most common type of fluorescent sample is a dilute, transparent solution that absorbs light
following the Beer–Lambert Law and that emits a corresponding fluorescence intensity that is
directly proportional to the concentration, the absorptivity, and the fluorescence quantum yield
of the fluorescent species or fluorophore. A conventional fluorescence spectrometer has both
excitation and emission wavelength selectors. It collects a spectrum by fixing the wavelength
of one of the selectors and scanning the other wavelength selector over a range. When the
excitation wavelength is fixed and the emission wavelength is scanned, the resulting spectrum
is termed an emission spectrum. When the emission wavelength is fixed and the excitation
wavelength is scanned, the resulting spectrum is termed an excitation spectrum (Figure 1).
The fluorescence spectrum is plotted as relative intensity or counted photons of fluorescence
vs. wavelength. The appearance of a fluorescence spectrum is much like a UV–Vis–NIR
absorption spectrum. In fact, the shape or contour of an excitation spectrum often is identical
to that of the corresponding absorption spectrum for an organic dye in solution over the same
wavelength range.
Polyatomic fluorophores in condensed media (e.g., solutions, thin films, and solids at room
temperature) exist in ground or excited electronic states in a broad distribution of vibrational
energy levels and cause homogeneous broadening of excitation or emission spectra,
respectively. A microenvironment or shell also surrounds each fluorophore in condensed media,
and differences in the structures of these shells among individual fluorophores cause
inhomogeneous broadening. These two types of broadening cause fluorescence spectra to be
broader than some other types of spectra (e.g., mid-infrared or Raman spectra). The typical
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width of a fluorescence band is between 10 nm and 100 nm. Once it is electronically excited, a
polyatomic fluorophore experiences vibrational relaxation before emitting a photon, causing a
red shift or Stokes shift of the fluorescence spectrum relative to the wavelength at which it
was excited.
Few naturally occurring biological compounds fluoresce strongly. This apparent disadvantage
has been turned into an advantage by the synthesis of fluorescent probes that are designed to
bind to target analytes only. A large number of analyte-specific fluorophores are now
commercially available. Many of these fluorescent probes, such as fluorescein, rhodamine, and
their derivatives, have relatively large absorptivities and quantum yields close to one—i.e., they
fluoresce nearly as many photons as they absorb.
However the development of a large array of fluorescent indicator dyes, used mainly to bind
to ions or indicate pH or polarity has led to increased interest in the use of both direct and
secondary fluorescence techniques, e.g., fluorescence resonance energy transfer (FRET). While
many of these probes inherently do not have very high quantum yields, their fluorescence
changes greatly upon binding, and the associated solution chemistry. For instance, the pH of
the sample solution is an important factor to control when considering not only its impact on
the fluorescence of the probe, but also on the detection of other possible fluorescing of
fluorescent dye binding species. Some fluorescent probes, such as fluorescein (pH dependent)
and rhodamine and its derivatives, have very large absorptivities and quantum yields
approaching one—i.e., they fluoresce nearly as many photons as they absorb. USP38
Fluorescence methods are also termed background-free because very little excitation light
reaches the detector. These advantages make fluorescence detection highly sensitive, down to
single-molecule detection in some cases. Specificity and sensitivity are two of the more
important strengths of fluorescence methods. Fluorescence spectroscopy also typically is not
destructive to the sample, and measurements can be made quickly (on the order of seconds to
minutes).

Figure 2. Schematic of the excitation beam (EX) and detected emission (EM) orientations for
(a) 0 /90 right-angle transmitting, (b) front-face, and (c) 0 /180 transmitting geometries.
A right-angle or 0 /90 geometry often is used to measure dilute solutions and other
transparent samples. In such cases, the excitation beam is normal to the sample, and
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fluorescence is detected at a 90 angle relative to the beam (Figure 2a). A front-face
geometry is used to measure optically dense samples where the excitation beam is incident on
the sample at <90 and the fluorescence is collected at an angle 90 (Figure 2b). The
epifluorescence geometry is a special case of the front-face geometry that often is used in
fluorescence microscopy and optical fiber–based fluorometers. In epifluorescence geometry the
excitation beam and collected fluorescence are both normal to and are on the same side of the
sample, i.e., a 0 /0 geometry. A 0 /180 transmitting geometry often is used in microscopy
(Figure 2c).
The number of chemical assays and screening methods using fluorescence detection continues
to increase rapidly and has resulted in a corresponding increase in the need for standardization
of fluorescence measurements. Only a few standard methods and reference materials have
been well established and are readily available at present for the characterization of
fluorescence measuring systems. National metrology institutes and international standards
organizations are working to provide new fluorescence standard materials and methods in the
near future. This general chapter briefly discusses the major issues that should be considered
by users of fluorescence instruments who aim to achieve high-quality measurements. Standard
methods and materials are also described where appropriate. A few guidelines and
recommendations have appeared, but this general chapter aims to be most useful to nonexpert
users of fluorescence spectrometers.
INSTRUMENTATION
All modern fluorescence measurements involve irradiating the sample with the beam from a
suitable light source, selecting the excitation wavelength, collecting the resulting fluorescence,
rejecting the Rayleigh-scattered light, selecting the emission wavelength, and detecting the
fluorescence signal. The following functions will be discussed individually, along with the
equipment used to achieve these functions in commercial instruments:
1.
2.
3.
4.
5.

excitation light source
excitation wavelength selector
sampling device
emission wavelength selector
detector.
Excitation Light Source

A variety of lamps, lasers, and light-emitting diodes (LEDs) are used as excitation sources.
Continuous and pulsed versions of these sources are used for steady-state and time-resolved
instruments, respectively. Xenon lamps are the most commonly used because of their relatively
high intensity and broad wavelength range (UV to NIR). Lasers are the highest-intensity
sources and are used in applications where short collection times and small amounts of sample
are required, e.g., for flow cytometry or microarrays.
Excitation Wavelength Selector
The intensity of scattered light at the excitation wavelength can be comparable to or greater
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than that of the fluorescence at the sample. Therefore, the excitation wavelength profile
should not overlap the emission wavelength region being detected. This is achieved for lamps
by using an excitation wavelength selector (e.g., a filter or a monochromator with a known
peak transmission wavelength and bandwidth) between the lamp and sample. The inherent
bandwidth of the radiation from a laser or an LED often is narrow enough that an excitation
wavelength selector is not necessary. This selector also enables fluorescence excitation
spectra to be resolved.
Sampling Device
The sampling device includes all optics and other equipment needed to deliver the excitation
beam to the sample, collect the emission from the sample, and hold the sample in place. Sample
formats include cuvettes, microwell plates, microarrays, microscope slides, and flow systems
and may be accompanied by a variety of optical delivery and collection systems, including
conventional transmitting, front-face, and epifluorescence systems and fiber optic–based
probes.
Emission Wavelength Selector
As with the selector for excitation, the emission wavelength selector helps to ensure that the
emission wavelength region being detected does not overlap with the excitation wavelength
profile. This approach enables individual fluorescence bands to be detected when multiple
bands are present and allows fluorescence emission spectra to be resolved. Emission
wavelength selectors also are important for the rejection of stray light. Filters,
monochromators, and grating polychromators often are used for emission wavelength selection.
Detector
For the detection of emitted light, a photomultiplier tube (PMT) or a charge-coupled device
(CCD) array is placed after the emission wavelength selector. The detection of the excitation
beam in order to monitor its intensity commonly is done by a quantum counter detector or a
photodiode placed before the sample and to which a small fraction of the excitation beam is
split off from the rest.
Change to read:
FACTORS THAT AFFECT QUANTITATION
Instrument-Based Factors
Measurements on a fluorescence instrument require that instrument parameters such as
wavelengths, bandwidths, and detector gain be set. All of these parameters can be set with
varying degrees of repeatability and accuracy, depending on the instrument used. These
factors can introduce measurement uncertainty or bias that is particularly significant when
measured values are compared between instruments. For instance, the measured peak
positions of the emission bands of two analytes may differ between instruments because of a
wavelength bias. A corresponding bias between instruments could be introduced in the results
of an assay that depends on the ratio of the fluorescence intensities at the two specified
emission wavelengths.
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The intensity of the excitation beam can change significantly with excitation wavelength or
with time because of the wavelength dependence of the intensity of the light source and the
transmittance of the excitation wavelength selector or the time dependence of the light source
intensity. Thus analysts should monitor the excitation beam intensity and correct the measured
fluorescence intensity for these fluctuations. This monitoring can be particularly important
when excitation spectra are collected because the excitation intensity often has sharp peaks
and valleys with wavelength when lamp sources such as a xenon (Xe) lamp are used.
The responsivity of a detection system is not linear with intensity at all intensities, so analysts
should know the linear intensity range of the detection system used. The linear range for most
detection systems ranges from its limit of detection up to a threshold intensity above which the
responsivity becomes increasingly nonlinear with increasing intensity. Analysts should establish
the linear range of the fluorescence detection system before they attempt to calibrate the
responsivity of the detection system.
The responsivity of the detection system also is a result of the wavelength dependence of the
transmittance of the emission wavelength selector and the responsivity of the detector. These
factors can affect the shape of a measured emission spectrum.
The diffraction efficiency of gratings and the responsivity of detectors often depend on
polarization. Changes to instrumental polarization settings can result in changes in the observed
excitation intensity and the responsivity of the detection system. Even when polarizers are not
used within the instrument, the excitation beam may be polarized by the optical system itself
and may affect the responsivity of the detection system and is instrument dependent. In
addition, emission polarization effects cannot only cause intensity differences but also can
change spectral correction factors.
The passing of multiple wavelengths by a diffraction grating can introduce unexpected sharp
peaks into a fluorescence spectrum. So that incident light is diffracted at a desired
wavelength, a grating equation is used to set the angle of the grating with respect to incident
light:
m

= d(sin

+ sin

), m = 0, 1, 2, ...

m = diffraction order
d = groove spacing on the grating
= angle of the incident wavefront relative to the grating normal
= angle of the diffracted wavefront relative to the grating normal
The value of m , not , is fixed, where m is an integer termed the diffraction order.
Therefore, the grating equation can be satisfied by more than one wavelength for a single
grating position. For instance, if a grating in an emission monochromator is set to pass 500-nm
light at first order, it also will pass 250-nm light at second order. As a result, the scattered
light from a 250-nm excitation beam will be detected as a peak at an emission wavelength of
500 nm unless a suitable optical filter is inserted in the beam.
Sample-Based Factors
The fluorescence intensity of optically dense samples (e.g., absorbance A >0.05 at a path
length of 1 cm) does not increase linearly with concentration because of significant absorption
of the excitation beam and/or emission (reabsorption) by the sample. These inner filter effects
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also can greatly reduce the amount of fluorescence that reaches the detector, especially when
a right-angle transmitting geometry is used. The fluorescence intensity can become strongly
dependent on sample position and optical geometry. At even higher concentrations,
aggregation of fluorophores often occurs, causing the shape of the fluorescence spectrum to
be different from that of a dilute sample and also causing nonlinear concentration behavior.
The fluorescence intensity of a sample may decrease with time of exposure to light because of
photobleaching and photodegradation. This is particularly true of most organic dyes, which are
the most widely used fluorescent probes. Analysts should limit the time that such samples are
exposed to light in order to obtain reproducible fluorescence intensities and in some cases even
reproducible spectral shapes.
The fluorescence intensity of fluorophores is temperature dependent. Typically, the rates of
fluorescence quenching processes, such as collisional quenching in solutions, increase with
temperature and cause a decrease in fluorescence intensity. Temperature coefficients for
fluorescence intensity for particular fluorophores can be used to correct for this temperature
dependence.
The absorbance and consequently the intensity of fluorescence from a sample depend on the
orientation of the sample's absorption transition dipole with respect to the polarization of the
excitation light. The polarization of fluorescence is parallel to the direction of polarization of the
fluorescent species' emission transition dipole. Fluorescence polarization is parallel to the
orientation of the fluorescent species' emission transition dipole. Fluorescence anisotropy (r) is
used to describe the extent of polarization of emission and is defined by:
r = (I||

I )/(I|| + 2I )

I|| = observed fluorescence intensity when the fluorometer's emission polarizer is oriented
parallel to the direction of the polarized excitation
I = observed fluorescence intensity when the fluorometer's emission polarizer is oriented
perpendicular to the direction of the polarized excitation
A sample whose fluorophores are oriented nonrandomly and have a rotational period that is long
compared to their fluorescence lifetime will emit anisotropic fluorescence. The spectral shape
and intensity of such fluorescence depends on the viewing angle and the instrument's
polarization factors.
A fluorophore's fluorescence intensity and peak position, and sometimes even its spectral
shape, often depend on the environment, including changes caused by the solvent used, the
solution's pH, or the species to which the fluorophore is bound. These factors can be of
particular concern when analysts use reference samples that contain the same fluorophores as
an unknown sample, but in a different environment, to quantify the amount of analyte in its
matrix.
For the above reasons care should be taken during the experimental design of a new
methodology to consider and evaluate these effects, and matrix match the reference and
unknown as appropriate. USP38
A Raman signal can introduce peaks into the fluorescence spectrum. The Raman peaks of the
sample's solvent or matrix are those most commonly encountered. For instance, the Raman
peak of water, which is found red-shifted about 3400
3382 USP38
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cm 1 from the chosen excitation wavelength, typically is observed in the fluorescence
spectrum of any aqueous solution excited by UV or blue light.
Change to read:
CALIBRATION OF FLUORESCENCE INSTRUMENTS
Two types of fluorescence instrument calibrations are used. The first and most commonly used
is analyte specific and determines the relationship between the response of the instrument
(fluorescence intensity) and the concentration or amount of a specific analyte. The second is
analyte independent and is intended for spectral instruments. In this case, the wavelength
accuracy for emission and excitation and the spectral responsivity of the detection system are
calibrated across the entire or a continuous part of the wavelength range of the instrument.
Analyte Concentration—Calibration Curves
Calibration curves of instrument response (fluorescence intensity) vs. analyte concentration
are determined using reference materials that contain the analyte of interest. For instance, the
fluorescence intensities of a set of solutions at different, known analyte concentrations that
cover a desirable concentration range can be measured and plotted vs. concentration. The plot
then is fitted to a polynomial, typically a straight line. The resulting calibration curve is both
analyte and instrument specific and can be used to determine analyte concentrations of
unknown samples. This type of calibration may not be accurate when the microenvironment
surrounding the fluorophore is different in the reference and unknown samples. In addition,
users must ensure that the fluorescence intensities of samples are reproducible and do not
decrease over the time when they are being excited and measured because the organic dyes
typically used may be prone to photobleaching.
At times use of the approach may not be possible. First, organic dyes that are used as
fluorescent probes often are not commercially available at a known high purity that enables
production of reference solutions. Second, in complex systems where fluorophores are bound to
large molecules, cells, or microbeads, the concentration of bound fluorophores in a solution or
suspension may be difficult to determine. In the latter case, the molecules of equivalent soluble
fluorophore (MESF) scale has been proposed as an alternative way to use calibration curves to
quantify fluorescence intensity for a particular analyte.
Emission Wavelength and Spectral Slit Width
A variety of reference standards have been proposed for use in the determination of emission
wavelength accuracy, including atomic lamps and inorganic and organic fluorophores. The most
widely used and best characterized of these are low-pressure atomic lamps, commonly termed
pen lamps. In this case, the type of pen lamp (e.g., Hg, Ne, Kr,
Xe, USP38
etc.) is chosen so that its radiated atomic lines are within the desired wavelength range. The
lamp is placed at the sample position so that its light is centered in the optical path of the
detection system of the instrument. The accuracy of this method may decrease if the pen lamp
is not properly aligned. The emission wavelength selector–detector then measures the signal
over the wavelength range of interest. The measured wavelength positions of the resulting
sharp peaks then are compared with the known positions to determine wavelength accuracy.
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The spectral slit width accuracy of the emission wavelength selector can be confirmed by
measuring the spectral bandwidth, taken to be the full width at half the peak maximum, of a
single line of a pen lamp. For fluorescence spectrometers with both excitation and emission
monochromators, an alternative method can be used when one monochromator is scanned over
the position of the other.
Excitation Wavelength and Spectral Slit Width
Many of the reference samples that are used for determining emission wavelength accuracy
also can be used for excitation wavelength accuracy. For instance, a pen lamp can be placed
at the excitation light source position so that the resulting spectrum is detected after the
excitation wavelength selector using the instrument's reference detector. However, in this
case, a relatively weak signal may limit the number of useful atomic lines, and therefore
alignment of the pen lamp is more critical in this instance than for the emission wavelength
accuracy determination.
Once the accuracy of the emission wavelength selector has been determined, use a diffuse
scatterer, e.g., a scattering solution or a diffuse reflector, at the sample to scatter a fraction
of the excitation beam into the detection system to determine excitation wavelength accuracy.
One wavelength selector is set at a fixed wavelength and the other is tuned over the same
wavelength to obtain a spectrum. The wavelength bias between the two wavelength selectors
is equal to the difference between the set wavelength position and the observed peak position
of the collected spectrum. This method can be used at any wavelength, unlike many other
methods that depend on a limited number of set excitation wavelengths determined by the
reference material chosen. Methods similar to those used for spectral slit width accuracy of the
emission wavelength selector also can be used to determine the spectral slit width accuracy of
the excitation wavelength selector.
Linearity of the Detection System
Several approaches are available to determine the detection system's linear intensity range.
They can be separated into three types, based on the tools used to vary the intensity of light
that reaches the detector: (1) double aperture, (2) optical filters and/or polarizers, and (3)
fluorophore concentrations. The double-aperture method is the best established and probably is
the most accurate when done correctly, but it also is the most difficult to perform. A variety of
methods using optical filters, polarizers, or a combination of the two have been reported. These
methods require high-quality, often costly, components and some user expertise. The third
method is the most popular and is easiest. It uses a set of solutions obtained by serial dilution
of a fluorescent stock solution that is similar to one used for obtaining calibration curves for
analyte concentration, as described earlier. In this case, analysts use solutions with low
concentration (A <0.05 at 1-cm path length), but fluorophore adsorption to cuvette walls may
affect measurements at very low concentrations. Users must ensure that the fluorescence
intensities of samples are reproducible and do not decrease over the time that they are being
excited and measured because the organic dyes typically used may be prone to
photobleaching.
Signal Level (Relative Emission)
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Calibration of the relative responsivity of the emission detection system with emission
wavelength, also referred to as spectral correction of emission, is necessary for successful
quantification when intensity ratios at different emission wavelengths are compared or when
the true shape or peak maximum position of an emission spectrum must be known. Such a
calibration is required because the relative spectral responsivity of a detection system can
change significantly over its wavelength range (Figure 3). Analysts should know the degree of
photometric precision required for successful quantitation. The linear range of the detection
system is determined before this calibration is performed, so that appropriate steps are taken
(e.g., the use of attenuators) to ensure that all intensities measured during this calibration are
within the linear range. When one uses an emission polarizer, the spectral correction for
emission depends on the polarizer setting.
Two methods are preferred for calibrating photometric responsivity: One (Method A) uses light
from a calibrated source (CS), and the other (Method B) uses certified reference materials
(CRMs). Both give results that are traceable to national metrology institutes. A calibrated
tungsten white light source is used most commonly for Method A and covers the wavelength
range from about 350 nm into the NIR. Standard reference materials from the U.S. National
Institute of Standards and Technology and CRMs from the German Federal Institute for
Materials Research and Testing currently are available for use in Method B. Corrected emission
spectra of some commonly used dyes also have been reported in the literature. Method A is
more difficult to implement than Method B and requires periodic recertification of the CS. A third
method, Method C, uses a calibrated detector and a calibrated diffuse reflector. This method
typically has larger uncertainties than Method A and Method B but is recommended in UV and
NIR wavelength regions that are not covered by the other two methods.

Figure 3. Example of the relative spectral responsivity of an emission detection system (PMTbased grating monochromator) for which a correction must be applied to a measured emission
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spectrum to obtain the true spectral shape (relative intensities).
METHOD A
In Method A, analysts direct CS light into the emission detection system by placing the CS at
the sample position. If the CS is too large to be placed at the sample position, analysts can
place a calibrated diffuse reflector (CR) at the sample position to reflect the light from the CS
into the emission detection system. The emission wavelength selector is scanned over the
emission region of interest using the same instrument settings as used with the sample, and the
signal channel output (S¢¢ ) is collected. The known radiance of the CS incident on the detection
system (L) can be used to calculate the relative correction factor (CCS) so that:
CCS = L/S¢¢
CCS = relative correction factor
L = radiance of the CS incident on the detection system
S¢¢ = signal channel output
The corrected emission intensity is equal to the product of the signal output of the sample and
CCS.
METHOD B
In Method B, analysts place the fluorescence standard at the sample position. Its spectrum is
collected and is compared to the certified spectrum according to the instructions given on the
accompanying certificate, which yields spectral correction factors for the instrument.
METHOD C
Method C involves two steps: Step 1 uses a calibrated detector (CD) at the sample position to
measure the flux of the excitation beam as a function of excitation wavelength. Step 2 uses a
CR to reflect a known fraction of the flux of the excitation beam into the detection system.
This is done by placing the CD at the sample position at a 45 angle, assuming a 0 /90
instrument geometry, and synchronously scanning both the excitation and emission wavelength
selectors over the emission region of interest while collecting both the signal output and the
reference output. This method allows analysts to calculate the relative correction factor. This
method has larger uncertainties than those for Method A or Method B and typically is more
difficult to implement.
Reference Signal Level (Relative Excitation)
Calibration of the excitation intensity with excitation wavelength is necessary for successful
quantitation when analysts compare intensity ratios at different excitation wavelengths or
when analysts must know the true shape or peak maximum position of an excitation spectrum.
Such a calibration is necessary because the relative spectral flux of an excitation beam at the
sample can change extensively over its wavelength range (see Figure 4). The neglect of
excitation intensity correction factors can cause even greater errors than neglect of emission
correction factors. Fortunately, many fluorescence instruments have a built-in reference
detection system to monitor the intensity of the excitation beam. This monitoring usually is
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done using a photodiode, PMT, CCD, or a quantum counter detector to measure a fraction of
the excitation beam that is split off from the rest of the beam. The collected reference signal
can be used to correct the fluorescence signal for fluctuations caused by changes in the
excitation beam's intensity. Reference detectors often are not calibrated with excitation
wavelength, which introduces errors that can be particularly large over longer excitation
wavelength ranges (e.g., >50 nm) or in a wavelength region where the excitation intensity
changes rapidly with excitation wavelength (e.g., the UV range). When an excitation polarizer
is used, the spectral correction for excitation intensity depends on the polarizer setting.

Figure 4. Example of the relative flux of an excitation beam (Xe lamp grating monochromator)
for which a correction must be applied to a measured excitation spectrum in order to obtain its
true spectral shape.
When a reference detector is not built into an instrument, a spectral correction for the
reference channel or an independent spectral correction of excitation intensity is required.
Three methods can be used to determine the spectral correction of excitation intensity: a CD
(Method 1); a calibrated diffuse reflector (Method 2); or a quantum counter (Method 3). The
latter two methods use the instrument's fluorescence detection system as a detector.
For Methods 1 and 2, the detector and diffuse reflector are calibrated for responsivity and
reflectance, respectively, as a function of wavelength. For Method 2, excitation and emission
wavelength selectors are scanned synchronously, and the spectral correction for the emission
channel [see Signal Level (Relative Emission)] must be applied to the measured intensities.
Method 3 should be used only in the quantum counter's effective wavelength range where a
wavelength-independent response can be achieved. This method is probably the least
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expensive of the three to implement because no calibrations or recalibrations are required.
Method 1 using a CD has fewer caveats than do the other two methods. A CD is placed in the
sample position, and the output is measured as a function of emission wavelength by scanning
the excitation wavelength selector over the excitation region of interest using the same
instrument settings as those used with the sample. The known responsivity of the CD is used
to calculate the flux of the excitation beam. If the instrument's reference detector is used to
measure the intensity of the excitation beam simultaneously with the CD, then the correction
factor for the responsivity of the reference detector also can be calculated.
Intensity and Sensitivity
As explained in the Quantitative Fluorescence Measurements section, the absolute value of the
fluorescence signal measured by the detection system depends not only on the sample itself
but also on the excitation intensity of the sample and the optical geometry of the instrument.
Therefore, determination of instrument-independent fluorescence intensity of any sample or the
absolute responsivity of any detection system in terms of the intensity of the sample or
measured by the detector, respectively, relative to the excitation intensity can be difficult.
The most accurate way to calibrate an instrument for absolute intensity is to use conventional
standards-based methods such as those that employ a calibrated light source or a calibrated
detector in combination with a calibrated reflector. These methods require user skill and
knowledge. Also, the (typically annual) certification and recertification are expensive. In
addition, these standards tend to be bulky and are not compatible with many instruments.
Thus, most researchers use simpler alternative standards and methods.
One approach is to correlate fluorescence signals to analyte concentrations using calibration
curves or MESF units (see Analyte Concentration—Calibration Curves). Another approach is to
measure the intensity of a standard sample that can be expected to always give the same
fluorescence intensity under the same conditions.
Organic dyes, such as those used as fluorescent probes, generally are not good choices for
intensity standards because of issues with photobleaching, stability, and reproducible
concentration. If organic dyes are used, then those with known high purity and known shelf
life, such as those produced by national metrology institutes, are recommended for single use
(i.e., analysts should use a fresh solution for every measurement).
A better alternative is to use fluorescent samples that are stable over time even when exposed
to light. For example, fluorescent, inorganic glasses with well-characterized photostability and
spectral properties and long shelf lives are commercially available. Such materials can be used
for determining a quasi-absolute intensity scale by measuring fluorescent signal at fixed
wavelength values within their recommended range using specified experimental parameters
such as bandwidths, excitation intensities, and temperatures.
The sensitivity of a fluorescence instrument is determined by measuring the signal-to-noise
ratio of the fluorescence signal of intensity standards. The Raman line of water often is used to
measure sensitivity in a similar way, but the Raman signal typically is strong enough only to be
useful in the UV region. Analysts can use organic dye solutions to measure instrument
sensitivity or limits of detection with caveats that are identical to those that apply when the
solutions are used as intensity standards.
The methods outlined here yield a quasi-absolute intensity scale that should be instrument
independent for instruments with similar optical geometries, designs, and settings. Results of
these measurements enable comparison of the sensitivity of different fluorescence instruments,
but these comparisons should be approached with caution because of the relatively large and

PF 40(1): Jan.-Feb. 2014

229

difficult-to-quantify uncertainties involved.
PROCEDURE VALIDATION
Validation of an analytical procedure using fluorescence demonstrates that the result is valid
within a specified, acceptable uncertainty budget. Instrument qualification, which also may
involve instrument calibration, usually is part of the process, and analysts also must consider
sample-related errors (see Sample-based Factors). These can arise from concentration,
anisotropy, photostability, and shape of the sample, in combination with effects of the
instrument's optical geometry. All suspected errors should be quantified and combined to give a
total estimated error that must be less than the method-specific, acceptable limit.
Change to read:
APPENDIX: DEFINITIONS
Absorptivity (a): A measure of the absorption of radiation from an incident beam as it
traverses a sample, which is equal to the quotient of:
A/bc
A = absorbance
b = path length (cm)
c = concentration (mg/mL)
Also referred to as specific absorption coefficient by the International Union of Pure and Applied
Chemistry.
Absorption coefficient ( ): A measure of absorption of radiation from an incident beam as it
traverses a sample according to Bouguer's Law:
I/I0 = e–ab
I = transmitted intensity
I0 = incident intensity
e = base of natural logarithm
a = absorptivity
b = path length of the beam through the sample
Note that transmittance T = I/I0 and absorbance A = log T.
Beer–Lambert law (or Beer's law or Beer–Lambert–Bouguer law): In the absence of any
other physical or chemical factors, A is proportional to path length, b, through which the
radiation passes and to the concentration, c, of the substance in solution in accordance with:
A
= molar absorptivity

=

cb
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c = solute concentration (M/L)
b = path length (cm)
Calibrated detector (CD): A light detector whose responsivity as a function of wavelength
has been determined along with corresponding uncertainties.
Calibrated light source (CS): A light source whose radiance as a function of wavelength has
been determined along with corresponding uncertainties.
Calibrated diffuse reflector (CR): A Lambertian reflector whose reflectance as a function of
wavelength has been determined along with corresponding uncertainties.
Certified reference material (CRM): A material with properties of interest, the values and
corresponding uncertainties of which have been certified by a standardizing group or
organization. A “reference material, accompanied by documentation issued by an authoritative
body and providing one or more specified property values with associated uncertainties and
traceabilities, using valid procedures” [International Vocabulary of Metrology (VIM) 5.14].
Diffuse scatterer: A material that scatters light in multiple directions. This includes diffuse
reflectors, which often are Lambertian, and scattering solutions, which are not Lambertian.
Fluorescence anisotropy (r): A measure of the degree of polarization of fluorescence:
r = (I||

I )/(I|| + 2I )

I|| = observed fluorescence intensity when the fluorometer's emission polarizer is oriented
parallel to the direction of the polarized excitation
I = observed fluorescence intensity when the fluorometer's emission polarizer is oriented
perpendicular to the direction of the polarized excitation
Fluorescence band: A region of a fluorescence spectrum where the intensity passes through a
maximum, usually corresponding to a discrete electron transition.
Fluorescence lifetime:1 A parameter describing the time decay of the fluorescence intensity
of a sample component. If a sample decays by first-order kinetics, this is the time required for
its fluorescence intensity and corresponding excited-state population to decrease to 1/e of its
initial value.
Fluorescence quantum efficiency: The ratio of the number of fluorescence photons leaving
an emitter vs. the number of photons absorbed.
Fluorescence quantum yield (F ): The probability that a molecule or species will fluoresce
once it has absorbed a photon. This quantity is an innate property of the species and typically
is calculated for a sample as the ratio of the number of molecules that fluoresce vs. the number
of molecules that absorb.
Flux (or radiant flux): The rate of propagation of radiant energy, typically expressed in watts.
Spectral flux is the flux per unit spectral bandwidth, typically expressed in watts per
nanometer.
Grating equation: It describes the relationship between the angle of diffraction and the
wavelength of radiation that is incident on a grating:
m

= d(sin

+ sin

)
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m = diffraction order
d = groove spacing on the grating
= angle of the incident wavefront relative to the grating normal
= angle of the diffracted wavefront relative to the grating normal
Inner filter effects: A decrease in the measured quantum efficiency of a sample caused by
extensive absorption of the excitation beam or reabsorption of the emission by the sample
itself. This causes the measured quantum efficiency to depend on the absorbance,
concentration, and excitation and emission path lengths of the sample.
Intensity: A measure of the amount of electromagnetic energy present. This general definition
is synonymous with or directly proportional to the signal output of a photodetector or the flux
of a sample or light source. A more specific definition often used in radiometry is: the radiant
flux per unit solid angle from a point source, which typically is expressed as watts per steradian
(W/sr). [Note—Steradian corresponds to the SI unit of solid angle.]
Lambertian reflector: A surface that reflects light according to Lambert's law, i.e., the light is
unpolarized and has a radiance that is isotropic or independent of viewing angle.
Limit of detection (LOD): An estimate of the lowest concentration of an analyte that can be
measured with a given procedure, often taken to be the analyte concentration with a measured
signal-to-noise ratio of 3.
Noise level: The peak-to-peak noise of a blank.
Photobleaching: A loss of emission or absorption intensity by a sample caused by exposure to
light. This loss can be reversible or irreversible, and the latter typically is referred to as
photodegradation or photodecomposition.
Quantum counter: A photoluminescent emitter with a quantum efficiency that is independent
of excitation wavelength over a defined spectral range. When a quantum counter is combined
with a detector to give a response proportional to the number of incident photons, the pair is
called a quantum counter detector.
Quasi-absolute fluorescence intensity scale: A fluorescence intensity scale that has been
normalized to the intensity of a fluorescent reference sample or artifact under a fixed set of
instrumental and experimental conditions. This artifact should demonstrably yield a fluorescence
intensity that is reproducible with time and between instruments under a fixed set of
conditions.
Raman scattering: The inelastic scattering of radiation (the wavelengths of the scattered and
incident radiation are not equal) by a sample that occurs because of changes in the
polarizability of the relevant bonds of a sample during a molecular vibration. Unlike fluorescence,
the radiation being scattered is not required to be in resonance with electronic transitions in
the sample.
Rayleigh scattering: The elastic scattering of radiation by a sample; i.e., the scattered
radiation has the same energy (same wavelength) as the incident radiation.
Responsivity (spectral): The ratio of the photocurrent output and the radiant power
collected by a light-detection system. Spectral responsivity is the responsivity per unit spectral
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bandwidth.
Sensitivity: A measure of an instrument's ability to detect an analyte under a particular set of
conditions.
Spectral bandwidth (or spectral bandpass or resolution): A measure of the capability of a
spectrometer to separate radiation or resolve spectral peaks of similar wavelengths.
Usually observed as the triangular dispersion of an emission line, this parameter is taken to be
the full width at half the peak maximum (FWHM). USP38
Spectral slit width: The mechanical width of the exit slit of a spectrometer divided by the
linear dispersion in the exit slit plane.
In practice, observed as the triangular dispersion of an emission line, this width includes all
the transmitted wavelengths for a given slit setting. USP38
Transition dipole moment: An oscillating dipole moment induced in a molecular species by an
electromagnetic wave that is resonant with an energy transition of the species, e.g., an
electronic transition. Its direction defines the transition polarization, and its square determines
the intensity of the transition. USP38
1 Boens N, Qin W, Basaric N, et al., Fluorescence lifetime standards for time and frequency domain
fluorescence spectroscopy. Anal Chem. 2007;79(5):2137–2149.
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1854 Mid-Infrared Spectroscopy—Theory and Practice, PF 39(2) [Mar.–Apr. 2013].
On the basis of comments received, additional changes are proposed for this new general
information chapter. A stimuli article in this PF, titled An Alignment of Concepts and Content
Across the Spectroscopy General Chapters, provides insight on the rationale of the revisions
involving the chapters related to spectroscopy, and contains an annex with the list of
monographs directly affected by the revision.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCCA: H. Pappa.)
Correspondence Number—C134042; C133838

Comment deadline: March 31, 2014
Add the following:
1854

MID-INFRARED SPECTROSCOPY—THEORY AND PRACTICE

Change to read:
PRINCIPLES OF MID-INFRARED SPECTROSCOPY
Mid-infrared (mid-IR) spectroscopy involves measurement of the absorption of electromagnetic
radiation with wavelengths of
over the wavenumber range of USP38
4000–400 cm 1 (2.5–25 µm) caused by the promotion of molecules from the ground state of
their vibrational modes to an excited vibrational state. The most commonly used parameter to
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denote the energy of the transitions is the wavenumber, i.e., the number of waves per
centimeter. The wavelength,
the expression:

(µm), and wavenumber,

(cm 1), of radiation are related by

The mid-IR spectrum extends from 4000 cm 1 (2.5 µm) to 400 cm 1 (25 µm). Molecules can
move in a certain number of vibrational modes. The energy of mode, i, is given by:

h = Planck’s constant
c = velocity of light
= fundamental vibrational frequency of mode i (cm 1)
vi = vibrational quantum number of this mode
xi = so-called anharmonicity constant
i

The strongest bands in the mid-IR spectrum are caused by fundamental transitions from the
ground state of a given mode (vi = 0) to its first excited vibrational state (vi = 1), although
weaker overtone and combination bands also are observed in the spectrum. Overtone bands
are caused by the promotion of molecules from their ground state to their second and higher
vibrational states (vi = 2, 3, etc.). Overtones are observed only for those modes for which xi is
non-zero. Combination bands are caused by the simultaneous promotion of molecules to two
excited vibrational states.
Vibrational modes involve the motion of all atoms of the molecule. Many modes involve only
large-amplitude vibrations of the atoms in localized regions of the molecule, and the remaining
atoms are largely unaffected. When molecules contain a certain functional group, the
transitions often occur in narrow spectral ranges. In this case, the wavenumbers at which
these transitions occur are known as group frequencies. When a vibrational mode involves
atomic motions of more than just a few atoms, the frequencies occur over wider spectral
ranges and are not characteristic of a particular functional group. Instead, they are more
characteristic of the molecules as a whole. Such bands are known as fingerprint bands. All
strong bands that absorb at wavenumbers above 1500 cm 1 are group frequencies. Strong
bands that absorb below 1500 cm 1 can either be group frequencies or fingerprint bands.
Thus, not all strong bands in the IR spectrum of a given molecule can be attributed to the
presence of a particular functional group.
The motion of atoms during a particular vibrational mode, i, is characterized by the normal
coordinate, Qi. The intensity of fundamental bands is governed by the square of the change in
dipole moment, µ, during the vibrational cycle ( µ/ Qi)2. Thus vibrational transitions of modes
involving polar groups, such as C–O, C=O, O–H, N–H, and C–F, typically give rise to strong
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bands in the spectrum. Where ( µ/ Qi) is small, transitions are weak. When the symmetry of a
molecule leads to the condition that ( µ/ Qi) = 0 for a certain mode, the band corresponding
to this mode does not appear in the IR spectrum. Overtone and combination bands are always
weaker than the fundamental modes from which they are derived.
For functional groups that have the form XY 2 (such as –CH2 , –NH2 , –NO2 , and –SO2 ) and XY 3
(such as –CH3 and –NH3 +), first-order coupling can occur so that the mode is split into a
symmetrical mode (where both the Y atoms move to and from the X atom with the same
phase) and an antisymmetrical mode (where one Y atom moves 180 out of phase with the
other). The amount by which the two bands are split depends on the Y–X–Y angle. The more
closely this angle approaches 180 , the greater the splitting. Thus, for example, for the
symmetric and antisymmetric stretching modes of ketenes and isocyanates where the angle is
approximately 180 , the splitting can approach 1000 cm 1, whereas for CH2 and CH3 groups
where the angle is approximately 108 , the splitting is on the order of 100 cm 1.
Second-order coupling, sometimes known as Fermi resonance, occurs when an overtone or
combination band happens to occur at the same (or near coincident) wavenumber as a
fundamental mode of the molecule that involves motion of the same atoms. In this case, the
overtone or combination borrows intensity from the fundamental band, and the two bands split
apart by as much as 40 cm 1. The closer the bands that interact in this manner, the greater
the splitting and the closer the intensity for the resulting bands.
Change to read:
SAMPLING PROCEDURES
Mid-IR spectra can be measured by transmission, external reflection, internal reflection [often
called attenuated total reflection (ATR)], diffuse reflection, and photoacoustic spectroscopy.
Each of the major approaches is presented below.
Transmission Measurements
The alkali halide disk and mulling procedures are the traditional mid-IR transmission sample
presentation methods for materials that are in the form of a finely divided powder, as is the
case for many drug substances and excipients. During preparation of a sample suitable for IR
spectroscopy, the powdered material is uniformly dispersed throughout either the alkali halide or
mulling agent, which acts as a support matrix for the analyte. Other procedures by which
transmission spectra can be acquired include the use of solutions and compression cells. Neat
compounds can be examined in a compression cell, as a self-supporting film (for polymers), as a
capillary film between the IR-transparent cell windows (for liquids and semisolids), and as a gas.
The ratio of the single-beam spectrum of the sample and an appropriate background spectrum
at a given wavenumber, , is known as the transmittance, T-( ). A transmittance spectrum is
the direct output of most prism or grating spectrophotometers. For spectra measured on a
Fourier transform-IR (FT-IR) spectrophotometer, the two single-beam spectra are measured at
different times and are ratioed subsequently. An appropriate background spectrum should be
measured. For KBr
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alkali halide USP38
disks and mineral oil mulls where the diameter of the sample is usually greater than that of the
focused beam, the background is measured with nothing in the sample compartment. If the
sample diameter is smaller than that of the beam, the empty sample holder should be in place
when the background spectrum is being measured. Similarly, the background for measurements
made with an IR microscope should be measured with the same aperture that is used to
measure the sample spectrum. For the measurement of ATR spectra, the background spectrum
should be the clean internal reflection element.
Because transmission spectra of nonscattering samples obey the Beer–Lambert Law (usually
abbreviated as Beer’s Law), the transmittance commonly is converted to absorbance, A ( ),
i.e., log10 1/T ( ). Beer’s Law states that the absorbance of component i at wavenumber, Ai (
), is the product of the absorptivity of i at that wavenumber, ai ( ), the path length of the
sample, b, and the concentration of i, c i. The measured absorbance of a mixture at each
wavenumber is the sum of the absorbances of each component of the mixture.
Certain powdered alkali halides, such as potassium bromide, potassium chloride, and caesium
iodide, coalesce under high pressure and can be formed into self-supporting disks that are
transparent to mid-IR radiation. USP38
Potassium Bromide (KBr) Disks
Certain powdered alkali halides, such as KBr, KCl, and CsI, coalesce under high pressure and
can be formed into self-supporting disks that are transparent to mid-IR radiation.
USP38

The alkali halide most commonly used is powdered, dry, highly pure potassium bromide, which is
transparent to mid-IR radiation to approximately 400 cm 1. From this point, alkali halide disks
will be referred to as KBr disks even though they can be made with other alkali halides such as
potassium chloride and caesium iodide. IR spectroscopic-grade potassium bromide with a
particle size of 100–200 mesh (about 100 µm in diameter) can be purchased commercially.
Nonspectroscopic-grade material may contain impurities with absorption bands in the mid-IR
region. One of the more common impurities is potassium nitrate, which has a sharp absorption
band at approximately 1378 cm 1. Powdered potassium bromide has a tendency to adsorb
molecules from the air over a long period of time, so it must be stored properly. If the
potassium bromide is not dry, its spectrum exhibits a broad absorption band caused by
adsorbed water at approximately 3400 cm 1, along with a weaker band near 1640 cm 1.
Commercial presses and dies in a range of diameters are available for the preparation of alkali
halide and similar disks. The most common diameter of KBr disks is 13 mm, but mini-disks with a
diameter as small as 0.5 mm can be prepared using commercially available presses. Follow the
manufacturer’s recommended procedures for operating the disk-making accessory and the
press.
Typically, the weight ratio of sample to alkali halide is on the order of 1 part of the sample to
100–400 parts of potassium bromide. An optimal procedure for preparing a 13-mm diameter disk
is to pregrind the sample to a fine particle size in a mullite or
an agate USP38
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mortar. A vibrating agate or steel ball mill also can be used. Then 1–2 mg of the ground sample
are weighed and transferred to a clean mortar (or vial). A weighed amount of dry ground
potassium bromide powder (300 mg) is then added and mixed gently with the analyte to form a
homogeneous mixture. The optimum way of achieving homogeneity is to add about 10 mg of
ground potassium bromide to the sample in a mortar and then to gently mix with the pestle.
This is followed by successively adding doubled quantities of potassium bromide (i.e.,
approximately 20, 40, 80, and 160 mg) with mixing after each addition. The applied pestle
action should induce good mixing with minimal grinding because further reduction of the
potassium bromide particle size will lead to increased water absorption. (If the mixing is done in
a vial, then the mixing time is shortened.) The mixture of potassium bromide and analyte is then
transferred completely to a clean 13-mm die, which is filled and assembled according to the
manufacturer’s instructions. When the die is connected to a rotary vacuum pump, evacuate for
about 2 min. The die (still under vacuum) is placed in a hydraulic press, and a pressure of about
800 MPa (10 tons for a 13-mm disk) is applied to form the disk
sufficient to form a disk that shows uniform transparency is applied. USP38
Discard any disk that visually shows lack of uniform transparency or exhibits poor transmittance
at about 2000 cm 1. Faulty, unsatisfactory, or poor-quality disks may be a consequence of
inadequate or excessive grinding, moisture/humidity, impurities in the dispersion medium. or
insufficient reduction of the particle size.
USP38

Mulls
To prepare a mull, homogeneously distribute the finely divided powder sample in a thin layer of
a viscous liquid that is semi-transparent to mid-IR radiation and has a refractive index closely
matched to that of the sample. The prepared mull is sandwiched between a pair of mid-IR–
transparent windows, and a transmission spectrum of the mull preparation is recorded. The
mull, which should have the consistency of a paste, is formed in such a manner as to minimize
radiation scattering effects (radiation scatter from particles is worse when there is greater
mismatch between the refractive index of the dispersant and surrounding medium). The
sandwich can be clamped together in a mull cell. Commercial mull cells are available for both
macro- and micro-preparations.
The most widely used mulling agent for the mid-IR region is a saturated hydrocarbon mineral oil
(liquid paraffin, Nujol). This material has strong absorption bands of 3000–2800 cm 1 and of
1500–1340 cm 1, and a weaker band at 720 cm 1 that may obscure the absorption bands of
the sample in these regions. In this case, a mull may require preparation in a chemically
different oil. This can be achieved by the use of a perhalogenated oil mulling agent such as
hexachlorobutadiene or chlorofluorocarbon.
chlorofluoro substituted polymers. USP38
Combining the spectra of the sample prepared in the two mulling oils and ignoring the regions
where one of them has strong absorption bands enables observation of the full mid-IR
absorption spectrum with minimal interference.
For the preparation of a mineral oil mull, the particle size of the sample must be reduced to
below that of the shortest wavelength of the interrogating radiation (2.5 µm) in order to
minimize light-scattering effects that decrease spectral contrast and cause band distortions.
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The spectrum from a coarse powder or one that is poorly ground will show a high degree of
scatter that is manifested as a sloping baseline that decreases toward shorter wavelengths
(higher wavenumbers). Also, a coarser powder will increase the Christiansen effect, which is
caused by reflection from the interface between materials of different refractive index. The
refractive index of materials with strong absorption bands varies in a way that is similar to the
first derivative of the profile of the absorption band—a phenomenon that is referred to as
anomalous dispersion. The Christiansen effect is manifested as a transmission increase on the
short-wavelength (high-wavenumber) side of an absorption band with a concomitant decrease
on the longer wavelength side. Furthermore, a coarse, poorly dispersed powder can lead to a
severely distorted mid-IR spectrum in which the relative intensity of the weaker bands is
enhanced and the intensity of the more intense bands in the spectrum appears weaker and
distorted. These effects are a consequence of radiation that has reached the detector but has
not been transmitted through a representative sample of the analyte. Similar effects can be
seen in the spectra of poorly prepared KBr disks.
During the preparation of mulls and KBr disks, some work is done on the analyte, either in the
form of grinding, mixing, or pressing, and consequently there is the potential to induce solidstate form transformations. Although laboratory mechanical mills can produce powders with a
small particle size, hand grinding using a mortar and pestle usually achieves better control and
less aggressive processing for organic pharmaceutical materials. Practitioners generally accept
that of the two procedures, the mull procedure is the less aggressive and is less prone to
induce solid-state form changes such as changes in the crystallinity (polymorphism) or changes
in the hydration or solvation state (pseudopolymorphism). The KBr disk procedure does,
however, have advantages over the mull presentation method because potassium bromide
exhibits no absorption bands above 400 cm 1 (neglecting any adsorbed water or impurities)
and is better adapted to micro-sample preparations. When the sample is a salt, as is frequently
the case for active pharmaceutical ingredients (APIs), ion exchange can occur between the
analyte and alkali halide, and the sample is better prepared as a mull.
Compression Cells
The use of a compression cell has become a popular sampling procedure for recording a mid-IR
transmission spectrum of a small or limited-quantity solid sample such as a single particle of an
API or excipient, a contaminant such as a short length of fiber, or a small fragment from a
packaging material. This is particularly the case for investigations using an IR microscope
system. Type IIa diamonds are quite transparent over much of the mid-IR region, although they
exhibit fairly strong absorption between approximately 2000 and 2400 cm 1. Because of the
high strength of diamond, it is commonly used as the window material of compression cells. The
sample is placed between the diamond windows of the cell, the cell is then tightened, and the
sample thickness is reduced to an optimum for a transmission measurement. The compressed
sample can be examined while it is contained within the compression cell.
Self-Supported Polymer Films
The mid-IR transmission spectrum of many polymers used as packaging materials can be
recorded from samples prepared as thin self-supporting films. Films of appropriate thickness can
be prepared by, for example, hot compression moulding a sample or microtoming a thin section
from a sample. Soft and low-melting solids that do not crystallize when cooled can be prepared
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either as a thin layer sandwiched between two mid-IR–transparent windows by gently warming
the sample or from the melt. Thin films from some materials can be cast from solution onto an
IR-transparent window.
Capillary Films
Nonvolatile liquids can be examined neat in the form of a thin layer sandwiched between two
matching windows that are transparent to IR radiation. The liquid layer must be free of bubbles
and must completely cover the diameter of the IR beam focused onto the sample.
Liquids and Solutions in Transmission Cells
For the examination of liquid and solution samples, transmission cell assemblies that comprise a
pair of windows constructed of mid-IR–transparent materials such as potassium bromide
spacers, filling ports, and a holder are available commercially in both macro- and micro-sample
configurations. They can be sealed, semi-permanent, or flow-through. A wide range of standard
thickness spacers and window materials is available. For laboratory applications, spacers are
typically formed from lead, poly(tetrafluoroethylene), or poly(ethylene terephthalate) and can
be supplied, depending on spacer materials, in standard thickness path lengths from
approximately 6 µm–1 mm or larger.
The optimum path length required for examining a particular liquid or solution usually must be
determined empirically and depends on its absorption characteristics and whether the
application is qualitative or quantitative. In some instances for qualitative work, transmission
cells can be replaced with disposable porous media such as polyethylene or
poly(tetrafluoroethylene) mounted on a suitable backing.
Gases
Mid-IR transmission cells for static or flow-through gas and vapor sampling are available in a
wide range of materials to suit the application, from laboratory to process scale. In the
laboratory, the traditional gas cell has been a 10-cm long cylinder made from borosilicate glass
or stainless steel with an aperture of about 40 mm at each end. Each open end is covered with
an end cap that contains one of a pair of mid-IR–transparent windows constructed from, for
example, potassium bromide, zinc selenide, or calcium fluoride. The cell body is fitted with
appropriate inlet and outlet ports.
Different gases may present different sealing requirements that should be taken into account.
USP38

For the detection of gases at the ppm level, long-path length cells constructed from
borosilicate glass or metal are used. These cells can be of fixed path length of up to about 2 m
or of variable path lengths of 10–200 m. Gas cells can be jacketed and operated at
temperatures of up to 250 or greater, and their pressure ratings can range from vacuum to
more than 50 atmospheres.
Small differences in temperature and pressure have significant effects on the spectrum, and
care must be taken to ensure that the calibration and analysis are performed under similar
conditions such that the calibration remains valid. USP38
Attenuated Total Reflection Spectroscopy
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Attenuated total reflection (ATR) spectroscopy, alternatively known as internal reflection
spectroscopy or evanescent wave spectroscopy, has become a widely used procedure. This is
largely a consequence of a new generation of simple-to-use single-reflection accessories.
ATR spectroscopy relies on the optical property that radiation passing through a medium of high
refractive index, n2 [the optically dense medium, also known as the internal reflection element
(IRE)], at an angle of incidence greater than the critical angle will be totally internally reflected
at a boundary in contact with a material of lower refractive index,
the sample, USP38
n1 (the optically rare medium). The critical angle, C, is given by n1/n2 . The electric field of the
radiation penetrates a short distance into the optically rare medium. The intensity of this
electric field, which is known as the evanescent wave, is confined within the vicinity of the
surface of the denser medium. Its intensity decreases exponentially with distance, normal to
the surface, into the optically rare medium. It can, therefore, be envisaged as penetrating the
surface layer of the rarer medium. The depth of penetration, dp, is a convenient comparative
term for different experimental arrangements. It is the distance from the surface of the IRE at
which the amplitude of electric field amplitude falls to 37% (1/e) of its value at the surface:

0

= wavelength of the radiation in vacuum

= angle at which the beam strikes the internal surface of the IRE
n12 = n2/n1
Note that, to achieve total internal reflection, must be greater than C, so that n2 is usually
greater than 2.3. Some of the more commonly used IRE materials are the following: zinc
selenide (n2 ~ 2.4), Type IIa diamond (n2 ~ 2.4), silicon (n2 ~ 3.4), and germanium (n2 ~ 4.0).
Furthermore, dp decreases with increasing angle of incidence and increases with increasing
wavelength (decreasing wavenumber). As a consequence of the increase in dp with increasing
wavelength, the band intensities within an ATR spectrum appear—by comparison with a
conventional transmission spectrum—to be relatively increasingly enhanced with decreasing
wavenumber.
Furthermore, the refractive index of all molecules is not constant and varies across absorption
bands (anomalous dispersion). For strong absorption bands, n1 can vary between approximately
1 and 2. This effect causes a shift in the measured wavenumber of a band with respect to
transmission spectra. Particularly when equipment is operating at high angles of incidence or
with an IRE with a low refractive index such as zinc selenide or diamond, strong bands may also
be accompanied by the appearance of an underlying first-derivative-like shape (see above for a
discussion of the Christiansen effect in KBr disks).
Many different geometrical shapes and sizes are used for IREs. A trapezoidal IRE is commonly
incorporated into so-called horizontal ATR (H-ATR) units. Hemispherical IREs are the core of
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some micro-sampling ATR accessories. Rod or rod-like multiple internal reflection IREs are often
used for on-line monitoring of liquid processes.
Multiple internal reflection (MIR) elements allow the internally reflected radiation in the IRE to
interact several or many times with the surface layer of the sample with which it is in contact,
thereby increasing the intensity (effective path length) of the recorded sample spectrum. Still,
the spectrum recorded is characteristic only of the depth probed by a single reflection. The
number of internal reflections depends on the length and thickness of the IRE. MIR elements
may be several centimeters in length. A typical configuration for a vertically mounted 45 angle
of incidence IRE may allow 25 internal reflections. Today the most commonly used MIR systems
in the pharmaceutical laboratory are those in which the IRE is mounted horizontally. These are
often referred to as H-ATR accessories. MIR systems based on cylindrical rods with coneshaped ends or similar geometries are often incorporated as liquid-sampling devices in flowthrough solution cells or are used for on-line process monitoring. The trapezoidal-shaped MIR
elements incorporated into H-ATR accessories enable or facilitate study of a wide range of
sample forms, including liquids, solutions, dispersions, creams, pastes, waxes, semi-solids and
soft powders, continuous flat surface solids, solutions, films cast from solution, and many more.
Micro- and macro-H-ATR accessories are commercially available with 1, 3, 9, or more sampleinteraction reflections.
Single-reflection, simple prism, and novel design IREs are also used in commercial H-ATR units.
They provide an effective and convenient means of analyzing and studying samples in a diverse
range of physical forms. In particular, small contact area, single-reflection, fixed angle of
incidence H-ATR accessories have become popular no-preparation sampling devices within the
pharmaceutical industry because they provide a ready means to record, in a simple, quick
manner, a mid-IR spectrum from a limited quantity of almost any condensed-phase material.
Hemispherical IREs act as focusing lenses so that the area sampled is generally smaller than
that sampled with prismatic IREs. Even though the IRE may be opaque to visible light, many
accessories listed above allow some form of viewing capability so that the sample under test
can be inspected.
Single-reflection micro-ATR units have the advantage of virtually no requirement for a solid
sample to have a uniformly flat surface. The test sample is placed in contact with the IRE
sampling area and, if it is a solid, a clamp is used to compress and secure the sample against
the IRE. Hemispherical ATR elements of zinc selenide, germanium, and silicon also form the
sensing elements for ATR objectives that can be fitted to mid-IR FT-IR microscopes. Several of
the accessories are capable of operation at controlled elevated temperatures that permit, for
instance, studies relating to thermally induced, solid-state form transformations.
The hardness, scratch resistance, chemical inertness, and mid-IR transparency over a wide
wavenumber range make the Type IIa diamond a unique material for ATR measurements. Even
though it does have a broad absorption feature between approximately 2400 and 2000 cm 1,
for most pharmaceutical applications, this is not prohibitive because this is the region in which
only characteristic stretching bands occur for triple and cumulated double bonds. Because of
cost, the use of Type IIa diamond as an IRE material is usually restricted to micro-ATR
accessories or when the IRE is used as the sensing element in an ATR immersion probe for
process monitoring. Diamond has a refractive index that is closely matched to that of zinc
selenide, so composite IREs can be constructed. Lower-cost focusing or support optics made
from zinc selenide can be optically interfaced with a Type IIa diamond ATR sensing element,
thereby minimizing the overall cost of the IRE while still benefiting from the properties of the
diamond. On the basis of this technology, 3- and 9-reflection MIR configurations have been
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designed for both laboratory systems and process probes.
External Reflection Spectroscopy
Several types of external reflection IR spectra can be measured. Among them are Fresnel
reflection, transflection, reflection-absorption spectroscopy, and photoacoustic spectroscopy,
but with the exception of diffuse reflection they are not widely used in pharmaceutical
applications.
Diffuse Reflection
Spectra recorded from powders or fairly fine granular samples are known as diffuse reflection
(DR) spectra. Most of the spectrum originates from radiation that has penetrated through the
surface of the sample and has been transmitted through multiple particles. A relatively small
fraction of the DR spectrum originates from radiation that has been reflected from the front
surface of the samples and therefore has the shape of a Fresnel reflection spectrum. Because
the shapes of bands in mid-IR Fresnel reflection spectra are asymmetrical, the fraction of
Fresnel reflection that contributes to a DR spectrum should be reduced to be as small as
possible. This may be achieved in a number of ways, the most important and commonly used of
which is to dilute the sample by mixing it with 90%–99% of a nonabsorbing diluent such as
finely powdered potassium bromide or potassium chloride. The sample dilution has the added
benefit of reducing absorption band intensities to an appropriate level.
DR spectra largely result from photons that have been transmitted through tens to hundreds of
particles and, therefore, have an appearance similar to that of transmission spectra. However,
DR spectra do not obey Beer’s Law. Instead, the DR spectrum measured at infinite depth, R
(i.e., band intensities do not change if the thickness of sample is increased), is converted by
the Kubelka–Munk function:

The function f (R ) is equal to the ratio of the absorption coefficient to the scattering
coefficient of the sample. DR is usually calculated by taking the ratio of the single-beam
spectrum of the diluted sample to the single-beam spectrum of the neat diluent. Ideally, the
sample is ground to the point that the average particle diameter is <5 µm. The sample–diluent
mixture is thick enough that any increase in its thickness does not lead to a change in the
spectrum. Samples measured in this way are said to be measured at infinite depth, and the
reflectance is given the symbol, R . For mid-IR DR spectrometry, the infinite depth criterion is
usually obeyed when the thickness is at least 100 µm, but to be conservative the depth of
most sampling cups for mid-IR DR spectrometry is at least 1 mm.
A common way of preparing samples for DR spectrometry is to overfill the cup and to level the
sample with a spatula or razor blade. However, this way of preparing the sample can lead to a
difference between the scattering coefficient near the surface and in the bulk of the sample.
Because the intensity of DR spectra depends on the scattering coefficient, a better sample
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preparation procedure is to slightly overfill the cup and to tap the base of the cup on a bench
until the top surface is level with the rim of the cup.
Several types of accessories are used for the measurement of DR spectra. On-axis, or brightfield, DR accessories are similar to very efficient specular reflection accessories. They are the
most efficient devices for the measurement of DR spectra but generally give the least rejection
of Fresnel reflection. Off-axis, or dark-field, DR accessories are less efficient than on-axis
devices but reject specular reflection more efficiently. Compound parabolic concentrators also
have been adapted for DR measurements and appear to be intermediate in efficiency and
Fresnel reflection between on-axis and off-axis accessories. Finally, integrating spheres have
been used for DR spectrometry. These devices are the most accurate photometrically but are
the least efficient.
MICROSPECTROSCOPY AND IMAGING
Transmission Microscopy
In any microscope, the area of a sample under study is defined by one or more remote masking
apertures mounted at focused image planes conjugate to the sample focus plane. If the sample
is mounted on a computer-controlled x–y stage, then successive neighboring or specified
regions can be measured sequentially. These single-point spectra can be used to generate
absorbance-intensity contour maps or false-color images that highlight differences or
inhomogeneities across the area mapped. Such maps can also be generated by moving the
sample manually, but this procedure can be very time consuming. The linear dimension of the
smallest sample that can be studied by mid-IR FT-IR microscopy is approximately equal to the
wavelength, i.e., approximately 10 µm. In practice, one can usually record a single-point
spectrum of acceptable signal-to-noise ratio (SNR) and spectral resolution within a reasonable
time-scale from a masked sample area of 10-µm diameter in about 1 min. For mapping over a
relatively large sample area, where hundreds or even thousands of spectra are needed, a much
more time-efficient process is to use an FT-IR microscope equipped with an array detector.
Variable-temperature studies with thermomicroscopy observations and variable-temperature
studies undertaken on an FT-IR microscope can be particularly useful for studying solid-state
form and thermally induced transitions in situ.
As with macroscopic sampling, micro-samples presented for transmission FT-IR microscopy
measurements should be flat. For a full mid-IR fingerprint spectrum, they should be of an
appropriate thickness which, in the case of many APIs, may require a sample of approximately
10-µm thickness or less. Compression cells are particularly useful for thinning a sample. A
thinned sample can be examined under compression or (less preferably) with the top window of
the cell removed and the thinned sample examined while supported on the bottom window. A
good practical means of providing an appropriate sample from which to record a single-beam
background spectrum is to mount a small particle of potassium bromide alongside the sample
and thin both by compression under the same conditions. The single-beam spectra of the
sample and reference materials then can be measured under the same conditions simply by
moving the compression cell using the x–y stage of the microscope.
Many continuous solids such as polymers used in packing or fibers found as contaminants can
be prepared to an appropriate thickness and examined in a compression cell by FT-IR
microscopy. Rolling with a tool specifically designed for this purpose can also sometimes
decrease the thickness of soft samples. Laminated samples can be sectioned using a microtome
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and can be examined either free-standing or supported on an IR-transparent window. Analysts
commonly microtome a cross-section from a multi-layer polymer laminate film so that its layer
structure can be analyzed by FT-IR microscopy.
Reflection Microscopy
All major types of reflection spectroscopy discussed above can be implemented on
microscopes. Most microscopes have optical configurations that enable them to be switched
from transmission to reflection measurements if the operator switches a simple flip mirror. The
angle of incidence for these measurements is usually between 30 and 45 so that both Fresnel
reflection and transflection measurements can be carried out easily. In contrast, special
microscope objectives are required for ATR or reflection–absorption spectrophotometry.
For ATR microspectroscopy, the sample under investigation is supported on the microscope
stage, and the ATR objective is lowered until the IRE is in optical contact with the uppermost
surface of the sample. Reproducible contact pressure can be achieved by the use of a pressure
gauge. A disadvantage of using a germanium IRE is that, unlike zinc selenide, it does not
transmit visible light, which precludes in situ visual inspection of the sample. ATR mapping using
a computer-controlled mapping stage in a manner analogous to that of transmission mapping is
also possible, but this is usually restricted to soft materials.
Hyperspectral Imaging
The term hyperspectral imaging came into use to describe the process whereby a focal plane
array (FPA) detector is used to record simultaneously an array of spectra from a stationary
sample. Each pixel of the array records a spectrum of a different region of the sample. This
approach is a much more time-efficient process than single-point mapping if many spectra are
measured from a large sample area. Typical array sizes for mid-IR applications are 256 × 256,
128 × 128, and 64 × 64. The individual mercury cadmium telluride (MCT) detector elements
(pixels) of most FPAs are 6.25 µm × 6.25 µm. The detectors that are incorporated in the FPA
are photovoltaic (PV) detectors, unlike the single-element photoconductive (PC) MCT detectors
that are used for many FT-IR measurements (see below). Whereas PC MCT detectors operate
at least to 750 cm 1, PV detectors that are installed in FPAs typically have a low wavenumber
cut-off in the region of approximately 900 cm 1. Advances in digital electronics and FPA design
enable 64 × 64 MCT FPAs to be used with an FT-IR spectrophotometer operating in the more
conventional continuous-scan mode. The three-dimensional array of data sets, two spatial and
one spectral, recorded in such an imaging measurement has become known as a hypercube or
data cube.
An alternative way of hyperspectral imaging that is now commercially available is a hybrid
approach in which a linear array of small PC MCT detectors is used in combination with a
computer-controlled mapping stage. Adjacent regions are rapidly repositioned under the array
detector until the full spatial region of interest has been covered. The full field image is built up
as a mosaic of the individual area images recorded. In one system, which incorporates a 16detector linear array, the lower wavenumber cut-off is approximately 700 cm 1.
INSTRUMENTATION
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The majority of mid-IR spectra are measured with an FT-IR spectrophotometer. These
instruments generally incorporate an incandescent silicon carbide (Globar®-type) source. The
radiation emitted by the source is collimated and passed into a continuous scanning two-beam
interferometer. The rate of change of optical path difference in the interferometer (usually
known as the optical velocity) is typically on the order of 0.2–5.0 cm·s 1. The actual value
depends on the detector and the analog-to-digital converter (ADC). The beam emerging from
the interferometer is then focused at the center of the sample compartment of the
spectrophotometer by an off-axis paraboloidal mirror. After being transmitted through, or
reflected from, the sample, the beam is focused onto the detector. This signal is called an
interferogram. The interferogram is a record of the variation of the AC component of the
energy incident on the detector as a function of the optical path difference (retardation) of the
interferometer. The Fourier transform of the interferogram is the single-beam spectrum.
The measurement usually involves passing a laser beam through the center of the
interferometer, with the resulting sinusoidal interferogram measured by a detector of visible
radiation at the same time the IR interferogram is measured by the IR detector. The usual laser
used for this purpose is a helium–neon (HeNe) laser with a wavelength of 632.8 nm (15,802 cm
1).

This laser interferogram allows the exact position of the moving optical element in the
interferometer to be determined. In FT-IR spectrophotometers equipped with an externally
triggerable ADC, the IR signal is digitized at each wavelength of the laser interferogram,
typically at the zero crossings. If the IR interferogram is sampled once per wavelength of a
HeNe laser, the spectral range is restricted to 0–7901 cm 1, i.e., one-half the wavenumber of
the laser. In some contemporary FT-IR spectrophotometers, a sigma-delta ADC is used. These
ADCs sample the interferogram at constant time intervals rather than at constant intervals of
optical path difference, but they have a greater dynamic range than do externally triggered
ADCs. In the latter case, the instrument’s software calculates what the value of the
interferogram would have been at the laser zero crossings.
In obtaining the spectrum of a sample, the single-beam spectrum of the sample and an
appropriate reference are measured, and the ratio of these two single-beam spectra is
calculated. If the spectrum is obtained in the transmission mode, the ratio is known as the
transmittance spectrum, T( ). For many measurements, the negative logarithm of T( ) is
calculated to give the absorbance, A( ). If the sample is interrogated in the reflection mode,
the ratio is the reflectance spectrum, R( ). For ATR, transflection and reflection–absorption
measurements, R( ), are usually converted to absorbance in the same way as for transmission
spectroscopy. Conversion to A( ) is essential for quantitative measurements. For Fresnel
reflection measurements, R( ) is often subjected to a Kramers–Kronig transformation to yield
the absorption index spectra, k( ), and the refractive index spectra, n( ). For mid-IR diffuse
reflection measurements, R( ) is usually converted by the Kubelka–Munk function (see
Equation 4).
The standard detector used in FT-IR spectrophotometers is a room-temperature pyroelectric
bolometer, most commonly deuterated triglycine sulfate (DTGS) or deuterated l-alanine-doped
triglycine sulfate. These detectors respond to IR radiation of all wavelengths, and their low
wavenumber cut-off is determined by the window behind which they are mounted. The window
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is typically selected to match the material on which the beamsplitter is deposited and is usually
potassium bromide, so that the range is restricted to 400 cm 1.
When the sensitivity of pyroelectric bolometers is inadequate, e.g., for measurements made
through a microscope or with a gas chromatography interface, the more sensitive MCT detector
is used. MCT detectors are generally operated in the photoconductive mode and are usually
cooled to 77 K with liquid nitrogen (LN2 ). Thermoelectrically cooled MCT detectors are
available, but their low wavenumber cut-off is usually well above 1000 cm 1, and they are not
as sensitive as LN2 -cooled MCT detectors. Liquid nitrogen-cooled indium antimonide (InSb)
detectors can also be used. These detectors are more sensitive than MCT but have a cut-off
at 1800 cm 1.
Two problems with MCT detectors should be noted. First, because they are more sensitive than
DTGS detectors, they should be used only when the sample or sampling accessory attenuates
the beam by at least a factor of 10. Otherwise, the ADC will be overloaded and the photometric
accuracy of the spectrophotometer will be seriously affected. If the instrument is equipped only
with an MCT detector (a rare circumstance), a neutral-density filter can be mounted in the
spectrophotometer beam to reduce the energy of the beam at the detector to an appropriate
level. Second, even when the ADC is not saturated, the response of MCT detectors is often
nonlinear at high signal levels near the centerburst of the interferogram. The effect of this
nonlinearity is to cause the baseline of the calculated single-beam spectrum to be displaced
from zero. This effect can be seen readily when one plots the single-beam spectrum between 0
and 4000 cm 1. If the average energy in the single-beam spectrum between, for instance, 400
and 300 cm 1 is above or below zero, the detector is responding in a nonlinear manner in the
region of the centerburst, and the photometric accuracy of the measurement is degraded
concomitantly. Some vendors supply software to correct for this effect, but in general the
signal should be reduced by inserting a neutral-density filter, not an aperture stop, in the
beam.
Change to read:
ANALYTICAL CONSIDERATIONS
FACTORS THAT IMPACT MEASUREMENT PERFORMANCE

USP38

Factors That Affect
USP38

Spectral Resolution
The main factor that affects the resolution of an FT-IR spectrophotometer is the maximum
optical path difference of the interferogram. The nominal resolution, D , is the reciprocal of the
maximum optical path difference.
The divergence angle of the beam passing through the interferometer may also degrade the
resolution. The effective collimation of the beam that passes through the interferometer is
determined by the limiting aperture of the optical system. In instruments designed for high
resolution (D > 0.5 cm 1), an adjustable aperture that serves the same purpose as the
entrance aperture of a monochromator is installed at a focus between the source and the
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interferometer. As the desired resolution is increased (i.e., D is made numerically smaller), the
diameter of this aperture, which is known as the Jacquinot stop or J-stop, is decreased, making
the divergence angle of the beam in the interferometer smaller;
however, this procedure may increase the noise in the spectrum. USP38
In lower resolution instruments (typically those with a maximum resolution of 1 or 2 cm 1), the
detector serves the purpose of the Jacquinot stop.
If the true full-width at half-height of the bands or lines in the spectrum is less than D , side
lobes are seen on each narrow spectral feature. These side lobes can be eliminated by
apodization, i.e., multiplying the interferogram by a function that is equal to 1 at the
centerburst and decays monotonically with optical path difference. Besides reducing the
amplitude of the side lobes, apodization also has the effect of degrading the resolution
(broadening the bands). When an interferogram is not weighted, it is often (incorrectly) said to
be apodized with a boxcar apodization function, although a better term would be a boxcar
truncation function. The selection of apodization function should be made on the basis of the
purpose of the experiment, but it is usually limited to a few choices.
The Norton–Beer weak, medium, and strong apodization functions give the optimum combination
of side-lobe amplitude for a loss in resolution of 20%, 40%, and 60%, respectively. The Norton–
Beer medium apodization function is generally appropriate for many measurements of
condensed-phase samples. The Happ–Genzel apodization function is also a nearly optimal
function that degrades the resolution by about 50% (i.e., it is midway between the Norton–
Beer medium and strong functions). A commonly available function is the triangular apodization
function. This function has the effect of causing significant deviations from Beer's Law and is
not recommended.
FACTORS THAT AFFECT PHOTOMETRIC AND WAVENUMBER ACCURACY
FT-IR spectrophotometers are intrinsically very precise in both the ordinate and abscissa
scales. They are not always very accurate, however.
USP38

Wavenumber Accuracy
The main factors that affect wavenumber accuracy are the alignment of the laser and IR
beams in the interferometer and the divergence of the beam passing through the interferometer
as observed with the IR detector. One might think that because the wavenumber of the laser
beam is known very accurately, the wavenumber scale of a spectrum measured on an FT-IR
spectrophotometer should be known to equal accuracy. However, the laser beam is highly
collimated, whereas the beam from the IR source is not (a collimated beam can be obtained
only from a point source). Because both the source and detector have a finite size, equal
accuracy (of the wavenumber of the laser beam and the wavenumber scale of the spectrum
measured) is never the case. As the diameter of the Jacquinot stop is decreased, a small
wavenumber shift (always less than 0.25 D ) will be observed. When the diameter of a sample
is less than the diameter of the beam focus in the sample compartment or the sampling
accessory, the effect is also to vignette the beam (i.e., to stop the beam down), and a small
wavelength shift will be observed.
The best wavenumber standard for FT-IR spectrophotometers may be a sheet of polystyrene
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film with a thickness of about 35 µm. Matte films are strongly recommended because
interference fringes are minimized. The National Institute of Standards and Technology provides
a matte polystyrene film standard that lists the wavenumbers of several narrow bands.
Recommended bands are at 3060.0, 2849.5, 1942.9, 1601.2, 1583.0, 1154.5, and 1028.3 cm 1
with a tolerance of ± 1.0 cm 1.
When the wavenumbers of band maxima are measured, take care to use appropriate software.
The spectrum typically is calculated with 2 points per resolution element; i.e., the interval
between data points is 0.5 D . Thus the wavenumber of the maximum data point in the
spectrum is known only to an accuracy of ±0.25 D . This can be improved upon by
interpolation, but the wavenumbers of absorption bands are more precisely determined by
either polynomial fitting or calculation of the band's center of gravity.
USP38

Photometric Accuracy
The main factor that affects the photometric accuracy of FT-IR spectrophotometers is the
linearity of the detector response. As noted above, the response of pyroelectric bolometers
usually varies linearly with the energy on the detector, but this is not the case for MCT
detectors. With MCT detectors, the best way of detecting photometric error is measurement of
the nonphysical energy in the single-beam spectrum below the detector cut-off.
Sensitivity
The sensitivity of the instrument can be determined by measuring two single-beam spectra
under exactly the same conditions and calculating their ratio to produce what is commonly
known as a 100% line. The noise level in different spectral regions can be estimated either as
the peak-to-peak noise, i.e., the difference between the maximum and minimum values of the
percent transmission in the selected spectral region(s), or the root-mean-square (RMS) noise,
i.e., the standard deviation of the spectrum in that region. The RMS noise level is the preferred
metric because this calculation involves all the data in the selected region rather than just the
two most deviant points. Typical measurement conditions to test the sensitivity of an FT-IR
spectrophotometer equipped with a DTGS detector are 16 co-added scans, a resolution of 2 cm
1,

and Norton–Beer medium apodization. The most commonly used spectral region is 2200–

2000 cm 1 because (a) this is where the performance of most mid-IR spectrophotometers is
highest, and (b) no common atmospheric interferent such as water or carbon dioxide absorbs
strongly in this region. However, other regions should be tested close to the ends of the
spectrum, such as 650–450 cm 1 and 4000–3800 cm 1. The SNR of the spectrophotometer
operating with certain parameters in a given spectral region is estimated as 100/(RMS noise
level in percent transmission). USP38
Beer's Law Linearity
For quantitative measurements, the spectrum is measured at a resolution that is at least twice
as narrow as the narrowest band in the spectrum. The use of either the Norton–Beer medium or
Happ–Genzel apodization function is recommended. For optimal photometric accuracy, the
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maximum absorbance of the analytical bands is no greater than 1.0 absorbance unit. Higher
absorbance values can be tolerated with certain combinations of resolution and apodization
functions. The effect of band width and peak absorbance on Beer’s Law linearity for strong
bands depends on the resolution and apodization function, and should be validated on a caseby-case basis. USP38
BRIEFING
Amyl Alcohol, USP 36 page 1142. It is proposed to correct the CAS number of this reagent.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C138053

Comment deadline: March 31, 2014
Change to read:
Amyl Alcohol (Isoamyl Alcohol), C5 H11 OH—88.15
123-51-3 USP38
]—Use ACS reagent grade Isopentyl Alcohol.

[598-75-4

BRIEFING
-Nicotinamide Adenine Dinucleotide, USP 36 page 1177. It is proposed to update the
specification of this reagent.
(HDQ: M. Marques.)

Correspondence Number—C139383

Comment deadline: March 31, 2014
Change to read:
-Nicotinamide Adenine Dinucleotide, C21 H27 N7 O14 P2 —663.4 [53-84-9]—White, very
hygroscopic powder. Freely soluble in water.
Assay—Dissolve 17.9 g of anhydrous dibasic sodium phosphate in water to make 500 mL
(Solution A). Dissolve 6.8 g of monobasic potassium phosphate in water to make 500 mL
(Solution B). To a volume of Solution A, add Solution B until the mixture is adjusted to a pH of
7.0 (about 2:1 by volume of Solutions A and B) to obtain a pH 7.0 Buffer. Transfer about 25 mg
of -nicotinamide adenine dinucleotide, accurately weighed, to a 25-mL volumetric flask,
dissolve in and dilute with water to volume, and mix. Transfer 0.2 mL of this solution to a 10-mL
volumetric flask, dilute with pH 7.0 Buffer to volume, and mix. Use this solution as the Assay
preparation. Determine the absorbances of the Assay preparation and the pH 7.0 Buffer in 1cm cells at a wavelength of 260 nm, using water as the reference. Calculate the quantity, in
mg, of C21 H27 N7 O14 P2 in the portion of
formula:

-nicotinamide adenine dinucleotide taken by the

(0.6634/17.6)(10/0.2)(25)(AA

AB )

in which AA and AB are the absorbances of the Assay preparation and the pH 7.0 Buffer,
respectively. Not less than 94.5% is found.
Use a suitable grade with a content of NLT 98%.

USP38
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BRIEFING
Chromatographic Hexane, USP 36 page 1155. It is proposed to change the name of this
reagent to facilitate its procurement. See Briefing under Hexane, Chromatographic published
elsewhere in this issue of PF.
(HDQ: M. Marques.)

Correspondence Number—C137709

Comment deadline: March 31, 2014
Change to read:
Chromatographic Solvent Hexane
Chromatographic Hexane USP38
—See Hexane, Solvent, Chromatographic
Hexane, Chromatographic. USP38
BRIEFING
Dextran, Weight-Average Molecular Weight 3,500,000 g/mol. It is proposed to add this
new reagent used in the Apparent Weight-Average Molecular Weight and Polydispersity test in
the monograph for Polyethylene Glycol 3350, published in PF 39(6) [Nov.–Dec. 2013].
(HDQ: M. Marques.)

Correspondence Number—C118641

Comment deadline: March 31, 2014
Add the following:
Dextran, Weight-Average Molecular Weight 3,500,000 g/mol
[9004-54-0]—A dextran molecular-weight standard having a weight-average molecular weight
(MW) of 3.5 × 106 g/mol and a weight-average molecular weight to number-average molecular
weight ratio (MW/MN) of 2.5. [Note—A suitable grade is available as part number PSS-ddxt3m
from www.polymer.de.] USP38
BRIEFING
Hexane, Chromatographic, USP 36 page 1168. It is proposed to change the name of this
reagent to facilitate its procurement. The following monographs, published elsewhere in this
issue of PF, are being revised as result of this change.
Brinzolamide
Brinzolamide Ophthalmic Suspension
Cloprostenol Sodium
Dexchlorpheniramine Maleate Tablets
Latanoprost
Lindane Cream
Sodium Stearate (Monograph is being revised, and this solvent is not used in the
new procedure.)
(HDQ: M. Marques.)

Correspondence Number—C139708

Comment deadline: March 31, 2014
Change to read:
Hexane, Solvent, Chromatographic—
Hexane, Chromatographic— USP38
Use ACS HPLC reagent grade.
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BRIEFING
Hydrocodone diol. It is proposed to add this new reagent used in the Limit of
Dihydrocodeine Bitartrate, Hydrocodone Diol, and Related Substances test in the monograph
for Hydrocodone Bitartrate and Homatropine Methylbromide Tablets.
(HDQ: M. Marques.)

Correspondence Number—C138600

Comment deadline: March 31, 2014
Add the following:
Hydrocodone diol,
C18 H23 NO4 —317.4—Use a suitable grade. [Note—A suitable grade is available as catalog
number 1584 from Mallinckrodt, 800-895-9048.] USP38
BRIEFING
Magnesium Nitrate, USP 36 page 1173. It is proposed to correct the CAS number of this
reagent.
(HDQ: M. Marques.)

Correspondence Number—C137714

Comment deadline: March 31, 2014
Change to read:
Magnesium Nitrate, Mg(NO3 )2 ·6H2 O—256.41
13446-18-9 USP38
]—Use ACS reagent grade.

[10377-60-3

BRIEFING
Myristyltrimethylammonium Bromide. It is proposed to add this new reagent used in the
Assay and the test for Organic Impurities in the monograph for Cromolyn Sodium, also
appearing in this issue of PF.
(HDQ: M. Marques.)

Correspondence Number—C116807

Comment deadline: March 31, 2014
Add the following:
Myristyltrimethylammonium Bromide
(MTA, Tetradecyltrimethylammonium Bromide; Trimethyl(tetradecyl)ammonium Bromide),
C17 H38 BrN—336.39 [1119-97-7]—Use a suitable grade with a content of NLT 99%. USP38
BRIEFING
Polyethylene Glycol Standards with Molecular Weights of 960, 1960, 3020, 6430, and
12,300 Daltons (g/mol). It is proposed to add this new reagent used in the test for Apparent
Weight-Average Molecular Weight and Polydispersity in the new monograph for Polyethylene
Glycol 3350, published in PF 39(6) [Nov.–Dec. 2013].
(HDQ: M. Marques.)

Correspondence Number—C118641

Comment deadline: March 31, 2014
Add the following:
Polyethylene Glycol Standards with Molecular Weights of 960, 1960, 3020, 6430, and
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12,300 Daltons (g/mol)
(Poly(oxy-1,2-ethanediyl), -hydro- -hydroxy-; 1,2-Ethanediol, homopolymer),
H(OCH2 CH2 )nOH in which the average values of n are 22, 44, 69, 146, and 280—average
molecular weights 960, 1960, 3020, 6430, and 12,300 g/mol [25332-68-3]—Use molecular
weight standard grade. [Note—Suitable grades are available from www.polymer.de.] USP38
BRIEFING
Lead Nitrate Stock Solution TS. In preparation for the omission of the general test chapter
Heavy Metals 231 and all references to this general chapter from USP–NF monographs and
other general chapters, as proposed in PF 39(1) [Jan.–Feb. 2013], it is proposed to include
Lead Nitrate Stock Solution in the Test Solutions section of Reagents, Indicators, and
Solutions. The revisions to the affected articles are presented elsewhere in this issue of PF.
(HDQ: M. Marques.)
Correspondence Number—C133930
Add the following:
Lead Nitrate Stock Solution TS
—Dissolve 159.8 mg of lead nitrate in 100 mL of water to which 1 mL of nitric acid has been
added, then dilute with water to 1000 mL. Prepare and store this solution in glass containers
free from soluble lead salts.
1
USP38

BRIEFING
Standard Lead Solution TS, USP 36 page 1217. In preparation for the omission of Heavy
Metals 231 and all references to this general chapter from USP–NF monographs and other
general chapters, as proposed in PF 39(1) [Jan.–Feb. 2013], it is proposed to revise the
existing entry for Standard Lead Solution under Test Solutions to include a complete detailed
preparation.
Additionally, minor editorial changes have been made to update the test solution to current
USP style.
(HDQ: M. Marques.)

Correspondence Number—C137589

Change to read:
Standard Lead Solution
TS— USP38
See under Heavy Metals 231 .
On the day of use, dilute 10.0 mL of lead nitrate stock solution TS with water to 100.0 mL.
Each mL of standard lead solution TS contains the equivalent to 10 µg of lead. USP38
BRIEFING
Lithium Methoxide, Fiftieth-Normal (0.02 N) in Methanol,USP 36 page 1221. It is
proposed to correct the formula for the calculation of the normality of this volumetric solution.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
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Correspondence Number—C138652

Comment deadline: March 31, 2014
Change to read:
Lithium Methoxide, Fiftieth-Normal (0.02 N) in Methanol
CH3 LiO, 37.97
759.6 mg in 1000 mL
Dissolve 0.12 g of freshly cut lithium metal in 150 mL of methanol, cooling the flask during
addition of the metal. When the reaction is complete, add 850 mL of methanol, and mix. Store
the solution preferably in the reservoir of an automatic delivery buret suitably protected from
carbon dioxide and moisture. Standardize the solution by titration against benzoic acid as
described under Sodium Methoxide, Tenth-Normal (0.1 N) (in Toluene), but use only 100 mg of
benzoic acid. Each 2.442 mg of benzoic acid is equivalent to 1 mL of 0.02 N lithium methoxide.
[Note—Restandardize the solution frequently.]

USP38

BRIEFING
Perchloric Acid, Tenth-Normal (0.1 N) in Dioxane, USP 36 page 1222. It is proposed to
correct the equivalent of potassium biphthalate.
(HDQ: M. Marques.)
Correspondence Number—C137725

Comment deadline: March 31, 2014
Change to read:
Perchloric Acid, Tenth-Normal (0.1 N) in Dioxane
Mix 8.5 mL of perchloric acid with sufficient dioxane to make 1000 mL. Standardize the solution
as follows. Accurately weigh about 700 mg of potassium biphthalate, previously crushed lightly
and dried at 120 for 2 h, and dissolve in 50 mL of glacial acetic acid in a 250-mL flask. Add 2
drops of crystal violet TS, and titrate with the perchloric acid solution until the violet color
changes to bluish green. Carry out a blank determination. Each 20.423
20.422 USP38
mg of potassium biphthalate is equivalent to 1 mL of 0.1 N perchloric acid.
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USP38

BRIEFING
L## (Polyethylene Glycol 3350, Aquagel-OH40). It is proposed to add this new column
used in the Apparent Weight-Average Molecular Weight and Polydispersity test in the
monograph for Polyethylene Glycol 3350 published in PF 39(6) [Nov.–Dec. 2013].
(HDQ: M. Marques.)

Correspondence Number—C118641

Comment deadline: March 31, 2014
Add the following:
L## (Polyethylene Glycol 3350, Aquagel-OH40)
—Packing having the capacity to separate compounds with a molecular weight range from
10,000 to 200,000 g/mol (as determined by polyethylene oxide), applied to neutral, anionic, and
cationic water-soluble polymers, composed of a rigid macroporous material with a hydrophilic
surface. USP38
BRIEFING
L## (Polyethylene Glycol 3350, TSKgel G-Oligo-PW). It is proposed to add this new
column used to validate the test for Limit of Ethylene Glycol and Diethylene Glycol in the
monograph for Polyethylene Glycol 3350.
(HDQ: M. Marques.)

Correspondence Number—C118641

Comment deadline: March 31, 2014
Add the following:
L## (Polyethylene Glycol 3350, TSKgel G-Oligo-PW)
—Packing having the capacity to separate compounds with a molecular range from 100 to 3000
(as determined by polyethylene oxide), applied to neutral and anionic water-soluble polymers. A
polymethacrylate resin base, cross-linked with polyhydroxylated ether (surface contains some
residual cationic functional groups). USP38
BRIEFING
L24, USP 36 page 1227. It is proposed to revise the description of this HPLC phase to better
reflect the column originally used to validate the Assay for Vitamin A, Method 2 in several
monographs for dietary supplements.
(HDQ: M. Marques.)
Correspondence Number—C138107

Comment deadline: March 31, 2014
Change to read:
L24—A semi-rigid hydrophilic gel consisting of vinyl polymers with numerous hydroxyl groups on
the matrix surface, 32 to 63 µm in diameter.
Polyvinylalcohol chemically bonded to porous silica particle, 5 µm in diameter. USP38
[Note—Available as YMC-Pack PVA-SIL manufactured by YMC Co., Ltd. and distributed by
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Waters Corp. (www.waters.com).]
CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 6249 of the Second Supplement to
USP 36.
(HDQ..)
Correspondence Number—C127098
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Add the following:
Vigabatrin Tablets

T

USP38

BRIEFING
Description and Relative Solubility of USP and NF Articles, page 6259 of the Second
Supplement to USP 36.
(HDQ..)
Correspondence Number—C116800
Add the following:
Imipramine Pamoate:
Fine, yellow powder. Soluble in acetone, in chloroform, in carbon tetrachloride, in ethanol, and
in ether; insoluble in water. USP38
BRIEFING
Menaquinone-7. Because there is no existing USP monograph for this dietary ingredient, a new
monograph is proposed. The liquid chromatographic procedure in the Assay is based on
analyses performed with the Phenomenex Kinetex 100A brand of L1 column. Typical retention
times for menaquinone-6 and menaquinone-7 are 3.7 and 4.6 min, respectively. The liquid
chromatographic procedure in the test for Enantiomeric Purity is based on analyses
performed with the YMC Carotenoid brand of L62 column. Typical retention times for the
all-trans isomer and cis isomer are 18.7 and 20.4 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(DS: H. Dinh.)
Correspondence Number—C133224

Comment deadline: March 31, 2014
Add the following:
Menaquinone-7

C46 H64 O2

649.00

(all-E)–2-(3,7,11,15,19,23,27-Heptamethyl-2,6,10,14,18,22,26-octacosaheptaenyl)-3-methyl1,4-naphthalenedione
[2124-57-4].
DEFINITION
Menaquinone-7 contains NLT 96.0% and NMT 101.0% of menaquinone-7 (C46 H64 O2 ) and NMT
2% of menaquinone-6 (C41 H56 O2 ), calculated on the as-is basis.
IDENTIFICATION
• A. Infrared Absorption 197A
• B. Ultraviolet Absorption 197U
[Note—Use low-actinic glassware.]
Analytical wavelength: 200–450 nm
Sample solution: 40 µg/mL of Menaquinone-7 in dehydrated alcohol
Acceptance criteria: Meets the requirements
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Dehydrated alcohol and water (97:3)
[Note—Protect the following Standard solution and Sample solution from light, and injected
immediately after preparation.]
Standard solution: Transfer 25 mg of USP Menaquinone-7 RS into a 50-mL volumetric
flask, add 1 mL of tetrahydrofuran, and dilute with dehydrated alcohol to volume. Transfer
5.0 mL of this solution into a 25-mL volumetric flask, and dilute with dehydrated alcohol to
volume.
Sample solution: Transfer 25 mg of Menaquinone-7 into a 50-mL volumetric flask, add 1
mL of tetrahydrofuran, and dilute with dehydrated alcohol to volume. Transfer 5.0 mL of
this solution into a 25-mL volumetric flask, and dilute with dehydrated alcohol to volume.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 268 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
Column temperature: 25
Flow rate: 0.7 mL/min
Injection volume: 10 µL
Run time: At least 3 times the retention time of menaquinone-7
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0% for six replicate injections
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for menaquinone-6 and menaquinone-7 are 0.81 and
1.00, respectively, Sample solution.]
Calculate the percentage of menaquinone-7 (C46 H64 O2 ) in the portion of Menaquinone-7
taken:
Result = (rU7/rS) × (CS/CU) × 100
rU7
= peak response of menaquinone-7 from the Sample solution
rS= peak response of menaquinone-7 from the Standard solution
CS= concentration of USP Menaquinone-7 RS in the Standard solution (mg/mL)
CU= concentration of Menaquinone-7 in the Sample solution (mg/mL)
Calculate the percentage of menaquinone-6 (C41 H56 O2 ) in the portion of Menaquinone-7
taken:
Result = (rU6/rS) × (CS/CU) × 100
rU6
= peak response of menaquinone-6 from the Sample solution
rS= peak response of menaquinone-7 from the Standard solution
CS= concentration of USP Menaquinone-7 RS in the Standard solution (mg/mL)
CU= concentration of Menaquinone-7 in the Sample solution (mg/mL)
Acceptance criteria
Menaquinone-7: 96.0%–101.0% on the as-is basis
Menaquinone-6: NMT 2% on the as-is basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 2.0 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 3.0 µg/g
Mercury: NMT 0.1 µg/g
• Enantiomeric Purity

233
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Mobile phase: Water, dehydrated alcohol, methanol, and tetrahydrofuran (1:15:80:10)
Sample solution: [Note—Protect the solution from light and inject immediately after
preparation.]Transfer 40 mg of Menaquinone-7 into a 100-mL volumetric flask, add 2 mL of
tetrahydrofuran, and shake to dissolve the sample. Dilute with dehydrated alcohol to
volume. Transfer 1.0 mL of this solution into a 10-mL volumetric flask, and dilute with
dehydrated alcohol to volume. Pass the solution through a membrane filter of 0.45-µm
pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 25-cm; 5-µm packing L62
Column temperature: 25
Flow rate: 0.8 mL/min
Injection volume: 20 µL
Run time: At least 1.5 times the retention time of all-trans-menaquinone-7
System suitability
Sample: Sample solution
[Note—The relative retention times of all-trans-menaquinone-7 and cis-menaquinone-7
are 1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 1.5 between all-trans-menaquinone-7 and cis-menaquinone-7
Analysis
Sample: Sample solution
Calculate the percentage of cis-menaquinone-7 in the portion of Menaquinone-7 taken:
Result = [(rC/(rT + rC) × 100]
r=
C peak response of cis-menaquinone-7 from the Sample solution
r=
T peak response of all-trans-menaquinone-7 from the Sample solution
Acceptance criteria: NMT 2% of cis-menaquinone-7
SPECIFIC TESTS
• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 1 × 103
cfu/g, and the total combined molds and yeasts count does not exceed 1 × 102 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species, Staphlococcus aureus, and Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in a tight container, in a cool and dry place. Protect from
light.
• USP Reference Standards
USP Menaquinone-7 RS

11

USP38

BRIEFING
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Menaquinone-7 Preparation. Because there is no existing USP monograph for this dietary
formulation, a new monograph is proposed. The liquid chromatographic procedure in the
Content of Menaquinone-7 test is based on analyses performed with the Phenomenex
Kinetex C18 100A brand of L1 column. Typical retention times for menaquinone-6 and
menaquinone-7 are 3.7 and 4.6 min, respectively. The liquid chromatographic procedure in
the Enantiomeric Purity test is based on analyses performed with the YMC Carotenoid brand
of L62 column. Typical retention times for the all-trans isomer and cis-isomer are 18.7 and
20.4 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C133221

Comment deadline: March 31, 2014
Add the following:
Menaquinone-7 Preparation
DEFINITION
Menaquinone-7 Preparation is a combination of concentrated menaquinone-7 (C46 H64 O2 )
extract with one or more inert substances. It may be in a solid or liquid form. It contains NLT
90% and NMT 120% of the labeled amount (ppm) of menaquinone-7 calculated on the dried
basis for the solid form and on the as-is basis for the liquid form. It contains no organic
solvents.
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution: Transfer 10 mg of USP Menaquinone-7 RS into a 10-mL volumetric
flask, add 1 mL of tetrahydrofuran, dissolve and dilute with the same solvent to volume.
Sample solution A (for solid Menaquinone-7 Preparations): Transfer an amount of
Preparation, equivalent to about 1 mg of menaquinone-7, to a 2-mL centrifuge tube, and
add 1 mL of tetrahydrofuran. Shake, and allow the mixture to settle (if necessary,
centrifuge). Use the supernatant for the test.
Sample solution B (for liquid Menaquinone-7 suspensions in oil Preparations): Transfer an
amount of Preparation, equivalent to about 4 mg of menaquinone-7, to a 10-mL centrifuge
tube, and add 4 mL of tetrahydrofuran. Shake, and allow the mixture to settle (if
necessary, centrifuge). Use the supernatant for the test.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Nano silica gel F 254 for HPTLC1
Application volume: 5 µL
Developing solvent system: Hexane and ethyl acetate (95:5)
Spray reagent: Transfer 1 g of cerium sulfate and 21 g of ammonium molybdate into a
500-mL volumetric flask, dissolve with 33 mL of 98% (w/w) sulphuric acid, and dilute
with deionized water to volume. Stir to complete dissolution. Cool, and store the solution
at 0 . Allow the Spray reagent to come to room temperature before use.
Analysis
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Samples: Standard solution and Sample solution
Develop the chromatogram in the Developing solvent system until the solvent front has
moved about three fourths the length of the plate. Remove the plate from the chamber,
and air-dry. Examine the plate under visible light and short-wave UV light, and record the
spots. Spray the plate with the Spray reagent, and heat at 100 –110 for 5 min. Examine
the plate under white light, and record the spots.
Acceptance criteria: Under visible light and short-wave UV light, the spots from the
Sample solution correspond in color (light yellow), shape, and RF value to those from the
Standard solution. After applying the Spray reagent, under white light, the spots from the
Sample solution correspond in color (dark blue), shape, and RF value to those from the
Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in Content of Menaquinone-7.
COMPOSITION
• Content of Menaquinone-7
[Note—Use low-actinic glassware.]
Mobile phase: Dehydrated alcohol and water (97:3)
[Note—Protect the following Standard solution and Sample solution from light, and inject
immediately after preparation.]
Standard solution: Transfer 20 mg of USP Menaquinone-7 RS into a 50-mL volumetric
flask, add 1.0 mL of tetrahydrofuran, and dilute with dehydrated alcohol to volume.
Transfer 1.0 mL of this solution into a 10-mL volumetric flask, and dilute with dehydrated
alcohol to volume.
Sample solution A (for solid Menaquinone-7 Preparations): Transfer an accurately weighed
solid Preparation, equivalent to about 0.8 mg of menaquinone-7, to a 25-mL volumetric
flask, add 2 mL of tetrahydrofuran, and dilute with dehydrated alcohol to volume. Shake
the suspension for 2 min, and pass through a membrane filter of 0.45-µm pore size.
Sample solution B (for liquid Menaquinone-7 Preparations – Oily suspensions): Transfer an
accurately weighed liquid Preparation, equivalent to about 1.0 mg of menaquinone-7, to a
25-mL volumetric flask, add 2 mL of tetrahydrofuran, and dilute with dehydrated alcohol to
volume. Pass this solution through a membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
Column temperature: 25
Flow rate: 0.7 mL/min
Injection volume: 10 µL
Run time: At least 3 times the retention time of menaquinone-7
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0% for six replicate injections
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Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for menaquinone-6 and menaquinone-7 are 0.81 and
1.00, respectively.]
Calculate the content of menaquinone-7 (C46 H64 O2 ), in ppm, in the portion of Preparation
taken:
Result = (rU/rS) × (CS/W) × V
rU= peak response of menaquinone-7 from the Sample solution
rS= peak response of menaquinone-7 from the Standard solution
C=
S concentration of USP Menaquinone-7 RS in the Standard solution (µg/mL)
W= weight of Preparation taken to prepare the Sample solution (g)
V= volume of Sample solution (mL)
Calculate the content of menaquinone-6 (C41 H56 O2 ), in the ppm, in the portion of
Preparation taken:
Result = (rU/rS) × (CS/W) × V
rU= peak response of menaquinone-6 from the Sample solution
rS= peak response of menaquinone-7 from the Standard solution
C=
S concentration of USP Menaquinone-7 RS in the Standard solution (µg/mL)
W= weight of Preparation taken to prepare the Sample solution (g)
V= volume of Sample solution (mL)
Acceptance criteria
Menaquinone-7: 90.0%–120.0% of the labeled amount (ppm) for the solid Preparation
on the dried basis; 90.0%–120.0% of the labeled amount (ppm) for the liquid Preparation
on the as-is basis
Menaquinone-6: 0.9%–3.0% of the labeled amount (ppm) of menaquinone-7 for the solid
Preparation on the dried basis; 0.9%–3.0% of the labeled amount (ppm) of
menaquinone-7 for the liquid Preparation on the as-is basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Elemental Impurities—Procedures 233
Acceptance criteria
Arsenic: NMT 2.0 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 3.0 µg/g
Mercury: NMT 0.1 µg/g
• Enantiomeric Purity
Mobile phase: Water, dehydrated alcohol, methanol, and tetrahydrofuran (1:15:80:10)
Sample solution: Prepare Sample solution A or Sample solution B as described in Content
of Menaquinone-7. [Note—Protect the solution from light, and inject immediately after
preparation.]
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 25-cm; 5-µm packing L62
Column temperature: 25
Flow rate: 0.8 mL/min
Injection volume: 20 µL
Run time: At least 1.5 times the retention time of all-trans-menaquinone-7
System suitability
Sample: Sample solution A or Sample solution B
[Note—The relative retention times for all-trans-menaquinone-7 and cis-menaquinone-7
are 1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 1.5 between all-trans-menaquinone-7 and cis-menaquinone-7
Analysis
Sample: Sample solution
Calculate the percentage of cis-menaquinone-7 in the portion of Preparation taken:
Result = {[rC/(rT + rC)] × 100}
r=
C peak response of cis-menaquinone-7 from the Sample solution
r=
T peak response of all-trans-menaquinone-7 from the Sample solution
Acceptance criteria: NMT 2% of cis-menaquinone-7
SPECIFIC TESTS
• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 103
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species, Escherichia coli, and Staphylococcus aureus.
• Loss on Drying 731 (for solid Menaquinone-7 Preparations)
Analysis: Dry at 110 to a constant weight.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in a tight container, in a cool and dry place. Protect from
light.
• Labeling: The label states the name and content of any carriers and antioxidants added to
the formulation, and the content of menaquinone-7.
• USP Reference Standards
USP Menaquinone-7 RS

11

USP38

1 Suitable nano silica gel F
254 on HPTLC plates are available from Sigma-Aldrich, Fluka # 09916-25EA.
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BRIEFING
Anethole, NF 31 page 1887. As part of the USP monograph modernization effort, it is proposed
to making the following revisions.
1.
Update the Definition.
2.
Add an Identification section with Identification test A (Infrared Absorption) and
Identification test B (Chromatographic Identity), which is based on the GC peak
agreement using USP Anethole RS in the newly proposed Assay for trans-Anethole.
3.
Add a capillary GC in the Assay for trans-Anethole. The proposed capillary GC
procedures in the Assay for trans-Anethole and in the Limit of cis-Anethole, pAnisaldehyde and Other Volatile Impurities test is based on analyses performed with
the Restek Rtx-Wax or Agilent DB-Wax brand of G16 column. The typical retention
times for menthol (internal standard), cis-anethole, trans-anethole, and panisaldehyde are about 4.6, 7.5, 10.0, and 21.8 min, respectively.
4.
Delete the Aldehydes and Ketones test.
5.
Delete the Congealing Temperature test.
6.
Add a USP Reference Standards section, and add USP Anethole RS, USP p-Anisaldehyde
RS, and USP Menthol RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C108513

Comment deadline: March 31, 2014
Anethole

C10 H12 O

148.20

Benzene, 1-methoxy-4-(1-propenyl)-, (E)-;
(E)-p-Propenylanisole
[4180-23-8].
Synthetic
[104-46-1].
DEFINITION
Change to read:
Anethole is obtained from Anise Oil and other sources, or it is prepared synthetically.
It contains NLT 98.0% and NMT 102.0% of (E)-1-methyl-4-(1-propenyl) benzene (or trans-
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NF33

IDENTIFICATION
Add the following:
• A. Infrared Absorption 197F

NF33

Add the following:
• B. Chromatographic Identity
Analysis: Proceed as directed in the Assay for trans-Anethole.
Acceptance criteria: The retention time of the major peak, excluding the internal standard
peak, of the Sample solution corresponds to the anethole peak of the Standard solution.
NF33

ASSAY
Add the following:
• Assay for trans-Anethole
Internal standard solution: 2 mg/mL of USP Menthol RS (internal standard) in hexanes
Standard solution: 2 mg/mL of USP Anethole RS in Internal standard solution (use a
freshly prepared solution)
Sample solution: 2 mg/mL of Anethole in Internal standard solution (use a freshly
prepared solution)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m capillary; bonded with a 1.0-µm layer of phase G16
Temperatures
Injection port: 250
Detector: 250
Column: 125 (isothermally)
Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 1.0 µL
Injection type: Split injection; split ratio of 10:1
Run time: 30 min
System suitability
Sample: Standard solution
[Note—The relative retention times for menthol and trans-anethole are about 0.5 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 15 between menthol and trans-anethole
Tailing factor: 0.8–2.0 for menthol and trans-anethole peaks
Relative standard deviation: NMT 2.0% for the peak response ratio of trans-anethole
to the internal standard
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of trans-anethole (C10 H12 O) in the portion of Anethole taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of trans-anethole to the internal standard (peak response of transanethole/peak response of the internal standard) from the Sample solution
R=
S peak response ratio of trans-anethole to the internal standard (peak response of transanethole/peak response of the internal standard) from the Standard solution
C=
S concentration of USP Anethole RS in the Standard solution (mg/mL)
C=
U concentration of Anethole in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0%

NF33

IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 µg/g

Add the following:
• Limit of cis-Anethole, p-Anisaldehyde, and Other Volatile Impurities
Internal standard solution: 0.01 mg/mL of USP Menthol RS (internal standard) in hexanes
System suitability solution: 4 mg/mL of USP Anethole RS in Internal standard solution
after exposure to UV light for 1 h
Standard solution: 0.01 mg/mL of USP Anethole RS and 0.01 mg/mL of USP pAnisaldehyde RS in Internal standard solution (use a freshly prepared solution)
Sample solution: 2 mg/mL of Anethole in Internal standard solution (use a freshly
prepared solution)
Chromatographic system: Proceed as directed in the Assay, except use a Run time of 60
min.
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Table 1
Relative
Retention
Name
Time
Menthol (internal standard)
0.5
cis-Anethole
0.75
trans-Anethole
1.0
p-Anisaldehyde
2.2
Suitability requirements
Resolution: NLT 5 between cis-anethole and trans-anethole, System suitability
solution
Relative standard deviation: NMT 5.0% for the peak response ratio- of transanethole to the internal standard and NMT 5.0% for the peak response ratio of panisaldehyde to the internal standard, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of p-anisaldehyde in the portion of Anethole taken:
Result = (RU1/RS1) × (CS1/CU) × 100
RU1
= peak response ratio of p-anisaldehyde to the internal standard (peak response of panisaldehyde/peak response of the internal standard) from the Sample solution
RS1= peak response ratio of p-anisaldehyde to the internal standard (peak response of panisaldehyde/peak response of the internal standard) from the Standard solution
CS1
= concentration of USP p-Anisaldehyde RS in the Standard solution (mg/mL)
CU= concentration of Anethole in the Sample solution (mg/mL)
Calculate the percentage of cis-anethole or any other unspecified volatile impurity in the
portion of Anethole taken:
Result = (RU2/RS2) × (CS2/CU) × 100
RU2
= peak response ratio of cis-anethole or any other unspecified impurity to the internal
standard (peak response of cis-anethole or any other unspecified impurity/peak
response of the internal standard) from the Sample solution
RS2= peak response ratio of trans-anethole to the internal standard (peak response of
trans-anethole/peak response of the internal standard) from the Standard solution
CS2
= concentration of USP Anethole RS in the Standard solution (mg/mL)
CU= concentration of Anethole in the Sample solution (mg/mL)
Acceptance criteria: Disregard peaks that are less than 0.05% for any unspecified
impurities and any peaks due to solvent.
Total impurities including cis-anethole, p-anisaldehyde, and all other unspecified
impurities: NMT 2.0% NF33
• Limit of Phenols
Sample: 1 mL
Analysis: Shake the Sample with 20 mL of water, and allow the liquids to separate. Pass
the water layer through a filter paper previously moistened with water, and to 10 mL of
the filtrate add 3 drops of ferric chloride TS.
Acceptance criteria: No purple or purplish color is produced.
Delete the following:
•
Aldehydes and Ketones
Sample: 10 mL
Analysis: Shake the Sample with 50 mL of a saturated solution of sodium bisulfite in a
graduated cylinder, and allow the mixture to stand for 6 h.
Acceptance criteria: No appreciable diminution in the volume of Anethole occurs, and no
crystalline deposit separates. NF33
SPECIFIC TESTS
• Specific Gravity

841 : 0.983–0.988

Delete the following:
• Congealing Temperature
• Distilling Range, Method I

651 : NLT 20

NF33

721 : 231 –237 , a correction factor of 0.063 /mm being
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applied as necessary
• Optical Rotation, Angular Rotation
• Refractive Index

781A : 0.15 to +0.15

831 : 1.557–1.561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: Label to indicate whether it is of natural sources or is prepared synthetically.
Add the following:
• USP Reference Standards
USP Anethole RS
USP p-Anisaldehyde RS
USP Menthol RS

11

NF33

BRIEFING
Bentonite, NF 31 page 1894; Calcium Propionate, NF 31 page 1915; Corn Syrup, NF 31 page
1971; Corn Syrup Solids, NF 31 page 1977; Desoxycholic Acid, NF 31 page 1987; Erythritol,
NF 31 page 2002; High Fructose Corn Syrup, NF 31 page 1974; IRA May 31, 2013;
Hydrophobic Colloidal Silica, NF 31 page 2193; Magnesium Aluminum Silicate, NF 31 page
2073; Purified Bentonite, NF 31 page 1895; Stannous Chloride, NF 31 page 2222. In
preparation for the omission of the General Chapter Heavy Metals 231 and all references
to this General Chapter from USP–NF monographs, proposed in PF 39(1) [Jan.–Feb. 2013], it
is proposed to replace the references to Lead Nitrate Stock Solution and Standard Lead
Solution as currently described in the Special Reagents section of Heavy Metals 231 with
the references to lead nitrate stock solution TS and standard lead solution TS. The entries
for these Test Solutions appear elsewhere in this issue of PF.
Additionally, minor editorial changes have been made to update the monographs to current USP
style.
(EXC: G. Holloway.)
Correspondence Number—C136691

Comment deadline: March 31, 2014
Bentonite
Bentonite

[1302-78-9].

DEFINITION
Bentonite is a native, colloidal, hydrated aluminum silicate.
IDENTIFICATION
Change to read:
• A. X-Ray Diffraction 941
Sample A: Add 2 g in small portions to 100 mL of water, with intense agitation. Allow to
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stand for 12 h to ensure complete hydration. Place 2 mL of the mixture so obtained on a
suitable glass slide, and allow to air-dry at room temperature to produce an oriented film.
Place the slide in a vacuum desiccator over a free surface of ethylene glycol. Evacuate
the desiccator, and close the stopcock so that the ethylene glycol saturates the
desiccator chamber. Allow to stand for 12 h.
Sample B: Prepare a random powder specimen of Bentonite.
Analysis
Samples: Sample A and Sample B
Record the X-ray diffraction pattern of the samples, and determine the d values.
Acceptance criteria: The largest peak in the pattern of Sample A corresponds to a d value
between 15.0 and 17.2

. The major peak in the region between 1.48 and 1.54

from the pattern of Sample B is between 1.492 and 1.504

.

(ERR 1-O ct-2012)

IMPURITIES
• Arsenic, Method I 211
Test preparation: Transfer 8.0 g to a 250-mL beaker containing 100 mL of dilute
hydrochloric acid (1 in 25), mix, and cover with a watch glass. Boil gently, with occasional
stirring, for 15 min without allowing excessive foaming. Pass the hot supernatant through
a rapid-flow filter paper into a 200-mL volumetric flask, and wash with four 25-mL portions
of hot dilute hydrochloric acid (1 in 25), collecting the washings in the volumetric flask.
Cool the combined filtrates to room temperature, and add dilute hydrochloric acid (1 in 25)
to volume. Transfer 25 mL of this solution to a generator flask, and dilute with water to 35
mL.
Standard preparation: Transfer 5 mL of Standard Arsenic Solution (5 µg) to a generator
flask, and dilute with water to 35 mL.
Analysis: Proceed as directed in the chapter, determining the absorbances.
Acceptance criteria: NMT 5 ppm; the absorbance due to any red color from the Test
preparation does not exceed that produced by the Standard preparation.
Change to read:
• Lead
[Note—The Standard solution and the Sample solution may be modified, if necessary, to obtain
solutions of suitable concentrations, adaptable to the linear or working range of the
instrument. It may be necessary to correct the value obtained for the Sample solution for
interference from the sample specimen matrix.]
Standard solution: On the day of use, dilute 3.0 mL of Lead Nitrate Stock Solution (see
Heavy Metals 231 )
lead nitrate stock solution TS NF33
with water to 100 mL. Each mL of the Standard solution contains the equivalent of 3 µg of
lead.
Sample solution: Transfer 3.75 g to a 250-mL beaker containing 100 mL of dilute
hydrochloric acid (1 in 25), stir, and cover with a watch glass. Boil for 15 min, then cool
to room temperature, and pass through a rapid-flow filter paper into a 400-mL beaker.
Wash the filter with four 25-mL portions of hot water, collecting the washings in the 400mL beaker. Concentrate the combined extracts by gentle boiling to approximately 20 mL.
If a precipitate appears, add 2–3 drops of nitric acid, heat to boiling, and cool to room
temperature. Pass the concentrated extracts through a rapid-flow filter paper into a 50-
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mL volumetric flask. Transfer the remaining contents of the 400-mL beaker through the
filter paper and into the flask with water. Dilute with water to volume.
Instrumental conditions
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 283.3 nm
Lamp: Lead hollow cathode with deuterium arc background correction
Flame: Air and acetylene
Analysis: Determine the absorbances of the Standard solution and the Sample solution.
Acceptance criteria: The absorbance of the Sample solution is NMT that of the Standard
solution (40 µg/g).
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms
Meets the requirements of the test for absence of Escherichia coli

62 :

• pH 791
Analysis: Disperse 4.0 g in 200 mL of water, mixing vigorously to facilitate wetting.
Acceptance criteria: 9.5–10.5
• Loss on Drying 731
Analysis: Dry at 105 for 2 h.
Acceptance criteria: 5.0%–8.0%
• Gel Formation: Mix 6 g with 300 mg of magnesium oxide. Add the mixture, in several divided
portions, to 200 mL of water contained in a blender of approximately 500-mL capacity.
Blend thoroughly for 5 min at high speed, transfer 100 mL of the mixture to a 100-mL
graduated cylinder, and allow to remain undisturbed for 24 h. NMT 2 mL of supernatant
appears on the surface.
• Swelling Power: To 100 mL of water contained in a glass-stoppered cylinder of 100-mL
capacity add 2 g in portions, dropping it upon the surface of the water, and allow each
portion to settle before adding the next. The mass at the bottom gradually swells until it
occupies an apparent volume of NLT 24 mL at the end of a 2-h period.
• Fineness of Powder: Sprinkle 2 g on 20 mL of water contained in a mortar. Allow to swell,
disperse evenly with a pestle, and dilute with water to 100 mL. Pour the suspension
through a No. 200 standard sieve, and wash the sieve thoroughly with water. No grit is felt
when the fingers are rubbed over the wire mesh of the sieve.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label it to indicate that absorption of atmospheric moisture should be avoided
following the opening of the original package, preferably by storage of the remainder of the
contents in a tight container.
BRIEFING
Purified Bentonite, NF 31 page 1895. See the Briefing under Bentonite appearing elsewhere in
this issue of PF.
(EXC: G. Holloway.)
Correspondence Number—C136692
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Comment deadline: March 31, 2014
Purified Bentonite
DEFINITION
Purified Bentonite is a colloidal montmorillonite that has been processed to remove grit and
nonswellable ore components.
IDENTIFICATION
• A. X-Ray Diffraction 941
Sample A: Add 2 g in small portions to 100 mL of water, with intense agitation. Allow to
stand for 12 h to ensure complete hydration. Place 2 mL of the mixture so obtained on a
suitable glass slide, and allow to air-dry at room temperature to produce an oriented film.
Place the slide in a vacuum desiccator over a free surface of ethylene glycol. Evacuate
the desiccator, and close the stopcock so that the ethylene glycol saturates the
desiccator chamber. Allow to stand for 12 h.
Sample B: Prepare a random powder specimen of Purified Bentonite.
Analysis
Samples: Sample A and Sample B
Record the X-ray diffraction pattern of the samples, and determine the d values.
Acceptance criteria: The largest peak in the pattern of Sample A corresponds to a d value
between 15.0 and 17.2

. The major peak in the region between 1.48 and 1.54

the pattern of Sample B is 1.492 and 1.504

from

.

ASSAY
• Aluminum Content and Magnesium Content
[Note—The Standard solutions and the Sample solution may be diluted quantitatively with
water, if necessary, to obtain solutions of suitable concentrations adaptable to the linear
or working range of the instrument.]
Aluminum content
Aluminum standard stock solution: Dissolve 1.000 g of aluminum in a mixture of 10 mL
of hydrochloric acid and 10 mL of water by gentle heating. Transfer the solution to a
1000-mL volumetric flask, and dilute with water to volume. This solution contains the
equivalent of 1 mg/mL of aluminum.
Aluminum standard solutions: Transfer 2-, 5-, and 10-mL aliquots of the Aluminum
standard stock solution to separate 100-mL volumetric flasks containing 200 mg of
sodium chloride, and dilute each with water to volume.
Sample stock solution: Transfer 0.200 g of Purified Bentonite to a 25-mL platinum
crucible containing 1.0 g of lithium metaborate, and mix. Using a muffle furnace or a
suitable burner, heat slowly at first, and ignite at 1000 –1200 for 15 min. Cool, place
the crucible in a 100-mL beaker containing 25 mL of dilute nitric acid (50 mg/mL), and
add an additional 50 mL of the dilute acid, filling and submerging the upright crucible.
Place a polyfluorocarbon-coated magnetic stirring bar into the crucible, and stir gently
to dissolve. Pour the contents into a 250-mL beaker, and remove the crucible. Warm the
solution, transfer through a rapid-flow filter paper with the aid of water into a 200-mL
volumetric flask, and dilute with water to volume.
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Sample solution: Pipet 20 mL of the Sample stock solution into a 100-mL volumetric
flask. Add 20 mL of sodium chloride solution (10 mg/mL), and dilute with water to
volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer equipped with a single-slot burner
Analytical wavelength: 309 nm
Lamp: Aluminum hollow-cathode
Flame: Oxidizing acetylene–air–nitrous oxide
Analysis
Samples: Aluminum standard solutions and Sample solution
Determine the aluminum content of the Purified Bentonite in the Sample solution from
the linear regression equation calculated from the absorbances and concentrations of
the Aluminum standard solutions.
Magnesium content
Lanthanum solution: Stir 88.30 g of lanthanum chloride (LaCl3 ) with 500 mL of 6 N
hydrochloric acid to dissolve, transfer with the aid of water to a 1000-mL volumetric
flask, and dilute with water to volume.
Magnesium standard stock solution: Place 1.000 g of magnesium in a 250-mL beaker
containing 20 mL of water, and carefully add 20 mL of hydrochloric acid, warming, if
necessary, to complete the reaction. Transfer the solution to a 1000-mL volumetric
flask, and dilute with water to volume. This solution contains the equivalent of 1 mg/mL
of magnesium. Transfer 10.0 mL of this solution to a 1000-mL volumetric flask, and dilute
with water to volume.
Magnesium standard solutions: Transfer 5-, 10-, 15-, and 20-mL aliquots of the
Magnesium standard stock solution to separate 100-mL volumetric flasks. To each flask
add 20.0 mL of Lanthanum solution, and dilute with water to volume.
Sample stock solution: Use the Sample stock solution prepared as directed for
Aluminum content.
Sample solution: Transfer 25 mL of the Sample stock solution to a 50-mL volumetric
flask, and dilute with water to volume. Transfer 5.0 mL of this solution to a 100-mL
volumetric flask, add 20.0 mL of Lanthanum solution, and dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer equipped with a single-slot burner
Analytical wavelength: 285 nm
Lamp: Magnesium hollow-cathode
Flame: Reducing flame of acetylene–air
Analysis
Samples: Magnesium standard solutions and Sample solution
Determine the magnesium content of the Purified Bentonite in the Sample solution from
the linear regression equation calculated from the absorbances and concentrations of
the Magnesium standard solutions.
Acceptance criteria: The ratio of the aluminum content to the magnesium content is
3.5–5.5.
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IMPURITIES
• Arsenic, Method I 211
Standard solution: 5 mL of Standard Arsenic Solution (5 µg of As)
Sample solution: Transfer 13.3 g to a 250-mL beaker containing 100 mL of dilute
hydrochloric acid (1 in 25), mix, cover with a watch glass, and boil gently, with occasional
stirring, for 15 min without allowing excessive foaming. Allow the insoluble material to
settle, and decant the hot supernatant through a rapid-flow filter paper into a 200-mL
volumetric flask, retaining as much sediment as possible in the beaker. Add 25 mL of hot
dilute hydrochloric acid (1 in 25) to the residue in the beaker, stir, heat to boiling, allow
the insoluble material to settle, and decant the supernatant through the filter into the
200-mL volumetric flask. Repeat the extraction with four additional 25-mL portions of hot
dilute hydrochloric acid (1 in 25), decanting each hot supernatant through the filter into
the volumetric flask. At the last extraction, transfer as much of the insoluble material as
possible onto the filter. Cool the combined filtrates to room temperature, and add dilute
hydrochloric acid (1 in 25) to volume.
Analysis: Using a 25-mL aliquot of Sample solution and the Standard solution, treat them
as directed in the Procedure.
Acceptance criteria: NMT 3 µg/g; the absorbance due to any red color from the Sample
solution does not exceed that produced by the Standard solution.
Change to read:
• Lead
[Note—The Standard solution and the Sample solution may be modified, if necessary, to obtain
solutions of suitable concentrations, adaptable to the linear or working range of the
instrument.]
Standard solution: On the day of use, dilute 3.0 mL of Lead Nitrate Stock Solution (see
Heavy Metals 231 )
lead nitrate stock solution TS NF33
to 100 mL. Each mL of the Standard solution contains the equivalent of 3 µg of lead.
Sample solution: Transfer 10.0 g of Purified Bentonite to a 250-mL beaker containing 100
mL of dilute hydrochloric acid (1 in 25), stir, cover with a watch glass, and boil for 15 min.
Cool to room temperature, and allow the insoluble matter to settle. Decant the
supernatant through a rapid-flow filter paper into a 400-mL beaker. Add 25 mL of hot
water to the insoluble matter in the 250-mL beaker, stir, allow the insoluble matter to
settle, and decant the supernatant through the filter into the 400-mL beaker. Repeat the
extraction with two additional 25-mL portions of water, decanting each supernatant
portion through the filter into the 400-mL beaker. Wash the filter with 25 mL of hot water,
collecting this filtrate in the 400-mL beaker. Concentrate the combined extracts by gentle
boiling to approximately 20 mL. If a precipitate appears, add 2–3 drops of nitric acid, heat
to boiling, and cool to room temperature. Pass the concentrated extracts through a rapidflow filter paper into a 50-mL volumetric flask. Transfer the remaining contents of the
400-mL beaker through the filter paper and into the flask with water. Dilute to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer equipped with a deuterium arc background
correction and a single-slot burner
Analytical wavelength: 284 nm
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Lamp: Lead hollow-cathode
Flame: Air–acetylene
Analysis: Determine the absorbances of the Standard solution and the Sample solution.
Acceptance criteria: The absorbance of the Sample solution is NMT that of the Standard
solution (15 µg/g).
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms
total aerobic microbial count does not exceed 1 × 103 cfu/g, and it meets the
requirements of the test for absence of Escherichia coli.

62 : Its

• pH 791
Sample suspension: 50 mg/mL
Acceptance criteria: 9.0–10.0
• Loss on Drying 731
Analysis: Dry at 110 to constant weight.
Acceptance criteria: NMT 8.0%
• Viscosity
Analysis: After determining Loss on Drying 731 , weigh a quantity of Purified Bentonite
equivalent to 25.0 g on the dried basis. Over a period of a few s, transfer the undried
sample specimen to a suitable 1-L blender jar containing an amount of water, maintained
at a temperature of 25 ± 2 , that is sufficient to produce a mixture weighing 500 g. Blend
for 3 min, accurately timed, at 14,000–15,000 rpm (high speed). [Note—Heat generated
during blending causes a temperature rise to above 30 .] Transfer the contents of the
blender to a 600-mL beaker, allow to stand for 5 min, and adjust, if necessary, to a
temperature of 33 ± 3 . Using a suitable rotational viscometer equipped with a spindle
having a cylinder 1.87 cm in diameter and 0.69 cm high attached to a shaft 0.32 cm in
diameter, the distance from the top of the cylinder to the lower tip of the shaft being
2.54 cm, and the immersion depth being 5.00 cm (No. 2 spindle), operate the viscometer
at 60 rpm for 6 min, accurately timed, and record the scale reading.
Acceptance criteria: 40–200 centipoises
• Acid Demand
Sample: After determining Loss on Drying 731 , weigh a quantity of Purified Bentonite
equivalent to 5.00 g.
Analysis: Disperse the Sample in 500 mL of water with the aid of a suitable blender fitted
with a 1-L jar. Using a stopwatch, designate zero time. With constant mixing, add 3.0-mL
portions of 0.100 N hydrochloric acid at 5, 65, 125, 185, 245, 305, 365, 425, 485, 545,
605, 665, and 725 s, and add a 1.0-mL portion at 785 s. Determine the pH
potentiometrically at 840 s.
Acceptance criteria: NMT 4.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
BRIEFING
Calcium Propionate, NF 31 page 1915. See the Briefing under Bentonite appearing elsewhere
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in this issue of PF. As well, the chemical structure is added to the monograph.
(EXC: G. Holloway.)
Correspondence Number—C136691

Comment deadline: March 31, 2014
Calcium Propionate
Change to read:

NF33

C6 H10 CaO4
[4075-81-4].

186.22

DEFINITION
Calcium Propionate contains NLT 98.0% and NMT 100.5% of calcium propionate (C6 H10 CaO4 ),
calculated on the anhydrous basis.
IDENTIFICATION
• A. Identification Tests—General, Calcium
requirements of the flame test.

191 : A solution (1 in 20) meets the

ASSAY
• Procedure
Sample solution: 4 mg/mL of Calcium Propionate
Analysis: While stirring, preferably with a magnetic stirrer, add 30 mL of 0.05 M disodium
EDTA from a 50-mL buret to 100 mL of the Sample solution. Add 15 mL of 1 N sodium
hydroxide and 300 mg of hydroxy naphthol blue indicator, and continue the titration to a
blue endpoint. Each mL of 0.05 M disodium EDTA is equivalent to 9.311 mg of calcium
propionate (C6 H10 CaO4 ).
Acceptance criteria: 98.0%–100.5% on the anhydrous basis
IMPURITIES
• Limit of Fluoride
Buffer: 294.1 mg/mL of sodium citrate dihydrate
Standard solution: 2.21 mg/mL of USP Sodium Fluoride RS. [Note—Store solution in a
plastic bottle.] On the day of use, transfer 5.0 mL of the resulting solution to a 1000-mL
volumetric flask, dilute with water to volume, and mix. Each mL of this solution contains 5
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µg of fluoride ion.
Electrode system: Use a fluoride-specific, ion-indicating electrode and a silver–silver
chloride reference electrode connected to a pH meter capable of measuring potentials
with a minimum reproducibility of ±0.2 mV (see pH 791 ).
Standard response line: Transfer 1.0, 2.0, 3.0, 5.0, 10.0, and 15.0 mL of the Standard
solution to separate 250-mL plastic beakers. Add 50 mL of water, 5 mL of 1 N hydrochloric
acid, 10 mL of Buffer, and 10 mL of 0.2 M disodium EDTA to each beaker, and mix.
Transfer each solution to separate 100-mL volumetric flasks, dilute with water to volume,
and mix. Transfer a 50-mL portion of each solution to separate 125-mL plastic beakers,
and read the potential, in mV, of each solution using the electrode system. Plot the
calibration curve versus potential, in mV, on two-cycle semilogarithmic paper with µg of
fluoride per 100 mL of solution on the logarithmic scale.1
Sample: 1.0 g
Analysis: Transfer the Sample to a 150-mL glass beaker, add 10 mL of water, and, while
stirring continuously, slowly add 20 mL of 1 N hydrochloric acid to dissolve the Sample.
Boil rapidly for 1 min, then transfer to a 250-mL plastic beaker, and cool rapidly in ice
water. Add 15 mL of Buffer and 10 mL of 0.2 M disodium EDTA, and mix. Adjust the pH to
5.5 ± 0.1 with 1 N hydrochloric acid or 1 N sodium hydroxide, if necessary. Transfer to a
100-mL volumetric flask, dilute with water to volume, and mix. Transfer a 50-mL portion of
this solution to a 125-mL plastic beaker, and record the potential using the electrode
system. Determine the concentration of fluoride, in µg/mL, in the Sample.
Acceptance criteria: NMT 30 ppm
Change to read:
• Limit of Lead
Standard lead solution Prepare as directed under Heavy Metals
Reagents.

231 , Special

NF33

Diluted standard lead solutions
Standard solutions: NF33
On the day of use, transfer 5.0, 10.0, and 20.0 mL of Standard lead solution
standard lead solution TS NF33
to three separate 100-mL volumetric flasks, add 10 mL of 3 N hydrochloric acid to each, and
dilute with water to volume corresponding to 0.5-, 1.0-, and 2.0-µg/mL standards.
25% Sulfuric acid solution: Cautiously add 100 mL of sulfuric acid to 300 mL of water
with constant stirring while cooling in an ice bath.
Sample blank: Add 5 mL of 25% Sulfuric acid solution into an evaporating dish. Within a
hood, place the dish on a steam bath to evaporate most of the water. Place the dish on a
burner, and slowly pre-ash the sample by expelling most of the sulfuric acid. Place the
dish in a muffle furnace that has been set at 525 , and ash the sample until the residue
appears free from carbon. Cool, and cautiously wash down the inside of the evaporation
dish with water. Add 5 mL of 1 N hydrochloric acid. Place the dish on a steam bath, and
evaporate to dryness. Add 1.0 mL of 3 N hydrochloric acid and approximately 5 mL of
water, and heat briefly on a steam bath to dissolve any residue. Transfer the solution
quantitatively to a 10-mL volumetric flask, dilute to volume, and mix.
Sample solution: Place 10 g of Calcium Propionate, to the nearest 0.1 mg, into an
evaporating dish. Add a sufficient amount of 25% Sulfuric acid solution, and distribute the
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sulfuric acid uniformly through the sample. Proceed as directed under Sample blank
beginning with “Within a hood”.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption
Analytical wavelength: 283.3 nm
Lamp: Lead electrodeless discharge
Flame: Air–acetylene
Slit width: 0.7 nm
Instrument blank: Water
Standard curve
Samples: Diluted standard lead solutions
Standard solutions NF33
and Sample blank
Plot: Corrected absorbance values versus their corresponding concentration (µg/mL).
[Note—Determine corrected absorbance values by subtracting the absorbance of the
Sample blank from the absorbance of the Diluted standard lead solutions
Standard solutions. NF33
]
Analysis
Samples: Sample blank and Sample solution
[Note—Determine corrected absorbance values by subtracting the absorbance of the
Sample blank from the absorbance of the Sample solution.]
From the Standard curve, determine the lead concentration in the Sample solution.
Calculate the lead content in the portion of Calcium Propionate taken:
Result = CS/W × V
C=
S concentration of lead from the Standard curve (µg/mL)
W= weight of the sample taken (g)
V= final volume of the sample (mL)
Acceptance criteria: NMT 2 µg/g
• Magnesium (as MgO)
Magnesium standard solution: Dissolve 50.0 mg of magnesium metal in 1 mL of
hydrochloric acid in a 1000-mL volumetric flask, dilute with water to volume, and mix.
Sample solution: Place 400.0 mg of Calcium Propionate, 5 mL of 2.7 N hydrochloric acid,
and about 10 mL of water in a small beaker, and dissolve the Calcium Propionate by
heating on a hot plate.
Analysis: Evaporate the Sample solution to a volume of about 2 mL, and cool. Transfer the
residual liquid to a 100-mL volumetric flask, dilute with water to volume, and mix. Dilute
7.5 mL of this solution with water to 20 mL, add 2 mL of 1 N sodium hydroxide and 0.05
mL of a 1:1000 solution of thiazole yellow, mix, allow to stand for 10 min, and shake. Any
color produced does not exceed that produced by 1.0 mL of Magnesium standard solution
in the same volume as that of a control containing 2.5 mL of the Sample solution
(corresponding to 10 mg of Calcium Propionate) and the quantities of the reagents used in
the test.
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Acceptance criteria: The solution passes the test (about 0.4%).
SPECIFIC TESTS
• Water-Insoluble Substances
Sample: 10 g
Analysis: Dissolve the Sample in 100 mL of hot water, pass through a tared filtering
crucible, wash the insoluble residue with hot water, and dry at 105 to constant weight.
Acceptance criteria: NMT 0.2%
• pH

791 : 7.5–10.5, in a solution (1 in 10)

• Water Determination, Method I

921 : NMT 5.0%

• Loss on Drying 731
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 4%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tightly closed containers. No storage requirements
specified.
• USP Reference Standards
USP Sodium Fluoride RS

11

1 A suitable source for semilogarithmic paper is provided at the following website:
http://statland.org/GraphPaper/gpaper.html.

BRIEFING
Cetyl Alcohol, NF 31 page 1956. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Revise the Definition by adding an upper limit of 102.0% for the cetyl alcohol content
and by including material origin of vegetable, animal, or synthetic. Correspondingly,
add a Labeling requirement to indicate the material source.
2.
Delete the CAS number 124-29-8 because it is a deleted CAS registry number for 1hexadecanol.
3.
Revise Identification test A by adding a test title and reformatting to reflect the current
monograph style.
4.
Replace the current Assay using a packed GC column with an Assay based on a GC
method of analysis performed with the Restek Rtx-225 or Agilent DB-225 brand of G7
column. The typical retention times for 1-pentadecanol (internal standard), cetyl
alcohol, stearyl alcohol, and oleyl alcohol are 7.5, 8.2, 9.4, and 9.6, respectively.
The Assay specification is changed to “90.0%–102.0%”.
5.
Add a Residue on Ignition test.
6.
Add a Limit of Related Fatty Alcohols test, which is based on a GC method of analysis
performed with the Restek Rtx-225 or Agilent DB-225 brand of G7 column. The
typical retention times for lauryl alcohol, myristyl alcohol, 1-pentadecanol, cetyl
alcohol, stearyl alcohol, and oleyl alcohol are 5.9, 7.0, 7.5, 8.2, 9.4, and 9.6 min,
respectively.
7.
The Hydroxyl Value test in the chapter Fats and Fixed Oils

401

is referenced and
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performed for this material.
8.
Add a Water Determination test.
9.
Add USP Lauryl Alcohol RS, USP Myristyl Alcohol RS, and USP Oleyl Alcohol RS to the
USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C111750

Comment deadline: March 31, 2014
Cetyl Alcohol
Change to read:

C16 H34 O

242.44

1-Hexadecanol

[124-29-8].

NF33

[36653-82-4].
DEFINITION
Change to read:
Cetyl Alcohol contains NLT 90.0%
and NMT 102.0% NF33
of cetyl alcohol (C16 H34 O), the remainder consisting chiefly of related alcohols.
It is obtained from sources of vegetable, animal, or synthetic origin. NF33
IDENTIFICATION
Change to read:
• A.
Chromatographic Identity NF33
The retention time of the major peak of the Sample solution corresponds to that of the System
suitability solution, as obtained in the Assay.
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak of the Sample solution,
excluding the solvent and internal standard peaks, corresponds to the cetyl alcohol
peak of the System suitability solution. NF33
ASSAY
Change to read:
• Procedure
System suitability solution: 9 mg/mL of USP Cetyl Alcohol RS and 1 mg/mL of USP
Stearyl Alcohol RS in dehydrated alcohol
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Sample solution: 10 mg/mL of Cetyl Alcohol in dehydrated alcohol
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 3-mm × 2-m; 10% liquid phase G2 on support S1A
Temperatures
Column: 205
Injection port: 275
Detector: 250
Carrier gas: Helium
Injection volume: 2 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the cetyl alcohol and stearyl alcohol peaks
Relative standard deviation: NMT 1.5%, using the area ratio of cetyl alcohol to
stearyl alcohol
Analysis
Sample: Sample solution
Calculate the percentage of cetyl alcohol (C16 H34 O) in the portion of sample taken:
Result = (rU/rT) × 100
r=
U peak area for cetyl alcohol
r=
T sum of the peak areas, except the solvent peak area
Internal standard solution: 1 mg/mL of 1-pentadecanol (internal standard) in ethanol
System suitability solution: Prepare 1 mg/mL each of USP Cetyl Alcohol RS, USP Stearyl
Alcohol RS, and USP Oleyl Alcohol RS in Internal standard solution, and heat the solution
in a sealed container in a 50 water bath until all fatty alcohols are dissolved. Allow the
solution to cool to room temperature, and mix well.
Standard solution: Prepare 1.0 mg/mL of USP Cetyl Alcohol RS in Internal standard
solution, and heat the solution in a sealed container in a 50 water bath until cetyl
alcohol is dissolved. Allow the solution to cool to room temperature, and mix well.
Sample solution: Prepare 1.0 mg/mL of Cetyl Alcohol in Internal standard solution, and
heat the solution in a sealed container in a 50 water bath until cetyl alcohol is
dissolved. Allow the solution to cool to room temperature, and mix well.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused-silica capillary; coated with a 0.25-µm layer of phase
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G7
Temperatures
Injection port: 270
Detector: 280
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
60
20
180
180
10
220
Carrier gas: Hydrogen
Flow rate: 2.0 mL/min, constant flow mode
Injection volume: 1 µL
Injection type: Split injection, split ratio of 100:1
Liner: Single taper, low pressure drop liner with deactivated wool
Run time: 15 min
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]

—
5

Table 2
Name
Relative Retention Time
1-Pentadecanol (internal standard)
1.00
Cetyl alcohol
1.09
Stearyl alcohol
1.25
Oleyl alcohol
1.28
Suitability requirements
Resolution: NLT 30 between the cetyl alcohol and stearyl alcohol peaks; NLT 2.0
between the stearyl and oleyl alcohol peaks, System suitability solution
Tailing factor: 0.8–1.8 for the cetyl alcohol and 1-pentadecanol peaks, Standard
solution
Relative standard deviation: NMT 1%, using the area ratio of cetyl alcohol to 1pentadecanol, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cetyl alcohol (C16 H34 O) in the portion of Cetyl Alcohol taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of cetyl alcohol to the internal standard (peak response of cetyl
alcohol/peak response of the internal standard) from the Sample solution
RS= peak response ratio of cetyl alcohol to the internal standard (peak response of cetyl
alcohol/peak response of the internal standard) from the Standard solution
CS= concentration of USP Cetyl Alcohol RS in the Standard solution (mg/mL)
CU= concentration of Cetyl Alcohol in the Sample solution (mg/mL)
NF33
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Acceptance criteria: NLT 90.0%
90.0%–102.0% NF33
IMPURITIES
Add the following:
• Residue on Ignition 281 : NMT 0.1%, determined on 2 g

NF33

Add the following:
• Limit of Related Fatty Alcohols
Solution A: 1 mg/mL of 1-pentadecanol in ethanol
Resolution solution: Prepare 1 mg/mL of USP Lauryl Alcohol RS, 1 mg/mL of USP Myristyl
Alcohol RS, 1 mg/mL of USP Cetyl Alcohol RS, 1 mg/mL of USP Stearyl Alcohol RS, and 1
mg/mL of USP Oleyl Alcohol RS in Solution A. Heat the solution in a sealed container in a
50 water bath until all fatty alcohols are dissolved. Allow the solution to cool to room
temperature, and mix well. Dilute the solution with ethanol to have a solution containing
0.05 mg/mL for each of USP Lauryl Alcohol RS, USP Myristyl Alcohol RS, USP Cetyl Alcohol
RS, 1-pentadecanol, USP Stearyl Alcohol RS, and USP Oleyl Alcohol RS.
Sample solution: 1 mg/mL of Cetyl Alcohol in ethanol
Chromatographic system: Proceed as directed in the Assay, except use split injection
with a split ratio of 5:1.
System suitability
Sample: Resolution solution
[Note—See Table 3 for the relative retention times.]
Table 3
Name
Relative Retention Time
Lauryl alcohol
0.79
Myristyl alcohol
0.93
1-Pentadecanol
1.00
Cetyl alcohol
1.09
Stearyl alcohol
1.25
Oleyl alcohol
1.28
Suitability requirements
Resolution: NLT 15 between the myristyl alcohol and 1-pentadecanol peaks; NLT 30
between the cetyl alcohol and stearyl alcohol peaks; NLT 2.0 between the stearyl and
oleyl alcohol peaks
Analysis
Samples: Resolution solution and Sample solution
Identify each related fatty alcohol peak in the Sample solution based on that in the
Resolution solution.
Calculate the percentage of each related fatty alcohol or an unspecified impurity in the
portion of Cetyl Alcohol taken:
Result = (rU/rT) × 100
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r=
U peak response for each related fatty alcohol (or an unspecified impurity) from the
Sample solution
r=
T sum of all the peak responses excluding peak responses due to solvent from the Sample
solution
Acceptance criteria: Disregard peaks that are less than 0.05% for any unspecified
impurities and any peaks due to solvent.
Sum of unspecified impurities: NMT 1%
Sum of related fatty alcohols and unspecified impurities: NMT 10.0%
NF33

SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : NMT 2

Change to read:
• Fats and Fixed Oils, Hydroxyl Value 401 :
218–238 NF33
Acetyl chloride solution: Toluene and acetyl chloride (90:10)
Sample solution: Place 2 g of Cetyl Alcohol in a dry, glass-stoppered, 250-mL flask, and
add 2 mL of pyridine, followed by 10 mL of toluene. To the mixture add 10.0 mL of Acetyl
chloride solution. Insert the stopper in the flask, and immerse in a water bath heated at
60 –65 for 20 min. Add 25 mL of water, again insert the stopper in the flask, and shake
vigorously for several min to decompose the excess acetyl chloride.
Blank: Prepare in the same manner as the Sample solution, omitting the Cetyl Alcohol.
Titrimetric system
(See Titrimetry

541 .)

Mode:
Residual titration (ERR 1-O ct-2013)
Titrant: 1 N sodium hydroxide VS
Endpoint detection: Visual
Analysis
Samples: Sample solution and Blank
To the Sample solution add 0.5 mL of phenolphthalein TS. Titrate to a permanent pink
endpoint, shaking the flask vigorously toward the end of the titration to maintain the
contents in an emulsified condition. Perform a blank determination.
Calculate the hydroxyl value in the sample taken:
Result = [(VB

VS) × N × Mr]/W

V=
B Titrant volume consumed by the Blank (mL)
VS= Titrant volume consumed by the Sample (mL)
N= actual normality of 1 N sodium hydroxide (mEq/mL)
M=
r molecular weight of potassium hydroxide, 56.11
(ERR 1-O ct-2013)

W= Sample weight (g)
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Acceptance criteria: 218–238
NF33

• Fats and Fixed Oils, Iodine Value

401 : NMT 5

Add the following:
• Water Determination, Method I

921 : NMT 0.5%

NF33

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Add the following:
• Labeling: Label it to indicate whether it is derived from vegetable, animal, or synthetic
sources. NF33
Change to read:
• USP Reference Standards 11
USP Cetyl Alcohol RS
USP Lauryl Alcohol RS
USP Myristyl Alcohol RS
USP Oleyl Alcohol RS NF33
USP Stearyl Alcohol RS
BRIEFING
Corn Syrup, NF 31 page 1971. See the Briefing under Bentonite, appearing elsewhere in this
issue of PF.
(EXC: G. Holloway.)
Correspondence Number—C137663

Comment deadline: March 31, 2014
Corn Syrup
[8029-43-4].
DEFINITION
Corn Syrup is an aqueous solution of saccharides obtained by partial hydrolysis of edible corn
starch by food grade acids and/or enzymes. It contains NLT 20.0% reducing sugar content
(dextrose equivalent) expressed as d-glucose, calculated on the dried basis.
IDENTIFICATION
• A.
Analysis: Add a few drops of a solution of Syrup (1 in 20) to 5 mL of hot, alkaline cupric
tartrate TS.
Acceptance criteria: A copious, red precipitate of cuprous oxide is formed.
ASSAY
• Reducing Sugars (Dextrose Equivalent)
Apparatus: Mount a ring support on a ring stand 1–2 in above a gas burner, and mount a
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second ring 6–7 in above the first. Place 6-in open-wire gauze on the lower ring to
support a 250-mL conical flask, and place a 4-in watch glass with a center hole on the
upper ring to deflect heat. Attach a 25-mL buret to the ring stand so that the tip just
passes through the watch glass centered above the flask. Place an indirectly lighted white
surface behind the assembly for observing the endpoint.
Standard solution: 6 mg/mL of USP Dextrose RS
Sample solution: 10 mg/mL of Corn Syrup
Analysis: Transfer 25.0-mL portions of alkaline cupric tartrate TS to each of two flasks,
and boil. Immediately place one flask on the wire gauze of the Apparatus, and adjust the
burner so that the boiling point is reached in about 2 min. Titrate with the Standard
solution to within 0.5 mL of the anticipated endpoint. Heat the flask, with swirling, boil
moderately for 2 min, and add 2 drops of methylene blue solution (1 in 100). Immediately
add 2 drops of the Standard solution from the buret, and bring to a boil. Allow the cuprous
oxide to settle slightly, and observe the color of the supernatant. Complete the titration
within 1 min by adding the Standard solution dropwise, and boil after each addition to the
disappearance of the blue color, as determined by viewing against a white background in
daylight or under equivalent illumination. If more than 0.5 mL of the titrant is required
after the addition of the indicator, repeat the titration, adding the necessary volume of
titrant before adding the indicator. Bring the contents of the second flask to a boil, and
similarly titrate with the Sample solution.
Calculate the percentage of reducing sugars as d-glucose, calculated on the dried basis,
in the portion of Corn Syrup taken:
Result = (CS/CU) × (VS/VU) × [1/(0.01 × A)] × 100
C=
S concentration of USP Dextrose RS in the Standard solution (mg/mL)
C=
U concentration of Corn Syrup in the Sample solution (mg/mL)
V=
S titrated volume of the Standard solution (mL)
V=
U titrated volume of the Sample solution (mL)
A= percentage of dry solids in Corn Syrup measured by the refractive index
Acceptance criteria: NLT 20.0% reducing sugar content on the dried basis
IMPURITIES
• Residue on Ignition 281
Sample: 20 g
Acceptance criteria: NMT 0.5%
• Heavy Metals, Method II

231 : NMT 5 ppm

Change to read:
• Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glassware before use,
use water that has been passed through a strong-acid, strong-base, mixed-bed ionexchange resin. For digestion, use acid-cleaned, high-density polyethylene, polypropylene,
polytef, or quartz tubes. Select all reagents to have as low a content of lead as
practicable, and store all reagent solutions in borosilicate glass containers. Cleanse
glassware before use by soaking in warm 8 N nitric acid for 30 min and rinsing with
deionized water. Store final diluted solutions in acid-cleaned plastic or polytef tubes or

PF 40(1): Jan.-Feb. 2014

284

bottles.]
Modifier solution: 200 mg/mL of magnesium nitrate. Just before use, transfer 1.0 mL of
this solution to a 10-mL volumetric flask, and dilute with 5% nitric acid to volume.
Standard stock solution: Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as
directed in Heavy Metals 231 ,
lead nitrate stock solution TS NF33
to a 100-mL volumetric flask, add 40 mL of water and 5 mL of nitric acid, and dilute with
water to volume. Transfer 1.0 mL of this solution to a second 100-mL volumetric flask,
dilute with 5% nitric acid to volume, and mix. This solution contains 0.1 µg/mL of lead.
Standard solutions: Transfer portions of Standard stock solution to four suitable
containers, and dilute with 5% nitric acid to obtain Standard solutions having lead
concentrations of 100, 50, 25, and 10 ng/mL, respectively.
Sample solution: [Note—Perform this procedure in a fume hood.] Transfer 1.5 g of Corn
Syrup to a digestion tube, and add 0.75 mL of nitric acid to the tube. Warm the solution
slowly (to avoid spattering) to 90 –95 . Heat until all brown vapors have dissipated and
any rust-colored tint has disappeared from the tube (20–30 min). Cool, add 0.5 mL of 50%
hydrogen peroxide, dropwise, to the solution, heat to 90 –95 for 5 min, and cool. Add a
second 0.5-mL portion of 50% hydrogen peroxide dropwise to the solution, and heat to 90
–100 until clear (5–10 min). Cool, and transfer the solution to a 10-mL volumetric flask.
Rinse the digestion tube with 5% nitric acid, add the rinse to the volumetric flask, dilute
with 5% nitric acid to volume, and mix.
Standard blank: 5% nitric acid
Sample blank: Transfer 1.5 g of water to a digestion tube, and proceed as directed for
the Sample solution, beginning with “add 0.75 mL of nitric acid”.
Instrumental conditions
Mode: Graphite furnace atomic absorption with pyrolytically coated graphite tubes and
adequate means of background correction
Lamp: Lead hollow-cathode
Analytical wavelength: Lead emission line of 283.3 nm
Furnace program: See Table 1. [Note—The temperature program may be modified to
obtain optimum furnace temperatures.]
Step

Dry Ash

Table 1
Purge
Cool down, and purge the air from the
furnace
20
—
60

Atomize

Temperature ( )
200 750
1800
Ramp time(s)
20
40
0
Hold time(s)
30
40
10
Argon flow rate
Argon gas flow
(mL/min)
300
300
300
stopped
Injection volume: 20 µL
Analysis
[Note—Use peak area measurements for all quantitations.]
Samples: Add 5 µL of the Modifier solution to 20 µL each of the Standard solutions, the
Sample solution, the Standard blank, and the Sample blank, and mix.
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Separately inject equal volumes (about 20 µL) of the Samples into the instrument for
analysis. Using the Standard blank to set the instrument to zero, determine the integrated
absorbances of the Standard solutions. Plot the integrated absorbances of the Standard
solutions versus their contents of lead, in ng/mL, and draw the line best fitting the four
points to determine the calibration curve. Similarly determine the integrated absorbances
of the Sample solution and the Sample blank. Correct the absorbance value of the Sample
solution by subtracting from it the absorbance value obtained from the Sample blank.
Calculate the concentration of lead in the portion of Corn Syrup taken:
Result = (CL × V/W) × F
C=L concentration of lead in the Sample solution, as determined from the calibration curve
(ng/mL)
V= volume of the Sample solution, 10 mL
W= weight of Corn Syrup taken to prepare the Sample solution (g)
F= conversion factor, 10-3 µg/ng
Acceptance criteria: NMT 0.5 µg/g
• Limit of Sulfur Dioxide
Starch indicator solution: Mix 10 g of soluble starch with 50 mL of cold water, transfer to
1000 mL of boiling water, stir until completely dissolved, cool, and add 1 g of salicylic acid
preservative. [Note—Discard this solution after 1 month.]
Sample: 100 g
Blank: 200 mL of water
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.005 N iodine VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 250-mL conical flask, add 100 mL of water, and mix.
Cool to 5 –10 . While stirring with a magnetic stirrer, add 10 mL of cold (5 –10 ) 1.5 N
sodium hydroxide. Stir for an additional 20 s, and add 10 mL of Starch indicator solution.
Add 10 mL of cold (5 –10 ) 2.0 N sulfuric acid, and titrate immediately with Titrant until a
light blue color persists for 1 min. Perform a blank determination, and make any necessary
correction.
Calculate the concentration, in ppm (µg/g), of sulfur dioxide (SO2 ) in the Sample taken:
Result = [(VS

VB) × N × F 1/W] × F 2

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F=
1 equivalency factor, 32.0 mg/mEq
W= Sample weight (g)
F=
2 conversion factor, 103 µg/mg
Acceptance criteria: NMT 40 µg/g
• Absence of Soluble Starch
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Analysis: Dissolve 1 g in 10 mL of water, and add 1 drop of iodine TS.
Acceptance criteria: A yellow color indicates the absence of soluble starch.
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 103 cfu/g, and the total combined molds and
yeast count does not exceed 102 cfu/g.
• Total Solids
Instrumental conditions
(See Refractive Index 831 .)
Mode: Refractometer equipped with a jacket for water circulation or some other
mechanism for maintaining the sample at 20 ± 0.1 or 45 ± 0.1
Before proceeding with measurements, ensure that the sample and the prism have
reached the equilibrium temperature and that the instrument has been properly checked
and calibrated against a standard provided by the manufacturer.
Analysis: Measure the refractive index of Corn Syrup, and convert the value to
approximate percent solids value using Table 2 and Table 3. [Note—Table 2 covers the
approximate total solids levels of these products in commerce. If the ash or dextrose
equivalent of the sample differs from that of the product in Table 2, use Table 3 for the
ash and dextrose equivalent correction.]
Table 2. Reference for Converting the Refractive Index to Approximate Percent
Solids
Degrees
Baumé
at 140
Refractive Refractive
F
Index
Index
Dry Substance
(60 C)
Dextrose Equivalent (DE)
(DS)
at 20
at 45
+1
76.0
1.4888
1.4837
40.98
77.0
1.4915
1.4864
41.49
78.0
1.4943
1.4892
42.00
79.0
1.4971
1.4919
42.51
28 DE Corn syrup—0.3% ash
80.0
1.4999
1.4947
43.01
78.6
1.4933
1.4882
41.99
79.6
1.4960
1.4909
42.49
80.6
1.4988
1.4936
42.99
81.6
1.5015
1.4964
43.49
34 DE High-maltose corn syrup—
0.3% ash
82.6
1.5043
1.4992
43.99
78.4
1.4938
1.4887
42.01
79.4
1.4965
1.4914
42.52
80.4
1.4993
1.4941
43.02
81.4
1.5021
1.4969
43.52
82.4
1.5049
1.4997
44.02
36 DE Corn syrup—0.3% ash
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43 DE High-maltose corn syrup—
0.3% ash

43 DE Corn syrup—0.3% ash

43 DE Corn syrup
(ion-exchanged)—0.03% ash

53 DE Corn syrup—0.3% ash

63 DE Corn syrup—0.3% ash

63 DE Corn syrup
(ion-exchanged)—0.03% ash

66 DE Corn syrup—0.3% ash

95 DE Corn syrup—0.3% ash
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78.9
79.9
80.9
81.9
82.9
78.7
79.7
80.7
81.7
82.7
78.8
79.8
80.8
81.8
82.8
80.5
81.5
82.5
83.5
84.5
81.0
82.0
83.0
84.0
85.0
81.3
82.3
83.3
84.3
85.3
81.0
82.0
83.0
84.0
85.0
69.0
70.0
71.0
72.0
73.0
69.0
70.0
71.0

1.4934
1.4961
1.4988
1.5016
1.5044
1.4933
1.4960
1.4988
1.5015
1.5043
1.4935
1.4962
1.4990
1.5018
1.5045
1.4962
1.4989
1.5016
1.5044
1.5072
1.4955
1.4982
1.5009
1.5037
1.5064
1.4963
1.4990
1.5017
1.5044
1.5072
1.4949
1.4975
1.5002
1.5029
1.5056
1.4598
1.4621
1.4644
1.4668
1.4692
1.4597
1.4620
1.4644

1.4883
1.4910
1.4937
1.4964
1.4992
1.4882
1.4909
1.4936
1.4964
1.4992
1.4884
1.4911
1.4938
1.4966
1.4994
1.4911
1.4938
1.4965
1.4992
1.5020
1.4904
1.4931
1.4958
1.4985
1.5012
1.4912
1.4939
1.4965
1.4993
1.5020
1.4898
1.4924
1.4951
1.4978
1.5005
1.4550
1.4573
1.4596
1.4619
1.4643
1.4549
1.4572
1.4595

42.00
42.51
43.01
43.51
44.01
42.01
42.51
43.02
43.52
44.01
41.99
42.50
43.00
43.50
43.99
42.64
43.14
43.64
44.13
44.63
42.53
43.02
43.52
44.01
44.50
42.60
43.10
43.59
44.09
44.58
42.36
42.86
43.36
43.85
44.35
35.46
35.96
36.46
36.96
37.45
35.39
35.89
36.39
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72.0
73.0

1.4667
1.4691

1.4619
1.4642

36.89
37.38

Table 3. Ash and Dextrose Equivalent (DE) Corrections for Corn Syrup: Changes in
Refractive Index for an Increase in Dry Substance (DS)
Dry Substance (DS)
1% Ash
1 Dextrose Equivalent (DE)
2
0.000000
–0.000001
4
0.000000
–0.000003
6
0.000001
–0.000005
8
0.000002
–0.000007
10
0.000003
–0.000010
12
0.000004
–0.000012
14
0.000006
–0.000015
16
0.000008
–0.000017
18
0.000010
–0.000020
20
0.000013
–0.000023
22
0.000016
–0.000026
24
0.000019
–0.000029
26
0.000022
–0.000033
28
0.000026
–0.000036
30
0.000030
–0.000040
32
0.000034
–0.000044
34
0.000039
–0.000048
36
0.000044
–0.000052
38
0.000049
–0.000057
40
0.000055
–0.000061
42
0.000061
–0.000066
44
0.000068
–0.000071
46
0.000074
–0.000076
48
0.000082
–0.000081
50
0.000089
–0.000087
52
0.000097
–0.000093
54
0.000105
–0.000099
56
0.000114
–0.000105
58
0.000123
–0.000112
60
0.000133
–0.000118
62
0.000143
–0.000125
64
0.000153
–0.000132
66
0.000164
–0.000140
68
0.000175
–0.000147
70
0.000187
–0.000155
72
0.000199
–0.000163
74
0.000212
–0.000172
76
0.000225
–0.000181
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78
0.000239
80
0.000253
82
0.000268
84
0.000283
Acceptance criteria: The total solids value is NLT 70.0%.

–0.000190
–0.000199
–0.000208
–0.000218

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. No storage requirements specified.
• Labeling: Label it to indicate its nominal dextrose equivalent. Label it also to indicate the
presence of sulfur dioxide if the residual concentration is greater than 10 ppm (µg/g).
• USP Reference Standards
USP Dextrose RS
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BRIEFING

Corn Syrup Solids, NF 31 page 1977. See the Briefing under Bentonite, appearing elsewhere in
this issue of PF.
(EXC: G. Holloway.)
Correspondence Number—C136693

Comment deadline: March 31, 2014
Corn Syrup Solids
DEFINITION
Corn Syrup Solids (Dried Glucose Syrup) is a dried mixture of saccharides obtained by partial
hydrolysis of edible corn starch by food-grade acids and/or enzymes. It contains NLT 20.0%
reducing sugar content (dextrose equivalent) expressed as d-glucose, calculated on the dried
basis.
IDENTIFICATION
• A.
Sample solution: 50 mg/mL
Analysis: Add a few drops of the Sample solution to 5 mL of hot, alkaline cupric tartrate
TS.
Acceptance criteria: A copious, red precipitate of cuprous oxide is formed (distinction
from sucrose).
ASSAY
• Reducing Sugars (Dextrose Equivalent)
Apparatus: Mount a ring support on a ring stand 1–2 in above a gas burner, and mount a
second ring 6–7 in above the first. Place a 6-in open-wire gauze on the lower ring to
support a 250-mL conical flask, and place a 4-in watch glass with a center hole on the
upper ring to deflect heat. Attach a 25-mL buret to the ring stand so that the tip just
passes through the watch glass centered above the flask. Place an indirectly lighted white
surface behind the assembly for observing the endpoint.
Standard solution: 6 mg/mL of USP Dextrose RS
Sample solution: Transfer 4 g of Corn Syrup Solids to a 500-mL volumetric flask, and
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dilute with water to volume.
Analysis: Transfer 25.0-mL portions of alkaline cupric tartrate TS to each of two flasks,
and boil. Immediately place one flask on the wire gauze of the Apparatus, and adjust the
burner so that the boiling point will be reached in 2 min. Titrate with the Standard solution
to within 0.5 mL of the anticipated endpoint. Heat the flask, with swirling, boil moderately
for 2 min, and add 2 drops of a 10-mg/mL methylene blue solution. Immediately add 2
drops of the Standard solution from the buret, and bring to a boil. Allow the cuprous oxide
to settle slightly, and observe the color of the supernatant. Complete the titration within
1 min by adding the Standard solution dropwise and boiling after each addition to the
disappearance of the blue color, as determined by viewing against a white background in
daylight or under equivalent illumination. If more than 0.5 mL of the titrant is required
after the addition of the indicator, repeat the titration, adding the necessary volume of
titrant before adding the indicator. Bring the contents of the second flask to a boil, and
similarly titrate with the Sample solution.
Calculate the percentage of reducing sugars as d-glucose, calculated on the dried basis,
in the portion of Corn Syrup Solids taken:
Result = (CS/CU) × (VS/VU) × [1/(0.01 × A)] × 100
C=
S concentration of USP Dextrose RS in the Standard solution (mg/mL)
C=
U concentration of Corn Syrup Solids taken to prepare the Sample solution (mg/mL)
V=
S titrated volumes of the Standard solution (mL)
V=
U titrated volumes of the Sample solution (mL)
A= percentage of dry solids in Corn Syrup Solids, as determined in the test for Total Solids
Acceptance criteria: NLT 20.0% reducing sugar content (dextrose equivalent) expressed
as d-glucose on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.5%
• Heavy Metals, Method II 231 : NMT 5 µg/g, using an ignition temperature of 500
• Limit of Sulfur Dioxide
Starch indicator solution: Mix 10 g of soluble starch with 50 mL of cold water. Transfer to
1000 mL of boiling water, and stir until completely dissolved. Cool, and add 1 g of salicylic
acid preservative. [Note—Discard the solution after 1 month.]
Sample: 78 g
Blank: 200 mL of water
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.005 N iodine VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 250-mL conical flask. Dilute with 122 mL of water, and
mix to dissolve. Cool to 5 –10 . While stirring with a magnetic stirrer, add 10 mL of cold (5
–10 ) 1.5 N sodium hydroxide. Stir for an additional 20 s, and add 10 mL of Starch
indicator solution. Add 10 mL of cold (5 –10 ) 2.0 N sulfuric acid, and titrate immediately
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with Titrant until a light blue color persists for 1 min. Perform a blank determination, and
make any necessary correction.
Calculate the amount of sulfur dioxide (SO2 ) in the Sample taken:
Result = {[(VS

VB) × N × F 1] × F 2}/W

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F=
1 equivalency factor, 32.0 mg/mEq
F=
2 conversion factor, 103 µg/mg
W= Sample weight (g)
Acceptance criteria: NMT 40 µg/g
Change to read:
• Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glassware before use,
use water that has been passed through a strong-acid, strong-base, mixed-bed ionexchange resin. For digestion, use acid-cleaned, high-density polyethylene, polypropylene,
polytef, or quartz tubes. Select all reagents to have as low a content of lead as
practicable, and store all reagent solutions in borosilicate glass containers. Cleanse
glassware before use by soaking in warm 8 N nitric acid for 30 min and rinsing with
deionized water. Store final diluted solutions in acid-cleaned plastic or polytef tubes or
bottles.]
Modifier solution: 200 mg/mL of magnesium nitrate. Just before use, transfer 1.0 mL of
this solution to a 10-mL volumetric flask, and dilute with 5% nitric acid to volume.
Standard solutions: Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as directed
in Heavy Metals 231 ,
lead nitrate stock solution TS NF33
to a 100-mL volumetric flask. Add 40 mL of water and 5 mL of nitric acid, dilute with water
to volume, and mix. Transfer 1.0 mL of this solution to a 100-mL volumetric flask, and
dilute with 5% nitric acid to volume. This solution contains 0.1 µg/mL of lead. Transfer
portions of this solution to four suitable containers, and dilute with 5% nitric acid to
obtain Standard solutions having lead concentrations of 100, 50, 25, and 10 ng/mL,
respectively.
Sample solution: [Note—Perform this procedure in a fume hood.]Transfer 1.2 g of Corn
Syrup Solids to two digestion tubes labeled Sample solution and temperature monitor
solution, and add 0.75 mL of nitric acid to each tube. Warm both solutions slowly to 90 –
95 to avoid spattering. Heat until all brown vapors have dissipated and any rust-colored
tint is gone from the tube labeled Sample solution (20–30 min). Cool, then add 0.5 mL of
50% hydrogen peroxide dropwise to both solutions, and heat to between 90 and 95 for
5 min. Cool, then add a second 0.5-mL portion of 50% hydrogen peroxide dropwise to
each solution, and heat to 90 –100 until clear (5–10 min). Cool, and transfer the solution
labeled Sample solution to a 10-mL volumetric flask. Rinse the Sample solution digestion
tube with 5% nitric acid, add the rinse to the volumetric flask, and dilute with 5% nitric
acid to volume.
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Standard blank: 5% nitric acid
Sample blank: Transfer 1.5 g of water to a digestion tube, and proceed as directed for
the Sample solution, beginning with “add 0.75 mL of nitric acid”.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer equipped with pyrolytically coated graphite
tubes and adequate means of background correction
Analytical wavelength: 283.3 nm
Injection volume: 20 µL
Furnace program: See Table 1.
[Note—The temperature program may be modified to obtain optimum furnace
temperatures.]
Step

Dry Ash

Table 1
Purge
Cool down, and purge the air from the
furnace
20
—
60

Atomize

Temperature
( )
200 750
1800
Ramp time(s) 20
40
0
Hold time(s)
30
40
10
Argon flow
rate
Argon gas flow
(mL/min)
300
300
300
stopped
Analysis
Samples: Standard solutions, Sample solution, Standard blank, Sample blank
Add 5 µL of the Modifier solution to 20 µL each of the Standard solutions, the Sample
solution, the Standard blank, and the Sample blank, and mix. Separately inject each into
the atomic absorption spectrophotometer.
Using the Standard blank to set the instrument to zero, determine the integrated
absorbances of the Standard solutions. Plot the integrated absorbances of the Standard
solutions versus their contents of lead, and draw the line best fitting the four points to
determine the calibration curve. Similarly, determine the integrated absorbances of the
Sample solution and the Sample blank. Correct the absorbance value of the Sample
solution with the Sample blank.
Calculate the concentration of lead in the portion of Corn Syrup Solids taken:
Result = [V × (C/W)] × F
V= volume of the Sample solution, 10 mL
C= concentration of lead in the Sample solution, as determined from the calibration curve
(ng/mL)
W
= weight of Corn Syrup Solids taken to prepare the Sample solution (g)
F= conversion factor, 10 3 µg/ng
Acceptance criteria: NMT 0.5 µg/g
SPECIFIC TESTS
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• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 103 cfu/g, and the total combined yeasts
and molds count does not exceed 102 cfu/g.
• Starch
Sample solution: 100 mg/mL
Analysis: Add 1 drop of iodine TS to 10 mL of the Sample solution.
Acceptance criteria: A yellow color indicates the absence of soluble starch.
• Total Solids
Analysis: To determine the water content, proceed as directed in Water Determination
921 , Method Ia, except use a weighed amount of Corn Syrup Solids, WU, for the Test
Preparation. In Standardization of the Reagent, proceed as directed, except use the
formula for significant amounts of water (1% or more). [Note—Pure methanol can make
the detector overly sensitive, particularly at low ppm levels of water, causing it to deflect
to dryness and slowly recover with each addition of reagent. This slows down the titration
and may allow the system to actually pick up ambient moisture during the resulting long
titration. Adding chloroform or a similar nonconducting solvent will retard this sensitivity
and can improve the analysis.] In the Procedure calculating the water content in the Test
Preparation, use WW = S × F.
Calculate the percentage of total solids in the portion of the Test Preparation taken:
Result = (WU – WW)/WU × 100
WU= weight of Corn Syrup Solids for the Test Preparation (mg)
WW
= weight of water determined (mg)
Acceptance criteria: NLT 90.0% when the reducing sugar content is NLT 88.0%; NLT
93.0% when the reducing sugar content is 20.0%–88.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tightly closed containers, and store in a cool, dry
place.
• Labeling: Label it to indicate its nominal dextrose equivalent. Label it also to indicate the
presence of sulfur dioxide if the residual concentration is greater than 10 µg/g.
• USP Reference Standards
USP Dextrose RS
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BRIEFING

High Fructose Corn Syrup, NF 31 page 1974, and the Interim Revision Announcement posted
on the USP website with an official date of July 1, 2013. See the Briefing under Bentonite,
appearing elsewhere in this issue of PF.
(EXC: G. Holloway.)
Correspondence Number—C136693

Comment deadline: March 31, 2014
High Fructose Corn Syrup
DEFINITION
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Change to read:
High Fructose Corn Syrup is
a clear aqueous solution of saccharides prepared (IRA 1-Jul-2013)
from high-dextrose-equivalent corn starch hydrolysate by the partial enzymatic conversion of
dextrose to fructose, using an insoluble glucose isomerase enzyme preparation that complies
with 21 CFR 184.1372. It is available in two types, 42% and 55%, based on fructose
as a proportion of total saccharides. (IRA 1-Jul-2013)
High Fructose Corn Syrup 42% contains NLT 97.0% of total saccharides, expressed as a
percentage of total solids, of which NLT 92.0% consists of monosaccharides,
including 41.0%–50.0% of fructose, (IRA 1-Jul-2013)
and NMT 8.0% consists of other saccharides. High Fructose Corn Syrup 55% contains NLT
95.0% of total saccharides, expressed as a percentage of total solids, of which
NLT 94.0% consists of monosaccharides, including 54.0%–60.0% of fructose, and NMT 6.0%
consists of other saccharides. (IRA 1-Jul-2013)
IDENTIFICATION
• A.
Analysis: Add a few drops of a solution (1 in 10) of Syrup to 5 mL of hot, alkaline cupric
tartrate TS.
Acceptance criteria: A copious, red precipitate of cuprous oxide is formed (distinction
from sucrose).
Add the following:
• B. It meets the requirements of the Assay.

(IRA 1-Jul-2013)

ASSAY
Change to read:
• Procedure
Mobile phase: Water
Standard solution: Prepare a solution in water, which contains a total of 10% (w/v)
saccharide solids, using USP Dextrose RS, USP Fructose RS, and USP Maltose
Monohydrate RS, in proportions that approximate, on the Total Solids basis, the
composition of High Fructose Corn Syrup to be analyzed (see Table 1).
Table 1
High Fructose Corn Syrup
42%
4.2%
5.0%

High Fructose Corn Syrup
Component
55%
USP Fructose RS
5.5%
USP Dextrose RS
4.0%
USP Maltose
Monohydrate RS
0.8%
0.5%
Sample solution: Dilute a known weight of Syrup, determined from the result of the
test for Total Solids, with water to have 10% (w/v) solids.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: Refractive index
Column: 7.8-mm × 30-cm; packing L19
Temperatures
Detector: 45
Column: 85
Flow rate: 0.6 mL/min
Injection volume: 10 µL
Run time: 20 min
System suitability
Sample: Standard solution
[Note—The relative retention times for maltose, dextrose, and fructose are about 0.83,
1.00, and 1.32, respectively.]
Suitability requirements
Resolution: NLT 1.5 between maltose and dextrose, and NLT 1.5 between dextrose
and fructose
Relative standard deviation: NMT 1.0% for the fructose peak
Analysis
Samples: Standard solution and Sample solution
Inject a volume (about 10 µL) of the Sample solution, and measure all the peak areas.
The elution pattern includes the higher degree of polymerized saccharides (DP4+),
followed by tri-saccharides (DP3), maltose, dextrose, and fructose. The highermolecular-weight polysaccharides containing more than 4 d-glucopyranosyl units can
be integrated into one peak represented by the peak of DP4+.
[Note—The relative retention times for higher degrees of polymerized saccharides
(DP4+), tri-saccharides (DP3), maltose, dextrose, and fructose are about 0.66, 0.74,
0.82, 1.00, and 1.32, respectively, from the Sample solution.]
Calculate the percentage of monosaccharides, PMS, expressed in terms of fructose (PF)
and dextrose (PD), in the total solid portion of Syrup taken:
PMS = PF + PD
PF = (rFU/rFS) × [CFS × VU/(WU × 0.01 × PSolid)] × 100
PD = (rDU/rDS) × [CDS × VU/(WU × 0.01 × PSolid)] × 100
rFU = peak area of fructose from the Sample solution
rFS = peak area of fructose from the Standard solution
CFS = concentration of USP Fructose RS in the Standard solution (mg/mL)
VU = volume of the Sample solution (mL)
WU = weight of Syrup taken to prepare the Sample solution (mg)
PSolid= percentage of total solids in the Syrup as determined in the test for Total Solids
rDU = peak area of dextrose from the Sample solution
rDS = peak area of dextrose from the Standard solution
CDS = concentration of USP Dextrose RS in the Standard solution (mg/mL)
Calculate the percentage of other saccharides, POS, expressed in terms of maltose
(PDP2), tri-saccharides (DP3) (PDP3), and higher degree of polymerized saccharides
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(DP4+) (PDP4+), in the total solid portion of Syrup taken:
POS = PDP2 + PDP3 + PDP4+ = [(rU1 + rU2 + rU3)/rS] × [CS × VU/(WU × 0.01 × PSolid)] × 100
rU1 = peak area of maltose from the Sample solution
rU2 = peak area of tri-saccharides (DP3) from the Sample solution
rU3 = peak area of higher degree of polymerized saccharides (DP4+) from the Sample
solution
rS = peak area of maltose from the Standard solution
CS = concentration of USP Maltose Monohydrate RS in the Standard solution (mg/mL)
VU = volume of the Sample solution (mL)
WU = weight of Syrup taken to prepare the Sample solution (mg)
PSolid= percentage of total solids in the Syrup as determined in the test for Total Solids
Calculate the percentage of total saccharides, PTS, expressed as a percentage of total
solids:
PTS = PMS + POS
Calculate the percentage of monosaccharides in total saccharides:
Result = (PMS/PTS) × 100
Calculate the percentage of fructose in total saccharides:
Result = (PF/PTS) × 100
Calculate the percentage of other saccharides in total saccharides:
Result = (POS/PTS) × 100
Acceptance criteria
For High Fructose Corn Syrup 42%
Total saccharides: NLT 97.0%, expressed as a percentage of total solids. Total
saccharides contain monosaccharides and other saccharides as follows.
Monosaccharides: NLT 92.0%
Fructose: 41.0%–50.0%
Other saccharides: NMT 8.0%
For High Fructose Corn Syrup 55%
Total saccharides: NLT 95.0%, expressed as a percentage of total solids. Total
saccharides contain monosaccharides and other saccharides as follows.
Monosaccharides: NLT 94.0%
Fructose: 54.0%–60.0%
Other saccharides: NMT 6.0%
(IRA 1-Jul-2013)

IMPURITIES
• Residue on Ignition 281 : NMT 0.05%
• Heavy Metals, Method II
Change to read:
• Limit of Lead

231 : NMT 5 µg/g, using an ignition temperature of 500
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[Note—For the preparation of all aqueous solutions and for the rinsing of glassware before use,
use water that has been passed through a strong-acid, strong-base, mixed-bed ionexchange resin. For digestion, use acid-cleaned, high-density polyethylene, polypropylene,
polytef, or quartz tubes. Select all reagents to have as low a content of lead as
practicable, and store all reagent solutions in borosilicate glass containers. Cleanse
glassware before use by soaking in warm 8 N nitric acid for 30 min and rinsing with
deionized water. Store final diluted solutions in acid-cleaned plastic or polytef tubes or
bottles.]
Matrix modifier solution: (IRA 1-Jul-2013)
200 mg/mL of magnesium nitrate. Just before use, transfer 1.0 mL of this solution to a 10mL volumetric flask, and dilute with 5% nitric acid to volume.
Alternate matrix modifier solution: Just before use, add 0.3 mL of commercially
available 10,000 µg/mL palladium standard solution and 5 mL of commercially available
10,000 µg/mL magnesium nitrate standard solution to 9.7 mL of 5% nitric acid, and mix
well. [Note—Alternate matrix modifier solution can be used to replace the Matrix
modifier solution. Then the air ashing step in the furnace program (see Table 2) can be
omitted.] (IRA 1-Jul-2013)
Standard stock solution: Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as
directed in Heavy Metals 231 ,
lead nitrate stock solution TS NF33
to a 100-mL volumetric flask, add 40 mL of water and 5 mL of nitric acid, and dilute with
water to volume. Transfer 1.0 mL of this solution to a second 100-mL volumetric flask,
dilute with 5% nitric acid to volume, and mix. This solution contains 0.1 µg/mL of lead.
Standard solutions: Transfer portions of Standard stock solution to four suitable
containers, and dilute with 5% nitric acid to obtain Standard solutions having lead
concentrations of 100, 50, 25, and 10 ng/mL, respectively.
Sample solution:
[Note—It is recommended to perform this procedure in a fume hood. To ensure that a
representative subsample of Syrup is used for analysis, ultrasonic and/or vortex mixing of
Syrup samples prior to weighing is recommended.]Transfer 1.5 g of Syrup to two digestion
tubes, labeled “Sample solution” and “Temperature monitor solution,” and add 0.75 mL of
nitric acid to each tube. Place a thermometer in the tube labeled “Temperature monitor
solution,” then use the Temperature monitor solution solely to monitor the temperature
to be within ranges specified by the method. Warm both solutions slowly to 90 –95 to
avoid spattering. Heat until all brown vapors have dissipated and the samples no longer
have a rust-colored tint. This typically takes 20–30 min. Allow the samples to cool. Add
0.5 mL of 50% hydrogen peroxide dropwise to both solutions, heat to 90 –95 for 5 min,
and cool. Add a second 0.5-mL portion of 50% hydrogen peroxide dropwise to both
solutions, and heat to 90 –100 for 5–10 min or until the solutions are clear. Cool, and
transfer the Sample solution to a 10-mL volumetric flask. Rinse the tube labeled “Sample
solution” with 5% nitric acid, add the rinsing to the volumetric flask, dilute with 5% nitric
acid to volume, and mix. (IRA 1-Jul-2013)
Standard blank: 5% nitric acid
Sample blank: Transfer 1.5 g of water to a digestion tube, and proceed as directed for
the Sample solution, beginning with “add 0.75 mL of nitric acid”.
Instrumental conditions
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Mode: Graphite furnace atomic absorption with pyrolytically coated graphite tubes and
adequate means of background correction
Lamp: Lead hollow-cathode
Analytical wavelength: Lead emission line of 283.3 nm
Furnace program: See
Table 2. (IRA 1-Jul-2013)
[Note—The temperature program may be modified to obtain optimum furnace
temperatures.]
Table 2
Step

Temperature
( )
200
750
20
1800
2600
20

Ramp
(s)
20
40
1
0
1
1

Hold Time
(s)
30
40
60
10
7
5

Gas
Argon
Aira
Argon
Argon
Argon
Argon

Gas Flow Rate
(mL/min)
300
300
300
Stop flow
300
300

Read
(s)
—
—
—
10
—
—

Dry
Char (Ash)
Cool down
Atomize
Clean
Cool down
a If the Matrix modifier solution is used, air ashing must be used in the experiment. If
the Alternate matrix modifier solution is used, air can be substituted with argon.

If the Matrix modifier solution is used, the furnace controller must be able to handle two
gas flows to facilitate air ashing. Argon is used as the purge gas for the furnace for all
steps but the char. Oxygen ashing is used to avoid build-up of residue during the char
step. Breathing quality air is used as the alternative gas for the air ashing. The long (60
s) “Cool down” step prior to atomization ensures that the air used for the oxygen ashing
(char) is cleared from the furnace.
Autosampler
Sample volume: 20 µL
Alternative volume: 5 µL of Matrix modifier solution (or Alternate matrix modifier
solution)
(IRA 1-Jul-2013)

Analysis
(IRA 1-Jul-2013)

Samples:
Add 5 µL of the Matrix modifier solution (or Alternate matrix modifier solution) to each 20-µL
aliquot of the four Standards solutions, add 5 µL of the Matrix modifier solution (or Alternate
matrix modifier solution) to 20 µL of the Sample solution, add 5 µL of the Matrix modifier
solution (or Alternate matrix modifier solution) to 20 µL of the Standard blank, and add 5 µL
of the Matrix modifier solution (or Alternate matrix modifier solution) to 20 µL of the Sample
blank.
Use peak area measurements for all quantitations.
(IRA 1-Jul-2013)

Using the Standard blank to set the instrument to zero, determine the integrated absorbances
of the Standard solutions. Plot the integrated absorbances of the Standard solutions versus
their contents of lead, in ng/mL, and draw the line best fitting the four points to determine the
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calibration curve. Similarly determine the integrated absorbances of the Sample solution and
the Sample blank. Correct the absorbance value of the Sample solution by subtracting from it
the absorbance value obtained from the Sample blank.
Calculate the concentration of lead, in µg/g, in the portion of Syrup taken:
Result = (V × CL/W) × F
V= volume of the Sample solution, 10 mL
C=L concentration of lead in the Sample solution, as determined from the calibration curve
(ng/mL)
W= weight of Syrup taken to prepare the Sample solution (g)
F= conversion factor, 10 3 µg/ng
Acceptance criteria: NMT 0.1 µg/g
• Limit of Sulfur Dioxide
Starch indicator solution: Mix 10 g of soluble starch with 50 mL of cold water. Transfer to
1000 mL of boiling water, stir until completely dissolved, cool, and add 1 g of salicylic acid
preservative. [Note—Discard the solution after 1 month.]
Sample: 100 g
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.005 N iodine VS
Blank: 200 mL of water
Endpoint detection: Visual
Analysis: Transfer the Sample to a 250-mL conical flask, add 100 mL of water, and mix.
Cool to 5 –10 . While stirring with a magnetic stirrer, add 10 mL of cold (5 –10 ) 1.5 N
sodium hydroxide. Stir for an additional 20 s, and add 10 mL of Starch indicator solution.
Add 10 mL of cold (5 –10 ) 2.0 N sulfuric acid, and titrate immediately with Titrant until a
light blue color persists for 1 min. Perform a blank determination, and make any necessary
correction.
Calculate the concentration, in µg/g, of sulfur dioxide (SO2 ) in the Sample taken:
Result = {[(VS

VB) × N × F 1]/W} × F 2

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F=
1 equivalency factor, 32.0 mg/mEq
W= Sample weight (g)
F=
2 conversion factor, 103 µg/mg
Acceptance criteria: NMT 30 µg/g
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 103 cfu/g, and the total combined molds and

PF 40(1): Jan.-Feb. 2014

300

yeast count does not exceed 102 cfu/g.
Change to read:
• Total Solids
Analysis: Determine the refractive index of the Syrup at 20 or 45 (see Refractive
Index 831 ). Use Table 3 and Table 4 for calculating the percentage of total solids on
a weight/weight basis. If necessary, interpolate between the refractive index values to
find the percentage of total solids to the nearest 0.1%.
Table 3. High Fructose Corn Syrup 42%
Percentage of
Total Solids Refractive Index Refractive Index
(PSolid)(%)
at 20
at 45
69.0
1.4597
1.4543
70.0
1.4620
1.4565
70.5
1.4632
1.4577
71.0
1.4643
1.4589
72.0
1.4667
1.4612
73.0
1.4691
1.4635
74.0
1.4715
1.4658
75.0
1.4738
1.4683
76.0
1.4763
1.4707
77.0
1.4787
1.4731
78.0
1.4811
1.4755
79.0
1.4836
1.4779
80.0
1.4861
1.4804
81.0
1.4886
1.4829
Table 4. High Fructose Corn Syrup 55%
Percentage of
Total Solids Refractive Index Refractive Index
(PSolid)(%)
at 20
at 45
75.0
1.4738
1.4680
76.0
1.4762
1.4704
76.5
1.4774
1.4716
77.0
1.4786
1.4728
78.0
1.4811
1.4752
79.0
1.4835
1.4776
80.0
1.4860
1.4801
81.0
1.4885
1.4826
Acceptance criteria
High Fructose Corn Syrup 42%: NLT 70.5%
High Fructose Corn Syrup 55%: NLT 76.5%
(IRA 1-Jul-2013)

ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in tight containers. No storage requirement specified.
Change to read:
• Labeling: Label it to state, as part of the official title, the nominal percentage of fructose.
(IRA 1-Jul-2013)

Label it to indicate the presence of sulfur dioxide if the residual concentration is greater than
10 µg/g.
• USP Reference Standards 11
USP Dextrose RS
USP Fructose RS
USP Maltose Monohydrate RS
BRIEFING
Desoxycholic Acid, NF 31 page 1987. See the Briefing under Bentonite appearing elsewhere in
this issue of PF.
(EXC: G. Holloway.)
Correspondence Number—C136691

Comment deadline: March 31, 2014
Desoxycholic Acid

C24 H40 O4

392.57

Deoxycholic acid;
13 ,12 -Dihydroxycholanic acid

[83-44-3].

DEFINITION
Desoxycholic Acid contains NLT 98.0% and NMT 102.0% of desoxycholic acid (C24 H40 O4 ),
calculated on the dried basis.
IDENTIFICATION
• A.
Analysis: Add 2 drops of benzaldehyde and 3 drops of 75% sulfuric acid to about 10 mg of
Desoxycholic Acid, heat at 50 for 5 min, and then add 10 mL of glacial acetic acid.
Acceptance criteria: A green color appears (cholic acid produces a brown color).
ASSAY
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• Procedure
Sample: 500 mg
Analysis: Transfer the Sample into a 250-mL Erlenmeyer flask, and add 20 mL of water and
40 mL of alcohol. Cover the flask with a watch glass, heat the mixture gently on a steam
bath until the Sample is dissolved, and allow the mixture to cool to room temperature. Add
a few drops of phenolphthalein TS to the solution, and titrate with 0.1 N sodium hydroxide
to a pink endpoint that persists for 15 s. Each mL of 0.1 N sodium hydroxide is equivalent
to 39.26 mg of desoxycholic acid (C24 H40 O4 ).
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%, using 1.0 g
Change to read:
• Limit of Lead
[Note—Select reagents having as low a lead content as practicable, and store all solutions in
high-density polyethylene containers. Rinse all plastic and glassware thoroughly with warm,
50% nitric acid followed by water.]
Standard lead solution: Prepare as directed under Heavy Metals
Reagents.

231 , Special

NF33

Standard solutions: [Note—Prepare these solutions on the day of use.] Transfer 10.0 and
50.0 mL of Standard lead solution
standard lead solution TS NF33
into two separate 100-mL volumetric flasks, add 10 mL of 3 N hydrochloric acid to each,
and dilute with water to volume. The third standard, 10.0 µg/mL, is taken directly from
Standard lead solution
standard lead solution TS. NF33
Sample solution: Transfer 10.0 g of Desoxycholic Acid, weighed to the nearest 0.1 mg,
into an evaporating dish. Add 5 mL of 25% sulfuric acid (made by adding 25 mL of sulfuric
acid to 75 mL of water), and distribute the 25% sulfuric acid solution uniformly. Within a
hood, place the dish on a steam bath to evaporate most of the water. Place the dish on a
burner, and slowly pre-ash the remaining Sample solution by expelling most of the sulfuric
acid. Place the dish in a muffle furnace that has been set at 525 , and ash the contents
of the dish until the residue appears free from carbon. Cool, and cautiously wash down
the inside of the evaporation dish with water. Add 5 mL of 1 N hydrochloric acid. Place the
dish on a steam bath, and evaporate to dryness. Add 1.0 mL of 3 N hydrochloric acid and
approximately 5 mL of water, and heat briefly on a steam bath to dissolve any residue.
Transfer to a 10-mL volumetric flask, dilute with water to volume, and mix.
Sample blank: Prepare by ashing 5 mL of 25% sulfuric acid solution. Cool, and cautiously
wash down the inside of the evaporation dish with water. Add 5 mL of 1 N hydrochloric
acid. Place the dish on a steam bath, and evaporate to dryness. Add 1.0 mL of 3 N
hydrochloric acid and approximately 5 mL of water, and heat briefly on a steam bath to
dissolve any residue. Transfer to a 10-mL volumetric flask, dilute with water to volume,
and mix.
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)
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Mode: Atomic absorption
Analytical wavelength: 283.3 nm
Lamp: Lead electrodeless discharge
Flame: Air–acetylene
Slit width: 0.7 nm
Instrument blank: Water
Standard curve
Samples: Standard solutions and Sample blank
Plot: Corrected absorbance values versus their corresponding concentration (µg/mL).
[Note—Determine corrected absorbance values by subtracting the absorbance of the
Sample blank from the absorbance of the Standard solutions.]
Analysis
Samples: Sample solution and Sample blank
[Note—Determine corrected absorbance values by subtracting the absorbance of the
Sample blank from the absorbance of the Sample solution.]
From the Standard curve, determine the lead concentration in the Sample solution.
Calculate the lead content in the portion of Desoxycholic Acid taken:
Result = CS/W × V
C=
S concentration of lead from the Standard curve (µg/mL)
W= weight of the sample taken (g)
V= final volume of the sample (mL)
Acceptance criteria: NMT 4 µg/g
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 1% (w/v) solution in ethanol
Acceptance criteria: NLT +55
• Melting Range or Temperature, Class I

741 : 172 –175

• Loss on Drying 731
Analysis: Dry at 140 under vacuum of NMT 5 mm of mercury for 4 h.
Acceptance criteria: NMT 1%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. No storage requirements specified.
BRIEFING
Erythritol, NF 31 page 2002. See the Briefing under Bentonite appearing elsewhere in this issue
of PF.
(EXC: G. Holloway.)
Correspondence Number—C136693

Comment deadline: March 31, 2014
Erythritol
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122.12

1,2,3,4-Butanetetrol;
Butane 1,2,3,4-tetrol (meso-erythritol)

[149-32-6].

DEFINITION
Erythritol is obtained by fermentation of starch enzyme hydrolysate (from starches such as
wheat and corn). It is obtained from the fermentation broth of suitable osmophilic yeasts such
as Moniliella pollinis or Trichosporonoides megachiliensis. It contains NLT 96.0% and NMT
102.0% of erythritol (C4 H10 O4 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Melting Range or Temperature

741 : 119 –123

ASSAY
• Procedure
Mobile phase: 0.01% sulfuric acid
System suitability solution: 0.05 mg/mL each of USP Erythritol RS and glycerol
Standard solution: 50 mg/mL of USP Erythritol RS
Sample solution: 50 mg/mL of Erythritol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.8-mm × 30-cm; packing L17
Column temperature: 70
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for erythritol and glycerol are about 1.0 and 1.1,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between erythritol and glycerol, System suitability solution
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Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
[Note—Record chromatograms for over a period of 3 times the retention time of
erythritol.]
Calculate the percentage of erythritol (C4 H10 O4 ) in the portion of Erythritol taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Erythritol RS in the Standard solution (mg/mL)
C=
U concentration of Erythritol in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Limit of Lead
Standard lead solution: Prepare as directed under Heavy Metals
Reagents.

231 , Special

NF33

Sample solution: Dissolve 20.0 g of Erythritol in diluted acetic acid, and dilute with the
same medium to 100 mL. Add 2.0 mL of a saturated ammonium pyrrolidinedithiocarbamate
solution (10 mg/mL of ammonium pyrrolidinedithiocarbamate) and 10.0 mL of methyl
isobutyl ketone, and shake for 30 s. Protect from bright light. Allow the two layers to
separate, and use the methyl isobutyl ketone layer.
Standard solutions: Prepare as directed for the Sample solution, except prepare three
solutions by adding 0.5, 1.0, and 1.5 mL of Standard lead solution
standard lead solution TS NF33
in addition to the 20.0 g of Erythritol.
Blank solution: Prepare as directed for the Sample solution, omitting Erythritol.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry, using methyl isobutyl ketone previously
treated as described in the Sample solution, but without the sample added
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Flame: Air–acetylene
Analysis
Samples: Sample solution and Standard solutions
Introduce the Sample solution and each of the three Standard solutions into the
instrument. Record the steady absorbance reading. Plot the absorbance readings against
the known concentrations of added lead (in µg), and draw a straight line. Extrapolate
the line until it meets the concentration axis, which is equal to the concentration, in
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ppm, of lead in the sample.
Acceptance criteria: NMT 0.5 µg/g
• Related Compounds
Mobile phase, System suitability solution, Standard solution, and Sample solution:
Proceed as directed in the Assay.
Standard solution A: Transfer 2.0 mL of the Standard solution from the Assay to a 100-mL
volumetric flask, and dilute with water (1 mg/mL of erythritol).
Chromatographic system: Proceed as directed in the Assay, except use an Injection
volume of 20 µL.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity found:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response of erythritol from the Standard solution
C=
S concentration of USP Erythritol RS in the Standard solution (mg/mL)
C=
U concentration of Erythritol in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 2.0%
Total impurities: NMT 2.0%
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count using the Plate Method is NMT 103 cfu/g, and the total
combined molds and yeasts count is NMT 102 cfu/g. It meets the requirements of the tests
for absence of Salmonella species and Escherichia coli.
• Loss on Drying 731
Sample: 8 g
Analysis: Dry the Sample at 105 for 4 h.
Acceptance criteria: NMT 0.2%
• Water Determination, Method I 921 : NMT 0.5%
• Conductivity
Sample solution: 200 mg/mL in water
Analysis: Using an appropriate conductivity meter, choose a conductivity cell that is
appropriate for the properties and conductivity of the solution to be examined. Use a
certified reference material,1 for example, a solution of potassium chloride, that is
appropriate for the measurement. The conductivity value of the certified reference
material should be near the expected conductivity value of the solution to be examined.
After calibrating the apparatus with a certified reference material solution, rinse the
conductivity cell several times with water and at least twice with the aqueous solution to
be examined. Measure the conductivity of the solution at a temperature of 20 while
stirring gently with a magnetic stirrer.
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Acceptance criteria: NMT 20 µS/cm
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• USP Reference Standards 11
USP Erythritol RS
meso-Erythritol, 1,2,3,4-butanetetrol.
C4 H10 O4
122.12
1 C ommercially available conductivity calibration solutions for conductivity meter standardization,
standardized by methods traceable to the National Institute of Standards and Technology (NIST), may be used.
Solutions prepared according to instructions given in the American Society for Testing and Materials (ASTM)
Standard D1125 may be used, provided that the conductivity of the resultant solution is the same as that of the
solution prepared from the NIST-certified material.

BRIEFING
Magnesium Aluminum Silicate, NF 31 page 2073. See the Briefing under Bentonite, appearing
elsewhere in this issue of PF.
(EXC: G. Holloway.)
Correspondence Number—C136693

Comment deadline: March 31, 2014
Magnesium Aluminum Silicate
DEFINITION
Magnesium Aluminum Silicate is a blend of colloidal montmorillonite and saponite that has been
processed to remove grit and nonswellable ore components.
The requirements for viscosity and ratio of aluminum content to magnesium content differ for
the several types of Magnesium Aluminum Silicate, as set forth in the table below.
Viscosity
(cps)
Type
IA
IB
IC
IIA

Min.
225
150
800
100

Max.
600
450
2200
300

Al Content/
Mg Content
Min.
0.5
0.5
0.5
1.4

Max.
1.2
1.2
1.2
2.8

IDENTIFICATION
• A.
Sample: 2 g
Analysis 1: Add the Sample in small portions to 100 mL of water with intense agitation.
Allow to stand for 12 h to ensure complete hydration. Place 2 mL of the resulting mixture
on a suitable glass slide, and allow to air-dry at room temperature to produce an oriented
film. Place the slide in a vacuum desiccator over a free surface of ethylene glycol.
Evacuate the desiccator, and close the stopcock so that the ethylene glycol saturates
the desiccator chamber. Allow to stand for 12 h. Record the X-ray diffraction pattern (see
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X-Ray Diffraction 941 ), and calculate the d values.
Acceptance criteria 1: The largest peak corresponds to a d value between 15.0 and 17.2
.
Analysis 2: Prepare a random powder specimen of Magnesium Aluminum Silicate, record the
X-ray diffraction pattern, and determine the d values in the region between 1.48 and 1.54
.
Acceptance criteria 2: Peaks are found at 1.492–1.504

and at 1.510–1.540

.

ASSAY
• Aluminum Content and Magnesium Content
Aluminum content
Aluminum standard stock solution: Dissolve 1.000 g of aluminum in a mixture of 10 mL
of hydrochloric acid and 10 mL of water by gentle heating. Transfer the solution to a
1000-mL volumetric flask, and dilute with water to volume. This solution contains the
equivalent of 1 mg/mL of aluminum.
Aluminum standard solutions: Transfer 2-, 5-, and 10-mL aliquots of the Aluminum
standard stock solution to separate 100-mL volumetric flasks containing 200 mg of
sodium chloride, and dilute each with water to volume.
Sample stock solution: Transfer 0.200 g of Magnesium Aluminum Silicate to a 25-mL
platinum crucible containing 1.0 g of lithium metaborate, and mix. Using a muffle furnace
or a suitable burner, heat slowly at first, and ignite at 1000 –1200 for 15 min. Cool,
place the crucible in a 100-mL beaker containing 25 mL of dilute nitric acid (50 mg/mL),
and add an additional 50 mL of the dilute acid, filling and submerging the upright
crucible. Place a polyfluorocarbon-coated magnetic stirring bar into the crucible, and stir
gently with a magnetic stirrer to dissolve. Pour the contents into a 250-mL beaker, and
remove the crucible. Warm the solution, transfer through a rapid-flow filter paper with
the aid of water into a 200-mL volumetric flask, and dilute with water to volume.
Sample solution: Pipet 20 mL of the Sample stock solution into a 100-mL volumetric
flask. Add 20 mL of a solution of sodium chloride (10 mg/mL), and dilute with water to
volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer equipped with a single-slot burner
Analytical wavelength: 309 nm
Lamp: Aluminum hollow-cathode
Flame: Oxidizing acetylene–air–nitrous oxide
Analysis
Samples: Aluminum standard solutions and Sample solution
Determine the absorbances of the Aluminum standard solutions and the Sample solution.
From a linear regression equation calculated from the absorbances and concentrations of
the Aluminum standard solutions, determine the aluminum content of the magnesium
aluminum silicate.
Magnesium content
Lanthanum solution: Stir 88.30 g of lanthanum chloride (LaCl3 ) with 500 mL of 6 N
hydrochloric acid to dissolve, transfer with the aid of water to a 1000-mL volumetric
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flask, and dilute with water to volume.
Magnesium standard stock solution: Place 1.000 g of magnesium in a 250-mL beaker
containing 20 mL of water, and carefully add 20 mL of hydrochloric acid, warming, if
necessary, to complete the reaction. Transfer the solution to a 1000-mL volumetric
flask, and dilute with water to volume. This solution contains the equivalent of 1 mg/mL
of magnesium. Transfer 10.0 mL of this solution to a 1000-mL volumetric flask, and dilute
with water to volume.
Magnesium standard solutions: Transfer 5-, 10-, 15-, and 20-mL aliquots of the
Magnesium standard stock solution to separate 100-mL volumetric flasks. To each flask
add 20.0 mL of Lanthanum solution, and dilute with water to volume.
Sample stock solution: Use the Sample stock solution prepared as directed for
Aluminum content.
Sample solution: Transfer 25 mL of the Sample stock solution to a 50-mL volumetric
flask, and dilute with water to volume. Transfer 5.0 mL of this solution to a 100-mL
volumetric flask, add 20.0 mL of Lanthanum solution, and dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption
Analytical wavelength: 285 nm
Lamp: Magnesium hollow-cathode
Flame: Reducing flame of acetylene–air
Analysis
Samples: Magnesium standard solutions and Sample solution
Determine the absorbances of the Sample solution and the Magnesium standard
solutions. From a linear regression equation calculated from the absorbances and
concentrations of the Magnesium standard solutions, determine the magnesium content
in the magnesium aluminum silicate.
Ratio of aluminum content to magnesium content
Analysis: Using the results from the Aluminum content and the Magnesium content,
determine the ratio of aluminum content to magnesium content.
Acceptance criteria
Type IA: 0.5–1.2
Type IB: 0.5–1.2
Type IC: 0.5–1.2
Type IIA: 1.4–2.8
IMPURITIES
• Arsenic, Method I 211
Standard preparation: Prepare as directed in the chapter.
Control preparation: Transfer 5.0 mL (5 µg of As) of the Standard preparation to a 25mL volumetric flask, and add dilute hydrochloric acid (1:25) to volume.
Test preparation: Transfer 13.3 g of Magnesium Aluminum Silicate to a 250-mL beaker
containing 100 mL of dilute hydrochloric acid (1:25), mix, cover with a watch glass, and
boil gently with occasional stirring for 15 min without allowing excessive foaming. Allow the
insoluble material to settle, and decant the hot supernatant through a rapid-flow filter
paper into a 200-mL volumetric flask, retaining as much sediment as possible in the

PF 40(1): Jan.-Feb. 2014

310

beaker. Add 25 mL of hot dilute hydrochloric acid (1:25) to the residue in the beaker, stir,
and heat to boiling. Allow the insoluble material to settle, and decant the supernatant
through the filter into the 200-mL volumetric flask. Repeat the extraction with four
additional 25-mL portions of hot dilute hydrochloric acid (1:25), decanting each hot
supernatant through the filter into the volumetric flask. At the last extraction, transfer as
much of the insoluble material as possible onto the filter. Cool the combined filtrates to
room temperature, add dilute hydrochloric acid (1:25) to volume, and mix. Use 25 mL for
the test.
Acceptance criteria: NMT 3 µg/g; the absorbance due to any red color from the Test
preparation does not exceed that produced by the Control preparation.
Change to read:
• Lead
Standard preparation: On the day of use, dilute 3.0 mL of Lead Nitrate Stock Solution
(see Heavy Metals 231 )
lead nitrate stock solution TS NF33
with water to 100 mL. Each mL contains the equivalent of 3 µg of lead.
Sample: 10.0 g
Test preparation: Transfer the Sample to a 250-mL beaker containing 100 mL of dilute
hydrochloric acid (1:25), stir, cover with a watch glass, and boil for 15 min. Cool to room
temperature, and allow the insoluble matter to settle. Decant the supernatant through a
rapid-flow filter paper into a 400-mL beaker. Add 25 mL of hot water to the insoluble
matter in the 250-mL beaker, and stir. Allow the insoluble matter to settle, and decant
the supernatant through the filter into the 400-mL beaker. Repeat the extraction with two
additional 25-mL portions of water, decanting each supernatant portion through the filter
into the 400-mL beaker. Wash the filter with 25 mL of hot water, collecting this filtrate in
the 400-mL beaker. Concentrate the combined extracts by gentle boiling to approximately
20 mL. If a precipitate appears, add 2–3 drops of nitric acid, heat to boiling, and cool to
room temperature. Filter the concentrated extracts through a rapid-flow filter paper into a
50-mL volumetric flask. Transfer the remaining contents of the 400-mL beaker through the
filter paper and into the flask with water. Dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer equipped with a deuterium arc background
correction and a single-slot burner
Analytical wavelength: 284 nm
Lamp: Lead hollow-cathode
Flame: Oxidizing flame of air and acetylene
Acceptance criteria: The absorbance of the Test preparation is NMT that of the Standard
preparation (15 µg/g).
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : Its
total aerobic microbial count does not exceed 103 cfu/g, and it meets the requirements of
the test for absence of Escherichia coli.
• pH 791
Sample suspension: 50 mg/mL
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Acceptance criteria: 9.0–10.0
• Loss on Drying 731
Analysis: Dry at 110 to constant weight.
Acceptance criteria: NMT 8.0%
• Viscosity
Sample solution: After determining the Loss on Drying, weigh a quantity of Magnesium
Aluminum Silicate, equivalent to 25.0 g on the dried basis. Over a period of a few seconds,
transfer the undried test specimen to a suitable 1-L blender jar containing an amount of
water, maintained at a temperature of 25 ± 2 , that is sufficient to produce a mixture
weighing 500 g. Blend for 3 min, accurately timed, at 14,000–15,000 rpm (high speed).
[Note—Heat generated during blending causes a temperature rise to above 30 .]
Analysis: Transfer the contents of the blender to a 600-mL beaker, allow to stand for 5
min, and adjust, if necessary, to a temperature of 33 ± 3 . Using a suitable rotational
viscometer equipped with a spindle as specified below, operate the viscometer at 60 rpm
for 6 min, accurately timed, and record the scale reading.
For Type IA, use a spindle having a cylinder 1.87 cm in diameter and 0.69 cm high
attached to a shaft 0.32 cm in diameter, the distance from the top of the cylinder to the
lower tip of the shaft being 2.54 cm, and the immersion depth being 5.00 cm (No. 2
spindle). If the scale reading is greater than 90% of full scale, repeat the measurement,
using a spindle similar to the No. 2 spindle but having the cylinder 1.27 cm in diameter and
0.16 cm high instead (No. 3 spindle).
For Type IC, use a No. 3 spindle. If the scale reading is greater than 90% of full scale,
repeat the measurement using a spindle consisting of a cylindrical shaft 0.32 cm in
diameter and having an immersion depth of 4.05 cm (No. 4 spindle).
For Types IB and IIA, use a No. 2 spindle.
Acceptance criteria
Type IA: 225–600
Type IB: 150–450
Type IC: 800–2200
Type IIA: 100–300
• Acid Demand
Sample: After determining the Loss on Drying, weigh a quantity of Magnesium Aluminum
Silicate equivalent to 5.00 g.
Analysis: Disperse the Sample in 500 mL of water with the aid of a suitable blender fitted
with a 1-L jar. Using a stopwatch, designate zero time. With constant mixing, add 3.0-mL
portions of 0.100 N hydrochloric acid at 5, 65, 125, 185, 245, 305, 365, 425, 485, 545,
605, 665, and 725 s, and add a 1.0-mL portion at 785 s. Determine the pH
potentiometrically at 840 s.
Acceptance criteria: NMT 4.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label it to indicate its type.
BRIEFING
Myristyl Alcohol, NF 31 page 2105. As part of the USP monograph modernization effort, it is
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proposed to make the following changes:
1.
Add chemical names, chemical structure, chemical formula, and molecular weight.
2.
Revise the monograph Definition by adding an upper limit of 102.0% for the myristyl
alcohol content, and by including the material origin: vegetable, animal, or synthetic.
Correspondingly, add a Labeling requirement to include the material source.
3.
Change the current Identification test A by adding a test title and reformatting to
reflect the current monograph style.
4.
Replace the current Assay using a packed GC column with an Assay based on a GC
method of analysis performed with the Restek Rtx-225 or Agilent DB-225 brand of G7
column. The typical retention times for myristyl alcohol, 1-pentadecanol (internal
standard), cetyl alcohol, stearyl alcohol, and oleyl alcohol are 6.9, 7.5, 8.1, 9.4, and
9.5 min, respectively. The Assay specification is changed to “90.0%–102.0%”.
5.
Add a test for Residue on Ignition 281 .
6.
Add a test for Limit of Related Fatty Alcohols based on a GC method of analysis
performed with the Restek Rtx-225 or Agilent DB-225 brand of G7 column. The
typical retention times for lauryl alcohol, myristyl alcohol, 1-pentadecanol, cetyl
alcohol, stearyl alcohol, and oleyl alcohol are 5.9, 6.9, 7.5, 8.1, 9.4, and 9.5 min,
respectively.
7.
Delete the test for Melting Range or Temperature

741 .

8.
The test for Hydroxyl Value in chapter 401 is referenced and performed for this
material.
9.
Add a test for Water Determination.
10.
Add USP Lauryl Alcohol RS, USP Oleyl Alcohol RS, and USP Stearyl Alcohol RS to the USP
Reference Standards

11

section.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C111750

Comment deadline: March 31, 2014
Myristyl Alcohol
Add the following:

C14 H30 O

214.39

n-Tetradecan-1-ol;
1-Tetradecanol;
1-Hydroxytetradecane;
1-Tetradecyl alcohol
[112-72-1].
DEFINITION

NF33
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Change to read:
Myristyl Alcohol contains NLT 90.0%
and NMT 102.0% NF33
of myristyl alcohol (C14 H30 O), the remainder consisting chiefly of related alcohols.
It is obtained from sources of vegetable, animal, or synthetic origin. NF33
IDENTIFICATION
Change to read:
• A.
Chromatographic Identity NF33
The retention time of the major peak of the Sample solution corresponds to that of the System
suitability solution, as obtained in the Assay.
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak of the Sample solution,
excluding the solvent and internal standard peaks, corresponds to the myristyl alcohol
peak of the Standard solution. NF33
ASSAY
Change to read:
• Procedure
System suitability solution: 9 mg/mL of USP Myristyl Alcohol RS and 1 mg/mL of USP
Cetyl Alcohol RS in alcohol
Sample solution: 10 mg/mL of Myristyl Alcohol in dehydrated alcohol
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 3-mm × 2-m, packed with 10% liquid phase G2 on support S1A
Temperature
Column: 205
Detector: 250
Injector port: 275
Carrier gas: Helium
Injection size: 2 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 4.0 between cetyl alcohol and myristyl alcohol
Relative standard deviation: NMT 1.5%
Analysis
Sample: Sample solution
Calculate the percentage of myristyl alcohol (C14 H30 O) in the portion of Myristyl Alcohol
taken:
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Result = (rU/rT) × 100
r=
U peak area of myristyl alcohol from the Sample solution
r=
T sum of the peak areas except the solvent peak from the Sample solution
Internal standard solution: 1 mg/mL of 1-pentadecanol (internal standard) in ethanol
System suitability solution: Prepare 1 mg/mL of USP Cetyl Alcohol RS, 1 mg/mL of
Stearyl Alcohol RS, and 1 mg/mL of Oleyl Alcohol RS in Internal standard solution, and
heat the solution in a sealed container in a 50 water bath until all fatty alcohols are
dissolved. Allow the solution to cool to room temperature, and mix well.
Standard solution: Prepare 1.0 mg/mL of USP Myristyl Alcohol RS in Internal standard
solution, and heat the solution in a sealed container in a 50 water bath until myristyl
alcohol is dissolved. Allow the solution to cool to room temperature, and mix well.
Sample solution: Prepare 1.0 mg/mL of Myristyl Alcohol in Internal standard solution, and
heat the solution in a sealed container in a 50 water bath until myristyl alcohol is
dissolved. Allow the solution to cool to room temperature, and mix well.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused-silica capillary column, coated with a 0.25-µm layer of
phase G7
Temperatures
Injection port: 270
Detector: 280
Column: See temperature program shown in Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
60
20
180
180
10
220
Carrier gas: Hydrogen
Flow rate: 2.0 mL/min, constant flow mode
Injection volume: 1 µL
Injection type: Split injection; split ratio, 100:1
Liner: Single taper, low pressure drop liner with deactivated wool
Run time: 15 min
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]

—
5

Table 2
Component

Relative Retention Time
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Myristyl alcohol
0.92
1-Pentadecanol (internal standard)
1.00
Cetyl alcohol
1.08
Stearyl alcohol
1.25
Oleyl alcohol
1.27
Suitability requirements
Resolution: NLT 30 between the cetyl alcohol and stearyl alcohol peaks; NLT 2.0
between the stearyl and oleyl alcohol peaks, System suitability solution
Tailing factor: 0.8–1.8 for myristyl alcohol and 1-pentadecanol peaks, Standard
solution
Relative standard deviation: NMT 1%, using the area ratio of myristyl alcohol to 1pentadecanol, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of myristyl alcohol (C14 H30 O) in the portion of Myristyl Alcohol
taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of myristyl alcohol to the internal standard (peak response of
myristyl alcohol/peak response of the internal standard) from the Sample solution
RS= peak response ratio of myristyl alcohol to the internal standard (peak response of
myristyl alcohol/peak response of the internal standard) from the Standard solution
CS= concentration of USP Myristyl Alcohol RS in the Standard solution (mg/mL)
CU= concentration of Myristyl Alcohol in the Sample solution (mg/mL)
NF33

Acceptance criteria: NLT 90.0%
90.0%–102.0% NF33
IMPURITIES
Add the following:
• Residue on Ignition 281 : NMT 0.1%, determined on 2 g

NF33

Add the following:
• Limit of Related Fatty Alcohols
Solution A: 1 mg/mL of 1-pentadecanol in ethanol
Resolution solution: Prepare 1 mg/mL of USP Lauryl Alcohol RS, 1 mg/mL of USP Myristyl
Alcohol RS, 1 mg/mL of USP Cetyl Alcohol RS, 1 mg/mL of Stearyl Alcohol RS, and 1 mg/mL
of Oleyl Alcohol RS in Solution A. Heat the solution in a sealed container in a 50 water
bath until all fatty alcohols are dissolved. Allow the solution to cool to room temperature,
and mix well. Dilute the solution with ethanol to obtain a solution containing 0.05 mg/mL of
each of the following: USP Lauryl Alcohol RS, USP Myristyl Alcohol RS, USP Cetyl Alcohol
RS, 1-pentadecanol, USP Stearyl Alcohol RS, and USP Oleyl Alcohol RS.
Sample solution: 1 mg/mL of Myristyl Alcohol in ethanol
Chromatographic system: Proceed as directed in the Assay, except for the split ratio.
Injection type: Split injection; split ratio, 5:1
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System suitability
Sample: Resolution solution
[Note—See Table 3 for the relative retention times.]
Table 3
Relative Retention Time
0.79
0.92
1.00
1.08
1.25
1.27

Component
Lauryl alcohol
Myristyl alcohol
1-Pentadecanol
Cetyl alcohol
Stearyl alcohol
Oleyl alcohol
Suitability requirements
Resolution: NLT 15 between myristyl alcohol and 1-pentadecanol peaks; NLT 30
between the cetyl alcohol and stearyl alcohol peaks; NLT 2.0 between the stearyl and
oleyl alcohol peaks
Analysis
Samples: Resolution solution and Sample solution
Identify each related fatty alcohol peak in the Sample solution based on that in the
Resolution solution.
Calculate the percentage of each related fatty alcohol or any unspecified impurity in the
portion of Myristyl Alcohol taken:
Result = rU/rT × 100
r=
U peak response of each related fatty alcohol (or any unspecified impurity) from the
Sample solution
r=
T sum of all the peak responses excluding peak responses due to solvent from the Sample
solution
Acceptance criteria: Disregard peaks that are less than 0.05% for any unspecified
impurities, and any peaks due to solvent.
Sum of unspecified impurities: NMT 1%
Sum of related fatty alcohols and unspecified impurities: NMT 10.0% NF33
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class II 741 : 36 to 42
• Fats and Fixed Oils, Acid Value
• Fats and Fixed Oils, Iodine Value

NF33

401 : NMT 2
401 : NMT 1

Change to read:
• Fats and Fixed Oils, Hydroxyl Value 401 :
250–267 NF33
Sample: Place 2 g in a dry, glass-stoppered, 250-mL flask, and add 2 mL of pyridine,
followed by 10 mL of toluene. To the mixture add 10.0 mL of a solution of acetyl chloride,
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prepared by mixing 10 mL of acetyl chloride with 90 mL of toluene. Insert the stopper in
the flask, and immerse in a water bath heated at 60 to 65 for 20 min. Add 25 mL of
water, again insert the stopper in the flask, and shake vigorously for several minutes to
decompose the excess acetyl chloride.
Titrimetric system
(See Titrimetry

541 .)

Mode: Residual titration
Titrant: Acetyl chloride
Back titrant: 1 N sodium hydroxide VS
Blank: Proceed as directed for the Sample, omitting Myristyl Alcohol.
Endpoint detection: Colorimetric
Analysis: Add 0.5 mL of phenolphthalein TS to the Sample and Blank. Titrate each to a
permanent pink endpoint with 1 N sodium hydroxide VS, shaking the flask vigorously
toward the end of the titration to maintain the contents in an emulsified condition.
Calculate the hydroxyl value:
Result = [(VB

VU) × F]/W

VB= volume of 1 N sodium hydroxide consumed by the Blank (mL)
VU= volume of 1 N sodium hydroxide consumed by the Sample (mL)
(ERR 1-Feb-2013)

F= equivalent weight of potassium hydroxide, 56.1 mg/mEq W= weight of the Sample (g)
Acceptance criteria: 250–267
NF33

Add the following:
• Water Determination, Method I

921 : NMT 0.5%

NF33

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Add the following:
• Labeling: Label it to indicate whether it is derived from vegetable, animal, or synthetic
sources. NF33
Change to read:
• USP Reference Standards 11
USP Cetyl Alcohol RS
USP Lauryl Alcohol RS NF33
USP Myristyl Alcohol RS
USP Oleyl Alcohol RS
USP Stearyl Alcohol RS

NF33

BRIEFING
Hydrophobic Colloidal Silica, NF 31 page 2193. See the Briefing under Bentonite appearing
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elsewhere in this issue of PF.
(EXC: G. Holloway.)
Correspondence Number—C136691

Comment deadline: March 31, 2014
Hydrophobic Colloidal Silica
[68611-44-9].
DEFINITION
Hydrophobic Colloidal Silica is prepared by partial alkylation for hydrophobation. It contains NLT
99.0% and NMT 101.0% of silicon dioxide (SiO2 ), calculated on the ignited basis.
IDENTIFICATION
• A.
Sample: 25 mg
Analysis: Add the Sample to a platinum crucible, and ignite at 900 for 2 h. Using a copper
wire, mix the ignited substance with 10 mg of sodium fluoride and a few drops of sulfuric
acid to give a thin slurry. Cover the crucible with a thin, transparent plate of plastic under
which a drop of water is suspended, and warm gently.
Acceptance criteria: Within a short time, a white ring is rapidly formed around the drop of
water.
• B. It meets the requirements for Water-Dispersible Substances in Specific Tests.
ASSAY
• Procedure
Sample: The residue obtained in the test for Loss on Ignition
Analysis: To the Sample add sufficient alcohol to moisten the residue completely, and then
add 0.2 mL of sulfuric acid. Add 6 mL of hydrofluoric acid, and evaporate to dryness on a
hot plate at about 100 , taking care to avoid loss from sputtering. Wash down the sides
of the platinum crucible with 6 mL of hydrofluoric acid, and evaporate to dryness. Ignite
at 900 for 2 h, cool in a desiccator, and weigh. The difference between the weight of
the residue obtained in the test for Loss on Ignition and the weight of the final residue
gives the amount of silicon dioxide (SiO2 ) in the quantity of the substance to be
examined.
Acceptance criteria: 99.0%–101.0% on the ignited basis
IMPURITIES
• Loss on Ignition 733
Sample: 0.2 g
Analysis: Ignite the Sample in a platinum crucible at 900 for 2 h. Cool in a desiccator
before weighing. [Note—It is advisable to place the crucible in a cold oven and then heat
up the oven.]
Acceptance criteria: NMT 6.0%
Change to read:
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• Limit of Lead
Select reagents having as low a lead content as practicable, and store all solutions in
containers of borosilicate glass. Rinse all glassware thoroughly with warm, dilute nitric acid
(1 in 2) followed by water.
Ammonium acetate buffer solution, pH 3.5: Weigh 25.0 g of ammonium acetate, and
dissolve in 25 mL of water. Add 38.0 mL of dilute hydrochloric acid. Adjust the pH, if
necessary, with dilute hydrochloric acid or weak ammonia solution (containing 460 mL/L of
strong ammonia solution). Dilute with water to 100.0 mL.
Thioacetamide solution: Prepare immediately before use. To 0.2 mL of thioacetamide TS
add 1 mL of a mixture of 5 mL of water, 15 mL of 1 N sodium hydroxide, and 20 mL of 85%
glycerol. Heat in a water bath for 20 s.
Sample solution: Suspend 2.5 g of Hydrophobic Colloidal Silica in 30 mL of methanol, stir,
and add 30 mL of weak ammonia solution (containing 460 mL/L of strong ammonia
solution). With frequent stirring, evaporate on a water bath, and dry the residue in an
oven at 140 . When the dried substance is white, break up the mass with a glass rod.
Reduce the residue to a powder, and add 15 mL of methanol and 25 mL of 1 N
hydrochloric acid. Boil gently for 5 min, stirring frequently with the glass rod. Centrifuge
for 20 min, and pass the supernatant through a membrane filter. To the residue in the
centrifuge tube add 3 mL of dilute hydrochloric acid and 9 mL of water, and bring to a boil.
Centrifuge for 20 min, and pass the supernatant through the same membrane filter. Wash
the residue with small quantities of water, combine the filtrates and washings, and dilute
with water to 50 mL. To 20 mL of this solution add 50 mg of ascorbic acid and 1 mL of
strong ammonia solution. Neutralize with diluted weak ammonia solution (containing 160
mL/L of strong ammonia solution). Dilute with water to 25 mL.
Reference solution: Pipet 10 mL of Standard Lead Solution (see Heavy Metals 231 ,
Special Reagents),
standard lead solution TS, NF33
and mix with 2 mL of the Sample solution.
Blank solution: A mixture of 10 mL of water and 2 mL of the Sample solution
Analysis: To the Sample solution, Reference solution, and Blank solution add 2 mL of
Ammonium acetate buffer solution, pH 3.5. Mix, and add 1.2 mL of Thioacetamide
solution. Mix immediately. Examine the solutions after 2 min. The test is invalid if the
Reference solution does not show a slight brown color compared to the Blank solution.
Acceptance criteria: The brown color in the Sample solution is not more intense than that
in the Reference solution (25 µg/g). [Note—If the result is difficult to judge, pass the
solutions through a membrane filter of 3-µm pore size, and carry out the filtration slowly
and uniformly. Compare the spots on the filters obtained with the different solutions.]
• Limit of Chloride
Standard solution: Add 10 mL of 0.15 mM sodium chloride and 5 mL of water. Add 1 mL of
dilute nitric acid, and pour into a test tube containing 1 mL of silver nitrate TS.
Sample solution: To 1 g of Hydrophobic Colloidal Silica add 30 mL of methanol and 20 mL
of dilute nitric acid. Heat on a water bath for 15 min with frequent stirring. Cool, dilute
with water to 50 mL, and filter. Dilute 10 mL of the filtrate with water to 15 mL. Add 1 mL
of dilute nitric acid, and pour into a test tube containing 1 mL of silver nitrate TS.
Analysis: Examine the tubes laterally against a black background.
Acceptance criteria: After standing for 5 min protected from light, any opalescence in the
Sample solution is not more intense than that in the Standard solution (0.025%).
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SPECIFIC TESTS
• Water-Dispersible Substances
Sample: 0.4 g
Analysis: Place the Sample in a 500-mL separating funnel, add 100 mL of water, and shake
for 1 min. Allow to stand for 1 h. Allow 90 mL of the aqueous phase to run out dropwise
without filtration into a suitable dish dried at 140 , and cool in a desiccator. Evaporate to
dryness at 140 , starting at a low temperature to avoid splashing. Cool in a desiccator.
Acceptance criteria: NMT 3.0%; the weight of the residue does not exceed 12 mg.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. No storage requirements
specified.
BRIEFING
Stannous Chloride, NF 31 page 2222. See the Briefing under Bentonite, appearing elsewhere
in this issue of PF.
(EXC: G. Holloway.)
Correspondence Number—C136691

Comment deadline: March 31, 2014
Stannous Chloride
SnCl2 ·2H2 O
225.65
Tin chloride (SnCl2 ) dihydrate

[10025-69-1].

DEFINITION
Stannous Chloride contains NLT 98.0% and NMT 102.0% of stannous chloride (SnCl2 ·2H2 O).
IDENTIFICATION
• A.
Sample solution: To 0.40 g of Stannous Chloride add 1 mL of dilute hydrochloric acid
solution (236 mL/L of hydrochloric acid), and dilute with water to 20 mL. [Note—Keep a
portion for the Limit of Sulfate test.]
Analysis: To 1 mL of the Sample solution add a mixture of 5 mL of water and 0.05 mL of
mercuric chloride TS.
Acceptance criteria: A blackish-gray precipitate forms.
• B.
Sample: 1.0 g
Analysis 1: Dissolve the Sample in 3.0 mL of water. Add 0.5 mL of dilute sodium hydroxide
solution (85 mg/mL of sodium hydroxide) to the cloudy solution.
Acceptance criteria 1: A yellowish, flocculent precipitate is formed.
Analysis 2: Add 6.5 mL of water to the solution resulting from Analysis 1. To 1.0 mL of the
previously shaken suspension add 1.0 mL of sodium hydroxide solution (420 mg/mL of
sodium hydroxide).
Acceptance criteria 2: The precipitate dissolves, and the resulting solution is clear and
colorless.
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• C. Identification Tests—General, Chloride 191
Sample solution: Dissolve 10 mg of Stannous Chloride in 2 mL of 20% nitric acid.
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
Sample: 0.1 g of Stannous Chloride
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N iodine VS
Blank: 50 mL of water
Endpoint detection: Colorimetric
Analysis: Dissolve the Sample in 50 mL of water freed from oxygen by purging with carbon
dioxide or nitrogen for 15 min prior to the addition. Add 1.5 mL of 0.8 N hydrochloric acid,
5 g of potassium sodium tartrate, 10 g of sodium bicarbonate, and 1 mL of starch TS.
Titrate the resulting solution immediately with Titrant. Perform a blank determination.
Calculate the percentage of stannous chloride (SnCl2 ·2H2 O) in the Sample:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant consumed by the Sample (mL)
V=
B Titrant consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 112.8 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 98.0%–102.0%
IMPURITIES
• Limit of Sulfate
Acetic acid solution: Dilute 30 mL of glacial acetic acid with water to 100 mL.
30% Alcohol: Dilute 30 mL of alcohol with water to 100 mL.
Potassium sulfate solution 1: 1.8 mg/mL of potassium sulfate in 30% Alcohol. Immediately
before use, dilute with 30% Alcohol to obtain a solution having a known concentration of
about 18 µg/mL.
Potassium sulfate solution 2: 1.8 mg/mL of potassium sulfate in water. Immediately
before use, dilute with water to obtain a solution having a known concentration of about
18 µg/mL.
Standard solution: Mix 3 mL of barium chloride solution (250 mg/mL) and 4.5 mL of
Potassium sulfate solution 1. Shake, and let stand for 1 min. To 2.5 mL of this solution
add 15 mL of Potassium sulfate solution 2 and 0.5 mL of Acetic acid solution. Allow to
stand for 5 min.
Sample solution: Use 15 mL of the solution prepared in Identification test A.
Analysis: Mix 3 mL of barium chloride solution (250 mg/mL) and 4.5 mL of Potassium sulfate
solution 1. Shake, and let stand for 1 min. To 2.5 mL of this solution add the Sample
solution and 0.5 mL of Acetic acid solution. Allow to stand for 5 min.
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Acceptance criteria: Any opalescence in the Sample solution is not more intense than
that in the Standard solution (500 ppm).
• Limit of Iron
Standard iron solution: Prepare as directed in Iron 241 , Special Reagents.
Standard solution: Immediately before use, dilute 1 mL of Standard iron solution with
water to 10 mL. This solution contains the equivalent of 1 µg/mL of iron.
Sample solution: Dilute 5 mL of the Sample solution, prepared as directed in Substances
Not Precipitated by Thioacetamide, with water to 10 mL.
Analysis: To 10 mL each of the Standard solution and the Sample solution add 2 mL of
dilute citric acid (200 mg/mL) and 0.1 mL of thioglycolic acid, and mix. Make alkaline with
a dilute ammonia solution (620 mL/L of ammonium hydroxide). Dilute with water to 20 mL.
Allow the treated Standard solution and the treated Sample solution to stand for 5 min.
Acceptance criteria: Any pink color in the Sample solution is not more intense than that in
the Standard solution (100 ppm).
Change to read:
• Limit of Lead
Dilute thioacetamide solution: [Note—Prepare immediately before use.]To 0.2 mL of
thioacetamide TS add 1 mL of a mixture of 5 mL of water, 15 mL of 1 N sodium hydroxide,
and 20 mL of 85% glycerin. Heat in a water bath for 20 s.
Standard lead solution: Prepare as directed under Heavy Metals
Reagents.

231 , Special

NF33

Standard solution: On the day of use, mix 1.0 mL of Standard lead solution
standard lead solution TS, NF33
6 mL of water, 3 mL of sodium hydroxide solution (420 mg/mL of sodium hydroxide), and 0.5
mL of Dilute thioacetamide solution.
Sample solution: Dissolve 1.0 g of Stannous Chloride in 2 mL of a mixture of nitric acid and
hydrochloric acid (1:3). Heat the solution on a water bath until nitrous vapor is no longer
evolved. Dissolve the residue in water, and dilute with water to 25 mL. To 5 mL of this
solution add 3 mL of sodium hydroxide solution (420 mg/mL of sodium hydroxide) and 2 mL
of water. Heat until a clear solution is obtained, and cool. Add 0.5 mL of Dilute
thioacetamide solution, and allow to stand for 2 min.
Analysis: Compare the Standard solution and the Sample solution.
Acceptance criteria: Any color in the Sample solution is not more intense than that in the
Standard solution (50 µg/g).
SPECIFIC TESTS
• Appearance of Solution
Standard stock solution: Pipet 30.0 mL of ferric chloride CS, 30.0 mL of cobaltous chloride
CS, and 24.0 mL of cupric sulfate CS into a 100-mL volumetric flask. Dilute with 1% (w/v)
hydrochloric acid to volume.
Standard solution: Dilute 1.0 mL of the Standard stock solution with 1% (w/v)
hydrochloric acid to 100 mL.
Sample solution: Dissolve 10.0 g of Stannous Chloride in dilute hydrochloric acid solution,
and dilute with dilute hydrochloric acid solution to 20 mL.
Acceptance criteria: The Sample solution is clear and colorless, or if not, not more
intensely colored than the Standard solution.
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• Substances Not Precipitated by Thioacetamide
Sample solution: Dissolve 1.0 g of Stannous Chloride in dilute hydrochloric acid solution,
and dilute with the same acid to 30 mL. Heat to boiling. Add 30 mL of thioacetamide TS,
and boil for 15 min to produce Solution A. Filter 5 mL of Solution A, and heat the filtrate to
boiling. Add 5 mL of thioacetamide TS, and boil for 15 min. If a precipitate is formed, add
the remainder of Solution A to the mixture to produce Solution A1. Add 10 mL of
thioacetamide TS, and boil. Repeat the series of operations from “Filter 5 mL” until a
precipitate is no longer formed on addition of thioacetamide TS to the filtrate obtained
from the 5 mL of Solution A (Solution A1, Solution A2, and so on, respectively). If no
precipitate is formed, or if no more precipitate is formed, combine the solution obtained
with the remainder of Solution A (Solution A1, Solution A2, and so on, respectively), filter,
and wash the precipitate with 10 mL of water. Heat the filtrate until the resulting vapor
no longer turns a moistened piece of lead acetate test paper blackish-gray. Allow to cool,
and dilute with water to 50 mL. [Note—Keep a portion for the Limit of Iron test.]
Analysis: Evaporate 25 mL of the Sample solution to dryness, and ignite at 600 .
Acceptance criteria: The residue weighs NMT 1 mg (0.2%).
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. No storage requirements
specified.
BRIEFING
Amiloride Hydrochloride, USP 36 page 2437. As a part of USP monograph modernization
efforts, it is proposed to replace the nonspecific thin-layer chromatographic test for Organic
Impurities with a stability indicating HPLC method based on the Related Substances
procedure from the 7th edition of the European Pharmacopoeia. The procedure uses the
Nucleosil C18 brand of L1 column, in which amiloride elutes between 9 min and 12 min. The
Spherisorb ODS 2 brand of L1 column is a suitable alternate column.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: S. Ramakrishna.)
Correspondence Number—C115762

Comment deadline: March 31, 2014
Amiloride Hydrochloride

C6 H8 ClN7 O·HCl·2H2 O

302.12

Pyrazinecarboxamide, 3,5-diamino-N-(aminoiminomethyl)-6-chloro-, monohydrochloride
dihydrate;
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N-Amidino-3,5-diamino-6-chloropyrazinecarboxamide monohydrochloride dihydrate
83-4].

[17440-

DEFINITION
Amiloride Hydrochloride contains NLT 98.0% and NMT 101.0% of amiloride hydrochloride
(C6 H8 ClN7 O·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. Ultraviolet Absorption 197U
Sample: 600 µg/mL of water, diluted quantitatively and stepwise with 0.1 N hydrochloric
acid to a concentration of about 9.6 µg/mL
Acceptance criteria: Meets the requirements
• C. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Sample: 450 mg
Analysis: Dissolve the Sample in 100 mL of glacial acetic acid, and add 10 mL of mercuric
acetate TS and 15 mL of dioxane. Add crystal violet TS. Titrate with 0.1 N perchloric acid
VS to a blue endpoint. Perform a blank determination (see Titrimetry 541 ). Each mL of
0.1 N perchloric acid is equivalent to 26.61 mg of amiloride hydrochloride (C6 H8 ClN7 O·HCl).
Acceptance criteria: 98.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Standard solutions: Prepare a series of solutions, A, B, C, D, E, and F, of USP Amiloride
Hydrochloride RS in a mixture of methanol and chloroform (4:1) having concentrations of
4000, 40, 20, 8, 4, and 2 µg/mL, respectively.
Sample solution: 4 mg/mL of Amiloride Hydrochloride in methanol and chloroform (4:1)
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel previously washed with
methanol
Application volume: 5 µL
Developing solvent system: Tetrahydrofuran and 3 N ammonium hydroxide (15:2)
Analysis
Samples: Standard solutions A, B, C, D, E, and F and Sample solution
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Proceed as directed in the chapter. Dry the spots with a stream of nitrogen, and develop
the chromatograms in the solvent system, until the solvent front has moved about
three-fourths of the length of the plate. Remove the plate from the developing
chamber, mark the solvent front, allow to air-dry, and examine the plate under longwavelength UV light: the RF value of the principal spot of the Sample solution
corresponds to that of Standard solution A. Estimate the levels of any additional spots
observed in the chromatogram of the Sample solution by comparison with the principal
spots in the chromatograms of Standard solutions B, C, D, E, and F.
Acceptance criteria: The sum of the intensities of any additional spots observed is NMT
that of the principal spot obtained from Standard solution B (equivalent to 1%).
Mobile phase: Acetonitrile, 10% tetramethyl ammonium hydroxide solution, and water
(250:5:745) Adjust with 10% aqueous phosphoric acid to a pH of 7.0. Adjust the
concentration of acetonitrile in Mobile phase such that the retention time of amiloride
related compound A is between 5 min and 6 min. [Note—An increase in concentration
results in shorter retention time for amiloride related compound A.]Adjust the
concentration of tetramethylammoniumhydroxide in Mobile phase and phosphoric acid,
keeping the pH at 7.0, such that the retention time of amiloride is between 9 min and 12
min. [Note—An increase in concentration results in shorter retention time for amiloride.]
Standard solution 1: 2 µg/mL of USP Amiloride Hydrochloride RS in Diluent
Standard solution 2: 0.01 mg/mL of USP Amiloride Related Compound A RS in Diluent
Sample solution: 2 mg/mL of Amiloride Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 5 times the retention time of the amiloride peak
System suitability
Sample: Standard solution 1
Suitability requirements
Signal-to-noise ratio: NLT 5.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution 2 and Sample solution
Calculate the percentage of each impurity in the portion of the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of amiloride related compound A from Standard solution 2
CS= concentration of USP Amiloride Related Compound A RS in Standard solution 2
(mg/mL)
CU= concentration of Amiloride Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: Disregard peaks less than 0.05%.
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Individual unspecified impurities: NMT 0.10%
Total impurities: NMT 0.5%
USP38

SPECIFIC TESTS
• Acidity
Sample: 1.0 g
Analysis: Dissolve the Sample in 100 mL of a mixture of methanol and water (1:1). Titrate
with 0.10 N sodium hydroxide to a potentiometric endpoint.
Acceptance criteria: NMT 0.30 mL is required (0.1% as hydrochloride).
• Loss on Drying
(See Thermal Analysis 891 .)
[Note—The quantity taken for the determination may be adjusted, if necessary, for instrument
sensitivity.]
Sample: 10 mg
Analysis: Determine the percentage of volatile substances by thermogravimetric analysis
on an appropriately calibrated instrument using the Sample. Heat the specimen at the rate
of 10 /min between ambient temperature and 225 in an atmosphere of nitrogen at a flow
rate of 40 mL/min. From the thermogram determine the accumulated loss in weight
between ambient temperature and about 200 on the plateau.
Acceptance criteria: 11.0%–13.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Amiloride Hydrochloride RS
USP Amiloride Related Compound A RS
Methyl 3,5-diamino-6-chloropyrazine-2-carboxylate.
C6 H7 ClN4 O2
202.60 USP38
BRIEFING
Benzocaine, USP 36 page 2616. As a part of the USP monograph modernization efforts, the
following revisions are proposed:
1.
Replace the nonspecific test for Ordinary Impurities 466 with a stability-indicating
HPLC procedure. The liquid chromatographic procedure is performed using the Waters
Symmetry Shield RP8, 5-µm column containing L7 packing. The typical retention time
for benzocaine is about 15 min.
2.
Replace Identification test B, in which a toxic solvent chloroform is used, with retention
time agreement from the HPLC procedure in the Assay. The wet-chemistry based
Identification test C is also proposed to be deleted because it is not a specific test.
3.
Delete the nonspecific Readily Carbonizable Substances Test and Melting Range or
Temperature test; the wet-chemistry test of Reaction is also proposed to be
deleted because it does not add any value to the monograph.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: : R.-H. Yeh, L. Santos.)
Correspondence Number—C130834

Comment deadline: March 31, 2014
Benzocaine

C9 H11 NO2

165.19

Benzoic acid, 4-amino-, ethyl ester;
Ethyl p-aminobenzoate
[94-09-7].
DEFINITION
Benzocaine, dried over phosphorus pentoxide for 3 h, contains NLT 98.0% and NMT 102.0% of
benzocaine (C9 H11 NO2 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Previously dried over phosphorus pentoxide for 3 h
Acceptance criteria: Meets the requirements
Change to read:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 278 nm
Sample solution: 5 µg/mL in chloroform
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
Delete the following:
•
C.
Analysis: Dissolve 20 mg in 10 mL of water with the aid of a few drops of 3 N hydrochloric
acid. Add 5 drops of a solution of sodium nitrite (1 in 10), followed by 2 mL of a solution of
100 mg of 2-naphthol in 5 mL of 1 N sodium hydroxide.
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Acceptance criteria: An orange-red precipitate is formed.

USP38

ASSAY
• Procedure
Solution A: Acetic acid, triethylamine, and water (20:1:980). The pH should be between
2.95 and 3.0 (adjust as needed).
Mobile phase: Methanol and Solution A (40:60)
Standard solution: 0.024 mg/mL of USP Benzocaine RS in Mobile phase
Sample solution: 0.024 mg/mL of Benzocaine in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 285 nm
Column: 2.0-mm × 15-cm; 5-µm packing L11
Flow rate: 0.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of benzocaine (C9 H11 NO2 ) in the portion of Benzocaine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Benzocaine RS in the Standard solution (mg/mL)
C=
U concentration of Benzocaine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the previously dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 ppm
• Chloride
Analysis: To a solution of 200 mg in 5 mL of alcohol, previously acidified with a few drops
of diluted nitric acid, add a few drops of silver nitrate TS.
Acceptance criteria: No turbidity is produced immediately.
Delete the following:
• Ordinary Impurities 466
Standard solution: Dehydrated alcohol
Sample solution: Dehydrated alcohol
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Application volume: 10 µL
Eluant: Chloroform containing about 0.75% of dehydrated alcohol as a preservative, in a
nonequilibrated chamber
Visualization: 1
Acceptance criteria: The total of any ordinary impurities observed is NMT 1%. USP38
Add the following:
• Organic Impurities
Solution A: Add 1.0 mL of trifluoroacetic acid in 1 L of water.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
34
50
50
35
90
10
38
90
10
Diluent: Solution A and Solution B (1:1)
Standard stock solution: 0.1 mg/mL each of USP Benzocaine RS, USP Aminobenzoic Acid
RS, and USP Ethyl 4-Nitrobenzoate RS in Diluent. Sonicate for 2–5 min to dissolve before
diluting to final volume.
Standard solution: 1 µg/mL each of USP Benzocaine RS, USP Aminobenzoic Acid RS, and
USP Ethyl 4-Nitrobenzoate RS in Diluent from the Standard stock solution
Sample solution: 1 mg/mL of Benzocaine in Diluent. Sonicate for 2–5 min to assist in
dissolution as needed before diluting to final volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 10 from any two peaks
Relative standard deviation: NMT 2.0% for each peak corresponding to benzocaine,
aminobenzoic acid, and ethyl 4-nitrobenzoate
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aminobenzoic acid and ethyl 4-nitrobenzoate in the portion of
Benzocaine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of aminobenzoic acid or ethyl 4-nitrobenzoate from the Sample solution
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rS= peak response of corresponding reference standard from the Standard solution
C=
S concentration of USP Aminobenzoic Acid RS or USP Ethyl 4-Nitrobenzoate RS in the
Standard solution (mg/mL)
C=
U concentration of Benzocaine in the Sample solution (mg/mL)
Calculate the percentage of any other individual unspecified impurity in the portion of
Benzocaine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other individual impurity from the Sample solution
rS= peak response of benzocaine from the Standard solution
C=
S concentration of USP Benzocaine RS in the Standard solution (mg/mL)
C=
U concentration of Benzocaine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.
Table 2
Relative
Retention
Name
Time
Aminobenzoic acid
0.29
Benzocaine
1.0
Ethyl 4-nitrobenzoate
2.1
Any other unspecified impurity
—
Total impurities
—

Acceptance
Criteria,
NMT (%)
0.10
—
0.10
0.10
1.0

USP38

Delete the following:
• Readily Carbonizable Substances Test 271
Analysis: Dissolve 500 mg in 5 mL of sulfuric acid.
Acceptance criteria: The solution has no more color than Matching Fluid A.

USP38

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class I 741 : 88 –92 , but the range between
beginning and end of melting does not exceed 2

USP38

Delete the following:
•
Reaction
Analysis 1: Dissolve 1.0 g in 10 mL of neutralized alcohol.
Acceptance criteria 1: A clear solution results.
Analysis 2: Dilute this solution with 10 mL of water, and add 2 drops of phenolphthalein TS
and 1 drop of 0.10 N sodium hydroxide.
Acceptance criteria 2: A red color is produced. USP38
• Loss on Drying 731
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Analysis: Dry over phosphorus pentoxide for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Aminobenzoic Acid RS
Benzoic acid, 4-amino.
C7 H7 NO2
137.14 USP38
USP Benzocaine RS
USP Ethyl 4-Nitrobenzoate RS
Benzoic acid, 4-nitro-, ethyl ester.
C9 H9 NO4
195.17 USP38
BRIEFING
Betaxolol Ophthalmic Solution, USP 37 page 1971. As part of USP monograph modernization
efforts, it is proposed to make the following changes:
1.
The Identification test A by TLC is replaced with the retention time agreement in the
Assay. The Identification test B by UV spectrum agreement is added. Consequently,
the diode array detector is added in the Assay for use in Identification test B.
2.
The test for Organic Impurities is adopted from the current monograph for Betaxolol Eye
Drops, Solution in the British Pharmacopoeia, Volume III. The proposed impurity limit
is consistent with the ICH guideline. The liquid chromatographic procedure in the test
for Organic Impurities is based on analyses performed with the Spherisorb ODS-2
brand of L1 column. The typical retention time for betaxolol is about 9 min.
3.
The Capacity factor and Column efficiency are deleted from the system suitability
requirements in the Assay because the remaining requirements adequately measure
the system suitability.
4.
The storage temperature is added in Packaging and Storage.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: F. Mao.)
Correspondence Number—C126899

Comment deadline: March 31, 2014
Betaxolol Ophthalmic Solution
DEFINITION
Betaxolol Ophthalmic Solution is a sterile, aqueous, isotonic solution of Betaxolol Hydrochloride.
It contains a suitable antimicrobial preservative. It contains the equivalent of NLT 90.0% and
NMT 110.0% of the labeled amount of betaxolol (C18 H29 NO3 ).
IDENTIFICATION
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Change to read:
• A.
Standard solution: 2.75 mg/mL of USP Betaxolol Hydrochloride RS in water
Sample solution: Equivalent to 2.5 mg/mL of betaxolol, diluted from Ophthalmic Solution
in water
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of silica gel
Application volume: 5 µL
Developing solvent system: Chloroform, isopropyl alcohol, and ammonium hydroxide
(70:30:2)
Spray reagent: A solution (1 in 1000) of ninhydrin in isopropyl alcohol
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in a chromatographic chamber,
using the Developing solvent system until the solvent front has moved three-fourths of
the length of the plate. Spray the plate with Spray reagent, and heat the plate at 105
for 10 min. Locate the spots on the plate.
Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of the Standard solution.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
ASSAY
Change to read:
• Procedure
Buffer: Dissolve 7.1 g of anhydrous dibasic sodium phosphate in 800 mL of water, adjust
with phosphoric acid to a pH of 3.0, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile and Buffer (1:1)
Standard solution: 0.11 mg/mL of USP Betaxolol Hydrochloride RS in Buffer
Sample solution: Nominally 0.1 mg/mL of betaxolol in Buffer from the Ophthalmic Solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280
UV or diode array 280 nm. [Note—Use the diode array detector to perform Identification
test B.] USP38
Column: 4-mm × 25-cm; packing L1
Flow rate: 1.1 mL/min
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Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor, k¢ : 1–3
Column efficiency: NLT 750 theoretical plates
USP38

Tailing factor: 0.8–2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of betaxolol (C18 H29 NO3 ) in the portion of
Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Betaxolol Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of betaxolol in the Sample solution (mg/mL)
Mr1
= molecular weight of betaxolol, 307.43
Mr2
= molecular weight of betaxolol hydrochloride, 343.89
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase: Add 5 mL of phosphoric acid to 990 mL of water. Adjust with 2 M ammonium
hydroxide to a pH of 3.0, and dilute with water to 1000 mL. Prepare a mixture of this
solution and acetonitrile (45:55). Dissolve 3 g of sodium dodecyl sulfate in 450 mL of the
mixture.
Standard solution: 2.2 µg/mL of USP Betaxolol Hydrochloride RS in Mobile phase
Sample solution: Nominally equivalent to 0.2 mg/mL of betaxolol in Mobile phase from the
Ophthalmic Solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 220 nm
Column: 4.6-mm × 25-cm; 10-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5%
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Tailing factor: NMT 2.5
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of betaxolol from the Standard solution
CS= concentration of USP Betaxolol Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of betaxolol in the Sample solution (mg/mL)
Mr1
= molecular weight of betaxolol hydrochloride, 343.89
Mr2
= molecular weight of betaxolol, 307.43
Acceptance criteria
Single largest individual impurity: NMT 1%
Any other individual impurity: NMT 0.3% USP38
SPECIFIC TESTS
• Sterility Tests 71 : It meets the requirements when tested as directed for Test for
Sterility of the Product to Be Examined, Membrane Filtration.
• pH

791 : 4.0–8.0

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at room temperature. USP38
• USP Reference Standards 11
USP Betaxolol Hydrochloride RS
BRIEFING
Brinzolamide, USP 36 page 2687. It is proposed to change the name of the reagent used in
the test for Limit of Brinzolamide Related Compound A from chromatographic solvent hexane
to chromatographic hexane. See the Briefing under the reagent Chromatographic Hexane
appearing elsewhere in this issue of PF.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: F. Mao.)
Correspondence Number—C138431

Comment deadline: March 31, 2014
Brinzolamide
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383.51

2H-Thieno[3,2-e]-1,2-thiazine-6-sulfonamide, 4-(ethylamino)-3,4-dihydro-2-(3methoxypropyl)-, 1,1-dioxide, (R)-;
(R)-4-(Ethylamino)-3,4-dihydro-2-(3-methoxypropyl)-2H-thieno[3,2-e]-1,2-thiazine-6sulfonamide 1,1-dioxide
[138890-62-7].
DEFINITION
Brinzolamide contains NLT 98.0% and NMT 102.0% of brinzolamide (C12 H21 N3 O5 S3 ), calculated
on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
System suitability solution, as obtained in Limit of Brinzolamide Related Compound A.
ASSAY
• Procedure
Buffer: Add 4.0 mL of triethylamine to 1000 mL of water, and adjust with phosphoric acid
to a pH of 3.0.
Mobile phase: Acetonitrile and Buffer (25:75)
Standard solution: 0.1 mg/mL of USP Brinzolamide RS in Mobile phase
Sample solution: 0.1 mg/mL of Brinzolamide in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1200 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of brinzolamide (C12 H21 N3 O5 S3 ) in the portion of Brinzolamide
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Brinzolamide RS in the Standard solution (mg/mL)
C=
U concentration of Brinzolamide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Limit of Brinzolamide Related Compound A
Mobile phase: Dehydrated alcohol, chromatographic solvent hexane
chromatographic hexane, USP38
methanol, and diethylamine (55: 40: 5: 0.2)
System suitability solution: 0.4 mg/mL of USP Brinzolamide RS and 0.02 mg/mL of USP
Brinzolamide Related Compound A RS in dehydrated alcohol
Sample solution: 0.5 mg/mL of Brinzolamide in dehydrated alcohol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L51
Flow rate: 0.75 mL/min
Injection volume: 5 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for brinzolamide and brinzolamide related compound A
are 1.0 and 1.2, respectively.]
Suitability requirements
Resolution: NLT 1.8 between brinzolamide and brinzolamide related compound A peaks
Column efficiency: NLT 2000 theoretical plates for the brinzolamide peak
Tailing factor: NMT 1.8 for the brinzolamide peak
Analysis
Sample: Sample solution
Calculate the percentage of brinzolamide related compound A in the portion of
Brinzolamide taken:
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Result = (rU/rT) × 100
r=
U peak response for brinzolamide related compound A
r=
T sum of the peak responses for brinzolamide and brinzolamide related compound A
Acceptance criteria: NMT 0.5%
Change to read:
• Organic Impurities
Buffer: Prepare as directed in the Assay.
Mobile phase A: Prepare as directed for Mobile phase in the Assay.
Mobile phase B: Acetonitrile and Buffer (35:65)
System suitability solution: 0.1 mg/mL each of USP Brinzolamide RS and USP Brinzolamide
Related Compound B RS in Mobile phase A
Sample solution: 1 mg/mL of Brinzolamide in Mobile phase A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Use Mobile phase A.
[Note—The relative retention times for brinzolamide related compound B and brinzolamide
are 0.8 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between the brinzolamide and brinzolamide related compound B
peaks
Column efficiency: NLT 1200 theoretical plates for the brinzolamide peak
Tailing factor: NMT 2.0 for the brinzolamide peak
Analysis 1
Use Mobile phase A.
Sample: Sample solution
Allow the elution to continue for 20 min, and measure the areas for all the peaks,
excluding the peaks of Mobile phase A.
Calculate the percentage of each impurity in the portion of Brinzolamide taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of all the peak responses
Acceptance criteria 1: NMT 0.3% for any individual impurity
Analysis 2
Use Mobile phase B.
Sample: Sample solution

PF 40(1): Jan.-Feb. 2014

338

Allow the elution to continue for 20 min, and measure the areas for brinzolamide and all
the peaks having a
relative retention greater than 6. (ERR 1-Apr-2013)
Calculate the percentage of each impurity in the portion of Brinzolamide taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of all the peak responses
Acceptance criteria 2: NMT 0.3% for any individual impurity; NMT 1.0% for total impurities
from Analysis 1 and Analysis 2
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry under vacuum at 100 –105 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP Brinzolamide RS
USP Brinzolamide Related Compound A RS
Brinzolamide (S)-isomer.
C12 H21 N3 O5 S3
383.52
USP Brinzolamide Related Compound B RS
(R-4-Amino)-2,3-dihydro-2-(3-methoxypropyl)-4H-thieno[3,2,-e]-thiazine-6sulfonamide-1,1-dioxide ethandioate 1:1.
C10 H17 N3 O5 S3 ·C2 H2 O4
445.49
BRIEFING
Brinzolamide Ophthalmic Suspension, USP 36 page 2689. It is proposed to change the name
of the reagent used in the test for Limit of Brinzolamide Related Compound A from
chromatographic solvent hexane to chromatographic hexane. See the Briefing under the
reagent Chromatographic Hexane appearing elsewhere in this issue of PF. In addition, the
system suitability requirement of Column efficiency in the Assay is deleted, because the
remaining requirements are adequate to evaluate the system suitability.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: F. Mao.)
Correspondence Number—C138432

Comment deadline: March 31, 2014
Brinzolamide Ophthalmic Suspension
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DEFINITION
Brinzolamide Ophthalmic Suspension is a sterile, aqueous suspension of Brinzolamide containing
a suitable antimicrobial preservative. It contains NLT 90.0% and NMT 110.0% of the labeled
amount of brinzolamide (C12 H21 N3 O5 S3 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of
Standard solution A, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 11.75 g/L of ammonium acetate in water. Adjust with acetic acid to a pH of 5.2.
Mobile phase: Methanol and Buffer (35:65)
Standard solution A: 0.2 mg/mL of USP Brinzolamide RS in Mobile phase
System suitability solution: 0.06 mg/mL of USP Brinzolamide Related Compound B RS in
Standard solution A
Sample solution: Nominally 0.2 mg/mL of brinzolamide in Mobile phase prepared as follows.
Transfer a volume of Ophthalmic Suspension, equivalent to 10 mg of brinzolamide, into a
50-mL volumetric flask, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and System suitability solution
[Note—The relative retention times for brinzolamide related compound B are between 0.48
and 0.61, and the relative retention time for brinzolamide is 1.0.]
Suitability requirements
Resolution: NLT 4.5 between the brinzolamide and brinzolamide related compound B
peaks, System suitability solution
Column efficiency: NLT 2500 theoretical plates, System suitability solution
USP38

Tailing factor: NMT 2.0, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution A
Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage of the labeled amount of brinzolamide (C12 H21 N3 O5 S3 ) in the
portion of Ophthalmic Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
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rS= peak response from Standard solution A
C=
S concentration of USP Brinzolamide RS in Standard solution A (mg/mL)
C=
U nominal concentration of brinzolamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Limit of Brinzolamide Related Compound A
Mobile phase: Dehydrated alcohol, chromatographic solvent hexane
chromatographic hexane, USP38
methanol, and diethylamine (55: 40: 5: 0.2)
System suitability solution: 0.4 mg/mL of USP Brinzolamide RS and 0.02 mg/mL of USP
Brinzolamide Related Compound A RS in dehydrated alcohol
Sample solution: Transfer a volume of Ophthalmic Suspension, equivalent to 10 mg of
brinzolamide, to a 25-mL volumetric flask. Dilute with alcohol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L51
Flow rate: 0.75 mL/min
Injection volume: 5 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for brinzolamide and brinzolamide related compound A
are 1.0 and 1.2, respectively.]
Suitability requirements
Resolution: NLT 1.8 between the brinzolamide and brinzolamide related compound A
peaks
Column efficiency: NLT 2000 theoretical plates for the brinzolamide peak
Tailing factor: NMT 1.8 for the brinzolamide peak
Analysis
Sample: Sample solution
Calculate the percentage of brinzolamide related compound A in the portion of Ophthalmic
Suspension taken:
Result = (rU/rT) × 100
r=
U peak response for brinzolamide related compound A
r=
T sum of the peak responses for brinzolamide and brinzolamide related compound A
Acceptance criteria: NMT 1.5%
• Organic Impurities
Buffer, Mobile phase, Standard solution A, System suitability solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
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the Assay.
Standard solution B: 2.5 µg/mL of USP Brinzolamide Related Compound B RS in Mobile
phase
Analysis
Samples: Sample solution and Standard solution B
Calculate the percentage of each impurity in the portion of Ophthalmic Suspension taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response for brinzolamide related compound B from Standard solution B
CS= concentration of USP Brinzolamide Related Compound B RS in Standard solution B
(mg/mL)
CU= nominal concentration of brinzolamide in the Sample solution (mg/mL)
Mr1
= molecular weight of des-ethyl brinzolamide, 356.46
Mr2
= molecular weight of des-ethyl brinzolamide oxalate, 445.49
Acceptance criteria
Any individual impurity: NMT 0.5%
Total impurities: NMT 2.0%
SPECIFIC TESTS
• Sterility Tests 71 : It meets the requirements when tested as directed for Test for
Sterility of the Product to Be Examined, Membrane Filtration.
• pH

791 : 6.5–8.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at a temperature between 4
and 30 .
• USP Reference Standards 11
USP Brinzolamide RS
USP Brinzolamide Related Compound A RS
Brinzolamide (S)-isomer.
C12 H21 N3 O5 S3
383.52
USP Brinzolamide Related Compound B RS
(R-4-Amino)-2,3-dihydro-2-(3-methoxypropyl)-4H-thieno[3,2,-e]-thiazine-6sulfonamide-1,1-dioxide ethandioate 1:1.
C10 H17 N3 O5 S3 ·C2 H2 O4
445.49
BRIEFING
Cefotaxime Sodium, USP 36 page 2869. On the basis of validation data from FDA-approved
manufacturers, it is proposed to revise the monograph as follows:
1.
The Assay is revised to provide additional information about the gradient and to add a
Resolution requirement that is more appropriate for the public standard. An
autosampler temperature is specified because the Sample solution and Standard

PF 40(1): Jan.-Feb. 2014

342

solution are not stable at room temperature. Solution storage conditions are added
to the Sensitivity solution based on the requirements for the System suitability
solution, Standard solution, and Sample solution. Peak areas are replaced with peak
responses for consistency with current USP style.
2.
The flexible monograph approach is used to allow manufacturers to perform either
Procedure 1 or Procedure 2 in the test for Organic Impurities based on their labeling
instructions and impurity profile. A labeling statement is added to support this
change.
3.
The test for Organic Impurities, Procedure 1, is updated to list specified impurities. The
limits are revised to reflect the sponsor's FDA-approved limits. The procedure was
validated using the Symmetry C18 brand of L1 column. The typical retention time for
cefotaxime is 14 min. The reference to specific retention times is replaced with
relative retention times. Peak areas are replaced with peak responses for
consistency with current USP style.
4.
A test for Organic Impurities, Procedure 2, is added. The HPLC procedure was validated
using the YMC Pack ODS-A brand of L1 column. The typical retention time for
cefotaxime is about 27 min.
5.
The test for Clarity and Color of Solution is deleted, because the acceptance criteria
are subjective. The monograph contains sufficient tests to ensure the quality of the
article.
6.
The USP Reference Standards section is revised to include additional reference materials
that are used to evaluate system suitability in the tests for Organic Impurities and in
the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Wise.)
Correspondence Number—C74716

Comment deadline: March 31, 2014
Cefotaxime Sodium

C16 H16 N5 NaO7 S2

477.45

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 3-[(acetyloxy)methyl]-7-[[(2-amino4-thiazolyl)(methoxyimino)acetyl]amino]-8-oxo-, monosodium salt, [6R-[6 ,7 (Z)]]-;
Sodium (6R,7R)-7-[2-(2-amino-4-thiazolyl)glyoxylamido]-3-(hydroxymethyl)-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylate 72-(Z)-(O-methyloxime), acetate (ester)
[64485-
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93-4].
DEFINITION
Cefotaxime Sodium contains the equivalent of NLT 916 µg/mg and NMT 964 µg/mg of
cefotaxime (C16 H17 N5 O7 S2 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Sodium

191 : It meets the requirements.

ASSAY
Change to read:
• Procedure
Buffer: 7.1 g/L of anhydrous dibasic sodium phosphate in water. Adjust with phosphoric
acid to a pH of 6.25.
Solution A: Methanol and Buffer (14:86) Pass through a filter having a pore of 0.5 µm or
finer, and degas before use.
USP38

Solution B: Methanol and Buffer (40:60) Pass through a filter having a pore of 0.5 µm or
finer, and degas before use.
USP38

Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
7
100
0
9
80
20
16
80
20
45
0
100
50
0
100
55
100
0
65
100
0 USP38
System suitability solution: Mix 1 mL of Standard solution, 7.0 mL of water, and 2.0 mL of
methanol. Add 25 mg of sodium carbonate, mix, and allow to stand at room temperature for
10 min, with occasional swirling. Add 3 drops of glacial acetic acid, and 1 mL of Standard
solution.
System suitability stock solution: 0.08 mg/mL each of USP Cefetamet RS and USP
Cefotaxime Related Compound E RS prepared as follows. Dissolve USP Cefetamet RS and USP
Cefotaxime Related Compound E RS in the minimum volume of methanol. Sonicate, if
necessary, and dilute with Solution A to volume.
System suitability solution: 8 µg/mL each of cefetamet and cefotaxime related compound
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E from System suitability stock solution in Solution A. Store refrigerated, and use within 24
h. USP38
Standard solution: 0.8 mg/mL of USP Cefotaxime Sodium RS in Solution A. Store refrigerated,
and use within 24 h.
Sensitivity solution: 1.6 µg/mL of USP Cefotaxime Sodium RS from the Standard solution in
Solution A.
Store refrigerated, and use within 24 h. USP38
Sample solution: 0.8 mg/mL of Cefotaxime Sodium in Solution A. Store refrigerated, and use
within 24 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Temperatures
Column: 30
Autosampler: 4 USP38
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—The retention times for desacetylcefotaxime and cefotaxime in the System suitability
solution are 3.5 and 14 min, respectively. The retention time for cefotaxime in the Standard
solution is 12–15 min.]
[Note—See Table 2 for relative retention times.] USP38
Suitability requirements
Resolution: NLT 20 between desacetylcefotaxime and cefotaxime
NLT 1.5 between cefetamet and cefotaxime related compound E, USP38
System suitability solution
Tailing factor: NMT 2, Standard solution
Relative standard deviation: NMT 1.5%, Standard solution
Sensitivity: Calculate the peak response ratio:
Result = (rU/rS) × 100
r=
U peak response from the Sensitivity solution
r=
S peak response from the Standard solution
Acceptance criteria: 0.18%–0.22%
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of cefotaxime (C16 H17 N5 O7 S2 ) in the portion of Cefotaxime
Sodium taken:
Result = (rU/rS) × (CS/CU) × P
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rU= peak area
response USP38
from the Sample solution
rS= peak area
response USP38
from the Standard solution
C=
S concentration of USP Cefotaxime Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Cefotaxime Sodium in the Sample solution (mg/mL)
P= potency of cefotaxime in USP Cefotaxime Sodium RS (µg/mg)
Acceptance criteria: 916–964 µg/mg on the dried basis
IMPURITIES
Change to read:
• Organic Impurities,
Procedure 1
Use Organic Impurities, Procedure 1, when the impurity profile includes N-formyl cefotaxime
and cefotaxime dioxime.
USP38

Buffer, Solution A, Solution B, Mobile phase, System suitability solution, Sensitivity
solution, Standard solution, Sample solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Cefotaxime Sodium taken:
Result = [rU/(rT + rC)] × 100
r=
U peak area
response USP38
of each individual impurity
r=
T sum of all of the impurity peak areas
responses USP38
r=
C peak area
response USP38
of cefotaxime
Acceptance criteria:
See Table 2. USP38
The reporting threshold is 0.1%.
Individual impurities: NMT 1.0%
Total impurities: NMT 3.0%
Table 2

Name
Deacetylcefotaximea

Relative
Retention
Time
0.26

Acceptance
Criteria,
NMT (%)
1.0
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Cefetamet b
0.52
1.0
Cefotaxime related compound Ec
0.62
1.0
Cefotaxime
1.0
—
d
N-Formyl cefotaxime
1.8
1.0
e
E-Cefotaxime
2.2
1.0
Cefotaxime dimerf
2.3
1.0
g
Cefotaxime dioxime
3.0
0.2
Any individual unspecified impurity
—
0.2
Total impurities
—
3.0
a (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-3-(hydroxymethyl)-8oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
b Deacetoxycefotaxime; (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
c Deacetylcefotaxime lactone; (Z)-2-(2-Aminothiazol-4-yl)-N-[(5aR,6R)-1,7-dioxo1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl]-2-(methoxyimino)acetamide.
d (6R,7R)-3-(Acetoxymethyl)-7-[(Z)-2-(2-formamidothiazol-4-yl)-2(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
e (6R,7R)-3-(Acetoxymethyl)-7-[(E)-2-(2-aminothiazol-4-yl)-2-(methoxyimino)acetamido]-8oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
f (6R,7R)-3-[(4-{(Z)-2-[(6R,7R)-3-(Acetoxymethyl)-2-carboxy-5-thia-1-azabicyclo[4.2.0]oct2-en-7-ylamino]-1-(methoxyimino)-2-oxoethyl}thiazol-2-ylamino)methyl]-7-[(E)-2-(2aminothiazol-4-yl)-2-(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene2-carboxylic acid.
g (6R,7R)-3-(Acetoxymethyl)-7-[(Z)-2-{2-[(Z)-2-(2-aminothiazol-4-yl)-2(methoxyimino)acetamido]thiazol-4-yl}-2-(methoxyimino)acetamido]-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
USP38

Add the following:
• Organic Impurities, Procedure 2
Use Organic Impurities, Procedure 2, when the impurity profile includes thiazolylglyoxalic
methyloxime, 7-aminocephalosporanic acid, cefotaxime open ring lactone, and bromoacetyl
analog.
Buffer: 3.6 g/L of anhydrous dibasic sodium phosphate in water. Adjust with phosphoric
acid to a pH of 6.2.
Solution A: Acetonitrile and Buffer (2:98)
Solution B: Acetonitrile and Buffer (60:40)
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
25
80
20
40
60
40
55
0
100
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60
0
100
65
100
0
75
100
0
Diluent: 4.6 g/L of anhydrous dibasic sodium phosphate and 3.5 g/L of monobasic
potassium phosphate in water
System suitability stock solution: 0.1 mg/mL of USP Cefotaxime Related Compound E RS
prepared as follows. Dissolve in acetonitrile and Diluent, using 20% and 40% respectively
of the final volume, sonicate as needed to dissolve, and dilute with Diluent to volume.
System suitability solution: 10 µg/mL of cefotaxime related compound E from System
suitability stock solution and 1 mg/mL of USP Cefotaxime Sodium RS in Diluent. Store
refrigerated, and use within 2 h.
Standard solution: 10 µg/mL of USP Cefotaxime Sodium RS in Diluent. Store refrigerated,
and use within 2 h.
Sample solution: 1 mg/mL of Cefotaxime Sodium in Diluent. Store refrigerated, and use
within 2 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Autosampler temperature: 4
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 4.0 between cefotaxime and cefotaxime related compound E, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Cefotaxime Sodium taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of cefotaxime from the Standard solution
C=
S concentration of USP Cefotaxime Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Cefotaxime Sodium in the Sample solution (mg/mL)
P= potency of cefotaxime in USP Cefotaxime Sodium RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 4. The reporting threshold is 0.05%.
Table 4
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Name
Thiazolylglyoxalic methyloximea
7-Aminocephalosporanic acidb
Deacetylcefotaximec

Relative
Retention
Time
0.13
0.41
0.57
0.60
0.71
0.74
1.0
1.08
1.26
1.34
1.48
—
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
1.0
0.15
0.15
1.0
—
1.0
1.0
1.0
0.15
0.2
3.0

Cefotaxime open ring lactoned
Cefetamet e
Cefotaxime
Cefotaxime related compound Ef
Cefotaxime dimerg
E-Cefotaximeh
Bromoacetyl analogi
Any individual unspecified impurity
Total impurities
a (Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetic acid.
b (6R,7R)-3-(Acetoxymethyl)-7-amino-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-3(hydroxymethyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (2R)-(Z)-2-[2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-2-(7-oxo-2,4,5,7tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl)acetic acid. This system resolves two
diasteroisomers.
e Deacetoxycefotaxime; (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2(methoxyimino)acetamido]-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid.
f Deacetylcefotaxime lactone; (Z)-2-(2-Aminothiazol-4-yl)-N-[(5aR,6R)-1,7-dioxo1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl]-2(methoxyimino)acetamide.
g (6R,7R)-3-[(4-{(Z)-2-[(6R,7R)-3-(Acetoxymethyl)-2-carboxy-5-thia-1azabicyclo[4.2.0]oct-2-en-7-ylamino]-1-(methoxyimino)-2-oxoethyl}thiazol-2ylamino)methyl]-7-[(E)-2-(2-aminothiazol-4-yl)-2-(methoxyimino)acetamido]-8-oxo-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
h (6R,7R)-3-(Acetoxymethyl)-7-[(E)-2-(2-aminothiazol-4-yl)-2(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
i (6R,7R)-3-(Acetoxymethyl)-7-[(Z)-4-bromo-2-(methoxyimino)-3-oxobutanamido]-8-oxo5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
USP38

SPECIFIC TESTS
Delete the following:
•
Clarity and Color of Solution
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Sample solution 1: Transfer 2.5 g to a 25-mL volumetric flask and dilute with carbon
dioxide-free water to volume.
Sample solution 2: Transfer 10 mL of Sample solution 1 to a glass test tube, add 1 mL of
glacial acetic acid.
Analysis 1: Examine Sample solution 1 immediately after preparation.
Acceptance criteria 1: Sample solution 1 is clear.
Analysis 2: Measure the absorbance of Sample solution 1 at 430 nm in a 1-cm cell, using
carbon dioxide–free water as the blank.
Acceptance criteria 2: The absorbance of Sample solution 1 is NMT 0.20.
Analysis 3: Examine Sample solution 2 immediately after preparation.
Acceptance criteria 3: Sample solution 2 is clear. USP38
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in water
Acceptance criteria: +58 to +64
• pH 791
Sample solution: 100 mg/mL in water
Acceptance criteria: 4.5–6.5
• Loss on Drying 731
Analysis: Dry at 100 –105 for 3 h.
Acceptance criteria: NMT 3.0%
• Sterility Tests 71 : Where the label states that Cefotaxime Sodium is sterile, it meets the
requirements when tested as directed for Test for Sterility of the Product to Be Examined,
Membrane Filtration.
• Bacterial Endotoxins Test 85 : Where the label states that Cefotaxime Sodium is sterile
or must be subjected to further processing during the preparation of injectable dosage
forms, it contains NMT 0.20 Endotoxin Unit/mg of cefotaxime.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
If a test for Organic Impurities other than Procedure 1 is used, then the labeling states with
which Organic Impurities test the article complies. USP38
Change to read:
• USP Reference Standards 11
USP Cefetamet RS
Deacetoxycefotaxime; (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2(methoxyimino)acetamido]-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid.
C14 H15 N5 O5 S2
397.43
USP Cefotaxime Related Compound E RS
Deacetylcefotaxime lactone; (Z)-2-(2-Aminothiazol-4-yl)-N-[(5aR,6R)-1,7-dioxo-
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1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl]-2(methoxyimino)acetamide.
C14 H13 N5 O5 S2
395.41 USP38
USP Cefotaxime Sodium RS
USP Endotoxin RS
BRIEFING
Cloprostenol Sodium, USP 36 page 3065. It is proposed to change the name of the reagent
“chromatographic solvent hexane” to “chromatographic hexane”. This reagent is used in the
Assay and in the test for Organic Impurities. See the Briefing in Chromatographic Hexane,
published elsewhere in this issue of PF.
(SM3: M. Puderbaugh.)
Correspondence Number—C139456

Comment deadline: March 31, 2014
Cloprostenol Sodium

C22 H28 ClNaO6

446.90

5-Heptenoic acid, 7-[2-[4-(3-chlorophenoxy)-3-hydroxy-1-butenyl]-3,5dihydroxycyclopentyl]-, [1 (Z),2 (1E,3R*),3 ,5 ]-, sodium salt, (±)-;
(±)-Sodium (Z)-7-[(1R*,2R*,3R*,5S*)-2-[(E)-(3R*)-4-(m-chlorophenoxy)-3-hydroxy-1butenyl]-3,5-dihydroxycyclopentyl]-5-heptenoate
[55028-72-3].
DEFINITION
Cloprostenol Sodium contains NLT 97.5% and NMT 102.5% of cloprostenol sodium
(C22 H28 ClNaO6 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Sodium
ASSAY
Change to read:
• Procedure
Mobile phase: Chromatographic solvent

191
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USP38

hexane, dehydrated alcohol, and glacial acetic acid (900:100:1)
Standard solution: 0.8 mg/mL of USP Cloprostenol Sodium RS in dehydrated alcohol
Sample solution: 0.8 mg/mL of Cloprostenol Sodium in dehydrated alcohol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
Flow rate: 1.8 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for the cloprostenol peak
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cloprostenol sodium (C22 H28 ClNaO6 ) in the portion of
Cloprostenol Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cloprostenol Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Cloprostenol Sodium in the Sample solution (mg/mL)
Acceptance criteria: 97.5%–102.5% on the anhydrous basis
IMPURITIES
Change to read:
• Organic Impurities
Mobile phase: Chromatographic solvent
USP38

hexane, dehydrated alcohol, and glacial acetic acid (930:70:1)
Sample solution: 20 mg/mL of Cloprostenol Sodium in dehydrated alcohol
Standard solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay, except use a run time of NLT 2 times the retention time of
cloprostenol.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Cloprostenol Sodium taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity from the Sample solution
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r=
T sum of the responses all the peaks from the Sample solution
Acceptance criteria: Disregard any peak below 0.05%.
Individual impurities: NMT 1.0%
Total impurities: NMT 2.5%
SPECIFIC TESTS
• Water Determination, Method I 921
Sample solution: 50 mg dissolved in 1 mL of dehydrated alcohol
Acceptance criteria: NMT 3.0%
ADDITIONAL REQUIREMENTS
• Labeling: Label it to indicate that it is for veterinary use only.
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP Cloprostenol Sodium RS
BRIEFING
Cromolyn Sodium, USP 36 page 3110. It is proposed to modernize the monograph with the
following changes:
1.
Replace the nonspecific Assay by UV with a specific high-performance liquid
chromatographic procedure developed and validated for this drug substance. The
proposed HPLC method uses the Zorbax SB C8 brand of L7 column manufactured by
Agilent Technologies in which cromolyn elutes at about 8.4 min.
2.
Replace the test for Organic Impurities by TLC with a more selective HPLC procedure.
The procedure uses the same chromatographic conditions as that proposed in the
Assay except Autosampler temperature is set at 4 .
3.
Replace Identification test B based on UV analysis with the retention time agreement
based on the Assay.
4.
Omit the test for Acidity or Alkalinity. The proposed test for Organic Impurities provides
enough information to determine the purity of the article.
5.
Revise the Acceptance criteria in the Assay from 98.0%–101.0% to 98.0%–102.0%
based on the validation report.
6.
Add USP impurity Reference Standards to ensure the system suitability evaluation of the
HPLC system.
7.
Correct the acceptance criteria in the test for Limit of Oxalate from NLT 0.35% to NMT
0.35%.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Min.)
Correspondence Number—C116807

Comment deadline: March 31, 2014
Cromolyn Sodium
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512.33

4H-1-Benzopyran-2-carboxylic acid, 5,5¢-[(2-hydroxy-1,3-propanediyl)bis(oxy)bis[4-oxo-,
disodium salt];
Disodium 5,5¢-[(2-hydroxytrimethylene)dioxy]bis[4-oxo-4H-1-benzopyran-2-carboxylate]
[15826-37-6].
DEFINITION
Change to read:
Cromolyn Sodium contains NLT 98.0% and NMT 101.0%
NLT 98.0% and NMT 102.0% USP38
of cromolyn sodium (C23 H14 Na2 O11 ), calculated on the anhydrous basis.
IDENTIFICATION
Change to read:
• A.
Infared Absorption 197K

USP38

Sample: Dried under vacuum at 105 to constant weight
Acceptance criteria: The infrared spectrum of the Sample is consistent with that of a
similarly prepared USP Cromolyn Sodium RS.
Change to read:
• B.
Sample solution: A solution (1 in 40,000) in Solution A prepared as directed in the Assay
Acceptance criteria: The UV absorption spectrum of Sample solution exhibits maxima at
the same wavelengths as that of a similar solution of USP Cromolyn Sodium RS,
concomitantly measured.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
ASSAY
Change to read:
• Procedure
Solution A: 70 g of anhydrous dibasic sodium phosphate in 900 mL of water. Adjust to a
pH of 7.4 by the addition of dilute phosphoric acid (1 in 10). Dilute with water to 1000
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mL, and mix. Transfer 10 mL of this solution to a 100-mL volumetric flask, and dilute with
water to volume, and mix.
Diluent: Solution A and water (1:99)
Standard stock solution: 250 µg/mL of USP Cromolyn Sodium RS in water
Standard solution: 25 µg/mL of USP Cromolyn Sodium RS in Diluent
Sample stock solution: 100 µg/mL of Cromolyn Sodium in water
Sample solution: 25 µg/mL of Cromolyn Sodium in Diluent
Instrument conditions
Mode: UV
Analytical wavelength: 326 nm
Cell: 1 cm
Blank: Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cromolyn sodium (C23 H14 Na2 O11 ) in the portion of Cromolyn
Sodium taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Cromolyn Sodium RS in the Standard solution (µg/mL)
C=
U concentration of Cromolyn Sodium in the Sample solution (µg/mL)
Buffer: 5.6 g/L of monobasic potassium phosphate and 22.2 g/L of
myristyltrimethylammonium bromide in water. Adjust with sodium hydroxide to a pH of 6.5
Mobile phase: Methanol and Buffer (55:45)
Diluent: Acetonitrile and water (30:70)
System suitability solution: 0.5 mg/mL of USP Cromolyn Sodium RS and 0.02 mg/mL
each of USP Cromolyn Related Compound A RS and USP Cromolyn Related Compound B RS
in Diluent
Standard solution: 0.5 mg/mL of USP Cromolyn Sodium RS in Diluent
Sample solution: 0.5 mg/mL of Cromolyn Sodium in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 326 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between cromolyn related compound B and cromolyn related
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compound A, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cromolyn sodium (C23 H14 Na2 O11 ) in the portion of Cromolyn
Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cromolyn from the Sample solution
rS= peak response of cromolyn from the Standard solution
CS= concentration of USP Cromolyn Sodium RS in the Standard solution (mg/mL)
CU= concentration of Cromolyn Sodium in the Sample solution (mg/mL)
USP38

Acceptance criteria: 98.0%–101.0%
98.0%–102.0% USP38
on the anhydrous basis
IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Diluent: Stabilizer-free tetrahydrofuran, acetone, and water (4:1:6)
Standard solution A: 10 mg/mL of USP Cromolyn Sodium RS in Diluent
Standard solution B: 0.05 mg/mL of USP Cromolyn Sodium RS from Standard solution A in
Diluent
Sample solution: 10 mg/mL of Cromolyn Sodium in Diluent
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent: Chloroform, methanol, and glacial acetic acid (9:9:2)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed in the monograph. After applying portions of Standard solution A,
Standard solution B and Sample solution to the TLC plate. Allow the spots to dry, and
develop the chromatogram in Developing solvent until the solvent front has moved about
three-fourths of the length of the plate. Remove the plate from the developing chamber,
mark the solvent front and allow the solvent to evaporate. Locate the spots on the plate
by viewing under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of Standard solution A. Any spot from the Sample solution moving
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ahead of the principal spot is not more intense than the spot from Standard solution B
(0.5%).
Buffer, Mobile phase, Diluent, and System suitability solution: Proceed as directed
in the Assay.
Standard solution: 0.002 mg/mL each of USP Cromolyn Related Compound A RS, USP
Cromolyn Related Compound B RS, and USP Cromolyn Sodium RS in Diluent.
Sample solution: 2 mg/mL of Cromolyn Sodium in Diluent. Cromolyn compound B solution
is stable at 4 for 24 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 326 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L7
Temperatures
Autosampler: 4
Column: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between cromolyn related compound B and cromolyn related
compound A; NLT 2.0 between cromolyn related compound A and cromolyn, System
suitability solution
Relative standard deviation: NMT 3% for six replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each cromolyn related compound in the portion of Cromolyn
Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cromolyn related compound A or cromolyn related compound B from
the Sample solution
rS= peak response of cromolyn related compound A or cromolyn related compound B from
the Standard solution
CS= concentration of the corresponding cromolyn related compound in the Standard
solution (mg/mL)
CU= concentration of Cromolyn Sodium in the Sample solution (mg/mL)
Calculate the percentage of each unspecified impurity in the portion of Cromolyn Sodium
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response of cromolyn from the Standard solution
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CS= concentration of USP Cromolyn Sodium RS in the Standard solution (mg/mL)
CU= concentration of Cromolyn Sodium in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
0.4
0.5
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.5
0.5
—
0.5
2.0

Name
Cromolyn related compound B
Cromolyn related compound A
Cromolyn
Any other individual impurity
Total impuritiesa
a The sum of all impurities from the test for Organic Impurities. Disregard peaks below
0.05%.
USP38

Change to read:
• Limit of Oxalate
Standard solution: To 0.35 mg of oxalic acid in 20 mL of water, add 5.0 mL of iron
salicylate TS, and dilute with water to 50 mL.
Sample solution: To 100 mg of Cromolyn Sodium in 20 mL of water, add 5.0 mL of iron
salicylate TS, and dilute with water to 50 mL.
Instrumental conditions
Mode: Vis
Analytical wavelength: 480 nm
Blank: Water
Analysis
Samples: Standard solution and Sample solution
Determine the absorbance of Standard solution and Sample solution at 480 nm.
Acceptance criteria: The absorbance of Sample solution is NLT
NMT USP38
that of Standard solution (0.35%).
SPECIFIC TESTS
Delete the following:
•
Acidity or Alkalinity
Analysis: Dissolve 1.0 g in 25 mL of carbon dioxide-free water, and add two drops of
bromothymol blue TS.
Acceptance criteria: If the solution is yellow, NMT 0.25 mL of 0.1 N sodium hydroxide is
required to produce a blue color. If the solution is blue, NMT 0.25 mL of 0.1 N hydrochloric
acid is required to produce a yellow color. USP38
• Water Determination, Method I

921 : NMT 10.0%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Cromolyn Related Compound A RS
1,3-Bis(2-acetyl-3-hydroxyphenoxy) propan-2-ol.
C19 H20 O7
360.36
USP Cromolyn Related Compound B RS
Diethyl 5,5'-[(2-hydroxypropane-1,3-diyl)bis(oxy)]bis(4-oxo-4H-chromene-2carboxylate).
C27 H24 O11
524.48 USP38
USP Cromolyn Sodium RS
BRIEFING
Cromolyn Sodium Inhalation Solution, USP 36 page 3111. It is proposed to modernize the
monograph with the following changes:
1.
Replace the nonspecific Assay by UV with a specific HPLC procedure developed and
validated for this product. The proposed HPLC method uses the Zorbax SB C8 brand
of L7 column manufactured by Agilent Technologies in which cromolyn elutes at
about 8.3 min.
2.
Replace the TLC test for Organic Impurities with a more selective HPLC procedure. The
chromatographic method uses the same HPLC parameters as those proposed in the
Assay except the Autosampler temperature is set at 4 .
3.
Replace the test for Identification A by UV with the retention time agreement based on
the Assay.
4.
Add additional storage requirements to the Packaging and Storage section based on the
drug package insert.
5.
Add USP impurity Reference Standards to the USP Reference Standards section to
ensure the system suitability evaluation for the HPLC procedures.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Min.)
Correspondence Number—C126520

Comment deadline: March 31, 2014
Cromolyn Sodium Inhalation Solution
DEFINITION
Cromolyn Sodium Inhalation Solution is a sterile, aqueous solution of Cromolyn Sodium. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of cromolyn sodium
(C23 H14 Na2 O11 ).
IDENTIFICATION
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Change to read:
• A.
Sample solution: A solution (1 in 40,000) in Buffer prepared as directed in Assay
Acceptance criteria: The UV absorption spectrum of the Sample solution exhibits maxima
and minima at the same wavelengths as that of a similar solution of USP Cromolyn Sodium
RS, concomitantly measured.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
ASSAY
Change to read:
• Procedure
Buffer: Dissolve 70 g of anhydrous dibasic sodium phosphate in 900 mL of water. Adjust to
a pH of 7.4 by the addition of dilute phosphoric acid (1 in 10). Dilute with water to 1000
mL, and mix. Transfer 10 mL of this solution to a 100-mL volumetric flask, and dilute with
water to volume.
Standard stock solution: 250 µg/mL of USP Cromolyn Sodium RS in water.
Standard solution: 25 µg/mL of USP Cromolyn Sodium RS prepared by transferring 10 mL
of Standard stock solution to a 100-mL volumetric flask, add 1 mL of Buffer, and dilute
with water to volume.
Sample stock solution: Nominally equivalent to 250 µg/mL of cromolyn sodium from
Inhalation Solution in water.
Sample solution: 25 µg/mL of cromolyn sodium prepared by pipetting 10 mL of Sample
stock solution to a 100-mL volumetric flask, add 1 mL of Buffer, and dilute with water to
volume.
Spectrometric conditions
Mode: UV
Analytical wavelength: 326 nm
Cell: 1 cm
Blank: Buffer (1 in 100)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cromolyn sodium (C23 H14 Na2 O11 ) in the portion of Inhalation
Solution taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Cromolyn Sodium RS in the Standard solution (µg/mL)
C=
U equivalent concentration of cromolyn sodium in the Sample solution (µg /mL)
Buffer: 5.6 g/L of monobasic potassium phosphate and 22.2 g/L of
myristyltrimethylammonium bromide in water. Adjust with sodium hydroxide solution to a
pH of 6.5.
Mobile phase: Methanol and Buffer (55:45)
Diluent: Acetonitrile and water (30:70)
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System suitability solution: 0.5 mg/mL of USP Cromolyn Sodium RS and 0.02 mg/mL
each of Cromolyn Related Compound A RS and Cromolyn Related Compound B RS in
Diluent
Standard solution: 0.5 mg/mL of USP Cromolyn Sodium RS in Diluent
Sample solution: Nominally equivalent to 0.5 mg/mL of cromolyn sodium from a volume of
Inhalation Solution in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 326 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between cromolyn related compound B and cromolyn related
compound A, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cromolyn sodium (C23 H14 Na2 O11 ) in the
portion of Inhalation Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cromolyn from the Sample solution
rS= peak response of cromolyn from the Standard solution
CS= concentration of USP Cromolyn Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of cromolyn sodium in the Sample solution (mg/mL)
USP38

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
Change to read:
• Organic Impurities
Diluent: Stabilizer-free tetrahydrofuran, acetone, and water (4:1:6)
Standard solution A: 10 mg/mL of USP Cromolyn Sodium RS in Diluent
Standard solution B: 0.1 mg/mL of USP Cromolyn Sodium RS from Standard solution A in
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Diluent
Sample solution: Equivalent to 10 mg/mL of cromolyn sodium from Inhalation Solution in
Diluent
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, methanol, and glacial acetic acid (9:9:2)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples in a TLC plate. Position the plate in a developing chamber, and
develop the chromatograms in Developing solvent system until the solvent front have
moved about three-fourths of the length of the plate. Remove the plate from the
developing chamber, mark the solvent front , and allow the solvent to evaporate.
Locate the spots on the plate by viewing under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of Standard solution A. Any spot of the Sample solution moving
ahead of the principal spot is not more intense than the spot of Standard solution B
(1.0%).
Buffer, Mobile phase, Diluent, and System suitability solution: Proceed as directed in
the Assay.
Standard solution: 0.002 mg/mL each of USP Cromolyn Related Compound A RS, USP
Cromolyn Related Compound B RS, and USP Cromolyn Sodium RS in Diluent
Sample solution: Nominally equivalent to 2 mg/mL of cromolyn sodium from a volume of
Inhalation Solution in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 326 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L7
Temperatures
Column: 40
Autosampler: 4
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 2 times the retention time of cromolyn
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between cromolyn related compound B and cromolyn related
compound A; NLT 2.0 between cromolyn related compound A and cromolyn, System
suitability solution
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Relative standard deviation: NMT 3% for six replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each cromolyn related compound in the portion of Inhalation
Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cromolyn related compound A or cromolyn related compound B from
the Sample solution
rS= peak response of cromolyn related compound A or cromolyn related compound B from
the Standard solution
CS= concentration of the corresponding cromolyn related compound in the Standard
solution (mg/mL)
CU= nominal concentration of cromolyn sodium in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified degradation product in the portion
of Inhalation Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified degradation product from the Sample solution
rS= peak response of cromolyn from the Standard solution
CS= concentration of USP Cromolyn Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of cromolyn sodium in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Cromolyn related compound B
Cromolyn related compound A
Cromolyn
Any unspecified individual degradation product
Total impurities

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.4
1.0
0.5
1.0
1.0
—
—
1.0
—
2.0

USP38

SPECIFIC TESTS
• pH

791 : 4.0–7.0

• Sterility Tests

71 : Meets the requirements

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-unit double-ended glass ampuls or in low-density
polyethylene ampuls.
Store at controlled room temperature, protected from light. USP38
• Labeling: The label indicates that the Inhalation Solution is not to be used if it contains a
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precipitate.
Change to read:
• USP Reference Standards

11

USP Cromolyn Related Compound A RS
1,3-Bis(2-acetyl-3-hydroxyphenoxy) propan-2-ol.
C19 H20 O7
360.36
USP Cromolyn Related Compound B RS
Diethyl 5,5'-[(2-hydroxypropane-1,3-diyl)bis(oxy)]bis(4-oxo-4H-chromene-2carboxylate).
C27 H24 O11
524.48
USP38

USP Cromolyn Sodium RS
BRIEFING
Cromolyn Sodium Nasal Solution, USP 36 page 3111. It is proposed to modernize the
monograph with the following changes.
1.
Replace the nonspecific Assay by UV with a specific high-performance liquid
chromatographic procedure developed and validated for this product. The procedure
uses the Zorbax SB C8 brand of L7 column manufactured by Agilent Technologies in
which cromolyn elutes at about 8.3 min.
2.
Replace the Organic Impurities TLC procedure with a more selective and validated HPLC
procedure. The procedure uses the same chromatographic parameters as those
proposed in the Assay except the Autosampler temperature is set at 4 .
3.
Replace Identification test A by UV with the retention time agreement based on the
Assay.
4.
Add additional storage requirements based on the drug package insert.
5.
Add USP impurity Reference Standards to ensure the system suitability evaluation and
impurity separation for the HPLC procedures.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Min.)
Correspondence Number—C126521

Comment deadline: March 31, 2014
Cromolyn Sodium Nasal Solution
DEFINITION
Cromolyn Sodium Nasal Solution is an aqueous solution of Cromolyn Sodium. It contains NLT
90.0% and NMT 110.0% of the labeled amount of cromolyn sodium (C23 H14 Na2 O11 ). It may
contain suitable stabilizers.
IDENTIFICATION
Change to read:
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• A
Sample solution: A solution (1 in 40,000) in Buffer prepared as directed in the Assay.
Acceptance criteira: The UV absorption spectrum of Sample solution exhibits maxima at
the same wavelengths as that of a similar solution of USP Cromolyn Sodium RS,
concomitantly measured.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
ASSAY
Change to read:
• Procedure
Buffer: Dissolve 70 g of anhydrous dibasic sodium phosphate in 900 mL of water. Adjust to
a pH of 7.4 by the addition of dilute phosphoric acid (1 in 10). Dilute with water to 1000
mL. Transfer 10 mL of this solution to a 100-mL volumetric flask, and dilute with water to
volume.
Standard stock solution: 250 µg/mL of USP Cromolyn Sodium RS in water.
Standard solution: 25 µg/mL of USP Cromolyn Sodium RS prepared by transferring 10 mL
of Standard stock solution to a 100-mL volumetric flask, add 1 mL of Buffer, and dilute
with water to volume.
Sample stock solution: Transfer 4 mL of Nasal Solution to a 100-mL volumetric flask,
dilute with water to volume, and mix.
Sample solution: Nominally equivalent to 32 µg/mL of cromolyn sodium prepared by
transferring appropriate volume of Sample stock solution to a 250 mL volumetric flask.
Add 2.5 mL of Buffer, and dilute with water to volume and mix.
Spectrometric conditions
Mode: UV
Analytical wavelength: 326 nm
Cell: 1 cm
Blank: Buffer (1 in 100)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cromolyn sodium (C23 H14 Na2 O11 ) in the portion of Nasal
Solution taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Cromolyn Sodium RS in the Standard solution (µg/mL)
C=
U nominal concentration of cromolyn sodium in the Sample solution (µg/mL)
Buffer: 5.6 g/L of monobasic potassium phosphate and 22.2 g/L of
myristyltrimethylammonium bromide in water. Adjust with sodium hydroxide solution to a
pH of 6.5.
Mobile phase: Methanol and Buffer (55:45)
Diluent: Acetonitrile and water (30:70)
System suitability solution: 0.5 mg/mL of USP Cromolyn Sodium RS and 0.02 mg/mL
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each of Cromolyn Related Compound A RS and Cromolyn Related Compound B RS in
Diluent
Standard solution: 0.5 mg/mL of USP Cromolyn Sodium RS in Diluent. Sonication may be
needed to aid dissolution.
Sample solution: Nominally equivalent to 0.5 mg/mL of cromolyn sodium from a volume of
Nasal Solution in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 326 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between cromolyn related compound B and cromolyn related
compound A peaks; NLT 2.0 between cromolyn related compound A and cromolyn,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cromolyn sodium (C23 H14 Na2 O11 ) in the
portion of Nasal Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cromolyn from the Sample solution
rS= peak response of cromolyn from the Standard solution
CS= concentration of USP Cromolyn Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of cromolyn sodium in the Sample solution (mg/mL)
USP38

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Organic Impurities
Diluent: Stabilizer-free tetrahydrofuran, acetone, and water (4:1:6)
Standard solution A: 10 mg/mL of USP Cromolyn Sodium RS in Diluent
Standard solution B: 0.1 mg/mL of USP Cromolyn Sodium RS from Standard solution A in
Diluent
Sample solution: A portion of Nasal Solution
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Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, methanol, and glacial acetic acid (9:9:2)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples in a TLC plate. Position the plate in a developing chamber, and develop
the chromatograms in Developing solvent system until the solvent front have moved
about three-fourths of the length of the plate. Remove the plate from the developing
chamber, mark the solvent front , and allow the solvent to evaporate. Locate the spots
on the plate by viewing under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of Standard solution A. Any spot of the Sample solution moving
ahead of the principal spot is not more intense than the spot of Standard solution B
(1.0%).
Mobile phase, Diluent, and System suitability solution: Proceed as directed in the
Assay.
Standard solution: 0.002 mg/mL each of USP Cromolyn Related Compound A RS, USP
Cromolyn Related Compound B RS, and USP Cromolyn Sodium RS in Diluent
Sample solution: Nominally equivalent to 2 mg/mL of cromolyn sodium from a volume of
Nasal Solution in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 326 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L7
Temperatures
Autosampler: 4
Column: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 2 times the retention time of cromolyn
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between cromolyn related compound B and cromolyn related
compound A; NLT 2.0 between cromolyn related compound A and cromolyn, System
suitability solution
Relative standard deviation: NMT 3% for six replicate injections for each peak,
Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of cromolyn related compound A or cromolyn related compound
B in the portion of Nasal Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cromolyn related compound A or cromolyn related compound B from
the Sample solution
rS= peak response of cromolyn related compound A or cromolyn related compound B from
the Standard solution
CS= concentration of the corresponding cromolyn related compound in the Standard
solution (mg/mL)
CU= nominal concentration of cromolyn sodium in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified degradation product in the portion
of Nasal Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified degradation product from the Sample solution
rS= peak response of cromolyn from the Standard solution
CS= concentration of USP Cromolyn Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of cromolyn sodium in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Cromolyn related compound B
Cromolyn related compound A
Cromolyn
Any unspecified individual degradation product
Total impurities

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.4
1.0
0.5
1.0
1.0
—
—
1.0
—
2.0

USP38

SPECIFIC TESTS
• pH

791 : 4.0–7.0

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. USP38
Change to read:
• USP Reference Standards 11
USP Cromolyn Related Compound A RS
1,3-Bis(2-acetyl-3-hydroxyphenoxy) propan-2-ol.
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C19 H20 O7
360.36
USP Cromolyn Related Compound B RS
Diethyl 5,5'-[(2-hydroxypropane-1,3-diyl)bis(oxy)]bis(4-oxo-4H-chromene-2carboxylate).
C27 H24 O11
524.48 USP38
USP Cromolyn Sodium RS
BRIEFING
Cromolyn Sodium Ophthalmic Solution, USP 36 page 3112. It is proposed to modernize the monograph
with the following changes.
Replace
1.
the nonspecific Assay by UV with a specific high-performance liquid chromatographic
procedure developed and validated for this product. The procedure uses the Zorbax SB C8 brand of
L7 column manufactured by Agilent Technologies in which cromolyn elutes at about 8.4 min.
Replace
2.
the Organic Impurities TLC procedure with a more selective and validated HPLC procedure.
The procedure uses the same chromatographic parameters as those proposed in the Assay
except the Autosampler temperature is set at 4 .
Replace
3.
Identification test A based on UV analysis with the retention time agreement based on the
Assay.
Add
4. additional storage requirements based on the drug package insert.
Add
5. USP impurity Reference Standards to ensure the system suitability evaluation for the HPLC
procedures.
Additionally, minor editorial changes have been made to update the monograph to current USP style.
(SM4: D. Min.)
Correspondence Number—C126522

Comment deadline: March 31, 2014
Cromolyn Sodium Ophthalmic Solution
DEFINITION
Cromolyn Sodium Ophthalmic Solution is a sterile, aqueous solution of Cromolyn Sodium. It contains NLT
90.0% and NMT 110.0% of the labeled amount of cromolyn sodium (C23H14Na2O11). It may contain suitable
antimicrobial and stabilizing agents.
IDENTIFICATION
Change to read:
• A.
Sample solution: A solution (1 in 40,000) in Buffer prepared as directed in the Assay
Acceptance criteria: The UV absorption spectrum of the Sample solution exhibits maxima at the same
wavelengths as that of a similar solution of USP Cromolyn Sodium RS, concomitantly measured.
The retention time of the major peak of the Sample solution corresponds to that of the Standard solution, as
obtained in the Assay. USP38
ASSAY
Change to read:
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• Procedure
Buffer: Dissolve 70 g of anhydrous dibasic sodium phosphate in 900 mL of water. Adjust to a pH of 7.4
by the addition of dilute phosphoric acid (1 in 10). Dilute with water to 1000 mL, and mix. Transfer 10
mL of this solution to a 100-mL volumetric flask, and dilute with water to volume.
Standard stock solution: 250 µg/mL of USP Cromolyn Sodium RS in water.
Standard solution: 25 µg/mL of USP Cromolyn Sodium RS prepared by transferring 10 mL of Standard
stock solution to a 100-mL volumetric flask, add 1 mL of Buffer, and dilute with water to volume.
Sample stock solution: Transfer 4 mL of Ophthalmic Solution to a 100-mL volumetric flask and dilute
with water.
Sample solution: Nominally equivalent to 32 µg of cromolyn sodium prepared from a portion of Sample
stock solution to a 250 mL volumetric flask. Add 2.5 mL of Buffer, and dilute with water to volume.
Spectrometric conditions
Mode: UV
Analytical wavelength: 326 nm
Cell: 1 cm
Blank: Buffer (1 in 100)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cromolyn sodium (C23H14Na2O11) in the portion of Ophthalmic Solution taken:
Result = (AU/AS) × (CS/CU) × 100
A=U absorbance of the Sample solution
A=S absorbance of the Standard solution
C=S concentration of USP Cromolyn Sodium RS in the Standard solution (µg/mL)
C=U nominal concentration of cromolyn sodium in the Sample solution (µg/mL)
Buffer: 5.6 g/L of monobasic potassium phosphate and 22.2 g/L of myristyltrimethylammonium bromide
in water. Adjust with sodium hydroxide solution to a pH of 6.5.
Mobile phase: Methanol and Buffer (55:45)
Diluent: Acetonitrile and water (30:70)
System suitability solution: 0.5 mg/mL of USP Cromolyn Sodium RS and 0.02 mg/mL each of
Cromolyn Related Compound A RS and Cromolyn Related Compound B RS in Diluent
Standard solution: 0.5 mg/mL of USP Cromolyn Sodium RS in Diluent. Sonication may be needed to
aid dissolution.
Sample solution: Nominally equivalent to 0.5 mg/mL of cromolyn sodium from a volume of Ophthalmic
Solution in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 326 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
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System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between cromolyn related compound B and cromolyn related compound A;
NLT 2.0 between cromolyn related compound A and cromolyn sodium, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cromolyn sodium (C23H14Na2O11) in the portion of
Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cromolyn from the Sample solution
rS= peak response of cromolyn from the Standard solution
CS= concentration of USP Cromolyn Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of cromolyn sodium in the Sample solution (mg/mL)
USP38

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Organic Impurities
Diluent: Stabilizer-free tetrahydrofuran, acetone, and water (4:1:6)
Standard solution A: 10 mg/mL of USP Cromolyn Sodium RS in Diluent
Standard solution B: 0.1 mg/mL of USP Cromolyn Sodium RS in Diluent
Sample solution: A portion of Ophthalmic Solution
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, methanol, and glacial acetic acid (9:9:2)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples in a TLC plate and allow the spots to dry. Position the plate in a
developing chamber, and develop the chromatograms in Developing solvent system
until the solvent front have moved about three-fourths of the length of the plate.
Remove the plate from the developing chamber, mark the solvent front , and allow the
solvent to evaporate. Locate the spots on the plate by viewing under shortwavelength UV light.
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Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of Standard solution A. Any spot of the Sample solution moving
ahead of the principal spot is not more intense than the spot of Standard solution B
(1.0%).
Mobile phase, Diluent, and System suitability solution: Proceed as directed in the
Assay.
Standard solution: 0.002 mg/mL each of USP Cromolyn Related Compound B, USP
Cromolyn Related Compound A, and USP Cromolyn Sodium RS in Diluent
Sample solution: Nominally equivalent to 2 mg/mL of cromolyn sodium from a volume of
Ophthalmic Solution in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 326 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L7
Temperatures
Autosampler: 4
Column: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 2 times the retention time of cromolyn
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between cromolyn related compound B and cromolyn related
compound A; NLT 2.0 between cromolyn related compound A and cromolyn sodium,
System suitability solution
Relative standard deviation: NMT 3% for six replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each cromolyn related compound in the portion of
Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cromolyn related compound A or cromolyn related compound B from
the Sample solution
rS= peak response of cromolyn related compound A or cromolyn related compound B from
the Standard solution
CS= concentration of the corresponding cromolyn related compound in the Standard
solution (mg/mL)
CU= nominal concentration of cromolyn sodium in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified degradation product in the portion
of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of each unspecified degradation product from the Sample solution
rS= peak response of cromolyn from the Standard solution
CS= concentration of USP Cromolyn Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of cromolyn sodium in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Cromolyn related compound B
Cromolyn related compound A
Cromolyn sodium
Any unspecified individual degradation product
Total impurities

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.4
1.0
0.5
1.0
1.0
—
—
1.0
—
2.0

USP38

SPECIFIC TESTS
• pH

791 : 4.0–7.0

• Sterility Tests

71 : Meets the requirements

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant, single-dose or multiple-dose
containers. Ophthalmic Solution that is packaged in multiple-dose containers contains a
suitable antimicrobial agent.
Store between 15 –30 .

USP38

Change to read:
• USP Reference Standards 11
USP Cromolyn Related Compound A RS
1,3-Bis(2-acetyl-3-hydroxyphenoxy) propan-2-ol.
C19 H20 O7
360.36
USP Cromolyn Related Compound B RS
Diethyl 5,5'-[(2-hydroxypropane-1,3-diyl)bis(oxy)]bis(4-oxo-4H-chromene-2carboxylate).
C27 H24 O11
524.48 USP38
USP Cromolyn Sodium RS
BRIEFING
Dexchlorpheniramine Maleate Tablets, USP 36 page 3187. It is proposed to change the
name of the reagent chromatographic solvent hexane to chromatographic hexane; this
reagent is used in the test for Dissolution. See the Briefing under Chromatographic Hexane
published elsewhere in this issue of PF. The Packaging and Storage section is revised to
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include storage conditions.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Vicchio.)
Correspondence Number—C138921

Comment deadline: March 31, 2014
Dexchlorpheniramine Maleate Tablets
DEFINITION
Dexchlorpheniramine Maleate Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of dexchlorpheniramine maleate (C16 H19 ClN2 ·C4 H4 O4 ).
IDENTIFICATION
• A. Identification—Organic Nitrogenous Bases 181 : Meet the requirements
• B.
Analysis: Shake a quantity of finely powdered Tablets, equivalent to 150 mg of
dexchlorpheniramine maleate, with 100 mL of 1 N acetic acid for 10 min, and filter through
a sintered-glass funnel into a suitable vessel. Adjust the filtrate with sodium hydroxide
solution (1 in 10) to a pH of 11, and extract the solution with six 100-mL portions of
solvent hexane, filtering each hexane extract using suitable means to separate the hexane
layer from the aqueous layer. Concentrate the combined extracts on a steam bath to a
small volume, transfer to a smaller, more suitable vessel, and evaporate just to the point
where hexane vapors are no longer perceptible. Transfer the oily residue, with the aid of
four 3-mL portions of dimethylformamide, to a suitable glass-stoppered graduated cylinder,
dilute with dimethylformamide to 15.0 mL, mix, and centrifuge if necessary.
Acceptance criteria: The optical rotation of the solution so obtained in a 100-mm tube
after correcting for the blank is between +0.24 and +0.35 (distinction from
chlorpheniramine maleate).
ASSAY
• Procedure
Diluent: Dilute hydrochloric acid (1 in 120)
Standard stock solution: 0.4 mg/mL of USP Dexchlorpheniramine Maleate RS in water
Standard solution: 40 µg/mL of USP Dexchlorpheniramine Maleate RS, prepared as follows.
Transfer 10.0 mL of the Standard stock solution to a separator, adjust with 1 N sodium
hydroxide to a pH of 11, and cool. Extract with two 50-mL portions of solvent hexane,
shaking each portion for 2 min before separating the phases, and combining the hexane
extracts in a second separator. Extract the hexane solution with two 40-mL portions of
Diluent, combine the Diluent extracts in a 100-mL volumetric flask, and add Diluent to
volume. Filter the solution into a glass-stoppered conical flask, discarding the first few mL
of the filtrate.
Sample solution: Nominally 40 µg/mL of dexchlorpheniramine maleate, prepared as follows.
Transfer an equivalent to 8 mg of dexchlorpheniramine maleate, from NLT 20 finely
powdered Tablets, to a 250-mL separator. Mix with 50 mL of water for 10 min, adjust with

PF 40(1): Jan.-Feb. 2014

374

sodium hydroxide solution (1 in 10) to a pH of 11, and cool to room temperature. Extract
the mixture with two 75-mL portions of solvent hexane, and combine the extracts in a
second separator. Extract the solvent hexane solution with three 50-mL portions of
Diluent, combining the Diluent extracts in a 200-mL volumetric flask. Add Diluent to
volume.
Instrumental conditions
Analytical wavelength: Maximum absorbance at about 264 nm
Cell: 1 cm
Blank: Diluent
Analysis
Samples: Standard solution and Sample solution
Concomitantly determine the absorbance of the Standard solution and Sample solution.
Calculate the percentage of the labeled amount of dexchlorpheniramine maleate
(C16 H19 ClN2 ·C4 H4 O4 ) in the portion of Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Dexchlorpheniramine Maleate RS in the Standard solution (µg/mL)
C=
U nominal concentration of dexchlorpheniramine maleate in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: Water; 500 mL
Apparatus 2: 50 rpm
Time: 45 min
Solution A: Sodium hydroxide solution (1 in 2)
Internal standard solution: 90 µg/mL of dexbrompheniramine maleate in water
Standard stock solution: 12.5 µg/mL of USP Dexchlorpheniramine Maleate RS in water
Standard solution: Pipet 5 mL of the Standard stock solution into a 50-mL centrifuge
tube, and add 10.0 mL water and 1.0 mL Internal standard solution. Adjust with Solution A
to a pH of 11 ± 0.1, and add 3.0 mL of chromatographic solvent hexane
chromatographic hexane. USP38
Insert the stopper in the tube, shake by mechanical means for 3 min, centrifuge, and use
the clear supernatant hexane layer.
Sample solution: Pipet 15 mL of a portion of the solution under test into a 50-mL
centrifuge tube, and add 1.0 mL of Internal standard solution. Adjust with Solution A to a
pH of 11 ± 0.1, and add 3.0 mL of chromatographic solvent hexane
chromatographic hexane. USP38
Insert the stopper in the tube, shake by mechanical means for 3 min, centrifuge, and use
the clear supernatant hexane layer.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 2-mm × 1.8-m; contains a packing consisting of 1.2% phase G16 and 0.5%
potassium hydroxide on support S1AB
Temperatures
Column: 205
Injector: 250
Detector: 250
Flow rate: 60 mL/min
Carrier gas: Helium
Injection volume: 2 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for dexchlorpheniramine and dexbrompheniramine are
about 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.9 between dexchlorpheniramine and dexbrompheniramine
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity of dexchlorpheniramine maleate (C16 H19 ClN2 ·C4 H4 O4 ) dissolved by
comparing the peak response ratios.
Tolerances: NLT 75% (Q) of the labeled amount of dexchlorpheniramine maleate
(C16 H19 ClN2 ·C4 H4 O4 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. USP38
• USP Reference Standards 11
USP Dexchlorpheniramine Maleate RS
BRIEFING
Dipivefrin Hydrochloride, USP 36 page 3280. As part of USP monograph modernization efforts,
it is proposed to make the following changes:
1.
In the Assay procedure, it is proposed to delete Column efficiency. Tailing factor and
Relative standard deviation are sufficient for System suitability requirements. The
Relative standard deviation is revised to be consistent with general chapter
Chromatography 621 repeatability requirements, and the HPLC column size is
updated.
2.
The test for Limits of Epinephrine and Related Compound B is based on the current
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monograph for Dipivefrin Hydrochloride in the European Pharmacopoeia. The liquid
chromatographic procedure in the test for Limits of Epinephrine and Related
Compound B is based on analyses performed with the XTerra RP 18 brand of L1
column. The typical retention times for epinephrine and related compound B are
about 2.2 and 3.2 min, respectively.
3.
The test for Organic Impurities is based on the current monograph for Dipivefrin
Hydrochloride in the European Pharmacopoeia. The liquid chromatographic procedure
in the test for Organic Impurities is based on analyses performed with the XTerra RP
18 brand of L1 column. The typical retention time for dipivefrin is about 7 min.
4.
It is proposed to delete the test for Melting Range or Temperature as the selective
HPLC tests for Limits of Epinephrine and Related Compound B and Organic Impurities
are sufficient to monitor impurities.
5.
A new use for the existing USP Epinephrine Bitartrate RS and two new reference
standards, USP Dipivefrin Related Compound B RS and USP Dipivefrin Related
Compound E RS, are added in the USP Reference Standards section to support the
proposed revision for Limits of Epinephrine and Related Compound B and Organic
Impurities.
Additionally, minor editorial changes have been made to update the monograph to
current USP style.
(SM3: R. Prasad , F. Mao.)
Correspondence Number—C116663

Comment deadline: March 31, 2014
Dipivefrin Hydrochloride

C19 H29 NO5 ·HCl

387.90

Propanoic acid, 2,2-dimethyl-, 4-[1-hydroxy-2-(methylamino)ethyl]-1,2-phenylene ester,
hydrochloride, (±)-;
(±)-3,4-Dihydroxy- -[(methylamino)methyl]benzyl alcohol 3,4-dipivalate hydrochloride
[64019-93-8].
DEFINITION
Dipivefrin Hydrochloride contains NLT 98.5% and NMT 101.5% of dipivefrin hydrochloride
(C19 H29 NO5 ·HCl), calculated on the dried basis.
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IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride 191
Sample solution: 10 mg/mL of Dipivefrin Hydrochloride
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, 0.014 M sodium dodecyl sulfate, and glacial acetic acid
(24:15:1)
Standard solution: 5 mg/mL of USP Dipivefrin Hydrochloride RS in 0.0015 N hydrochloric
acid
Sample solution: 5 mg/mL of Dipivefrin Hydrochloride in 0.0015 N hydrochloric acid
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm
4.6-mm × 25-cm; USP38
packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 500 theoretical plates
USP38

Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
0.6% USP38
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dipivefrin hydrochloride (C19 H29 NO5 ·HCl) in the portion of
Dipivefrin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Dipivefrin Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Dipivefrin Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.5%–101.5% on the dried basis
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IMPURITIES
• Residue on Ignition 281 : NMT 0.3%
• Heavy Metals, Method I

231 : NMT 15 ppm

• Iron 241
Standard iron solution: Use the Standard Iron Solution prepared as directed in the
chapter.
Hydroxylamine solution: 100 mg/mL of hydroxylamine hydrochloride in water
Triazine solution: 1.25 mg/mL of 2,4,6-tri-(2-pyridyl)-S-triazine in methanol
Standard solution: Into a 50-mL color–comparison tube pipet 1 mL of Standard iron
solution, add 42.0 mL of water, and mix.
Sample solution: Into a 50-mL color–comparison tube add 2.0 g of Dipivefrin
Hydrochloride, 43.0 mL of water, and mix.
Analysis: To each of the tubes containing the Standard solution and the Sample solution
add 5.0 mL of Hydroxylamine solution and 2.0 mL of Triazine solution, and mix.
Acceptance criteria: NMT 5 ppm; the color of the solution from the Sample solution is not
darker than that of the solution from the Standard solution.
Add the following:
• Limits of Epinephrine and Dipivefrin Related Compound B
Protect the Standard solution and the Sample solution from light.
Solution A: 0.1% (v/v) Anhydrous formic acid
Solution B: Acetonitrile and methanol (60:40)
Mobile phase: See Table 1. Return to the original conditions and re-equilibrate the system.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
3
100
0
5
40
60
10
40
60
Diluent: 0.01 M hydrochloric acid
Standard solution: 0.02 mg/mL of USP Epinephrine Bitartrate RS and 0.01 mg/mL of USP
Dipivefrin Related Compound B RS in Diluent
Sample solution 10.0 mg/mL of Dipivefrin Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6 mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between epinephrine and dipivefrin related compound B
Relative standard deviation: NMT 5%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of epinephrine in the portion of Dipivefrin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of epinephrine from the Sample solution
rS= peak response of epinephrine from the Standard solution
CS= concentration of USP Epinephrine Bitartrate RS in the Standard solution (mg/mL)
CU= concentration of Dipivefrin Hydrochloride in the Sample solution (mg/mL)
Mr1
= molecular weight of epinephrine, 183.20
Mr2
= molecular weight of epinephrine bitartrate, 333.29
Calculate the percentage of dipivefrin related compound B as a free base in the portion
of Dipivefrin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of dipivefrin related compound B from the Sample solution
rS= peak response of dipivefrin related compound B from the Standard solution
CS= concentration of USP Dipivefrin Related Compound B RS in the Standard solution
(mg/mL)
CU= concentration of Dipivefrin Hydrochloride in the Sample solution (mg/mL)
Mr1
= molecular weight of dipivefrin related compound B as a free base, 181.19
Mr2
= molecular weight of dipivefrin related compound B, 217.65
Acceptance criteria: See Table 2.
Table 2

Name
Epinephrinea
Dipivefrin related compound Bb (free base)

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
1.0
1.4

0.1
0.1

a 4-1[-Hydroxy-2-(methylamino)ethyl]benzene-1,2-diol.
b 3',4'-Dihydroxy-2-(methylamino)acetophenone.
USP38

Add the following:
• Organic Impurities
Solution A: Acetonitrile and methanol (60:40)
Solution B: 2.7 g/L of ammonium hydroxide, adjusted with 2 M acetic acid to a pH of 10.0
Mobile phase: Solution A and Solution B (55:45)
Diluent: Solution A and 0.01 M hydrochloric acid (55:45)
System suitability solution: 10 mg/mL of USP Dipivefrin hydrochloride RS and 10 µg/mL of
USP Dipivefrin Related Compound E RS in Diluent
Standard solution: 10 µg/mL of USP Dipivefrin Hydrochloride RS in Diluent
Sample solution: 10 mg/mL of Dipivefrin Hydrochloride in Diluent
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6 mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: 2.5 times the retention time of dipivefrin
System suitability
Sample: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.0 between dipivefrin and dipivefrin related compound E, System
suitability solution
Relative standard deviation: NMT 5% for the dipivefrin related compound E peak,
System suitability solution; NMT 5% for the dipivefrin peak, Standard solution
Analysis
Samples: System suitability solution, Standard solution, and Sample solution
Calculate the percentage of dipivefrin related compound E in the portion of Dipivefrin
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of dipivefrin related compound E from the Sample solution
rS= peak response of dipivefrin related compound E from the System suitability solution
C=
S concentration of USP Dipivefrin Related Compound E RS in the System suitability
solution (mg/mL)
C=
U concentration of Dipivefrin Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Dipivefrin
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of dipivefrin from the Standard solution
C=
S concentration of USP Dipivefrin Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Dipivefrin Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 3)
Acceptance criteria: See Table 3. Disregard any impurity peak less than 0.05%.

Name
5-Pivaloyl racepinephrinea and 4-Pivaloyl
racepinephrineb
Dipivefrin
Dipivefrin related compound Ed
N-Ethyl dipivefrine

Table 3
Relative
Retention
Time
0.4c
1.0
1.3
2.0

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
2.0
—
—
1.0

0.3
—
0.1
0.1
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Unspecified impurity
—
1.0
Total impurities
—
—
a 2-Hydroxy-5-[1-hydroxy-2-(methylamino)ethyl]phenyl pivalate.
b 2-Hydroxy-4-[1-hydroxy-2-(methylamino)ethyl]phenyl pivalate.
c 5-Pivaloyl racepinephrine and 4-Pivaloyl racepinephrine coelutes.
d 4-[(Methylamino)acetyl]-1,2-phenylene dipivalate.
e 4-{2-[Ethyl(methyl)amino]-1-hydroxyethyl}-1,2-phenylene dipivalate

0.10
0.5

USP38

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 155 –165 , but the range between beginning and

end of melting does not exceed 2 .

USP38

• Loss on Drying 731
Analysis: Dry in a suitable vacuum drying tube over phosphorus pentoxide at 60 for 6 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Dipivefrin Hydrochloride RS
USP Epinephrine Bitartrate RS
C9 H13 NO3 ·C4 H6 O6
333.29
USP Dipivefrin Related Compound B RS
3',4'-Dihydroxy-2-(methylamino)acetophenone hydrochloride.
C9 H11 NO3 ·HCl
217.65
USP Dipivefrin Related Compound E RS
4-[2-(Methylamino)acetyl]-1,2-phenylene dipivalate.
C19 H27 NO5
349.42 USP38
BRIEFING
Dipivefrin Hydrochloride Ophthalmic Solution, USP 36 page 3281. As part of USP monograph
modernization efforts, it is proposed to make the following changes:
1.
In the Assay, delete Column efficiency. Tailing factor and Relative standard deviation
are sufficient for system suitability requirements. The HPLC column size is updated.
2.
The test for Organic Impurities is based on the current monograph for Dipivefrin Eye
Drops in the British Pharmacopoeia. The liquid chromatography procedure in the test
for Organic Impurities is based on analyses performed with the µBondapak C18 brand
of L1 column. The typical retention times for dipivefrin and dipivefrin related
compound E are 4.7 and 5.5 min, respectively.
3.
USP Dipivefrin Related Compound E RS is added to the USP Reference Standards section
to support the proposed revision in the test for Organic Impurities.

PF 40(1): Jan.-Feb. 2014

382

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: R. Prasad , F. Mao.)
Correspondence Number—C116664

Comment deadline: March 31, 2014
Dipivefrin Hydrochloride Ophthalmic Solution
DEFINITION
Dipivefrin Hydrochloride Ophthalmic Solution is a sterile, aqueous solution of Dipivefrin
Hydrochloride. It contains NLT 90.0% and NMT 115.0% of the labeled amount of dipivefrin
hydrochloride (C19 H29 NO5 ·HCl). It contains a suitable antimicrobial agent and may contain
stabilizers, suitable buffers, and chelating agents.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, 0.014 M sodium dodecyl sulfate, and glacial acetic acid
(24:15:1)
Standard solution: 1 mg/mL of USP Dipivefrin Hydrochloride RS in 0.0015 N hydrochloric
acid
Sample solution: Transfer a volume of Ophthalmic Solution, nominally equivalent to 25 mg
of dipivefrin hydrochloride, into a 25-mL volumetric flask, and dilute with 0.0015 N
hydrochloric acid to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm;
4.6-mm × 25-cm; USP38
packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 500 theoretical plates
USP38

Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of dipivefrin hydrochloride
(C19 H29 NO5 ·HCl) in the portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Dipivefrin Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of dipivefrin hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–115.0%
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase: Acetonitrile, 0.014 M sodium dodecyl sulfate, and glacial acetic acid
(24:15:1)
Diluent: 1.5 mM hydrochloric acid
System suitability solution: 1 mg/mL of USP Dipivefrin Hydrochloride RS and 0.01 mg/mL
of USP Dipivefrin Related Compound E RS in Diluent
Standard solution: 0.004 mg/mL of USP Dipivefrin Hydrochloride RS and 0.01 mg/mL of USP
Dipivefrin Related Compound E RS in Diluent
Sample solution: Nominally equivalent to 1 mg/mL of dipivefrin hydrochloride, from
Ophthalmic Solution, diluted with Diluent if needed
Chromatographic system
(See Chromatography 621 , System Suitability).
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between dipivefrin and dipivefrin related compound E, System
suitability solution
Relative standard deviation: NMT 10%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dipivefrin related compound E in the portion of Ophthalmic
Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of dipivefrin related compound E from the Sample solution
rS= peak response of dipivefrin related compound E from the Standard solution
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C=
S concentration of USP Dipivefrin Related Compound E RS in the Standard solution
(mg/mL)
C=
U nominal concentration of dipivefrin hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of unspecified impurity in the portion of Ophthalmic Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the unspecified impurity from the Sample solution
rS= peak response of dipivefrin from the Standard solution
C=
S concentration of USP Dipivefrin Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of dipivefrin hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Dipivefrin related compound Ea
1.2
1.0
Dipivefrin
1.0
—
Unspecified impurity
—
0.4
a 4-[(Methylamino)acetyl]-1,2-phenylene dipivalate.
USP38

SPECIFIC TESTS
• Sterility Tests
• pH

71 : Meets the requirements

791 : 2.5–3.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Dipivefrin Hydrochloride RS
USP Dipivefrin Related Compound E RS
4-[2-(Methylamino)acetyl]-1,2-phenylene dipivalate.
C19 H27 NO5
349.42 USP38
BRIEFING
Dyphylline and Guaifenesin Oral Solution, USP 36 page 3362. As part of the USP monograph
modernization effort, the following changes are proposed:
1.
Replace the current test for Alcohol content, which used a packed GC column, with
general chapter Alcohol Determination 611 , Method IIb.
2.
Replace the wet chemistry-based Identification tests A and B with the UV spectra
match of the main peaks in the Assay.
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3.
Add two Reference Standards in the USP Reference Standards section to be used in the
test for Alcohol Determination.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R.-H. Yeh.)
Correspondence Number—C101963

Comment deadline: March 31, 2014
Dyphylline and Guaifenesin Oral Solution
DEFINITION
Dyphylline and Guaifenesin Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled
amounts of dyphylline (C10 H14 N4 O4 ) and guaifenesin (C10 H14 O4 ).
IDENTIFICATION
Delete the following:
•
A.
Sample: Nominally 100 mg of dyphylline from Oral Solution
Analysis: Add water to the Sample to make 20 mL, mix, and add 2.0 mL of 2 N sodium
hydroxide and 2 drops of potassium permanganate TS.
Acceptance criteria: A green color is produced. USP38
Add the following:
• A. The UV spectra of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay. USP38
Delete the following:
•
B. Procedure
Sample: A volume of Oral Solution, equivalent to 100 mg of guaifenesin
Analysis: Transfer the Sample to a 60-mL separator, add 10 mL of chloroform, shake for 30
s, and allow the layers to separate. Decant the lower (chloroform) layer through
chloroform-washed cotton into a small beaker. Evaporate 1 mL of the extract, on a watch
glass, on a steam bath to dryness. To the residue add 1 drop of formaldehyde TS and a
few drops of sulfuric acid.
Acceptance criteria: A deep cherry-red to purple color is produced. USP38
Change to read:
• C.
B. USP38
The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
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• Procedure
Buffer: 0.01 M monobasic potassium phosphate
Mobile phase: Methanol and Buffer (21:79)
System suitability solution: 0.1 mg/mL each of USP Guaifenesin RS and USP Dyphylline RS
and 0.01 mg/mL of guaiacol in Mobile phase
Standard solution: 0.1 mg/mL of USP Guaifenesin RS and 0.1J mg/mL of USP Dyphylline RS
in Mobile phase, J being the ratio of the labeled amount of dyphylline to that of
guaifenesin
Sample solution: Nominally 0.1 mg/mL of guaifenesin, prepared as follows. Transfer 100
mg of guaifenesin from a volume of Oral Solution to a 100-mL volumetric flask, and dilute
with Mobile phase to volume. Transfer 5.0 mL of this solution to a 50-mL volumetric flask,
and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
or diode array. [Note—Use the diode array detector to perform Identification test A.]
USP38

Columns
Guard: Packing L1
Analytical: 4.6-mm × 15-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for dyphylline, guaiacol, and guaifenesin are about
0.25, 0.7, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.8 between the guaiacol and guaifenesin peaks; NLT 9.0 between the
guaiacol and dyphylline peaks, System suitability solution
Relative standard deviation: NMT 2.0% for both dyphylline and guaifenesin, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of the labeled amounts of dyphylline (C10 H14 N4 O4 ) and
guaifenesin (C10 H14 O4 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of dyphylline or guaifenesin from the Sample solution
rS= peak response of dyphylline or guaifenesin from the Standard solution
C=
S concentration of USP Dyphylline RS or USP Guaifenesin RS in the Standard solution
(mg/mL)
C=
U nominal concentration of dyphylline or guaifenesin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amount of dyphylline (C10 H14 N4 O4 )
and 90.0%–110.0% of the labeled amount of guaifenesin (C10 H14 O4 )
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OTHER COMPONENTS
Change to read:
• Alcohol Determination
Method IIb 611 : USP38
Standard solution: Pipet 5 mL of dehydrated alcohol and 5 mL of acetone into a 200-mL
volumetric flask containing 50 mL of water, and add water to volume. Pipet 10 mL of this
solution into a 200-mL volumetric flask, and add water to volume.
Sample solution: Transfer a measured volume of Oral Solution, equivalent to 5 mL of
alcohol, to a 200-mL volumetric flask containing 30 mL of water. Pipet 5 mL of acetone
into the flask, and add water to volume. Pipet 10 mL of this solution into a 200-mL
volumetric flask, and add water to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 4-mm × 75-cm; packed with 20% phase G20 on support S1AB
Temperature
Column: 85
Injector: 175
Detector block: 225
Carrier gas: Nitrogen
Flow rate: 18 mL/min
Injection volume: 4 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0
Tailing factor: NMT 1.5 for alcohol peak
Relative standard deviation: NMT 2.0% in the ratio of the peak of alcohol to the
peak of acetone
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of alcohol (C2 H5 OH) in the sample taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of alcohol to that of acetone from the Sample solution
R=
S peak response ratio of alcohol to that of acetone from the Standard solution
C=
S concentration of dehydrated alcohol in the Standard solution (mg/mL)
C=
U nominal concentration of alcohol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amount.
90.0%–110.0% of the labeled amount of alcohol (C2 H5 OH) USP38
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SPECIFIC TESTS
• pH

791 : 5.0–7.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Alcohol Determination—Acetonitrile RS
USP Alcohol Determination—Alcohol RS USP38
USP Dyphylline RS
USP Guaifenesin RS
BRIEFING
Epitetracycline Hydrochloride, USP 36 page 3424. It is proposed to modernize the monograph
with the following changes:
1.
Replace the multi-extractions Assay that uses hazardous solvents with a stabilityindicating high performance liquid chromatographic (HPLC) procedure. The proposed
procedure uses the Acclaim Polar Advantage II brand of L60 column manufactured by
Thermo Scientific, in which epitetracycline elutes at about 3 min.
2.
Delete the wet chemistry-based 4-Epianhydrotetracycline test, and replace it with a
more specific HPLC procedure. The procedure uses the same chromatographic
conditions as those proposed in the Assay.
3.
Add Identification test A by FT-IR and Identification test B based on the retention time
agreement proposed in the Assay.
4.
Add USP Reference Standards for impurities to ensure adequate impurity separation and
system performance for the HPLC procedures.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: D. Min.)
Correspondence Number—C131250

Comment deadline: March 31, 2014
Epitetracycline Hydrochloride

C22 H24 N2 O8 ·HCl

480.90
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2-Naphthacenecarboxamide, 4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,6,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-, monohydrochloride, [4R-(4 ,4a ,5a ,6
,12a )]-;
(4R,4aS,5aS,6S,12aS) 4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12apentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide monohydrochloride
[2331380-6].
DEFINITION
Epitetracycline Hydrochloride contains NLT 70.0% of epitetracycline hydrochloride
(C22 H24 N2 O8 ·HCl).
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197K

USP38

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
ASSAY
Change to read:
• Procedure
Solution A: 74.4 g of edetate disodium in 1800 mL of water. Adjust with ammonium
hydroxide to a pH of 7.0, and dilute with water to 2000 mL.
Solution B: Glycerine and polyethylene glycol 400 (4:1)
Solution C: Methanol and ammonium hydroxide (19:1). Prepared on the day of use.
Solution D: Ethyl acetate and methanol (1:1).
Solution E: Butyl alcohol and chloroform (1:1).
Stationary phase: Solution A and Solution B ( 95:5).
Column support: Suspend 300 g of chromatographic siliceous earth in 2000 mL of 6 N
hydrochloric acid in a suitable vessel, and mix for about 15 min. Filter, and wash the
siliceous earth with water until the last washing is neutral to moistened litmus paper.
Suspend the washed siliceous earth in 2000 mL of Solution D, and mix for about 15 min.
Filter, and dry the siliceous earth in vacuum at 60 for about 16 h. Weigh, add 0.5 mL of
Stationary phase for each g of dried siliceous earth, and shake until the column packing
is uniformly moist. Store in a tight container.
Chromatographic column: Prepare as directed under Chromatography 621 , Column
Chromatograpy, using a 10- × 300-mm chromatographic tube equipped with a solvent
reservoir on the top and a stopcock on the bottom and packed with 8 ± 0.1 g of Column
support.
Standard solution: Transfer 22 mg of USP Tetracycline Hydrochloride RS to a 25-mL
volumetric flask. Add 1 mL of methanol, and swirl to dissolve. Dilute with Stationary
phase to volume. Transfer 2.0 mL of this solution to a 10-mL volumetric flask, dilute with
Stationary phase to volume. Pipet 2.0 mL of the resulting solution into the
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Chromatographic column, and allow it to permeate the Column support. Add 20 mL of
benzene to the solvent reservoir, and collect the eluate at the rate of about 1 mL/min,
using a 50-mL graduated cylinder as a receiver. When the benzene level reaches the top
of Column support, add 60 mL of chloroform to the solvent reservoir, and continue
collecting the eluate until 30 mL has been collected. Discard this eluate, and continue
collecting the eluate in a low-actinic, 50-mL volumetric flask. When the chloroform level
reaches the top of the Column support, add 10 mL of Solution E to the solvent reservoir,
and replace the low-actinic, 50-mL volumetric flask with a 10-mL graduated cylinder.
Collect 8 mL of the eluate, close the column stopcock, and transfer the eluate to the
low-actinic, 50-mL volumetric flask. Rinse the graduated cylinder with 2 mL of chloroform,
and add the rinsing to the volumetric flask. The eluate in the 50-mL volumetric flask is
the Standard solution.
Sample solution: Transfer 22 mg of Epitetracycline Hydrochloride to a 25-mL volumetric
flask. Add 1 mL of methanol, and swirl to dissolve. Dilute with Stationary phase to
volume. Transfer 2.0 mL of this solution to a 10-mL volumetric flask, dilute with
Stationary phase to volume. Pipet 2.0 mL of this solution into the Chromatographic
column, and allow it to penetrate the Column support. Add 20 mL of benzene to the
solvent reservoir, and collect the eluate at the rate of about 1 mL/min. When the
benzene level reaches the top of the Column support, add 60 mL of chloroform to the
solvent reservoir, and continue collecting eluate. When the chloroform level reaches the
top of the Column support, discard the collected eluate, add 50 mL of Solution E, and
collect 8 mL of eluate in a 10-mL graduated cylinder. Replace the 10-mL graduated
cylinder with a low-actinic 50-mL volumetric flask, and continue collecting eluate until
the column runs dry. The eluate in the 50-mL volumetric flask is the Sample solution.
Instrumental conditions
Mode: UV
Analytical wavelength: 366 nm
Blank: Chloroform
Analysis
Samples: Standard solution, and Sample solution
Add 2.0 mL of Solution C to the Standard solution and the Sample solution, and dilute
each with chloroform to volume. Concomitantly, within 10 min of preparation, determine
the absorbances of these solutions.
Calculate the percentage of epitetracycline hydrochloride and tetracycline hydrochloride
( C22 H24 N2 O8 ·HCl) in the portion of Epitetracycline Hydrochloride taken:
Result = (AU /AS) × (CS/CU ) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Tetracycline Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Epitetracycline Hydrochloride in the Sample solution (mg/mL)
Solution A:
0.1% phosphoric acid prepared by diluting 1 mL of phosphoric acid with water to 1 L
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
85
15
7.5
60
40
7.6
85
15
10
85
15
System suitability solution: 0.025 mg/mL each of USP Epitetracycline Hydrochloride RS,
USP Tetracycline Hydrochloride RS, USP 4-Epianhydrotetracycline Hydrochloride RS, and
USP Anhydrotetracycline Hydrochloride RS in Solution A
Standard solution: 0.1 mg/mL of USP Epitetracycline Hydrochloride RS in Solution A.
Sonication may be needed to aid dissolution.
Sample solution: 0.1 mg/mL of Epitetracycline Hydrochloride in Solution A. Sonication
may be needed to aid dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 3-µm packing L60
Temperatures
Column: 50
Autosampler: 4
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for epitetracycline, tetracycycline, 4epianhydrotetracycline, and anhydrotetracycline are 1.0, 1.2, 2.1, and 2.3, respectively.]
Suitability requirements
Resolution: NLT 2.5 between epitetracycline and tetracycycline and NLT 2.5 between
4-epianhydrotetracycline and anhydrotetracycline, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of epitetracycline hydrochloride (C22 H24 N2 O8 ·HCl) in the portion
of Epitetracycline Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Epitetracycline Hydrochloride RS in the Standard solution
(mg/mL)
CU= concentration of Epitetracycline Hydrochloride in the Sample solution (mg/mL) USP38
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Acceptance criteria: NLT 70.0%
IMPURITIES
Add the following:
• Limit of 4-Epianhydrotetracycline
Solution A, Mobile phase, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.002 mg/mL of USP 4-Epianhydrotetracycline Hydrochloride RS in
Solution A
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.5 between epitetracycline and tetracycycline and NLT 2.5 between
4-epianhydrotetracycline and anhydrotetracycline, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 4-epianhydrotetracycline hydrochloride in the portion of
Epitetracycline Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of 4-epianhydrotetracycline from the Sample solution
rS= peak response of 4-epianhydrotetracycline from the Standard solution
C=
S concentration of USP 4-Epianhydrotetracycline Hydrochloride RS in the Standard
solution (mg/mL)
C=
U concentration of Epitetracycline Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: NMT 2.0%

USP38

SPECIFIC TESTS
• pH 791
Sample solution: 10 mg/mL in water
Acceptance criteria: 2.3–4.0
• Loss on Drying 731
Sample: 100 mg
Analysis: Dry the Sample in a capillary-stoppered bottle under vacuum at a pressure not
exceeding 5 mm of mercury at 60 for 3 h.
Acceptance criteria: NMT 6.0%
Delete the following:
• 4-Epianhydrotetracycline 226
Sample solution: 250 mg in 10 mL of 0.1 N hydrochloric acid. Adjust with 6 N ammonium
hydroxide to a pH of 7.8.
Analysis: Transfer this solution with the aid of EDTA Buffer to a 50-mL volumetric flask,
dilute with EDTA Buffer to volume. Use this solution without delay.
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USP38

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Anhydrotetracycline Hydrochloride RS
(4S,4aS,12aS)-4-(Dimethylamino)-3,10,11,12a-tetrahydroxy-6-methyl-1,12-dioxo1,4,4a,5,12,12a-hexahydrotetracene-2-carboxamide.
C22 H22 N2 O7
426.42
USP 4-Epianhydrotetracycline Hydrochloride RS
(4R,4aS,12aS)-4-(Dimethylamino)-3,10,11,12a-tetrahydroxy-6-methyl-1,12-dioxo1,4,4a,5,12,12a-hexahydrotetracene-2-carboxamide.
C22 H22 N2 O7
426.42
USP Epitetracycline Hydrochloride RS USP38
USP Tetracycline Hydrochloride RS
BRIEFING
Ergotamine Tartrate and Caffeine Tablets, USP 36 page 3442. As part of USP modernization
efforts, the following revisions are proposed:
1.
Add a Note indicating that the samples, Reference Standards, and solutions containing
them are to be protected from light in all procedures.
2.
Replace visual Identification tests A and B with an Identification test based on the
retention time agreement used in the Assay.
3.
Replace the Assay and spectrometric procedure in the Dissolution test with an HPLC
procedure. The proposed procedures are based on analyses conducted with the
Zorbax C8 brand of L7 column. The typical retention times of caffeine and
ergotamine are about 4.2 and 14 min, respectively. A 4.6-mm × 15-cm Alltech
Spherisorb C8 column with a 3-µm particle size is also suitable.
4.
Add an impurities procedure for ergotamine-related degradation products. The Limit of
Ergotaminine and Other Ergotamine-Related Impurities test is based on analyses
conducted with the Waters Symmetry Shield RP 18 brand of L1 column. The typical
retention time of ergotamine is about 8 min.
5.
Add an impurities procedure for caffeine-related degradation products. The Limit of
Theophylline and Other Caffeine-Related Impurities test is based on analyses
conducted with the Atlantis Silica brand of L3 column. The typical retention time of
caffeine is about 5 min.
6.
Add a storage requirement that is consistent with FDA-approved drug products.
7.
Add USP Theophylline RS to support the proposed Limit of Theophylline and Other
Caffeine-Related Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: H. Joyce.)
Correspondence Number—C133429
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Comment deadline: March 31, 2014
Ergotamine Tartrate and Caffeine Tablets
DEFINITION
Change to read:
Ergotamine Tartrate and Caffeine Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amounts of ergotamine tartrate [(C33 H35 N5 O5 )2 ·C4 H6 O6 ] and of caffeine (C8 H10 N4 O2 ).
[Note—Throughout the following procedures, protect samples, the Reference Standards, and
solutions containing them by conducting the procedures without delay, under subdued light, or
using low-actinic glassware.] USP38
IDENTIFICATION
Change to read:
• A.
Solution A: 10 mg/mL of tartaric acid in water
Sample: Crush 1 Tablet, shake with 10 mL of chloroform and 3 drops of ammonium
hydroxide, and filter. Divide the filtrate into two parts in small evaporating dishes, and
evaporate on a steam bath to dryness. Use the residue from one evaporating dish.
Reserve the residue in the second evaporating dish for Identification test B.
Analysis: Combine the Sample with 5 mL of Solution A, and add 10 mL of pdimethylaminobenzaldehyde TS.
Acceptance criteria: A blue color develops (presence of ergotamine).
The retention times of the ergotamine and caffeine peaks of the Sample solution correspond
to those of the Standard solution, as obtained in the Assay. USP38
Delete the following:
•
B.
Sample: Use the residue from the second evaporating dish from Identification test A.
Analysis: Add 1 mL of hydrochloric acid and 100 mg of potassium chlorate to the Sample,
and evaporate on a steam bath to dryness. Invert the dish over a vessel containing
ammonium hydroxide.
Acceptance criteria: The residue acquires a purple color, which disappears upon the
addition of 1 N sodium hydroxide (presence of caffeine). USP38
ASSAY
Change to read:
• Procedure
Protect all solutions from light.
Solution A: Acetonitrile, triethylamine, and water (150:0.5:850). Adjust by the dropwise
addition of fluorometric grade sulfuric acid to a pH of 2.7 ± 0.1.
Solution B: Acetonitrile, triethylamine, and water (620:1: 1380). Adjust by the dropwise
addition of fluorometric grade sulfuric acid to a pH of 2.7 ± 0.1.
[Note—Adjust the pH with 50 mg/mL of sodium hydroxide solution or with fluorometric
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grade sulfuric acid to meet relative retention times, and make other adjustments, if
necessary.]
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
NLT 3 min and after the elution of caffeine
0
100
18
100
0
20
100
0
Diluent: Transfer 10 g of tartaric acid to a 1-L volumetric flask, add 500 mL of water, and
mix with shaking. Add 330 mL of alcohol, and dilute with water to volume, and mix. Use a
freshly prepared mixture.
Ergotamine tartrate stock solution: 40 µg/mL of USP Ergotamine Tartrate RS in Diluent
Caffeine stock solution: 4 mg/mL of USP Caffeine RS in Diluent
Ergotaminine stock solution: 20 µg/mL of USP Ergotaminine RS in Diluent
Standard solution: 4 µg/mL of ergotamine tartrate and 0.4 mg/mL of caffeine from
Ergotamine Tartrate stock solution and Caffeine stock solution, respectively, in Diluent
System suitability solution: 0.4 µg/mL of ergotaminine from Ergotaminine stock solution
in Standard solution.
Sample stock solution: Nominally 0.04 mg/mL of ergotamine tartrate from NLT 20 Tablets
prepared as follows. Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of ergotamine tartrate, to a 250-mL volumetric flask. Add 150 mL of
Diluent and 20 drops of benzalkonium chloride solution (1 in 2). Shake by mechanical
means for 45 min. Dilute with Diluent to volume. Filter through a 0.5-µm membrane,
discarding the first 20 mL of the filtrate.
[Note—2–3 mL of methanol may be added, if necessary, to break up bubbles that form
during shaking.]
Sample solution: Nominally 0.004 mg/mL of ergotamine tartrate from Sample stock
solution in Diluent
Chromatographic system
(See Chromatography

621 , System Suitability.)

Modes: LC
Detector: UV 254 nm (for caffeine), in series with a fluorometric detector (for
ergotamine tartrate), with excitation at 325 nm and detection at 435 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 20 µL; Wait NLT 2 min between injections.
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for caffeine, ergotamine, and ergotaminine are 1.0,
3.5 and 4, respectively.]
Suitability requirements
Resolution: NLT 3.0 between ergotamine and ergotaminine, System suitability solution
Tailing factor: NMT 2.0 for ergotamine, System suitability solution
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Relative standard deviation: NMT 2.0%, Standard solution
Buffer: Triethylamine, sulfuric acid, and water (4: 0.5: 2000) adjusted with sulfuric acid
or 1 N sodium hydroxide to a pH of 3.0.
Solution A: Acetonitrile and Buffer (15:85)
Solution B: Acetonitrile and Buffer (42:58)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
12
0
100
17
0
100
17.5
100
0
25
100
0
Diluent: 10 g/L of tartaric acid in water. Use d- or l-tartaric acid. Do not use a racemic
mixture. Use a freshly prepared solution.
Ergotamine tartrate stock solution: 0.2 mg/mL of USP Ergotamine Tartrate RS in
Diluent prepared as follows. Transfer a suitable quantity of USP Ergotamine Tartrate RS
to an appropriate volumetric flask, and add 66% of the flask volume of Diluent.
Sonicate for 5 min, and allow the solution to equilibrate to room temperature. Dilute
with Diluent to volume.
Standard stock solution: 0.01 mg/mL of USP Ergotamine Tartrate RS and 1 mg/mL of
USP Caffeine RS in Diluent prepared as follows. Transfer a suitable quantity of USP
Caffeine RS to an appropriate volumetric flask, and add 66% of the flask volume of
Diluent. Sonicate for 5 min, and allow the solution to equilibrate to room temperature.
Add a suitable volume of Ergotamine tartrate stock solution, and dilute with Diluent to
volume.
Standard solution: 0.001 mg/mL of USP Ergotamine Tartrate RS and 0.1 mg/mL of USP
Caffeine RS from Standard stock solution in Diluent
System suitability solution: 0.001 mg/mL of USP Ergotaminine RS in Standard solution
Sample stock solution: Transfer NLT 10 Tablets to a 1-L volumetric flask. Add Diluent
to 66% of the flask volume. Shake mechanically for NLT 45 min to promote dissolution.
It may be necessary to loosen and retighten the closure multiple times during the
shaking to relieve pressure. Dilute with Diluent to volume. Use within 9 h.
Sample solution: Nominally 0.001 mg/mL of ergotamine tartrate and 0.1 mg/mL of
caffeine from Sample stock solution in Diluent. Pass through a suitable filter, and use
the filtrate within 9 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detectors: UV 254 nm (for caffeine), in series with a fluorometric detector (for
ergotamine and ergotaminine), with excitation at 250 nm and detection at 435 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 60 µL
System suitability
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Samples: Standard solution and System suitability solution
[Note—The relative retention times for caffeine, ergotamine, and ergotaminine are 1.0,
2.6, and 2.8, respectively.]
Suitability requirements
Resolution: NLT 1.5 for ergotamine and ergotaminine, System suitability solution
Tailing factor: NMT 2.0 for ergotamine, Standard solution
Relative standard deviation: NMT 2.0% each for caffeine and ergotamine,
Standard solution
USP38

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of caffeine (C8 H10 N4 O2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of caffeine at 254 nm from the Sample solution
rS= peak response of caffeine at 254 nm from the Standard solution
C=
S concentration of USP Caffeine RS in the Standard solution (mg/mL)
C=
U nominal concentration of caffeine in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of ergotamine tartrate
[(C33 H35 N5 O5 )2 ·C4 H6 O6 ] in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ergotamine at 435 nm from the Sample solution
rS= peak response of ergotamine at 435 nm from the Standard solution
C=
S concentration of USP Ergotamine Tartrate RS in the Standard solution (mg/mL)
C=
U nominal concentration of ergotamine tartrate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% each of the labeled amounts of caffeine and ergotamine
tartrate
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: 10 g/L of tartaric acid in water.
Use d- or l-tartaric acid. Do not use a racemic mixture. USP38
Use a freshly prepared solution; 900 mL.
Apparatus 2: 75 rpm
Time: 30 min
Standard solution: 1 µg/mL of ergotamine tartrate from USP Ergotamine Tartrate RS and
100 µg/mL of caffeine from USP Caffeine RS, in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter and
dilute with Medium to a concentration similar to that of the Standard solution.
Instrumental conditions for Caffeine
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Mode: UV
Analytical wavelength: maximum absorbance at about 273 nm
Instrumental conditions for Ergotamine Tartrate
Mode: Fluorometry
Analytical wavelengths
Excitation: 327 nm
Emission: 427 nm
Analysis
Samples Standard solution and Sample solution
Determine the percentages of the labeled amounts of caffeine (C8 H10 N4 O2 ) and
ergotamine tartrate(C33 H35 N5 O5 )2 ·C4 H6 O6 ) in the portion of Tablets taken.
Buffer, Solution A, Solution B, Mobile phase, Diluent, Standard solution, System
suitability solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Sample solution: Pass a portion of the solution under test through a suitable filter, and
discard the first portion of the filtrate.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of caffeine (C8 H10 N4 O2 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response of caffeine at 254 nm from the Sample solution
rS= peak response of caffeine at 254 nm from the Standard solution
C=
S concentration of USP Caffeine RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L = label claim (mg/Tablet)
Calculate the percentage of the labeled amount of ergotamine tartrate
[(C33 H35 N5 O5 )2 ·C4 H6 O6 ] dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response of ergotamine at 435 nm from the Sample solution
rS= peak response of ergotamine at 435 nm from the Standard solution
CS= concentration of USP Ergotamine Tartrate RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L = label claim (mg/Tablet)
USP38

Tolerances
Caffeine: NLT 75% (Q) of the labeled amount of caffeine (C8 H10 N4 O2 ) is dissolved.
Ergotamine tartrate: NLT 70% (Q) of the labeled amount of ergotamine tartrate
[(C33 H35 N5 O5 )2 ·C4 H6 O6 ] is dissolved.
• Uniformity of Dosage Units
IMPURITIES

905 : Meet the requirements
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Add the following:
• Limit of Ergotaminine and Other Ergotamine-Related Impurities
Buffer: 0.93 g/L of ammonium carbonate in water passed though a suitable filter. Add 6.7
mL of diethylamine per L.
Mobile phase: Acetonitrile and Buffer (50:60)
Diluent: Acetonitrile and methanol (50:50)
Standard stock solution: 0.4 mg/mL of USP Ergotamine Tartrate RS prepared as follows.
Transfer a suitable quantity of USP Ergotamine Tartrate RS to an appropriate volumetric
flask, and add 10% of the flask volume of acetonitrile. Add Diluent to 66% of the final
flask volume, and sonicate, if needed. Allow the solution to equilibrate to room
temperature, and dilute with Diluent to volume. Store refrigerated, and use within 24 h.
Standard solution: 0.004 mg/mL of USP Ergotamine Tartrate RS from Standard stock
solution in Diluent. Store refrigerated, and use within 24 h.
System suitability solution: 0.004 mg/mL of USP Ergotaminine RS in the Standard
solution. Store refrigerated, and use within 24 h.
Sensitivity solution: 0.2 µg/mL of USP Ergotamine Tartrate RS from the Standard solution
in Diluent. Store refrigerated, and use within 24 h.
Sample solution: Nominally 0.4 mg/mL of ergotamine tartrate from NLT 20 Tablets
prepared as follows. Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of ergotamine tartrate, to an appropriate container. Add 25.0 mL of
Diluent to the container, and sonicate, if needed. Allow the solution to equilibrate to room
temperature. Centrifuge a portion, pass the supernatant through a suitable filter, and
discard NLT the first 3 mL of the filtrate. Store refrigerated, and use within 1 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Autosampler temperature: 5
Flow rate: 1.3 mL/min
Injection volume: 60 µL
Run time: NLT 3.9 times the retention time of ergotamine
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 for ergotamine and ergotaminine, System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each degradation product from the Sample solution
rS= peak response of ergotamine from the Standard solution
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C=
S concentration of USP Ergotamine Tartrate RS in the Standard solution (mg/mL)
C=
U nominal concentration of ergotamine tartrate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
Ergotamine
Unidentified impurity 1
Ergotaminine
Any individual degradation product
Total degradation products

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
1.0
—
1.55
1.5
2.85
2.0
—
0.5
—
4.0

USP38

Add the following:
• Limit of Theophylline and Other Caffeine-Related Impurities
Buffer: 1.6 g/L of anhydrous sodium acetate in water adjusted with glacial acetic acid to a
pH of 4.5
Mobile phase: Acetonitrile and Buffer (95:5)
Standard stock solution: 0.2 mg/mL of USP Caffeine RS in Mobile phase prepared as
follows. Transfer a suitable quantity of USP Caffeine RS to an appropriate volumetric flask,
and add 66% of the flask volume of Mobile phase. Sonicate for NLT 10 min, and allow the
solution to equilibrate to room temperature. Dilute with Mobile phase to volume.
Standard solution: 0.002 mg/mL of USP Caffeine RS from Standard stock solution in Mobile
phase
System suitability solution: 0.002 mg/mL of USP Theophylline RS in the Standard solution
Sensitivity solution: 0.1 µg/mL of USP Caffeine RS from the Standard solution in Mobile
phase
Sample stock solution: Nominally 1 mg/mL of caffeine from NLT 10 Tablets prepared as
follows. Finely powder NLT 10 Tablets. Transfer a portion of the powder, equivalent to 250
mg of caffeine, to a 250-mL volumetric flask, and add 66% of the flask volume of Mobile
phase. Sonicate for NLT 45 min with occasional shaking, and allow the solution to
equilibrate to room temperature. Dilute with Mobile phase to volume.
Sample solution: Nominally 0.2 mg/mL of caffeine from Sample stock solution prepared as
follows. Transfer a suitable quantity of Sample stock solution to an appropriate volumetric
flask, and dilute with Mobile phase to volume. Pass through a suitable filter, and discard
the first portion of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: NLT 3 times the retention time of caffeine
System suitability
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Samples: Standard solution, System suitability solution, and Sensitivity solution
[Note—See Table 3 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between caffeine and theophylline, System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each degradation product from the Sample solution
rS= peak response of caffeine from the Standard solution
C=
S concentration of USP Caffeine RS in the Standard solution (mg/mL)
C=
U nominal concentration of caffeine in the Sample solution (mg/mL)
F= relative response factor (see Table 3)
Acceptance criteria: See Table 3. Disregard peaks less than 0.05%.
Table 3
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Caffeine
1.0
—
—
Theophylline
1.3
1.2
0.1
a
1,3,9-Trimethylxanthine
1.7
1.2
0.1
b
2.4
Formyl 1,3-dimethyl-5,6-diaminouracil
1.9
0.1
Any individual degradation product
—
1.0
0.2
Total degradation products
—
—
0.4
a 1,3,9-Trimethyl-3,9-dihydro-1H-purine-2,6-dione.
b N-(6-Amino-1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)formamide.
USP38

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Store at controlled room temperature. USP38
Change to read:
• USP Reference Standards 11
USP Caffeine RS
USP Ergotamine Tartrate RS
USP Ergotaminine RS
USP Theophylline RS

USP38
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BRIEFING
Fluorometholone, USP 36 page 3626. As part of the USP monograph modernization initiative, it
is proposed to revise the monograph as follows:
1.
Replace the current HPLC Assay and add an HPLC procedure in the test for Organic
Impurities with an HPLC procedure derived from the British Pharmacopoeia
monograph for Fluorometholone. The liquid chromatographic procedure in the Assay
and test for Organic Impurities is based on analyses performed with the µBondapak
C18 brand of L1 column. The typical retention time for fluorometholone is about 6
min. This change will simplify the monograph by using the same Chromatographic
system for both the Assay and the test for Organic Impurities.
2.
Replace Identification test B and Identification test C with an identification test based
on HPLC retention time agreement from the Assay.
3.
Add the new Reference Standard used in the Assay and test for Organic Impurities to
the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Vicchio, H. Cai.)
Correspondence Number—C123866

Comment deadline: March 31, 2014
Fluorometholone

C22 H29 FO4

376.46

Pregna-1,4-diene-3,20-dione, 9-fluoro-11,17-dihydroxy-6-methyl-, (6 ,11 )-;
9-Fluoro-11 ,17-dihydroxy-6 -methylpregna-1,4-diene-3,20-dione

[426-13-1].

DEFINITION
Fluorometholone contains NLT 97.0% and NMT 103.0% of fluorometholone (C22 H29 FO4 ),
calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
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• B. Ultraviolet Absorption 197U
Analytical wavelength: 239 nm
Sample solution: 10 µg/mL in methanol
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
Delete the following:
•
C. Thin Layer Chromatography
Standard solution: 500 µg/mL of USP Fluorometholone RS in methanol
Sample solution: 500 µg/mL of Fluorometholone in methanol
Chromatographic system
See Chromatography 621 Thin–Layer Chromatography
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 100 µL
Developing solvent system: Methylene chloride and acetone (4:1)
Visualization: Short–wavelength UV
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent front has moved three-fourths of the length of the plate. Remove the
plate from the developing chamber, mark the solvent front, and allow the solvent to
evaporate. Locate the spots on the plate by examination under short-wavelength UV
light.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution. USP38
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol and water (60:40). Adjust to obtain a retention time of
fluorometholone at about 3 min.
Standard solution: 100 µg/mL of USP Fluorometholone RS in Mobile phase
Sample solution: 100 µg/mL of Fluorometholone in Mobile phase
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
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Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluorometholone (C22 H29 FO4 ) in the portion of Fluorometholone
taken:
Result = rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Fluorometholone RS in the Standard solution (µg/mL)
C=
U concentration of Fluorometholone in the Sample solution (µg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis
Mobile phase: Methanol and water (60:40)
System suitability solution: 0.5 µg/mL each of USP Fluorometholone RS and USP
Fluorometholone Related Compound A RS in methanol
Standard solution: 50 µg/mL of USP Fluorometholone RS in methanol
Sample solution: 50 µg/mL of Fluorometholone in methanol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between fluorometholone and fluorometholone related
compound A, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluorometholone (C22 H29 FO4 ) in the portion of
Fluorometholone taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Fluorometholone RS in the Standard solution (µg/mL)
CU= concentration of Fluorometholone in the Sample solution (µg/mL)
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Acceptance criteria: 97.0%–103.0% on the dried basis

USP38

IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
Add the following:
• Organic Impurities
Mobile phase, System suitability solution, and Chromatographic system: Proceed as
directed in the Assay.
Standard solution: 0.5 µg/mL of USP Fluorometholone RS in methanol
Sample solution: 100 µg/mL of Fluorometholone in methanol
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between fluorometholone and fluorometholone related compound
A, System suitability solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Fluorometholone taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response of fluorometholone from the Standard solution
C=
S concentration of USP Fluorometholone RS in the Standard solution (µg/mL)
C=
U concentration of Fluorometholone in the Sample solution (µg/mL)
Acceptance criteria
Each impurity: NMT 0.5%
Total impurities: NMT 1%

USP38

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL, in pyridine
Acceptance criteria: +52 to +60
• Loss on Drying 731
Analysis: Dry under vacuum at 60 for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards
USP Fluorometholone RS

11
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USP Fluorometholone Related Compound A RS
11 ,17 -Dihydroxy-6 -methylpregna-1,4-diene-3,20-dione.
C22 H30 O4
358.47 USP38
BRIEFING
Fluorometholone Ophthalmic Suspension, USP 36 page 3629. As part of the USP monograph
modernization initiative, it is proposed to revise the monograph as follows:
1.
Replace the current HPLC Assay and add an HPLC procedure test in the test for Organic
Impurities with an HPLC procedure derived from the British Pharmacopoeia
monograph for Fluorometholone Eye Drops. The liquid chromatographic procedure in
the Assay and test for Organic Impurities is based on analyses performed with the
µBondapak C18 brand of L1 column. The typical retention time for fluorometholone is
about 6 min. This change will simplify the monograph by using the same
Chromatographic system for both the Assay and test for Organic Impurities.
2.
Add Identification test B based on the HPLC retention time agreement from the Assay.
3.
Replace the TLC identification test with the IR procedure from the current British
Pharmacopoeia monograph.
4.
Add the new Reference Standard used in the Assay and the test for Organic Impurities
to the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Vicchio, H. Cai.)
Correspondence Number—C123867

Comment deadline: March 31, 2014
Fluorometholone Ophthalmic Suspension
DEFINITION
Fluorometholone Ophthalmic Suspension is a sterile suspension of Fluorometholone in a suitable
aqueous medium. It contains NLT 90.0% and NMT 110.0% of the labeled amount of
fluorometholone (C22 H29 FO4 ). It may contain suitable stabilizers, buffers, and antimicrobial
agents.
IDENTIFICATION
Delete the following:
•
A. Thin-Layer Chromatography
Diluent: Methanol and water (3:2)
Standard solution: 500 µg/mL of USP Fluorometholone RS in Diluent
Sample solution: Mix 1 mL of the well-shaken Ophthalmic Suspension with 2 mL of Diluent
until a solution is obtained.
Chromatographic system
See Chromatography 621 Thin–Layer Chromatography
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture and previously activated
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by heating at 80 for 5 min
Application volume: 20 µL
Developing solvent system: Methylene chloride and acetone (4:1)
Visualization: Short-wavelength UV
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent front has moved NLT 15 cm. Remove the plate from the developing
chamber, mark the solvent front, and allow to air dry. Examine the plate under shortwavelength UV light.
Acceptance criteria: The RF value and intensity of the principal spot of the Sample
solution correspond to those of the Standard solution. USP38
Add the following:
• A. Infrared Absorption 197K
Sample: Shake a quantity of Ophthalmic Solution, nominally equivalent to 5 mg of
flurometholone, with 20 mL of acetone. Filter, and evaporate the filtrate to dryness.
Dissolve the residue in 10 mL of acetone, filter, and evaporate the filtrate to dryness.
Acceptance criteria: Meets the requirements USP38
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol and water (60:40). Adjust to obtain a retention time of
fluorometholone at about 3 min.
Standard stock solution: 0.5 mg/mL of USP Fluorometholone RS in methanol
Standard solution: 100 µg/mL of USP Fluorometholone RS, prepared as follows. Pipet 10
mL of the Standard stock solution and 5 mL of water into a 50-mL volumetric flask. Dilute
with methanol to volume.
Sample solution: 100 µg/mL of fluorometholone, prepared as follows. Pipet a volume of
well-shaken Ophthalmic Suspension, equivalent to 5 mg of fluorometholone, into a 50-mL
volumetric flask, dilute with methanol to volume. Pass through a membrane filter of 5-µm
pore size and use the clear filtrate
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
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Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% from six replicate injections
Analysis
Samples: and Sample solution
Calculate the percentage of fluorometholone (C22 H29 FO4 ) in the portion of Ophthalmic
Suspension taken:
Result = rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Fluorometholone RS in the Standard solution (µg/mL)
C=
U nominal concentration of fluorometholone in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
Mobile phase: Methanol and water (60:40)
Diluent: Methanol and water (1:1)
System suitability solution: 0.5 µg/mL each of USP Fluorometholone RS and USP
Fluorometholone Related Compound A RS in Diluent
Standard stock solution: 0.5 mg/mL of USP Fluorometholone RS in methanol
Standard solution: 40 µg/mL of USP Fluorometholone RS in Diluent, from Standard stock
solution
Sample solution: Nominally equivalent to 40 µg/mL of fluorometholone in Diluent
prepared from a suitable quantity of well-shaken Ophthalmic Suspension
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between fluorometholone and fluorometholone related
compound A, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluorometholone (C22 H29 FO4 ) in the
portion of Ophthalmic Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
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rS= peak response from the Standard solution
CS= concentration of USP Fluorometholone RS in the Standard solution (µg/mL)
CU= nominal concentration of fluorometholone in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%

USP38

IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, Diluent, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 0.5 µg/mL of USP Fluorometholone RS in Diluent
Sample solution: Nominally equivalent to 100 µg/mL of fluorometholone in Diluent prepared
from a suitable quantity of Ophthalmic Suspension
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between fluorometholone and fluorometholone related compound
A, System suitability solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Ophthalmic Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response of fluorometholone from the Standard solution
C=
S concentration of USP Fluorometholone RS in the Standard solution (µg/mL)
C=
U nominal concentration of fluorometholone in the Sample solution (µg/mL)
Acceptance criteria
Each impurity: NMT 0.5%
Total impurities: NMT 1%

USP38

SPECIFIC TESTS
• Sterility Tests
• pH

71 : Meets the requirements

791 : 6.0–7.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards
USP Fluorometholone RS

11
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USP Fluorometholone Related Compound A RS
11 ,17 -Dihydroxy-6 -methylpregna-1,4-diene-3,20-dione.
C22 H30 O4
358.47 USP38
BRIEFING
Flurbiprofen Tablets, USP 36 page 3649. As part of the USP monograph modernization
initiative, it is proposed to add an Organic Impurities test based on the Flurbiprofen Tablets
monograph from the 2013 British Pharmacopoeia, Volume III. The liquid chromatographic
procedure being proposed is based on analysis performed with the LiChrospher RP-18 brand
of L1 column. The typical retention time for flurbiprofen is about 21 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: C. Anthony.)
Correspondence Number—C116090

Comment deadline: March 31, 2014
Flurbiprofen Tablets
DEFINITION
Flurbiprofen Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of flurbiprofen
(C15 H13 FO2 ).
IDENTIFICATION
• A. Infrared Absorption
Sample: Place 100 mg of flurbiprofen from a number of Tablets in a flask. Add 10 mL of 0.1
N hydrochloric acid, and sonicate until the Tablets disintegrate. Extract with two 15-mL
portions of ether, and combine the ether extracts in a flask containing 1 g of anhydrous
sodium sulfate. Decant the ether, and evaporate to dryness.
Acceptance criteria: The IR absorption spectrum of a mineral oil dispersion of the residue
exhibits maxima only at the same wavelengths as those of a similar solution of USP
Flurbiprofen RS.
• B. The retention time of the major peak for flurbiprofen of the Sample solution corresponds
to that of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Dissolve 1.4 g of monobasic sodium phosphate in 570 mL of water, add 430
mL of acetonitrile, and adjust with phosphoric acid to a pH of 3.0.
Internal standard solution: 0.8 µL/mL of acetophenone in Mobile phase
Standard stock solution: 3 mg/mL of USP Flurbiprofen RS in Internal standard solution
Standard solution: 0.15 mg/mL of USP Flurbiprofen RS from Standard stock solution in
Mobile phase
Sample stock solution: Nominally 3 mg/mL of flurbiprofen in Internal standard solution
prepared as follows. Place 3 Tablets in a stoppered container. Based on the labeled
amount, in mg, of flurbiprofen in each Tablet, add 25.0 mL of Internal standard solution
for each 75 mg of flurbiprofen in the 3 Tablets. Shake by mechanical means for 15 min,
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and centrifuge.
Sample solution: Nominally 0.15 mg/mL of flurbiprofen in Mobile phase from Sample stock
solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for acetophenone and flurbiprofen are 0.4 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 8 between the acetophenone and flurbiprofen peaks
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of flurbiprofen (C15 H13 FO2 ) in the portion
of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of flurbiprofen to acetophenone from the Sample solution
RS= peak response ratio of flurbiprofen to acetophenone from the Standard solution
C=
S concentration of USP Flurbiprofen RS in the Standard solution (mg/mL)
C=
U nominal concentration of flurbiprofen in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 122.5 g/L of monobasic potassium phosphate and 25 g/L of sodium hydroxide in
water. Dilute 166.5 mL of this stock solution with water to 3000 mL. If necessary, adjust
with 5 N sodium hydroxide or with phosphoric acid to a pH of 7.20 ± 0.05; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Standard solution: A known concentration of USP Flurbiprofen RS at in Medium
Sample solution: A filtered portion of the solution under test, suitably diluted with Medium
to obtain a concentration similar to that of the Standad solution.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum absorbance at 247 nm
Analysis
Samples: Standard solution and Sample solution
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Analysis: Calculate the percentage of the labeled amount of flurbiprofen (C15 H13 FO2 )
dissolved.
Tolerances: NLT 75% (Q) of the labeled amount of flurbiprofen (C15 H13 FO2 ) is dissolved.
• Uniformity of Dosage Units, Procedure for Content Uniformity 905
Analysis: Proceed as directed in the Assay, except when preparing the Sample solution,
use 1 Tablet and 10.0 mL of Internal standard solution for each 25 mg of flurbiprofen in
the Tablet, based on the labeled amount.
Acceptance criteria: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Mobile: Acetonitrile, glacial acetic acid, and water (35:5:60)
Diluent: Acetonitrile and water (45:55)
Standard solution A: 0.004 mg/mL of USP Flurbiprofen RS in Diluent
Standard solution B: 0.01 mg/mL of USP Flurbiprofen Related Compound A RS in Diluent
Sample solution: Nominally 2 mg/mL of flurbiprofen prepared as follows. Weigh, and finely
powder NLT 20 Tablets. Dissolve 500 mg of flurbiprofen from a portion of powdered
Tablets in 50 mL of water, add 200 mL of acetonitrile, centrifuge, and use the
supernatant.
System suitability solution: 0.01 mg/mL each of USP Flurbiprofen RS and USP Flurbiprofen
Related Compound A RS. Dilute 1 mL of the Sample solution with 200 mL of Standard
solution B.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between flurbiprofen and flurbiprofen related compound A, System
suitability solution
Relative standard deviation: NMT 5% for flurbiprofen, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Calculate the percentage of flurbiprofen related compound A in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of flurbiprofen related compound A from the Sample solution
rS= peak response of flurbiprofen related compound A from Standard solution B
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C=
S concentration of USP Flurbiprofen Related Compound A RS in Standard solution B
(mg/mL)
C=
U nominal concentration of flurbiprofen in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for any unspecified impurity from the Sample solution
rS= peak response of flurbiprofen from Standard solution A
C=
S concentration of USP Flurbiprofen RS in Standard solution A (mg/mL)
C=
U nominal concentration of flurbiprofen in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Flurbiprofen related compound A
0.87
0.5
Flurbiprofen
1.0
—
Any individual unspecified impurity
—
0.2
Total impurities
—
1.0
USP38

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Flurbiprofen RS
USP Flurbiprofen Related Compound A RS
2-(4-Biphenyl)propionic acid.
C15 H14 O2
226.28 USP38
BRIEFING
Formoterol Fumarate, USP 36 page 3669 and PF 39(1) [Jan.–Feb. 2013]. It is proposed to
revise the monograph as follows:
1.
Replace the nonspecific Assay by titration with a specific and validated HPLC procedure
based on the test for Organic Impurities. The proposed procedure uses the Zorbax
SB C8 brand of L7 column manufactured by Agilent Technologies in which formoterol
elutes at about 12 min.
2.
Revise Identification test B with a retention time agreement based on the Assay.
3.
Delete the test for Optical Rotation because the article is racemic in nature. The
current monograph includes adequate tests to ensure the quality. Optical rotation
does not provide any additional value.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Min.)
Correspondence Number—C126516; C120917

Comment deadline: March 31, 2014
Formoterol Fumarate

(C19 H24 N2 O4 )2 · C4 H4 O4 ·2H2 O

840.91

(±)-2¢-Hydroxy-5¢-[(R*)-1-hydroxy-2-[[(R*)-p-methoxy- methylphenethyl]amino]ethyl]formanilide fumarate (2:1) (salt), dihydrate

[43229-80-7].

DEFINITION
Formoterol Fumarate contains NLT 98.5% and NMT 101.5% of formoterol
fumarate(C19 H24 N2 O4 )2 ·C4 H4 O4 , calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. The retention time of the major peak in Sample solution corresponds to the major peak
in System suitability solution, as obtained in the test for Organic Impurities.
The retention time of the formoterol peak in the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
USP37

ASSAY
Change to read:
• Procedure
Sample: 350 mg
Analysis: Dilute the Sample with 50 mL of glacial acetic acid. Titrate with 0.1 M perchloric
acid VS. Perform a blank determination, and make any necessary correction (see
Titrimetry 541 ). Each mL of 0.1 M perchloric acid is equivalent to 40.24 mg of
(C19 H24 N2 O4 )2 ·C4 H4 O4 .
Sample solution: 350 mg of Formoterol Fumarate in 50 mL of glacial acetic acid
Blank: 50 mL of glacial acetic acid
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Titrimetric system
(See Titrimetry

541 .)

Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis
Samples: Sample solution and Blank
Calculate the percentage of formoterol fumarate [(C19 H24 N2 O4 )2 ·C4 H4 O4 )] in the portion
of the sample taken.
Result = {(V

B) × N × F × (1/W)} × 100

V= Titrant volume consumed by the Sample solution (mL)
B= Titrant volume consumed by the Blank (mL)
N= Titrant normality (meq/mL)
F= equivalent weight of formoterol fumarate, (402.4 mg/meq)
W= weight of Formoterol Fumarate (mg)
USP37

Buffer: 6.1 g/L of monobasic sodium phosphate and 1.0 g/L of dibasic sodium phosphate
dihydrate in water. [Note—The pH is 6.0 ± 0.1.]
Solution A: 3.7 g/L of monobasic sodium phosphate and 0.35 g/L of phosphoric acid in
water. [Note—The pH is 3.1 ± 0.1.]
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
84
16
10
84
16
12.7
30
70
12.8
84
16
18
84
16
Diluent: Acetonitrile and Buffer (16:84)
Standard solution: 0.2 mg/mL of USP Formoterol Fumarate RS in Diluent
Sample solution: 0.2 mg/mL of Formoterol Fumarate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of formoterol fumarate [(C19 H24 N2 O4 )2 ·C4 H4 O4 ] in the portion of
Formoterol Fumarate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of formoterol from the Sample solution
rS= peak response of formoterol from the Standard solution
CS= concentration of USP Formoterol Fumarate RS in the Standard solution (mg/mL)
CU= concentration of Formoterol Fumarate in the Sample solution (mg/mL)
USP38

Acceptance criteria: 98.5%–101.5% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281
Sample: 1 g
Acceptance criteria: NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Solution A: 3.73 g/L
3.7 g/L USP37
of sodium dihydrogen phosphate monohydrate and 0.35 g/L of phosphoric acid in water.
[Note—The pH is 3.1 ± 0.1.]
Solution B: Acetonitrile
Buffer, Solution A, Solution B, and Diluent: Proceed as directed in the Assay. USP38
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
84
16
10
84
16
37
30
70
40
84
16
55
84
16
Buffer: 6.10 g/L Sodium dihydrogen phosphate monohydrate and 1.03 g/L of disodium
hydrogen phosphate dihydrate in water
6.1 g/L of monobasic sodium phosphate and 1.0 g/L of dibasic sodium phosphate
dihydrate in water. USP37
[Note—The pH is 6.0 ± 0.1.]
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Diluent: Acetonitrile and Buffer (16:84)
USP38

System suitability solution: 0.2 mg/mL of USP Formoterol Fumarate System Suitability
Mixture RS in Diluent. Sonicate to dissolve prior to final dilution.
Sample solution: 0.20 mg/mL of Formoterol Fumarate in Diluent. Sonicate to dissolve
before final dilution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L7
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for the peaks are given in Table 3.]
Suitability requirements
Resolution: NLT 1.5 between formoterol related compound G and formoterol related
compound A
Peak-to-valley ratio: NLT 2.5 for formoterol related compound C and formoterol
Calculate the peak-to-valley ratio:
Result = (HP/HV)
H=
P height of formoterol related compound C peak above baseline
H=
V lowest point between the formoterol related compound C peak and the formoterol
peak
USP37

Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Formoterol Fumarate taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
F= relative response factor for each peak (see Table 3)
Acceptance criteria: See Table 3. Disregard any peak less than 0.05%.

Name
Formoterol related compound G
Formoterol related compound A

Table 3
Relative
Retention
Time
0.4
0.5

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.37
1.0 USP37
0.1
0.57
0.3
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Formoterol related compound B
Formoterol

0.7
1.0

Formoterol related compound C

1.2

Formoterol related compound D

1.3

Formoterol related compound E
Formoterol related compound F

1.8
2.0

Formoterol related compound H

2.2

1.0
—
0.90
1.0 USP37
0.89
1.0 USP37
1.49
1.0 USP37
1.00
0.80
1.0 USP37

0.2
—

Any individual unspecified impurity

—

1.00

Total of unspecified impurities
Total impurities

—

—

0.1
0.1
0.10 USP37
0.2

—

—

0.5

0.2
0.2
0.1
0.2

USP37

Change to read:
• Limit of Related Compound I (Diastereomer), Procedure 1
Limit of Formoterol Related Compound I USP37
Standard solution: Dissolve 10 mg of USP Formoterol Fumarate Resolution Mixture RS in 1
mL of dimethylformamide, and add 100 µL of N-(trimethylsilyl)imidazole.
Sample solution: Dissolve 10 mg of Formoterol Fumarate in 1 mL of dimethylformamide,
and add 100 µL of N-(trimethylsilyl)imidazole.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m; fused silica coated with 0.25-µm G27
Temperatures
Injector: 280
Detector: 300
Column: See the temperature gradient table below.
Final Temperature
Hold time(min)
Initial Temperature
Ramp ( /min)
220
220

0
1

220
250

5
20

Carrier gas: Helium
Flow rate: 2 mL/min
Injection type: Split, (75:1) ratio
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.2 between formoterol related compound I and formoterol
Analysis

PF 40(1): Jan.-Feb. 2014

419

Samples: Sample solution and Standard solution
Calculate the percentage of formoterol related compound I in the portion of Formoterol
Fumarate taken:
Result = (rU/rT) × 100
r=
U peak response of formoterol related compound I from the Sample solution
r=
T sum of the peak responses for formoterol related compound I and formoterol fumarate
from the Sample solution
Acceptance criteria: NMT 0.3% for formoterol related compound I
Procedure 2
USP37

Buffer: 5.3 g/L of tribasic potassium phosphate, trihydrate.
4.2 g/L of tribasic potassium phosphate. USP38
Adjust with potassium hydroxide or phosphoric acid to a pH of 12.0 ± 0.1.
Mobile phase: Acetonitrile and Buffer (12:88)
Standard solution
System suitability solution: USP37
0.1 mg/mL of USP Formoterol Fumarate Resolution Mixture RS
Sample solution: 0.1 mg/mL of Formoterol Fumarate
Diluted sample solution: 0.2 µg/mL of Formoterol Fumarate from the Sample solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; packing L67
Flow rate: 0.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
System suitability solution
[Note—The relative retention times for formoterol and formoterol related compound I are
1.0 and 1.17, respectively.] USP37
Suitability requirements
Peak-to-valley ratio: NLT 2.5 for formoterol related compound I and formoterol
Calculate the peak-to-valley ratio:
Result = (HP/HV)
H=
P height of formoterol realted compound I peak above baseline
H=
V lowest point between the formoterol related compound I peak and the formoterol
peak
USP37

Analysis
Samples: Sample solution and Diluted sample solution
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Acceptance criteria: NMT 0.3%; the peak area of formoterol diastereomer in the Sample
solution is NMT 1.5 times the peak area of formoterol fumarate in the Diluted sample
solution.
SPECIFIC TESTS
Delete the following:
• Optical Rotation, Angular Rotation 781A
Sample solution: 10 mg/mL in methanol
Acceptance criteria: –0.10 to +0.10

USP38

• pH 791
Sample solution: 1 mg/mL in water
Acceptance criteria: 5.5–6.5
• Water Determination, Method I

921 : 4.0%–5.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Delete the following:
•
Labeling:
The labeling states the procedure used for the control of formoterol related compound I if other
than Organic Impurities, Procedure 2. USP37
Change to read:
• USP Reference Standards 11
USP Formoterol Fumarate RS
USP Formoterol Fumarate Resolution Mixture RS
Mixture of formoterol and impurity I
formoterol related compound I. USP37
Impurity I
Formoterol related compound I: USP37
N-[2-Hydroxy-5-[(1RS)-1-hydroxy-2-[[(1SR)-2-(4-methoxyphenyl)-1methylethyl]amino]ethyl]phenyl]formamide fumarate salt (2:1)(diastereoisomer).
USP Formoterol Fumarate System Suitability Mixture RS
Mixture of formoterol fumarate and formoterol related compounds A, B, C, D, E, F, G,
and H.
Formoterol related compound A: 1-(3-Amino-4-hydroxyphenyl)-2-[[2-(4methoxyphenyl)-1-methylethyl]amino]ethanol.
Formoterol related compound B: N-[2-Hydroxy-5-[(1RS)-1-hydroxy-2-[[2-(4methoxyphenyl)ethyl]amino]ethyl]phenyl]formamide.
Formoterol related compound C: N-[2-Hydroxy-5-[1-hydroxy-2-[[2-(4methoxyphenyl)-1-methylethyl]amino]ethyl]phenyl]acetamide.
Formoterol related compound D: N-[2-Hydroxy-5-[1-hydroxy-2-[methyl[2-(4methoxyphenyl)-1-methylethyl]amino]ethyl]phenyl]formamide.
Formoterol related compound E: N-[2-Hydroxy-5-[1-hydroxy-2-[[2-(4-methoxy-3-
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methylphenyl)-1-methylethyl]amino]ethyl]phenyl]formamide.
Formoterol related compound F: N-[2-Hydroxy-5-[1-[[2-hydroxy-5-[1-hydroxy-2-[[2(4-methoxyphenyl)-1-methylethyl]amino]ethyl]phenyl]amino]-2-[[2-(4methoxyphenyl)-1-methylethyl]amino]ethyl]phenyl]formamide.
Formoterol related compound G: (2RS)-1-(4-Methoxyphenyl)propan-2-amine.
Formoterol related compound H: N-[5-[(1RS)-2-[Benzyl[(1RS)-2-(4-methoxyphenyl)1-methylethyl]amino]-1-hydroxyethyl]-2-hydroxyphenyl]formamide (monobenzyl
analog).
BRIEFING
Histidine, USP 36 page 3811. On the basis of comments received, it is proposed to revise the
Heavy Metals test by adding the Test preparation to the subsection.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: H. Dinh.)
Correspondence Number—C138436

Comment deadline: March 31, 2014
Histidine

C6 H9 N3 O2

155.15

l-Histidine

[71-00-1].

DEFINITION
Histidine contains NLT 98.5% and NMT 101.5% of l-histidine (C6 H9 N3 O2 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K : The sample and USP l-Histidine RS are previously
recrystallized from 80% alcohol.
ASSAY
• Procedure
Sample: 150 mg of Histidine
Blank: Mix 3 mL of formic acid and 50 mL of glacial acetic acid.
Titrimetric system
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(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 3 mL of formic acid and 50 mL of glacial acetic acid.
Titrate very slowly with the Titrant. Perform the Blank determination.
Calculate the percentage of histidine (C6 H9 N3 O2 ) in the Sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 155.2 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 98.5%–101.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.4%
• Chloride and Sulfate, Chloride 221
Standard solution: 0.50 mL of 0.020 N hydrochloric acid
Sample: 0.73 g of Histidine
Acceptance criteria: NMT 0.05%
• Chloride and Sulfate, Sulfate 221
Standard solution: 0.10 mL of 0.020 N sulfuric acid
Sample: 0.33 g of Histidine
Acceptance criteria: NMT 0.03%
• Iron 241 : NMT 30 ppm
Change to read:
• Heavy Metals, Method I 231 NMT 15 ppm
Test preparation: Transfer 1.33 g of Histidine into a 50-mL color-comparison tube.
Dissolve in and dilute with 1 N acetic acid to 25 mL. Proceed as directed for Method I,
starting with “Using a pH meter or short-range pH indicator paper as external indicator”.
Acceptance criteria: NMT 15 ppm USP38
• Related Compounds
System suitability solution: 0.4 mg/mL each of USP l-Histidine RS and USP l-Proline RS
Standard solution: 0.05 mg/mL of USP l-Histidine RS in water. [Note—This solution has a
concentration equivalent to 0.5% of the Sample solution.]
Sample solution: 10 mg/mL of Histidine in water
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
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Developing solvent system: Butyl alcohol, glacial acetic acid, and water (3:1:1)
Spray reagent: 2 mg/mL of ninhydrin in a mixture of butyl alcohol and 2 N acetic acid
(95:5)
System suitability
Sample: System suitability solution
Suitability requirements: The chromatogram of the System suitability solution exhibits
two clearly separated spots.
Analysis
Samples: System suitability solution, Standard solution, and Sample solution
After air-drying the plate, spray with Spray reagent, and heat between 100 and 105 for
15 min. Examine the plate under white light.
Acceptance criteria: Any secondary spot of the Sample solution is not larger or more
intense than the principal spot of the Standard solution.
Individual impurities: NMT 0.5%
Total impurities: NMT 2.0%
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 110 mg/mL in 6 N hydrochloric acid
Acceptance criteria: +12.6 to +14.0
• pH 791
Sample solution: 20 mg/mL solution
Acceptance criteria: 7.0–8.5
• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 0.2%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP l-Histidine RS
USP l-Proline RS

11

BRIEFING
Indomethacin, USP 36 page 3902. As part of the USP monograph modernization effort, the
following revisions are proposed:
1.
Revise the acceptance criteria in the Definition from NLT 98.0% and NMT 101.0% to
NLT 98.0% and NMT 102.0%, which is typical for chromatographic procedures.
2.
Replace the existing Assay procedure with a validated stability-indicating HPLC
procedure, which also is used in the newly introduced Organic Impurities test.
3.
Add a test for Organic Impurities based on the HPLC procedure and performed with the
Xterra RP-18 brand of L1 column. The typical retention time for indomethacin is
about 13.2 min.
4.
Add the following two new USP Reference Standards, introduced by the proposed HPLC
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procedure, to the USP Reference Standards section: USP Indomethacin Related
Compound A RS (5-methoxy-2-methyl-3-indoleacetic acid) and USP Indomethacin
Related Compound B RS (4-chlorobenzoic acid).
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: C. Anthony.)
Correspondence Number—C120149

Comment deadline: March 31, 2014
Indomethacin

C19 H16 ClNO4

357.79

1H-Indole-3-acetic acid, 1-(4-chlorobenzoyl)-5-methoxy-2-methyl-;
1-(p-Chlorobenzoyl)-5-methoxy-2-methylindole-3-acetic acid
[53-86-1].
DEFINITION
Change to read:
Indomethacin contains NLT 98.0% and NMT 101.0%
102.0% USP38
of indomethacin (C19 H16 ClNO4 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. Ultraviolet Absorption 197U
Analytical wavelength: 318 nm
Sample solution: 25 µg/mL in hydrochloric acid and methanol (1 in 120)
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
• C. X-Ray Diffraction 941 : Its X-ray diffraction pattern conforms to that of USP
Indomethacin RS.
ASSAY
Change to read:
• Procedure
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Mobile phase: 0.01 M monobasic sodium phosphate and 0.01 M dibasic sodium phosphate
in acetonitrile and water (1:1)
Standard solution: 0.1 mg/mL of USP Indomethacin RS in Mobile phase
Sample solution: 0.1 mg/mL of indomethacin in Mobile phase
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; 10-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 500 theoretical plates from the analyte peak
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of indomethacin (C19 H16 ClNO4 ) in the portion of Indomethacin
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Indomethacin RS in the Standard solution (mg/mL)
C=
U concentration of indomethacin in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–101.0% on the dried basis
Solution A: 0.1% Formic acid
Solution B: Acetonitrile
Mobile phase: Solution A and Solution B (55:45)
Diluent: Solution A and Solution B (55:45) adjusted with 0.2 M sodium hydroxide to a pH
of 8.0
System suitability solution: 2.0 mg/mL of USP Indomethacin RS, 0.002 mg/mL of USP
Indomethacin Related Compound A RS, and 0.01 mg/mL of USP Indomethacin Related
Compound B RS in Diluent. Sonicate to dissolve.
Standard solution: 0.5 mg/mL of USP Indomethacin RS in Diluent. Sonicate to dissolve.
Sample solution: 0.5 mg/mL of Indomethacin in Diluent. Sonicate to dissolve.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
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Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for indomethacin related compound A and
indomethacin related compound B are 0.24 and 0.37, respectively.]
Suitability requirements
Resolution: NLT 2.0 between indomethacin related compound B and indomethacin
related compound A, System suitability solution
Tailing factor: NMT 2.0 for indomethacin, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of indomethacin (C19 H16 ClNO4 ) in the portion of Indomethacin
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Indomethacin RS in the Standard solution (mg/mL)
CU= concentration of Indomethacin in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

USP38

IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Heavy Metals, Method II

231 : 20 ppm

Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system: Proceed
as directed in the Assay.
Standard solution: 0.002 mg/mL of USP Indomethacin RS, 0.002 mg/mL of USP
Indomethacin Related Compound A RS, and 0.01 mg/mL of USP Indomethacin Related
Compound B RS in Diluent. Sonicate to dissolve.
Sample solution: 2.0 mg/mL of Indomethacin in Diluent. Sonicate to dissolve.
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between indomethacin related compound B and indomethacin
related compound A
Tailing factor: NMT 2.0 for any peak
Relative standard deviation: NMT 5.0% for both indomethacin related compound A
and indomethacin related compound B
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of any specified impurity in the portion of Indomethacin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the specified impurity from the Sample solution
rS= peak response of the corresponding related compound from the Standard solution
C=
S concentration of USP Indomethacin RS in the Standard solution (mg/mL)
C=
U concentration of Indomethacin in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of
Indomethacin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of indomethacin from the Standard solution
C=
S concentration of USP Indomethacin RS in the Standard solution (mg/mL)
C=
U concentration of Indomethacin in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Indomethacin related compound A
0.24
0.1
Indomethacin related compound B
0.37
0.5
Indomethacin
1.0
—
Any individual unspecified impurity
—
0.10
Total impurities
—
1.0
USP38

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at a pressure below 5 mm of mercury at 100 for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Indomethacin RS
USP Indomethacin Related Compound A RS
5-Methoxy-2-methyl-3-indoleacetic acid.
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C12 H13 NO3
219.24
USP Indomethacin Related Compound B RS
4-Chlorobenzoic acid.
C7 H5 ClO2
156.57 USP38
BRIEFING
Latanoprost, page 6004 of the First Supplement to USP 36. It is proposed to change the name
of the reagent “chromatographic solvent hexane” to “chromatographic hexane”. This reagent
is used in the Assay. See the Briefing under Chromatographic Hexane published elsewhere in
this issue of PF. In addition, “hexane” is corrected to “chromatographic hexane” in the Assay
and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: F. Mao.)
Correspondence Number—C138433

Comment deadline: March 31, 2014
Add the following:
Latanoprost

C26 H40 O5

432.59

5-Heptenoic acid, 7-[3,5-dihydroxy-2-(3-hydroxy-5-phenylpentyl)cyclopentyl]-1-methylethyl
ester, [1R-[1 (Z),2 (R*),3 ,5 ]]-;
Isopropyl (Z)-7-[(1R,2R,3R,5S)-3,5-dihydroxy-2-[(3R)-3-hydroxy-5-phenylpentyl]cyclopentyl]5-heptenoate
[130209-82-4].
DEFINITION
Latanoprost contains NLT 94.0% and NMT 102.0% of latanoprost (C26 H40 O5 ), calculated on the
anhydrous and solvent-free basis.
[Caution—Wear protective glasses and gloves while handling the material. Avoid contact
during pregnancy or while nursing.]
IDENTIFICATION
• A. Infrared Absorption 197F
• B. The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Chromatographic solvent hexane
Chromatographic hexane USP38
and dehydrated alcohol (94:6)
System suitability solution: Transfer 2.0 mg/mL of USP Latanoprost RS and 20 µg/mL of
USP Latanoprost Related Compound A RS into a suitable volumetric flask, dissolve in
dehydrated alcohol equivalent to 20% of the final volume, and dilute with
chromatographic USP38
hexane to volume.
Standard solution: Transfer 2.0 mg/mL of USP Latanoprost RS into a suitable volumetric
flask, dissolve in dehydrated alcohol equivalent to 20% of the final volume, and dilute with
chromatographic USP38
hexane to volume.
Sample solution: Transfer 2.0 mg/mL of Latanoprost into a suitable volumetric flask,
dissolve in dehydrated alcohol equivalent to 20% of the final volume, and dilute with
chromatographic USP38
hexane to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm × 25-cm; 5-µm packing L3
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for latanoprost and latanoprost related compound A are
1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 2.0 between latanoprost and latanoprost related compound A, System
suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of latanoprost (C26 H40 O5 ) in the portion of Latanoprost taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Latanoprost RS in the Standard solution (mg/mL)
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C=
U concentration of Latanoprost in the Sample solution (mg/mL)
Acceptance criteria: 94.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.50%
Change to read:
• Organic Impurities
Mobile phase, System suitability solution, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
Standard solution: 0.04 mg/mL of USP Latanoprost RS in a mixture of
chromatographic USP38
hexane and dehydrated alcohol (80:20) prepared as follows. Transfer USP Latanoprost RS
into a suitable volumetric flask, dissolve in dehydrated alcohol equivalent to 20% of the
final volume, and dilute with
chromatographic USP38
hexane to volume.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between latanoprost and latanoprost related compound A, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Latanoprost taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak area of each impurity from the Sample solution
rS= peak area of latanoprost from the Standard solution
C=
S concentration of latanoprost in the Standard solution (mg/mL)
C=
U concentration of Latanoprost in the Sample solution (mg/mL)
F= relative response factor for each individual impurity (see Table 1)
Acceptance criteria: See Table 1. Disregard any impurity peak less than 0.05%.

Name
Isopropyl diphenylphosphorylpentanoatea
Latanoprost related compound Bb
Latanoprost
Latanoprost related compound Ac
Any unspecified impurity

Table 1
Relative
Retention
Time
0.79
0.89
1.00
1.10
—

Relative
Response
Factor
2.4
1.0
—
1.0
1.0

Acceptance
Criteria,
NMT (%)
0.1
0.5
—
3.5
0.1
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—

—

0.5

a Isopropyl 5-(diphenylphosphoryl)pentanoate.
b Isopropyl (Z)-7-[(1R,2R,3R,5S)-3,5-dihydroxy-2-[(3S)-3-hydroxy-5phenylpentyl]cyclopentyl]-5-heptenoate.
c Isopropyl (E)-7-[(1R,2R,3R,5S)-3,5-dihydroxy-2-[(3R)-3-hydroxy-5phenylpentyl]cyclopentyl]-5-heptenoate.
d Latanoprost related compound A and Latanoprost related compound B are excluded.
• Limit of Latanoprost Related Compound E
Solution A: Acetonitrile, phosphoric acid, and water (300:1:700)
Solution B: Acetonitrile, phosphoric acid, and water (800:1:200)
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
9
100
0
10
0
100
15
0
100
16
100
0
21
100
0
Diluent: Acetonitrile and water (30:70)
Standard solution: 1.0 µg/mL of USP Latanoprost Related Compound E RS in Diluent
Sample solution: 1.0 mg/mL of Latanoprost in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.0-mm × 15-cm; 5-µm packing L1
Column temperature: 60
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of latanoprost related compound E in the portion of Latanoprost
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of latanoprost related compound E from the Sample solution
rS= peak area of latanoprost related compound E from the Standard solution
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C=
S concentration of USP Latanoprost Related Compound E RS in the Standard solution
(mg/mL)
C=
U concentration of Latanoprost in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.2%
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL of Latanoprost in acetonitrile
Acceptance criteria: +31 to +38
• Water Determination, Method Ic 921
Sample solution: 100 mg/mL of Latanoprost in ethyl acetate. [Note—Alternatively, Water
Determination 921 , Method Ia may be used.]
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers, and store in a
refrigerator or a freezer.
• USP Reference Standards 11
USP Latanoprost RS
USP Latanoprost Related Compound A RS
Isopropyl (E)-7-{(1R,2R,3R,5S)-3,5-dihydroxy-2-[(3R)-3-hydroxy-5phenylpentyl]cyclopentyl}-5-heptenoate.
C26 H40 O5
432.59
USP Latanoprost Related Compound E RS
(Z)-7-{(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(3R)-3-hydroxy-5-phenylpentyl]cyclopentyl}5-heptenoic acid.
C23 H34 O5
390.51
1S (USP36)

BRIEFING
Levodopa, USP 36 page 4095. Based on the comments received, the proposal is revised as
follows:
1.
Update the column information to specify the particle size.
2.
Revise the relative response factor for l-tyrosine from 0.37 to 0.44 based on laboratory
evaluation of relative response factor value for l-tyrosine.
3.
Delete the non-value added Identification test B by UV spectroscopy as the monograph
contains two orthogonal identification procedures.
4.
Rename Identification test C as Identification test B.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C115567

Comment deadline: March 31, 2014
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Levodopa

C9 H11 NO4

197.19

l-Tyrosine, 3-hydroxy-;
( )-3-(3,4-Dihydroxyphenyl)-l-alanine

[59-92-7].

DEFINITION
Levodopa contains NLT 98.0% and NMT 102.0% of levodopa (C9 H11 NO4 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
Delete the following:
•
B. Ultraviolet Absorption 197U
Standard solution: 40 µg/mL of USP Levodopa RS in 0.1 N hydrochloric acid
Sample solution: 40 µg/mL of Levodopa in 0.1 N hydrochloric acid
Analytical wavelength: 280 nm
Samples: Standard solution and Sample solution
Acceptance criteria: Absorptivities do not differ by more than 3.0%, calculated on the
dried basis. USP38
Change to read:
• C.
B. USP38
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Protect all solutions from light, and maintain them at 10 until they are injected into the
chromatograph.
Diluent: 0.1% trifluoroacetic acid in water
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Mobile phase: Tetrahydrofuran and Diluent (3:97)
System suitability solution: 10 µg/mL each of USP Levodopa RS, USP Levodopa Related
Compound B RS, and USP l-Tyrosine RS in Diluent
Standard solution: 0.4 mg/mL of USP Levodopa RS in Diluent
Sample solution: 0.4 mg/mL of Levodopa in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; double-endcapped packingL1
5-µm L1 packing USP38
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—Refer to Table 1 in the test for Organic Impurities for the relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between levodopa and l-tyrosine
Tailing factor: NMT 2.0 for levodopa
Relative standard deviation: NMT 2.0 for levodopa
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levodopa (C9 H11 NO4 ) in the portion of the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the Sample solution
rS= peak response of the Standard solution
C=
S concentration of USP Levodopa RS in the Standard solution (mg/mL)
C=
U concentration of Levodopa in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Protect all solutions from light, and maintain them at 10 until they are injected into the
chromatograph.
Diluent, Mobile phase, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
the Assay.
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of each impurity in the portion of Levodopa taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak area for any impurity in the Sample solution
rS= peak area for Levodopa in the Standard solution
C=
S concentration of USP Levodopa RS in the Standard solution (mg/mL)
C=
U concentration of Levodopa in the Sample solution (mg/mL)
F= relative response factor of each impurity (see Table 1)
Acceptance criteria: See Table 1.

Name
Levodopa related compound A
a

0.9
1.0

USP38

Levodopa
l-Tyrosine
Levodopa related compound B
1-Veratrylglycine
b

Table 1
Relative
Retention
Time

USP38

Individual unknown impurity
Total impurities

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.1
—

1.3
1.6

0.41
—
0.37
0.44 USP38
0.83

2.7
—
—

0.76
1.0
—

0.1
0.1
1.1

0.1
0.5

a 3-(3,4,6-Trihydroxyphenyl)alanine.
b 3-(3,4-Dimethoxyphenyl)-l-alanine.
USP38

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 500 mg of Levodopa in a 25-mL volumetric flask. Add 10 mL of 1 N
hydrochloric acid to dissolve the solid, add 5 g of methenamine, swirl the contents to
dissolve the methenamine, and add 1 N hydrochloric acid to volume.
Analysis: Allow the Sample solution to stand in the dark at 25 for 3 h, and measure the
rotation.
Acceptance criteria:

160 to

167

• Loss on Drying 731
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, store in a dry place,
and prevent exposure to excessive heat.
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• USP Reference Standards 11
USP Levodopa RS
USP Levodopa Related Compound B RS
3-Methoxytyrosine.
C10 H13 NO4
211.22
USP l-Tyrosine RS
BRIEFING
Lindane Cream, USP 36 page 4120. It is proposed to change the name of the reagent
chromatographic solvent hexane to chromatographic hexane; this reagent is used in the
Assay. See the Briefing in Chromatographic Hexane, published elsewhere in this issue of PF.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: S. Shivaprasad.)
Correspondence Number—C139193

Comment deadline: March 31, 2014
Lindane Cream
DEFINITION
Lindane Cream is Lindane in a suitable cream base. It contains NLT 90.0% and NMT 110.0% of
the labeled amount of lindane ( -C6 H6 Cl6 ).
IDENTIFICATION
• A.
Analysis: Wind a strip of 20-mesh copper gauze 1.5 cm wide and 5 cm long around the end
of a copper wire. Heat the gauze in the nonluminous flame of a Bunsen burner until it
glows without coloring the flame green. Allow the gauze to cool, and repeat the heating
and cooling step several times until a thorough coating of oxide is formed. Apply a small
amount of Cream to the cooled gauze, ignite, and allow to burn freely in the air. Hold the
gauze in the outer edge of the burner flame at a height of 4 cm.
Acceptance criteria: A bright green color is imparted to the flame.
ASSAY
Change to read:
• Procedure
Mobile phase: Mix 18 mL of anhydrous ethyl ether with 280 mL of chromatographic solvent
hexane
chromatographic hexane. USP38
Internal standard solution: 1 mg/mL of n-docosane in methylene chloride
Standard stock solution: 2 mg/mL of USP Lindane RS in methylene chloride
Standard solution: Transfer 5.0 mL of Standard stock solution to a graduated centrifuge
tube, add 5.0 mL of Internal standard solution, and evaporate with the aid of gentle heat
and a current of dry air to 3 mL. Avoid evaporating to dryness. If the mixture is
inadvertently evaporated to dryness, discard it, and begin another Standard solution.
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Solid support: 60- to 100-mesh magnesium silicate that has been heated previously at 300
for 2 h
Sample stock solution: Nominally 2 mg/mL of lindane from a quantity of Cream, equivalent
to 10 mg of lindane, prepared as follows. Place a pledget of cotton on a removable porous
plate at the base of a 25-mm × 200-mm chromatographic tube fitted with a polytef
stopcock. Add 50 mL of Mobile phase and 10 g of Solid support, and stir the mixture to
expel air bubbles. Add 1.5 g of anhydrous sodium sulfate to the column, and elute until the
surface of the liquid is 4 cm above the Solid support, discarding the eluate. Transfer a
portion of Cream to a 150-mL beaker, and add 10 g of Solid support. Mix with a spatula,
adding chromatographic solvent hexane
chromatographic hexane USP38
as necessary to produce a homogeneous mixture, and continue stirring until a free-flowing
powder is produced. Transfer this mixture to the chromatographic column with the aid of
three 5-mL portions of Mobile phase, and elute the column with 225 mL of the Mobile
phase at a flow rate of 2–3 mL/min, collecting the eluate in a 250-mL beaker. Remove the
chromatographic column, add 5.0 mL of Internal standard solution to the eluate, and
evaporate with the aid of gentle heat and a current of dry air to 5 mL.
Sample solution: Transfer the Sample stock solution to a graduated centrifuge tube with
the aid of 1 mL of methylene chloride, and evaporate with the aid of gentle heat and a
current of dry air to 3 mL. Avoid evaporating to dryness. If the mixture is inadvertently
evaporated to dryness, discard it, and begin another Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 1.8-m × 2-mm glass; packed with 3% liquid phase G3 on support S1A
Temperatures
Column: 195
Injection port: 250
Detector: 250
Flow rate: 40 mL/min
Injection volume: 1 µL
Carrier gas: Dry nitrogen
System suitability
Sample: Standard solution (6–10 replicate injections)
Suitability requirements
Resolution: NLT 5 between lindane and n-docosane
Tailing factor: NMT 2.0
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lindane ( -C6 H6 Cl6 ) in the portion of
Cream taken:
Result = (RU/RS) × (CS/CU) × 100
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R=
U peak response ratio of lindane to n-docosane in the Sample solution
R=
S peak response ratio of lindane to n-docosane in the Standard solution
C=
S concentration of USP Lindane RS in the Standard stock solution (mg/mL)
C=
U nominal concentration of lindane in the Sample stock solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 791
Sample solution: 1-in-5 dilution
Acceptance criteria: 8.0–9.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Lindane RS

11
BRIEFING

Lithium Carbonate, USP 36 page 4130. It is proposed to revise the monograph as follows:
1.
Revise the Assay to harmonize with European Pharmacopoeia 7.7, which uses
hydrochloric acid instead of sulfuric acid. Include an equation to calculate the
percentage of Lithium Carbonate.
2.
Delete the test for Insoluble Substances to harmonize with European Pharmacopoeia
7.7.
3.
Delete the test for Alkalinity, because the monograph contains other tests and
procedures to ensure the quality of the drug substance. Thus, the test does not add
any value.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C127196

Comment deadline: March 31, 2014
Lithium Carbonate
Li2 CO3
73.89
Carbonic acid, dilithium salt;
Dilithium carbonate
[554-13-2].
DEFINITION
Lithium Carbonate contains NLT 99.0% of lithium carbonate (Li2 CO3 ), calculated on the dried
basis.
IDENTIFICATION
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Change to read:
• A. It effervesces upon the addition of an acid, yielding a colorless gas that, when passed
into calcium hydroxide TS, immediately causes a white precipitate to form
forms a white precipitate. USP38
• B. When moistened with hydrochloric acid, it imparts an intense crimson color to a
nonluminous flame.
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 1.0 g of Lithium Carbonate in 50.0 mL of 1 N sulfuric acid VS
Blank: 50.0 mL of 1N sulfuric acid VS
Titrimetric system Titrimetry 541
Mode: Residual titration
Titrant: 1N sodium hydroxide VS
Endpoint detection: Visual
Indicator: methyl orange TS
Analysis
Samples: Blank and Sample solution
Titrate the excess acid in the Sample solution with Titrant. Perform a blank determination
Each mL of 1 N sulfuric acid is equivalent to 36.95 mg of Li2 CO3 .
Sample solution: Dissolve 0.5 g of Lithium Carbonate in 25.0 mL of 1 N hydrochloric acid
VS.
Blank: 25.0 mL of 1 N hydrochloric acid VS
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
Titrant: 1 N sodium hydroxide VS
Endpoint detection: Visual
Indicator: Methyl orange TS
Analysis
Samples: Sample solution and Blank
Titrate the excess acid in the Sample solution with Titrant.
Calculate the percentage of lithium carbonate (Li2 CO3 ) in the portion of Lithium
Carbonate taken:
Result = (VB

VS) × N × F × (1/W) × 100

VB= Titrant volume consumed by the Blank (mL)
V=
S Titrant volume consumed by the Sample solution (mL)
N= normality of Titrant (mEq/mL)
F= equivalent weight of Lithium Carbonate, 36.95 mg/mEq
W= weight of Lithium Carbonate in the Sample solution (mg)
USP38
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Acceptance criteria: NLT 99.0% on the dried basis
IMPURITIES
• Aluminum and Iron
Sample solution: Dissolve 500 mg of Lithium Carbonate in 10 mL of water by the dropwise
addition, with agitation, of hydrochloric acid.
Analysis: Boil the Sample solution, then cool it. To 5 mL of the solution add 6 N ammonium
hydroxide until the reaction is alkaline.
Acceptance criteria: No turbidity or precipitate is observed.
Change to read:
• Calcium
Sample solution: Suspend 5.0 g of Lithium Carbonate in 50 mL of water, and add a slight
excess of 3 N hydrochloric acid. Boil the clear solution to expel carbon dioxide, add 5 mL
of ammonium oxalate TS, render alkaline with 6 N ammonium hydroxide, and allow to stand
for 4 h. Pass through a filtering crucible, and wash with warm water until the last washing
yields no turbidity with calcium chloride TS. Place the crucible in a beaker, cover the
crucible with water, add 3 mL of sulfuric acid, and heat to 70 .
Analysis: Titrate the Sample solution with 0.10 N potassium permanganate to a pale pink
color that persists for 30 s.
Acceptance criteria: NMT 3.76
3.8 USP38
mL of 0.10 N potassium permanganate is consumed (0.15%).
• Sodium
Standard stock solution: 500 µg/mL of sodium prepared as follows. Dissolve 1.271 g of
sodium chloride, previously dried at 130 to constant weight, in water in a 1000-mL
volumetric flask. Dilute with water to volume.
Sample stock solution: 100 mg/mL of Lithium Carbonate prepared as follows. Suspend
20.0 g of Lithium Carbonate in 100 mL of water, cautiously add 50.0 mL of hydrochloric
acid, transfer to a 200-mL volumetric flask, and dilute with water to volume.
Standard solution: Transfer 1 mL of Standard stock solution and 5 mL of Sample stock
solution to a 100-mL volumetric flask, and dilute with water.
Sample solution: 5 mg/mL of Lithium Carbonate from Sample stock solution diluted with
water
Instrumental conditions
Mode: Flame photometry
Analytical wavelengths: 580 and 589 nm
Analysis
Samples: Standard solution and Sample solution
Set the flame photometer for maximum emission at 589 nm, using the Standard solution.
Measure the emission intensities of the Sample solution at 580 and 589 nm.
Acceptance criteria: The difference between the intensities observed at 580 and 589 nm
for the Sample solution does not exceed the difference between the intensities observed
at 589 nm for the Sample solution and the Standard solution, respectively (0.1%).
• Heavy Metals 231
Sample solution: Dissolve 1 g of Lithium Carbonate in 10 mL of 3 N hydrochloric acid, and
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dilute with water to 25 mL.
Acceptance criteria: NMT 20 ppm
• Chloride and Sulfate, Sulfate 221
Standard solution: Transfer 1 mL of 0.020 N sulfuric acid and 1 mL of 3 N hydrochloric
acid to a suitable container. Dilute with water to 40 mL.
Sample solution: Transfer 1.0 g of Lithium Carbonate to a suitable container. Dissolve 10
mL of 3 N hydrochloric acid. Dilute with water to 40 mL.
Analysis: To the Standard solution and the Sample solution, separately, add 1 mL of
barium chloride TS.
Acceptance criteria: The turbidity produced in the Sample solution, after 3 min, is NMT
that produced in the Standard solution (0.1%).
• Chloride and Sulfate, Chloride 221
Standard solution: Transfer 0.5 mL of 0.02 N hydrochloric acid and 1.2 mL of nitric acid to
a suitable container. Dilute with water to 50 mL.
Sample solution: Transfer 500 mg of Lithium Carbonate to a suitable container. Add 1.2
mL of nitric acid. Dilute with water to 50 mL.
Analysis: To the Standard solution and the Sample solution, separately, add 1 mL of silver
nitrate TS.
Acceptance criteria: The turbidity produced in the Sample solution is NMT that produced
in the Standard solution (0.07%).
Delete the following:
•
Insoluble Substances
Sample solution: Transfer 10 g to a 250-mL beaker, add 50 mL of water, and slowly add
50 mL of 6 N hydrochloric acid.
Analysis: Cover the Sample solution with a watch glass, and boil the solution for 1 h. Pass
through a dried, tared filtering crucible fitted with a glass-fiber filter disk, using suction.
Wash the filter with hot water until the last washing is free from chloride when tested
with silver nitrate TS. Dry the crucible in an oven at 110 for 1 h.
Acceptance criteria: The weight of the residue is NMT 0.02% of the weight of Lithium
Carbonate taken. USP38
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 200 for 4 h.
Acceptance criteria: NMT 1.0%
Delete the following:
•
Alkalinity:
A saturated solution is alkaline to litmus.

USP38

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
BRIEFING
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Magnesium Salicylate, USP 36 page 4188. As part of the USP monograph modernization
effort, the following revisions are proposed:
1.
Delete the “Previously dried” requirement in Identification test A because the dried
material is very hygroscopic and difficult to weigh.
2.
Replace the UV-based Identification test B with the retention time agreement based on
the Assay.
3.
Replace the UV procedure in the Assay with a stability-indicating HPLC procedure. The
new liquid chromatographic procedure is based on the analysis performed with the
Phenomenex Luna C18(2) brand of L1 column. The typical retention time for salicylic
acid is about 10 min.
4.
Add an HPLC procedure in the test for Organic Impurities that is consistent with the
chromatographic system used in the Assay, except the detecting wavelength at UV
212 nm is used to better detect the phenol impurity, which has a limit of 0.02%. The
Acceptance criteria for impurities in Table 1 are based on the organic impurity limits
stated in the Salicylic Acid monograph.
5.
Add a storage condition in the Packaging and Storage section.
6.
Add three new Reference Standards in the USP Reference Standards section used in the
test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: R.-H. Yeh.)
Correspondence Number—C123398

Comment deadline: March 31, 2014
Magnesium Salicylate
Change to read:

C14 H10 MgO6 ·4H2 O
C14 H10 MgO6 USP38
298.54

370.59

Magnesium, bis(2-hydroxybenzoato-O1,O2)-, tetrahydrate;
Magnesium salicylate (1:2), tetrahydrate
[18917-95-8].
Anhydrous
[18917-89-0].
DEFINITION
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Magnesium Salicylate contains NLT 98.0% and NMT 103.0% of magnesium salicylate
(C14 H10 MgO6 ·4H2 O).
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197K Previously dried at 105 for 4 h
USP38

Change to read:
• B. Ultraviolet Absorption 197U
Sample solution: 20 µg/mL, in water
Acceptance criteria: meets the requirements
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
• C. Identification Tests—General, Magnesium

191 : Meets the requirements

ASSAY
Change to read:
• Procedure
Standard solution: 18 µg/mL of USP Salicylic Acid RS in water
Sample solution: Transfer 3.0 mL of the Sample solution prepared in the test for
Magnesium Content to a 500-mL volumetric flask, dilute to volume with water.
Instrumental conditions
Mode: UV
Analytical wavelength: 296 nm
Cell: 1 cm
Blank: Water
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of magnesium salicylate (C14 H10 MgO6 ·4H2 O) in the Magnesium
Salicylate taken:
Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Salicylic Acid RS in the Standard solution (µg/mL)
CU= concentration of Magnesium Salicylate tetrahydrate in the Sample solution (µg/mL)
Mr1
= molecular weight of Magnesium Salicylate tetrahydrate, 370.59
Mr2
= twice the molecular weight of Salicylic Acid, 276.24
Mobile phase: Methanol, phosphoric acid, and water (40: 0.1: 60), prepared by adding 1
mL of phosphoric acid to a solution containing 400 mL of methanol and 600 mL of water
Standard solution: 0.5 mg/mL of USP Magnesium Salicylate RS, in Mobile phase
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Sample solution: 0.5 mg/mL of Magnesium Salicylate, in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 236 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.10%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of magnesium salicylate (C14 H10 MgO6 ·4H2 O) in the portion of
Magnesium Salicylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Magnesium Salicylate RS in the Standard solution (mg/mL)
CU= concentration of Magnesium Salicylate in the Sample solution (mg/mL)
USP38

Acceptance criteria: 98.0%–103.0%
IMPURITIES
• Heavy Metals, Method I

231 : 40 ppm

Add the following:
• Organic Impurities
Mobile phase: Methanol, phosphoric acid, and water (40: 0.1: 60), prepared by adding 1
mL of phosphoric acid to a solution containing 400 mL of methanol and 600 mL of water
Standard stock solution: 0.25 mg/mL of USP Magnesium Salicylate RS, 0.25 mg/mL of USP
Salicylic Acid Related Compound A RS, 0.125 mg/mL of USP Salicylic Acid Related
Compound B RS, and 0.05 mg/mL of USP Phenol RS, in Mobile phase
Standard solution: 0.005 mg/mL of USP Magnesium Salicylate RS, 0.005 mg/mL of USP
Salicylic Acid Related Compound A RS, 0.0025 mg/mL of USP Salicylic Acid Related
Compound B RS, and 0.001 mg/mL of USP Phenol RS, in Mobile phase
Sample solution: 5 mg/mL of Magnesium Salicylate, in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 212 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
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Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between any two peaks
Relative standard deviation: NMT 3% for each peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of salicylic acid related compound A, salicylic acid related
compound B, and phenol in the portion of Magnesium Salicylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of salicylic acid related compound A, salicylic acid related compound B,
or phenol from the Sample solution
rS= peak response of salicylic acid related compound A, salicylic acid related compound B,
or phenol from the Standard solution
C=
S concentration of USP Salicylic Acid Related Compound A RS, USP Salicylic Acid Related
Compound B RS, or USP Phenol RS in the Standard solution (mg/mL)
C=
U concentration of Magnesium Salicylate in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Magnesium
Salicylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other individual impurity from the Sample solution
rS= peak response of the salicylic acid related compound B from the Standard solution
C=
S concentration of USP Salicylic Acid Related Compound B RS in the Standard solution
(mg/mL)
C=
U concentration of Magnesium Salicylate in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Salicylic acid related compound A
0.3
0.1
Phenol
0.4
0.02
Salicylic acid related compound B
0.6
0.05
Salicylic acid
1.0
—
Any other individual impurity
—
0.05
Total impurities
—
0.2
USP38

SPECIFIC TESTS
• Magnesium Content
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Sample solution: Transfer 800 mg of Magnesium Salicylate to a 200-mL volumetric flask.
Dissolve in and dilute with water to volume. Stir the solution continuously for 15 min, and
filter, discarding the first 10 mL of the filtrate, into a flask.
Titrimetric system
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual
Analysis: Transfer 50.0 mL of the Sample solution to a 250-mL conical flask. Add 50 mL of
water, 5 mL of ammonia–ammonium chloride buffer TS, and 0.15 mL of eriochrome black
TS. Titrate with Titrant to a blue endpoint. Each mL of Titrant is equivalent to 1.215 mg
of magnesium.
Acceptance criteria: 6.3%–6.7% of magnesium
• Water Determination, Method I

921 : 17.5%–21.0%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Store in tight containers
at controlled room temperature. USP38
Change to read:
• USP Reference Standards 11
USP Magnesium Salicylate RS
USP Salicylic Acid RS
USP Phenol RS
USP Salicylic Acid Related Compound A RS
4-Hydroxybenzoic acid.
C7 H6 O3
138.12
USP Salicylic Acid Related Compound B RS
4-Hydroxyisophthalic acid.
C8 H6 O5
182.13 USP38
BRIEFING
Methimazole, USP 36 page 4292. As part of the USP monograph modernization efforts, the
following revisions are proposed:
1.
The Assay is revised to replace the use of indicator with potentiometric endpoint
detection, making the procedure consistent with the current European
Pharmacopoeia monograph for Thiamazole.
2.
Replace the TLC-based test for Ordinary Impurities with a new GC procedure for a test
for Organic Impurities based on the procedure from the Thiamazole monograph in the
European Pharmacopoeia. This procedure is based on analysis performed with the
Macherey-Nagel Optima 5 Amine brand of G27 column. The typical retention time of
the methimazole peak is about 6.5 min.
3.
Omit Identification test B to eliminate the use of mercuric chloride and trinitrophenol
(picric acid).
4.
Omit the test for Melting Range or Temperature.
5.
Add the new Reference Standards used in the test for Organic Impurities to the
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11

section.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: M. Puderbaugh, E. Gonikberg.)
Correspondence Number—C125933

Comment deadline: March 31, 2014
Methimazole

C4 H6 N2 S

114.17

2H-Imidazole-2-thione, 1,3-dihydro-1-methyl-;
1-Methylimidazole-2-thiol
[60-56-0].
DEFINITION
Methimazole contains NLT 98.0% and NMT 101.0% of methimazole (C4 H6 N2 S), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
•
B.
Sample solution: 5 mg/mL in water.
Analysis 1. Add mercuric chloride TS to a portion of the Sample solution.
Acceptance criteria 1: A white precipitate is produced.
Analysis 2. Add trinitrophenol TS to a portion of the Sample solution.
Acceptance criteria 2: No precipitation is produced.
Analysis 3. Add molybdophosphotungstate TS to a portion of the Sample solution.
Acceptance criteria 3: The solution is colored intensely blue. USP38
ASSAY
Change to read:
• Procedure
Sample: 250 mg of Methimazole
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Analysis: Dissolve the Sample in 75 mL of water. Add from a buret 15 mL of 0.1 N sodium
hydroxide VS, mix, and add, with agitation, 30 mL of 0.1 N silver nitrate. Add 1 mL of
bromothymol blue TS, and continue the titration with the 0.1 N sodium hydroxide VS until
a permanent, blue-green color is produced.
Add 15.0 mL of 0.1 N sodium hydroxide VS, mix, and add, with stirring, 30 mL of 0.1 N
silver nitrate. Continue the titration with the 0.1 N sodium hydroxide VS, determining the
end-point potentiometrically. USP38
Each mL of 0.1 N sodium hydroxide is equivalent to 11.42 mg of methimazole (C4 H6 N2 S).
Acceptance criteria: 98.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Selenium 291
Sample: 200 mg of Methimazole
Acceptance criteria: NMT 30 ppm
Delete the following:
• Ordinary Impurities 466
Standard solution and Sample solution: Ethyl acetate
Eluant: Toluene, isopropyl alcohol, and ammonium hydroxide (70:29:1), in a non-equilibrated
chamber
Visualization: 2 USP38
Add the following:
• Organic Impurities
Standard solution: 0.01 mg/mL each of USP Methimazole RS, USP Methimazole Related
Compound A RS, 1-methylimidazole, and USP Methimazole Related Compound C RS in
chloroform
Sample solution: 10 mg/mL of methimazole in chloroform
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 30-m × 0.25-mm; 0.5-µm coating of G27
Temperatures
Injection port: 150
Detector: 250
Temperature Program: See Table 1.
Table 1
Initial
Temperature
Final
Temperature
Ramp
Temperature
( )
( /min)
( )
100
100
Carrier gas: Helium
Flow rate: 1.5 mL/min

—
30

100
250

Hold Time at
Final Temperature
(min)
2
15
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Injection volume: 1 µL
Injection type: Split ratio, 3:20
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between methimazole related compound A and 1-methylimidazole
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methimazole related compound A, 1-methylimidazole, and
methimazole related compound C in the portion of Methimazole taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each related compound from the Sample solution
rS= peak response of the corresponding related compound from the Standard solution
C=
S concentration of the corresponding related compound in the Standard solution
(mg/mL)
C=
U concentration of Methimazole in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Methimazole
taken:
Result = (rU/rS) × (CS/CU)× 100
rU= peak response of each impurity from the Sample solution
rS= peak response of methimazole from the Standard solution
C=
S concentration of USP Methimazole RS in the Standard solution (mg/mL)
C=
U concentration of Methimazole in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any peak below 0.02%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Methimazole related compound A
0.3
0.1
1-Methylimidazole
0.4
0.1
Methimazole related compound C
0.7
0.1
Methimazole
1.0
—
Any other individual impurity
—
0.1
Total impurities
—
0.5
USP38

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature
• Loss on Drying 731
Analysis: Dry at 105 for 2h.

741 : 143 –146

USP38
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Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Methimazole RS
USP Methimazole Related Compound A RS
2,2-Dimethoxy-N-methylethanamine.
C5 H13 NO2
119.16
USP Methimazole Related Compound C RS
1-Methyl-2-(methylsulfanyl)-1H-imidazole.
C5 H8 N2 S
128.20 USP38
BRIEFING
Methimazole Tablets, USP 36 page 4293. It is proposed to revise the Assay to replace the use
of indicator with potentiometric endpoint detection making the procedure consistent with
proposed revisions to the drug substance monograph. Additionally, it is proposed to omit
Identification test B to eliminate the use of mercuric chloride and trinitrophenol (picric acid)
for safety concerns.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: M. Puderbaugh, E. Gonikberg.)
Correspondence Number—C128646

Comment deadline: March 31, 2014
Methimazole Tablets
DEFINITION
Methimazole Tablets contain NLT 94.0% and NMT 106.0% of the labeled amount of methimazole
(C4 H6 N2 S).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Digest a quantity of powdered Tablets, equivalent to 10 mg of methimazole, with
10 mL of warm chloroform for 20 min, filter, and evaporate the filtrate on a steam bath to
dryness.
Acceptance criteria: Meet the requirements
Delete the following:
•
B.
Sample solution: Digest a quantity of powdered Tablets, equivalent to 10 mg of
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methimazole, with 10 mL of warm chloroform for 20 min, filter, and evaporate the filtrate
on a steam bath to dryness. Prepare a solution containing 5 mg/mL of the filtrate in
water.
Analysis 1. Add mercuric chloride TS to a portion of the Sample solution.
Acceptance criteria: A white precipitate is produced.
Analysis 2. Add trinitrophenol TS to a portion of the Sample solution.
Acceptance criteria: No precipitation is produced.
Analysis 3. Add molybdophosphotungstate TS to a portion of the Sample solution.
Acceptance criteria: The solution is colored intensely blue. USP38
ASSAY
Change to read:
• Procedure
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to120 mg of methimazole, to a 100 mL volumetric flask. Add about 80 mL of
water, insert the stopper, and shake by mechanical means or occasionally by hand for 30
min. Dilute with water to volume, and filter.
Analysis: To 50.0 mL of Sample solution, add from a buret 3.5 mL of 0.1 N sodium
hydroxide VS, mix, and add, with agitation, about 7 mL of 0.1 N silver nitrate. Add 1 mL of
bromothymol blue TS, and continue the titration with the 0.1 N sodium hydroxide VS until
a permanent, blue-green color is produced.
Add 3.5 mL of 0.1 N sodium hydroxide VS to 50.0 mL of Sample solution, mix, and add,
with stirring, 7 mL of 0.1 N silver nitrate. Continue the titration with the 0.1 N sodium
hydroxide VS, determining the end-point potentiometrically. USP38
Each mL of 0.1 N sodium hydroxide is equivalent to 11.42 mg of methimazole (C4 H6 N2 S).
Acceptance criteria: 94.0%–106.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 500 mL
Apparatus 1: 100 rpm
Time: 30 min
Standard solution: USP Methimazole RS at a known concentration in Medium
Sample solutions: Filtered solution under test, suitably diluted with Medium
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum absorbance at about 252 nm
Tolerances: NLT 80% (Q) of the labeled amount of methimazole (C4 H6 N2 S) is dissolved.
• Uniformity of Dosage Units 905 : Meet the requirements
Procedure for content uniformity
Standard solution: 5 µg/mL of USP Methimazole RS in water
Sample stock solution: Place 1 Tablet, previously crushed or finely powdered, in a 100mL volumetric flask. Add 50 mL of water, and shake by mechanical means for 30 min.
Dilute with water to volume, mix, and filter, discarding the first 20 mL of filtrate.
Sample solution: Nominally 5 µg/mL of methimazole in water from Sample stock solution
Instrumental conditions
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Mode: UV
Analytical wavelength: Maximum absorbance at about 252 nm
Cell: 1 cm
Blank: Water
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of the labeled amount of methimazole (C4 H6 N2 S) in the
Tablet taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Methimazole RS in the Standard solution (µg/mL)
C=
U nominal concentration of methimazole in the Sample solution (µg/mL)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards
USP Methimazole RS

11
BRIEFING

Metronidazole Tablets, USP 36 page 4355. It is proposed to modernize the monograph with
the following changes:
1.
Add a liquid chromatographic procedure to the test for Organic Impurities based on the
2013 edition of the British Pharmacopoeia. This procedure uses the Zorbax Eclipse
XDB-C8 brand of L7 packing column manufactured by Agilent Technologies. The
typical retention time for metronidazole is about 4 min.
2.
Add a specification for unspecified individual degradation product, as found in the
International Conference on Harmonization (ICH) guidelines, in the test for Organic
Impurities.
3.
Add an equation in the Dissolution test to be consistent with current USP style.
4.
Add a storage requirement in the Packaging and Storage section to be consistent with
the drug storage conditions in the package insert.
5.
Introduce USP Tinidazole Related Compound A RS for system suitability and quantitation
in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: D. Min.)
Correspondence Number—C117022

Comment deadline: March 31, 2014
Metronidazole Tablets
DEFINITION
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Metronidazole Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
metronidazole (C6 H9 N3 O3 ).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Sample stock solution: Equivalent to 15 mg/mL of metronidazole from powdered Tablets in
dilute hydrochloric acid (1 in 100). Shake for several min, and filter.
Medium: Sulfuric acid in methanol (1 in 350)
Sample solution: 20 µg/mL of metronidazole in Medium from the Sample stock solution
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Methanol and water (1:4)
Standard solution: 0.5 mg/mL of USP Metronidazole RS in Mobile phase
Sample stock solution: Nominally 10 mg/mL of metronidazole in methanol from Tablets
prepared as follows. Transfer 10 Tablets, whole or ground, to a suitable size volumetric
flask. Add methanol, and shake by mechanical means for 30 min or until the Tablets are
disintegrated. Dilute with methanol to volume, and allow the solution to stand until the
insoluble material has settled.
Sample solution: 0.5 mg/mL of metronidazole in Mobile phase prepared from the clear
supernatant of the Sample stock solution. Filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of metronidazole (C6 H9 N3 O3 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of metronidazole from the Sample solution
rS= peak response of metronidazole from the Standard solution
C=
S concentration of USP Metronidazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of metronidazole in the Sample solution (mg/mL)
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Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 60 min
Standard solution: USP Metronidazole RS in Medium
Sample solution: Filter a portion of the solution under test, and dilute with Medium to a
concentration similar to that of the Standard solution.
Instrumental conditions
Mode: UV
Analytical wavelength: 278 nm
Blank: Medium
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of the labeled amount of metronidazole (C6 H9 N3 O3 ) dissolved.
Result = (AU/AS) × CS × V × (1/L) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Metronidazole RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L = label claim (mg/Tablet) USP38

Tolerances: NLT 85% (Q) of the labeled amount of metronidazole (C6 H9 N3 O3 ) is dissolved.
• Uniformity of Dosage Units 905
Procedure for content uniformity
Diluent: Diluted hydrochloric acid (1 in 100)
Standard solution: 20 µg/mL of USP Metronidazole RS in Diluent
Sample stock solution: Transfer 1 Tablet to a 250-mL volumetric flask. Add about 100
mL of Diluent, and shake for 30 min. Dilute with Diluent to volume. Filter, discarding the
first 15 mL of the filtrate. Nominally 200 µg/mL of metronidazole is prepared by
transferring the filtrate quantitatively with the Diluent.
Sample solution: 20 µg/mL of metronidazole in Diluent from Sample stock solution
Instrumental conditions
Mode: UV
Analytical wavelength: 278 nm
Cell: 1 cm
Blank: Diluent
Analysis
Samples: Standard solution, Sample solution, and Blank
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Calculate the quantity, in mg, of metronidazole (C6 H9 N3 O3 ) in each Tablet taken:
Result = (AU/AS) × (CS/CU) × L
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Metronidazole RS in the Standard solution (µg/mL)
C=
U concentration of metronidazole in the Sample solution (µg/mL)
L= label claim (mg/Tablet)
Acceptance criteria: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase: Methanol and water (20:80)
Standard solution: 0.5 µg/ml of USP Metronidazole RS and 2.5 µg/mL of USP Tinidazole
Related Compound A RS in Mobile phase
Sample solution: Nominally 500 µg/mL of metronidazole prepared as follows. Transfer a
suitable amount of powdered Tablets (NLT 20) to a suitable volumetric flask. Add Mobile
phase equivalent to 80% of the flask size. Sonicate for 10 min. Dilute with Mobile phase to
volume, and pass a portion of the solution through a suitable filter. Use the filtrate.
Chromatographic system
(See Chromatography <621>, System Suitability.)
Mode: LC
Detector: UV 319 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 30 µL
System suitability
Sample: Standard solution
[Note—See Table 1 for relative retention times.]
System suitability requirements
Resolution: NLT 4.0 between metronidazole and tinidazole related compound A
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tinidazole related compound A in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of tinidazole related compound A from the Sample solution
rS= peak response of tinidazole related compound A from the Standard solution
C=
S concentration of USP Tinidazole Related Compound A RS in the Standard solution
(µg/mL)
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C=
U nominal concentration of metronidazole in the Sample solution (µg/mL)
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response of metronidazole from the Standard solution
C=
S concentration of USP Metronidazole RS in the Standard solution (µg/mL)
C=
U nominal concentration of metronidazole in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Tinidazole related compound A
Metronidazole
Any individual unspecified degradation product
Total impurities

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.7
0.5
1.0
—
—
0.10
—
2.0

USP38

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Store below 25 .

USP38

Change to read:
• USP Reference Standards 11
USP Metronidazole RS
USP Tinidazole Related Compound A RS
2-Methyl-5-nitroimidazole.
C4 H5 N3 O2
127.10 USP38
BRIEFING
Niacin, USP 36 page 4497. On the basis of the comments received, the following changes are
proposed to the Niacin monograph originally proposed in PF 39(1) [Jan.–Feb. 2013].
1.
Add the description of the Buffer solution to Identification test B that was inadvertently
left out in PF 39(1).
2.
Replace the HPLC procedure in the test for Related Compounds with a better HPLC
procedure that can characterize a larger number of impurities. The proposed HPLC
procedure is based on analyses performed with the Phenomenex Synergi Hydro-RP 80
A brand of L1 column. The typical retention times for niacin, 6-methylnicotinic acid,
and 6,6¢-dinicotinic acid are 6.5, 17.0, and 17.9 min, respectively. The proposed
HPLC procedure in the Assay is based on analyses performed with the Merck Kga
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Purospher Star RP8e brand of L8 column. The typical retention times for pyridine, 6hydroxynicotinic acid, and niacin are 1.5, 5.7, and 8.3 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: H. Dinh.)
Correspondence Number—C134323

Comment deadline: March 31, 2014
Niacin

C6 H5 NO2

123.11

3-Pyridinecarboxylic acid;
Nicotinic acid
[59-67-6].
DEFINITION
Change to read:
Niacin contains NLT 99.0%
98.0% USP38
and NMT 101.0%
102.0% USP38
of niacin (C6 H5 NO2 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
Change to read:
• B. Ultraviolet Absorption 197U
Wavelength range: 200–300 nm
Buffer solution: Dissolve 6.8 g of monobasic potassium phosphate in 1000 mL of water.
Adjust with 50% sodium hydroxide solution to a pH of 7.0. USP38
Sample solution: 20 µg/mL in Buffer solution
Acceptance criteria: Meets the requirements. The A237 /A262 ratio is 0.46–0.50.
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38

PF 40(1): Jan.-Feb. 2014

458

ASSAY
Change to read:
• Procedure
Buffer solution: Dissolve 6.8 g of monobasic potassium phosphate in 1000 mL of water.
Adjust with 50% sodium hydroxide solution to a pH of 7.0.
Standard solution: 0.02 mg/mL of USP Niacin RS in Buffer solution
Sample solution: 0.02 mg/mL of Niacin in Buffer solution
Blank: Buffer solution
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: UV-Vis
Analytical wavelength: 262 nm
Cell: 1 cm
Analysis
Samples: Standard solution, Sample solution, and Blank
Determine the absorbances of the solutions against the Blank.
Calculate the percentage of niacin (C6 H5 NO2 ) in the portion of Niacin taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (µg/mL)
C=
U concentration of Niacin in the Sample solution (µg/mL)
Acceptance criteria: 99.0%–101.0% on the dried basis
Diluent: Methanol and water (82:18)
Mobile phase: Methanol and water (82:18), adjusted with glacial acetic acid to a pH of
3.15 ± 0.05
System suitability solution: 0.25 mg/mL of USP Niacin RS, 0.050 mg/mL of USP 6Hydroxynicotinic Acid RS, and 0.10 mg/mL of pyridine in Diluent
Standard solution: 0.25 mg/mL of USP Niacin RS in Diluent
Sample solution: 0.25 mg/mL of Niacin in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 5-µm packing L8
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for pyridine, 6-hydroxynicotinic acid, and niacin are
about 0.14, 0.64, and 1.0, respectively, System suitability solution.]
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Suitability requirements
Resolution: NLT 1.5 between pyridine and 6-hydroxynicotinic acid and NLT 1.5
between 6-hydroxynicotinic acid and niacin, System suitability solution
Relative standard deviation: NMT 2.0% for replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of niacin (C6 H5 NO2 ) in the portion of Niacin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of niacin from the Sample solution
rS= peak response of niacin from the Standard solution
CS= concentration of USP Niacin RS in the Standard solution (mg/mL)
CU= concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

USP38

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Chloride and Sulfate, Chloride 221
Standard: 0.15 mL of 0.020 N hydrochloric acid
Sample: 0.50 g of Niacin
Acceptance criteria: NMT 0.02%
• Chloride and Sulfate, Sulfate 221
Standard: 0.10 mL of 0.020 N sulfuric acid
Sample: 0.50 g of Niacin
Acceptance criteria: NMT 0.02%
• Heavy Metals, Method I 231
Test preparation: Mix 1 g with 4 mL of 1 N acetic acid, and dilute with water to 25 mL.
Heat gently until solution is complete, and cool.
Acceptance criteria: NMT 20 ppm
Delete the following:
• Ordinary Impurities 466
Standard solutions and Test solution: Use water as the solvent.
Eluant: A mixture of methanol and 0.1 N hydrochloric acid (9:1)
Visualization: 1
Analysis: Proceed as directed in the chapter.
Acceptance criteria: NMT 2.0% of total ordinary impurities USP38
Add the following:
• Related Compounds
Diluent, Mobile phase, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
the Assay.
Analysis
Sample: Sample solution
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Calculate the percentage of each impurity in the portion of the sample taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity
r=
T sum of the responses of all the peaks
Acceptance criteria: See Table 1.
Table 1
Relative Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Pyridine
0.14
0.2
6-Hydroxynicotinic acid
0.64
0.2
Niacin
1.0
—
Any unspecified impurity
—
0.1
Total impurities
—
1.0
Solution A: Dissolve 0.6 g of glacial acetic acid in 1 L of water, and adjust with 10%
ammonium hydroxide solution to a pH of 5.6.
Solution B: Acetonitrile and methanol (1:1)
Mobile phase: Gradient elution. See Table 1.
Time
(min)
0
10a
30
35
36
48

Table 1
Solution A
(%)
100
100
20
20
100
100

Solution B
(%)
0
0
80
80
0
0

a The gradient start time may be adjusted to achieve the required resolution between 6methylnicotinic acid peak and 6,6¢-dinicotinic acid peak of the System suitability
solution.
Resolution solution: Transfer 6 mg each of USP 6-Methylnicotinic Acid RS, USP 6,6¢Dinicotinic Acid RS, and pyridine into a 100-mL volumetric flask, dissolve, and dilute with
Solution A to volume.
System suitability solution: Transfer 60 mg of USP Niacin RS into a 5-mL volumetric
flask, add 100 µL of 10% ammonium hydroxide solution and 1.0 mL of Resolution solution,
and dilute with Solution A to volume.
Standard solution: 0.012 mg/mL of USP Niacin RS in Solution A
Sample solution: Transfer 120 mg of Niacin into a 10-mL volumetric flask, add 200 µL of
10% ammonium hydroxide solution, and dilute with Solution A to volume. Shake the flask
until the niacin is completely dissolved.
Chromatographic system
(See Chromatography

621 , System Suitability.)

PF 40(1): Jan.-Feb. 2014

461

Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 25-cm; 4-µm packing L1
Column temperature: 15
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for niacin, 6-methylnicotinic acid, 6,6¢-dinicotinic
acid, and pyridine are about 1.0, 2.7, 2.8, and 3.8, respectively, System suitability
solution.]
Suitability requirements
Resolution: NLT 1.5 between 6-methylnicotinic acid and 6,6¢-dinicotinic acid peaks,
System suitability solution
Relative standard deviation: NMT 10.0% for replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Niacin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response of niacin from the Standard solution
CS= concentration of USP Niacin RS in the Standard solution (mg/mL)
CU= concentration of Niacin in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.03%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Isocinchomeronic acid
0.38
0.05
6-Hydroxynicotinic acid
0.63
0.05
Isonicotinic acid
0.92
0.05
6-Methylnicotinic acid
2.61
0.05
6,6¢-Dinicotinic acid
2.68
0.05
5-Nitronicotinic acid
2.76
0.05
Pyridine
3.76
0.05
Nitropyridine
3.83
0.05
3,5-Dinitropyridine
4.03
0.05
3-Ethylpyridine
4.72
0.05
5-Ethyl-2-methylpyridine
5.00
0.05
Total impurities
—
0.05
USP38

SPECIFIC TESTS
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• Loss on Drying 731
Analysis: Dry at 105 for 1 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP 6,6¢-Dinicotinic Acid RS
USP 6-Hydroxynicotinic acid RS
USP 6-Methylnicotinic Acid RS USP38
USP Niacin RS
BRIEFING
Olanzapine Tablets, USP 36 page 4562. On the basis of comments and supporting data
received, it is proposed to revise the monograph as follows:
1.
Revise the Identification test by IR from 197S to 197K to minimize spectral
interference from chloroform.
2.
Revise the relative response factor for olanzapine related compound C from 0.71 to
0.76.
3.
Delete the redundant chemical information regarding related compounds in Table 2 in
the test for Organic Impurities.
4.
Revise the units of the Standard solution in the Organic Impurities test from µg/mL to
mg/mL to be consistent with the concentration units in the Sample solution.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C117201; C132022

Comment deadline: March 31, 2014
Olanzapine Tablets
DEFINITION
Olanzapine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of olanzapine
(C17 H20 N4 S).
IDENTIFICATION
Change to read:
• Infrared Absorption 197S
197K USP38
Standard solution :
30 USP36
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mg/mL of USP Olanzapine RS in chloroform.
Sample solution: Dissolve a quantity of powdered Tablets, equivalent to 30 mg of
olanzapine, in 30 mL of chloroform, and filter. Evaporate completely to dryness with the
aid of a current of air. Redissolve the residue in 1 mL of chloroform.
Standard: Dissolve 10 mg of USP Olanzapine RS in 10 mL of chloroform. Evaporate to
dryness on a water bath maintained at 55 . Use about 2 mg of the residue to prepare a
potassium bromide pellet.
Sample: Crush NLT five Tablets, and transfer powder equivalent to 30 mg of olanzapine
to a suitable container. Add 30 mL of chloroform, and sonicate for 15 min to dissolve.
Pass through a suitable filter, and evaporate the filtrate to dryness on a water bath
maintained at 55 . Use about 2 mg of the residue to prepare a potassium bromide
pellet.
Acceptance criteria: Meets requirements USP38
ASSAY
Change to read:
• Procedure
[
Note—A few drops of acetonitrile, not to exceed 5% of the final volume, may be added to the
Standard solution and Sample solution before final dilution to reduce foaming.]
(RB 1-Jul-2012)

Buffer 1: 6.9 g/L of monobasic sodium phosphate. Adjust with phosphoric acid to a pH of 2.5.
Buffer 2: 12 g/L of sodium dodecyl sulfate in Buffer 1
Mobile phase: Acetonitrile and Buffer 2 (1:1)
System suitability solution: 0.1 mg/mL of USP Olanzapine RS and 0.01 mg/mL of USP
Olanzapine Related Compound A RS in Mobile phase
Standard solution: 0.1 mg/mL of USP Olanzapine RS in Mobile phase
Sample solution: Transfer a known quantity of Tablets
(NLT 5) (RB 1-Jul-2012)
, equivalent to NLT 25 mg of olanzapine, to a suitable volumetric flask. Dilute with Mobile phase
to volume, mix, and sonicate for 10 min. Centrifuge a portion of this solution, and dilute the
clear supernatant with Mobile phase to obtain a solution containing about 0.1 mg/mL of
olanzapine. [Note—Agitation of the flask may be necessary before sonication to prevent
Tablets from adhering to the flask, making disintegration and dissolution difficult.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for olanzapine related compound A and olanzapine are 0.89
and 1.0, respectively.]
Suitability requirements
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Resolution: NLT 2.0 between olanzapine and olanzapine related compound A, System
suitability solution
Tailing factor: NMT 1.8, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of olanzapine (C17 H20 N4 S) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Olanzapine RS in the Standard solution (mg/mL)
C = nominal concentration of olanzapine in the Sample solution (mg/mL)
U (ERR 1-Dec-2012)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Mobile phase: 10 g/L of ammonium acetate in a mixture of methanol and water (2:3).
Adjust with hydrochloric acid to a pH of 4.0.
Standard solution: An amount, in mg, corresponding to the Tablet label claim, of USP
Olanzapine RS in 1000 mL of Medium. Transfer 5.0 mL of this solution to a tube, and add
2.0 mL of Mobile phase.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Transfer 5.0 mL of the filtrate to a tube, and add 2.0 mL of Mobile
phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 5-µm packing L10
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Calculate the percentage of the labeled amount of olanzapine (C17 H20 N4 S) dissolved:
Result = (rU/rS) × CS × (V/L) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Olanzapine RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of olanzapine (C17 H20 N4 S) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
[
Note—A few drops of acetonitrile, not to exceed 5% of the final volume, may be added to the
Standard solution and Sample solution before final dilution to reduce foaming.]
(RB 1-Jul-2012)

Buffer 1: 3.3 mL/L of phosphoric acid. Adjust with 50% sodium hydroxide to a pH of 2.5.
Buffer 2: 8.7 g/L of sodium dodecyl sulfate in Buffer 1
Buffer 3: 18.6 mg/L of edetate disodium (EDTA) in Buffer 2
Solution A: Acetonitrile and Buffer 2 (12:13)
Solution B: Acetonitrile and Buffer 2 (7:3)
Diluent: Acetonitrile and Buffer 3 (2:3)
System suitability solution: 20 µg/mL of USP Olanzapine RS and 2 µg/mL each of USP
Olanzapine Related Compound B RS and USP Olanzapine Related Compound C RS in Diluent
Standard solution: 2 µg/mL
0.002 mg/mL 1S (USP38)
of USP Olanzapine RS in Diluent
Sensitivity solution: 0.4 µg/mL of USP Olanzapine RS in Diluent from the Standard solution
Sample solution:
Nominally 0.375–0.500 mg/mL of olanzapine from a suitable number of Tablets prepared as
follows. 1S (USP38)
Transfer a known quantity of Tablets to a suitable volumetric flask, and dilute with Diluent to
volume. to obtain a solution containing either 375 or 500 µg/mL of olanzapine (based on the
label claim)
1S (USP38)

Centrifuge a portion of this solution, and use the supernatant. [Note—Immediate agitation of the
flask may be necessary to prevent Tablets from adhering to the flask, making dissolution and
disintegration difficult. [Caution—Do not sonicate.] The Sample solution is stable for 12 h at
room temperature and 48 h if refrigerated.]
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
10
100
0
20
0
100

PF 40(1): Jan.-Feb. 2014

466

25
27
35

0
100
100

100
0
0

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 3.0 between olanzapine and olanzapine related compound C, System
suitability solution
Tailing factor: NMT 1.5 for the olanzapine peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Olanzapine RS in the Standard solution (µg/mL
mg/mL 1S (USP38)
)
C = nominal concentration of olanzapine in the Sample solution (mg/mL)
U (ERR 1-Dec-2012)

F= relative response factor for each impurity listed in Table 2
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time

Name
Olanzapine lactama
Olanzapine related compound

Relative
Response
Factor

0.26

1.0

0.30

2.3

0.34

1.0
0.71 USP36
0.76 USP38

Acceptance
Criteria,
NMT (%)
0.50

Bb

USP38

0.50

(RB 1-Jul-2012)

Olanzapine thiolactamc
b

USP38

Olanzapine related compound
USP38

Cd
0.83

0.50
0.50
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Olanzapine
1.0
—
—
Any individual unspecified impurity
—
unspecified degradation product USP38
1.0
0.20
Total impurities
—
—
1.5
a (Z)-4-(4-Methylpiperazin-1-yl)-3-(2-oxopropylidene)-1H-benzo[b][1,4]diazepin-2(3H)-one.
b 2-Methyl-10H-thieno-[2,3-b][1,5] benzodiazepin-4[5H]-one.
USP38

c
b USP38
(Z)-1-{4-(4-Methylpiperazin-1-yl)-2-thioxo-1H-benzo[b][1,4]diazepin-3(2H)-ylidene}propan2-one.
d 2-Methyl-4-(4-methylpiperazin-1-yl)-10H-benzo[b]thieno[2,3-e][1,4]diazepine 4¢-N-oxide
USP38

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards 11
USP Olanzapine RS
USP Olanzapine Related Compound A RS
5-Methyl-2-((2-nitrophenyl)amino)-3-thiophenecarbonitrile.
C12 H9 N3 O2 S
259.28
USP Olanzapine Related Compound B RS
2-Methyl-10H-thieno-[2,3-b][1,5]benzodiazepin-4[5H]-one.
C12 H10 N2 OS
230.29 (ERR 1-Dec-2012)
USP Olanzapine Related Compound C RS
2-Methyl-4-(4-methylpiperazin-1-yl)-10H-benzo[b]thieno[2,3-e][1,4]diazepine 4¢-Noxide.
C17 H20 N4 OS
328.43
BRIEFING
Oxaprozin Tablets, USP 36 page 4621. As part of the USP monograph modernization initiative,
it is proposed to clarify the Sample stock solution in the Assay to be consistent with current
USP style guide. It is also proposed to add a test for Organic Impurities. The proposed liquid
chromatography procedure was validated based on the HPLC procedure for the Assay. The
analysis is performed with an Inertsil C8-3 brand of L7 column. The typical retention time is
about 11.9 min for oxaprozin. The limits of all impurities proposed are based on ICH
guidelines. Stakeholders are encouraged to submit FDA-approved acceptance criteria, along
with the list of specified degradation products, for the Expert Committee's consideration.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: H. Cai.)
Correspondence Number—C120149

Comment deadline: March 31, 2014
Oxaprozin Tablets
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DEFINITION
Oxaprozin Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of oxaprozin
(C18 H15 NO3 ).
[Note—Because of light sensitivity, protect all oxaprozin samples and standard solutions from
light.]
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Sample solution: 2 mg/mL of oxaprozin in acetone
Developing solvent system: Ethyl acetate and glacial acetic acid (99:1)
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A : 0.1% phosphoric acid. Add phosphoric acid, dropwise, to water to obtain a pH
of 2.00 ± 0.10.
Mobile phase: Acetonitrile and Solution A (45:55)
Standard solution: Dissolve an accurately weighed quantity of USP Oxaprozin RS in
acetonitrile to obtain a solution having a concentration of about 12 µg/mL of oxaprozin.
Sample stock solution: Transfer a quantity, nominally equivalent to about 60 mg of
oxaprozin, from NLT 20 finely powdered Tablets to a 100-mL volumetric flask. Add about
10 mL of water, and sonicate for 10 min. Add about 40 mL of acetonitrile, sonicate for 30
min, and shake by mechanical means for an additional 30 min. Add about 30 mL of
acetonitrile, and sonicate for 10 min. Dilute with acetonitrile to volume.
Nominally 0.6 mg/mL of oxaprozin prepared as follows. Transfer a suitable amount of
oxaprozin from NLT 20 powdered Tablets to an appropriate volumetric flask. Add water to
10% of the final volume, and sonicate for 10 min. Add 40% of final volume of acetonitrile,
and sonicate for 30 min. Shake by mechanical means for an additional 30 min. Add 30% of
the final volume of acetonitrile, and sonicate for 10 min. Dilute with acetonitrile to volume.
Pass through a suitable filter. Use the filtrate. USP38
Sample solution: Nominally equivalent to 12 µg/mL of oxaprozin from the Sample stock
solution in acetonitrile
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 285 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
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Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxaprozin (C18 H15 NO3 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Oxaprozin RS in the Standard solution (mg/mL)
C=
U nominal concentration of oxaprozin in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.05 M monobasic potassium phosphate buffer, pH 7.4; 1000 mL
Apparatus 2: 75 rpm
Time: 45 min
Detector: UV 286 nm (maximum absorbance)
Standard solution: A known concentration of USP Oxaprozin RS in Medium. [Note—A
quantity of methanol, not exceeding 5% of the final volume, can be added to help
solubilize the USP Reference Standard.]
Sample solution: Filter portions of the solution under test, suitably diluted with Medium, if
necessary.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxaprozin (C18 H15 NO3 ) dissolved by
using UV absorption from the Sample solution in comparison with the Standard solution.
Tolerances: NLT 75% (Q) of the labeled amount of oxaprozin (C18 H15 NO3 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Solution A and Mobile phase: Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL of USP Oxaprozin RS in acetonitrile
Sample solution: Nominally 1 mg/mL of oxaprozin prepared as follows. Transfer a suitable
amount of oxaprozin from NLT 20 powdered Tablets to an appropriate volumetric flask.
Add water to 10% of the final volume, and sonicate for 10 min. Add 40% of the final
volume of acetonitrile, and sonicate for 30 min. Shake by mechanical means for an
additional 30 min. Add 30% of the final volume of acetonitrile, and sonicate for 10 min.
Dilute with acetonitrile to volume. Pass through a suitable filter. Use the filtrate.
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Chromatographic system: Proceed as directed in the Assay except use a column
temperature of 20 .
System suitability
Sample: Standard solution
Suitability requirements
Signal-to-noise ratio: NLT 3000
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of benzoin, benzil, and each individual unspecified degradation
product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of benzoin, benzil, or each individual unspecified degradation product
from the Sample solution
rS= peak response of oxaprozin from the Standard solution
C=
S concentration of USP Oxaprozin RS in the Standard solution (mg/mL)
C=
U nominal concentration of oxaprozin in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Name
Time
Benzoina
0.6
Oxaprozin
1.0
Benzil
1.9
Any individual unspecified degradation product
—
a 2-Hydroxy-1,2-diphenylethan-1-one.

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.12
0.2
—
—
0.62
0.2
1.0
0.2

USP38

SPECIFIC TESTS
• Water Determination, Method Ia

921 : NMT 3.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards
USP Oxaprozin RS

11
BRIEFING

Phenytoin, USP 36 page 4783. The revision appearing in PF 39(2) is cancelled. It is proposed to
revise the monograph as follows:
1.
Add Identification test B as an orthogonal identification procedure based on retention
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1.
Add Identification test B as an orthogonal identification procedure based on retention
time agreement to strengthen the monograph.
2.
The current assay and chromatographic purity tests are replaced with a new procedure
capable of separating known impurities. The gradient elution procedure proposed for
both the Assay and the test for Organic Impurities is based on analysis performed
with the L1 column Inertsil ODS3 manufactured by GL Sciences. The typical retention
time for phenytoin is about 19.6 min.
3.
Remove the test for Limit of Benzophenone because benzophenone is included in the
revised test for Organic Impurities.
4.
A table of impurities is included with the appropriate relative retention times and the
corresponding limits. Limits are introduced for unspecified impurities based on ICH
Q3A guidelines. Limits for phenytoin related compound A and phenytoin related
compound B are introduced. The relative retention times were revised.
5.
Delete the test for Clarity and Color of Solution because the acceptance criteria are
subjective. The monograph contains sufficient tests to ensure the quality of the
article.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: A. Potts.)
Correspondence Number—C127202; C126493

Comment deadline: March 31, 2014
Phenytoin

C15 H12 N2 O2

252.27

2,4-Imidazolidinedione, 5,5-diphenyl-;
5,5-Diphenylhydantoin
[57-41-0].
DEFINITION
Phenytoin contains NLT 98.0% and NMT 102.0% of phenytoin (C15 H12 N2 O2 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Add the following:

PF 40(1): Jan.-Feb. 2014

472

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol and water (55:45)
Standard solution: 0.1 mg/mL of USP Phenytoin RS in Mobile phase. [Note—Dissolve with
the aid of sonication if necessary.]
Sample stock solution: 1 mg/mL of Phenytoin in methanol
Sample solution: 0.1 mg/mL of Phenytoin from Sample stock solutionin Mobile phase.
[Note—Dissolve with the aid of sonication if necessary.]
System suitability solution: 0.15 mg/mL of benzoin and 0.09 mg/mL of phenytoin from
Standard solution in Mobile phase.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for phenytoin and benzoin are 0.75 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 1.5 between benzoin and phenytoin, System suitability solution
Tailing factor: NMT 1.5 for phenytoin, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of phenytoin (C15 H12 N2 O2 ) in the portion of Phenytoin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Phenytoin RS in the Standard solution (mg/mL)
C=
U concentration of phenytoin in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
Solution A: Prepare a 0.05 M monobasic potassium phosphate solution and adjust with
phosphoric acid to a pH of 2.5.
Solution B: Methanol and acetonitrile (60:40)
Mobile phase: See Table 1.
Table 1
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Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
60
40
23
60
40
38
42
58
45
30
70
50
30
70
51
60
40
55
60
40
Diluent: Solution B and water (1:1)
Standard solution: 0.2 mg/mL of USP Phenytoin RS in Diluent. Dissolve with the aid of
sonication if necessary.
Sample solution: 0.2 mg/mL of Phenytoin in Diluent. Dissolve with the aid of sonication
if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of phenytoin (C15 H12 N2 O2 ) in the portion of Phenytoin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

USP38

IMPURITIES
• Heavy Metals, Method II 231 : NMT 20 ppm
Change to read:
• Organic Impurities
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
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System suitability solution: 1 mg/mL of USP Phenytoin RS and 0.01 mg/mL of benzoin in
methanol
Standard solution: 0.01 mg/mL of USP Phenytoin RS in methanol
Sample solution: 1 mg/mL of Phenytoin in methanol
System suitability
Sample: System suitability solution
[Note—The relative retention times are given in Table 1.]
Suitability requirements
Resolution: NLT 1.5, between phenytoin and benzoin
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Phenytoin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for each impurity
rS= peak area of phenytoin from the Standard solution
C=
S concentration of USP Phenytoin RS in the Standard solution (mg/mL)
C=
U concentration of Phenytoin in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any impurity less than 0.05%.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Phenytoin
0.75
—
a
—
Benzoin
1.00
—
Total impuritiesb
0.9
a Included for system suitability purposes only. Not a process impurity or degradation product.
b Excluding benzophenone.
Mobile phase, Diluent, and Chromatographic system: Proceed as directed in the
Assay.
Standard solution: 1 µg/mL of USP Phenytoin RS, 5 µg/mL of USP Phenytoin Related
Compound A RS, 9 µg/mL of USP Phenytoin Related Compound B RS, and 1 µg/mL of
USP Benzophenone RS in Diluent.
Sample solution: 1 mg/mL of Phenytoin in Diluent
System suitability
Sample: Standard solution
[Note—The relative retention times are given in Table 2.]
Suitability requirements
Signal-to-noise ratio: NLT 10
Relative standard deviation: NMT 5.0% for the phenytoin peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity in the portion of Phenytoin taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area of specified impurity from the Sample solution
rS= peak area of corresponding impurity from the Standard solution
CS= concentration of corresponding impurity in the Standard solution (mg/mL)
CU= concentration of Phenytoin in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of
Phenytoin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for each unspecified impurity
rS= peak area of phenytoin from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU= concentration of Phenytoin in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity less than 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Phenytoin related compound A
0.14
0.5
Phenytoin related compound B
0.53
0.9
Phenytoin
1.0
—
Benzophenone
2.11
0.1
Benzil
2.23
—
Any individual unspecified impurity
—
0.10
—
Total impuritiesa
0.9
a Excluding benzophenone.
USP38

Delete the following:
•
Limit of benzophenone
Mobile phase and Chromatographic System: Prepare as directed in the Organic
Impurities
Standard solution: 0.001mg/mL of benzophenone in methanol
Sample solution: 1 mg/mL of Phenytoin in methanol
Chromatographic system
(See Chromatography

621 , System Suitability.)

Use the same system as directed in the test for Organic Impurities.
System suitability
Sample: Standard solution and System suitability solution
[Note—The relative retention times for phenytoin and benzopenone are 0.25 and 1.0,
respectively ]
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Suitability requirements
Relative standard deviation: NMT 5.0% from three injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of benzophenone in the portion of Phenytoin (C15 H12 N2 O2 ) taken:
Result = (rU/rS) × (CS/CU) × 100
rU= benzophenone peak area from the Sample solution
rS= benzophenone peak area from the Standard solution
C=
S concentration of benzophenone in the Standard solution (mg/mL)
C=
U concentration of Phenytoin in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.1%

USP38

SPECIFIC TESTS
Delete the following:
•
Clarity and Color of Solution
Sample solution: Dissolve 1 g in a mixture of 5 mL of 1 N sodium hydroxide and 20 mL of
water.
Acceptance criteria: The solution is clear and not darker than pale yellow. USP38
• Loss on Drying 731
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Benzophenone RS
Diphenylmethanone.
C13 H10 O
182.22 USP38
USP Phenytoin RS
USP Phenytoin Related Compound A RS
2,2-Diphenylglycine.
C14 H13 NO2
227.26
USP Phenytoin Related Compound B RS
2,2-Diphenyl-2-ureidoacetic acid.
C15 H14 N2 O3
270.28 USP38
BRIEFING
Phenytoin Oral Suspension, USP 36 page 4784. The revision appearing in PF 39(2) was
cancelled. It is proposed to revise the monograph as follows:
1.
Replace Identification test A, which uses melting range for identification, with a more
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specific identification by FT-IR spectroscopy.
2.
Replace Identification test B, which is a visual colorimetric test, with a retention time
agreement based on the Assay. This was proposed in PF 39(2) and is being proposed
again.
3.
Revise the existing Assay with a new procedure for both the Assay and the test for
Organic Impurities, which is capable of separating the known impurities. The gradient
elution procedure proposed for both the Assay and Organic Impurities is based on
the analyses performed with the L1 Inertsil ODS3 brand of column manufactured by
GL Sciences, in which the typical retention time for phenytoin is about 19.6 min.
4.
Revise the Dissolution test to include a formula for the calculation of the percentage of
phenytoin dissolved. Convert the Note regarding density determination to required
text in the Analysis.
5.
Remove Column efficiency from the Dissolution test.
6.
Include a table of impurities with the appropriate relative retention times and
corresponding limits. A limit for each unspecified impurity based on the ICH Q3B
guidelines is introduced. Limits for phenytoin related compound A and phenytoin
related compound B are introduced.
7.
Include storage conditions to be consistent with approved package labeling.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: A. Potts.)
Correspondence Number—C126494; C120149

Comment deadline: March 31, 2014
Phenytoin Oral Suspension
DEFINITION
Phenytoin Oral Suspension is Phenytoin suspended in a suitable medium. It contains NLT 95.0%
and NMT 105.0% of the labeled amount of phenytoin (C15 H12 N2 O2 ).
IDENTIFICATION
Delete the following:
•
A. Melting Range or Temperature, Class I 741
Sample: Shake a volume of Oral Suspension, equivalent to 100 mg of phenytoin, with 50 mL
of a mixture of ether and chloroform (1 in 2) in a separator, evaporate the extract to
dryness, and dry in vacuum at 105 for 4 h.
Acceptance criteria: The phenytoin so obtained melts at 292 –299 with some
decomposition. USP38
Add the following:
• A. Infrared Absorption 197K
Sample: Shake a volume of Oral Suspension equivalent to 100 mg of phenytoin with 50 mL
of a mixture of ether and chloroform (1 in 2) in a separator, evaporate the extract to
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dryness, and dry under vacuum at 105 for 4 h. Weigh 2–4 mg of the residue and 200 mg
of potassium bromide in a mortar. Pestle, mix, and grind well, and prepare the potassium
bromide pellet.
Acceptance criteria: Meets the requirements USP38
Delete the following:
•
B. Procedure
Sample solution: 1 mg/mL of residue obtained in Identification test A in chloroform, with
slight warming if necessary
Analysis: To 5 mL of the Sample solution add 0.2 mL of a freshly prepared solution of
cobaltous acetate in methanol (1 in 100) and 1 mL of a freshly prepared solution of
isopropylamine in methanol (1 in 20), and mix.
Acceptance criteria: A violet to red-violet color is produced. USP38
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution as obtained in the Assay. USP38
ASSAY
Change to read:
• Procedure
Solution A: 0.5% triethylamine in water
Solution B: 10% glacial acetic acid in water
Mobile phase: Methanol, acetonitrile, water, Solution A, and Solution B
(100:40:191:1.3:1)
Standard solution: 0.625 mg/mL of USP Phenytoin RS prepared in Mobile phase.
Sample solution: Nominally 0.625 mg of phenytoin in Mobile phase. Transfer a suitable
volume of Oral Suspension containing about 125 mg of phenytoin to a 200 mL flask. Rinse
the pipet with 40 mL of methanol, and add the rinsings to the flask. Add about 50 mL of
Mobile phase. Dilute with methanol to volume, mix, sonicate, and filter.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 229 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0% for phenytoin
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phenytoin (C15 H12 N2 O2 ) in the portion
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of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Phenytoin RS in the Standard solution (mg/mL)
C=
U nominal concentration of phenytoin in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
Solution A: Prepare a 0.05 M monobasic potassium phosphate solution, and adjust with
phosphoric acid to a pH of 2.5.
Solution B: Methanol and acetonitrile (60:40)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
60
40
23
60
40
38
42
58
45
30
70
50
30
70
51
60
40
55
60
40
Diluent: Solution B and water (1:1)
Standard solution: 0.2 mg/mL of USP Phenytoin RS in Diluent. Dissolve with the aid of
sonication, if necessary.
Sample solution: Nominally 0.2 mg/mL of phenytoin prepared as follows. Weigh and
transfer a suitable volume of Oral Suspension containing the equivalent of 20 mg of
phenytoin to a 100-mL volumetric flask. Add 20 mL of methanol, and dissolve. Dilute
with Diluent to volume . Dissolve with the aid of sonication, if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of phenytoin (C15 H12 N2 O2 ) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU= nominal concentration of phenytoin in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%

USP38

PERFORMANCE TESTS
Change to read:
• Dissolution 711
Buffer 1: Dissolve 6.05
36.3 USP38
g of tris(hydroxymethyl)aminomethane and 10
60 USP38
g of sodium lauryl sulfate in 1
6 USP38
L of water, adjust with hydrochloric acid to a pH of 7.5, ±0.05,
USP38

and degas.
Medium: Buffer 1; 900 mL
Apparatus 2: 35 rpm
Time: 60 min
Buffer 2: 2.76 g/L of monobasic sodium phosphate in water
Mobile phase: Methanol, acetonitrile, and Buffer 2 (27:23:50). Adjust with phosphoric acid
to a pH of 3.0.
Standard solution: 0.14 mg/mL of USP Phenytoin RS prepared as follows. Transfer a
suitable amount of USP Phenytoin RS to a suitable volumetric flask. Dissolve in 3% of the
flask volume of methanol. Dilute with Medium to volume.
Sample solution: Shake the sample suspension well (100 shakes).
Determine the density, d (g/mL), of Oral Suspension using appropriate means. USP38
Using a 5-mL syringe, collect approximately 5 mL of Oral Suspension, and record the weight.
With the paddles lowered, gently empty the contents of each syringe into the bottom of
each vessel containing Medium. Start rotating the paddles. Reweigh each syringe, and
determine the weight (g) of Oral Suspension delivered into each vessel. At the end of 60
min, remove 4 mL from each vessel, and pass through a nylon filter of 0.45-µm pore size,
presaturated with Medium. [Note—Dilute with Medium if necessary to a concentration
that is similar to the Standard solution.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; packing L1
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Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 5400 theoretical plates
USP38

Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for phenytoin
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phenytoin (C15 H12 N2 O2 ) dissolved:
[Note—The density of Oral Suspension must be determined and used in calculating the
quantity, in mg, of phenytoin dissolved.]
Result = (rU/rS) × CS × V × D × (d/W) × (1/L) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Phenytoin RS in the Standard solution
V= volume of Medium, 900 mL
D= dilution factor (necessary only if the Sample solution requires dilution)
d= density of Oral Suspension (g/mL)
W= weight of Oral Suspension delivered (g)
L = label claim of Oral Suspension (mg/mL) USP38

Tolerances: NLT 80% (Q) of the labeled amount of phenytoin (C15 H12 N2 O2 ) is dissolved.
• Uniformity of Dosage Units 905
For single-unit containers
Acceptance criteria: Meets the requirements
• Deliverable Volume 698
For multiple-unit containers
Acceptance criteria: Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, Diluent, and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 1 µg/mL of USP Phenytoin RS, 9 µg/mL of USP Phenytoin Related
Compound A RS, and 9 µg/mL of USP Phenytoin Related Compound B RS in Diluent
Sample solution: 1 mg/mL of Oral Suspension in Diluent
System suitability
Sample: Standard solution
Suitability requirements
Signal-to-noise ratio: NLT 10
Relative standard deviation: NMT 5.0% for the phenytoin peak
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Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times are given in Table 2.]
Calculate the percentage of phenytoin related compound A and phenytoin related
compound B in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of each specified impurity from the Sample solution
rS= peak area of each specified impurity from the Standard solution
C=
S concentration of each specified impurity in the Standard solution (mg/mL)
C=
U nominal concentration of phenytoin in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Oral
Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for each unspecified impurity
rS= peak area of phenytoin from the Standard solution
C=
S concentration of USP Phenytoin RS in the Standard solution (mg/mL)
C=
U nominal concentration of phenytoin in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity less than 0.05%.
Table 2

Name
Phenytoin related compound A
Phenytoin related compound B
Phenytoin
Any individual unspecified degradation product
Total impurities

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.14
0.9
0.53
0.9
1.0
—
—
0.10
—
0.9

USP38

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers. Avoid freezing.
Store at controlled room temperature. Protect from freezing and light. USP38
• Labeling: The label bears a statement that the patient must use an accurately calibrated
measuring device with multiple-dose containers.
Change to read:
• USP Reference Standards 11
USP Phenytoin RS
USP Phenytoin Related Compound A RS
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2,2-Diphenylglycine.
C14 H13 NO2
227.26
USP Phenytoin Related Compound B RS
2,2-Diphenyl-2-ureidoacetic acid.
C15 H14 N2 O3
270.28 USP38
BRIEFING
Pyrantel Tartrate, PF 38(6) [Nov.–Dec. 2012]. The previously published new monograph
proposal for this drug substance is canceled and replaced with the following new monograph
proposal based on comments received:
1.
The test for Organic Impurities is modified to include a Diluted sample solution at a
concentration similar to the individual impurities' limit.
2.
A note is added to Identification test A to require concomitant preparation of the
sample and standard potassium bromide dispersions to alleviate potential spectra
variability.
The liquid chromatographic procedures used in the Assay and in the test for Organic Impurities
are based on analyses performed with the Whatman Partisil S Silica brand of L3 column. The
typical retention time for pyrantel is about 8.7 min.
(SM3: M. Puderbaugh.)
Correspondence Number—C95394

Comment deadline: March 31, 2014
Add the following:
Pyrantel Tartrate

C11 H14 N2 S·C4 H6 O6

356.39

Pyrimidine, 1,4,5,6-tetrahydro-1-methyl-2-[2-(2-thienyl)ethenyl]-, (E)-, (2R,3R)-2,3dihydroxybutanedioate (1:1);
(E)-1,4,5,6-Tetrahydro-1-methyl-2-[2-(2-thienyl)vinyl]pyrimidine tartrate (1:1)
[33401-944].
DEFINITION
Pyrantel Tartrate contains NLT 98.0% and NMT 102.0% of pyrantel tartrate
(C11 H14 N2 S·C4 H6 O6 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
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[Note—Concomitantly prepare potassium bromide dispersions of the Standard and sample.
Differences between sets of standard/sample spectra may occur as a result of differing
specimen preparation or environmental conditions.]
• B. Identification Tests—General, Tartrate 191
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
[Note—Protect all solutions containing Pyrantel Tartrate from light.]
Mobile phase: Acetonitrile, glacial acetic acid, diethylamine, and water (94: 2.5: 1: 2.5)
Standard solution: 0.42 mg/mL of USP Pyrantel Tartrate RS in Mobile phase
Sample solution: 0.42 mg/mL of Pyrantel Tartrate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 316 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pyrantel tartrate (C11 H14 N2 S·C4 H6 O6 ) in the portion of
Pyrantel Tartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Pyrantel Tartrate RS in the Standard solution (mg/mL)
C=
U concentration of Pyrantel Tartrate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
[Note—Protect all solutions containing Pyrantel Tartrate from light.]
Mobile phase: Acetonitrile, glacial acetic acid, diethylamine, and water (94: 2.5: 1: 2.5)
Sample solution: 0.42 mg/mL of Pyrantel Tartrate in Mobile phase
Diluted sample solution: 0.84 µg/mL of Pyrantel Tartrate in Mobile phase from Sample
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solution
System suitability solution: Expose a portion of the Sample solution to short-wavelength
UV light for 30 min (Pyrantel Tartrate undergoes partial degradation to cis-pyrantel). A
degradation level to at least 0.3% of cis-pyrantel must be obtained, as shown by the
appearance of a corresponding peak in the chromatogram. If it is not obtained, again
expose the solution to short-wavelength UV light.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 236 and 316 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
Flow rate: 1 mL/min
Run time: 2.5 times the retention time of pyrantel
Injection volume: 100 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for pyrantel and cis-pyrantel are 1.0 and 1.2,
respectively.]
Suitability requirements
System suitability requirements must be met at both 236 and 316 nm.
Resolution: NLT 1.5 between pyrantel and cis-pyrantel
Analysis
Samples: Sample solution and Diluted sample solution
Calculate the percentage of each impurity detected at 236 nm in the portion of Pyrantel
Tartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity detected at 236 nm from the Sample solution
rS= peak response detected at 236 nm from the Diluted sample solution
C=
S concentration of the Diluted sample solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Calculate the percentage of each impurity detected at 316 nm in the portion of Pyrantel
Tartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity detected at 316 nm from the Sample solution
rS= peak response detected at 316 nm from the Diluted sample solution
C=
S concentration of the Diluted sample solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria
Any individual impurity: NMT 0.2% of any individual impurity detected at 236 nm; NMT
0.2% of any individual impurity detected at 316 nm
Total impurities: NMT 1.0% of total impurities detected at 236 nm; NMT 1.0% of total
impurities detected at 316 nm
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SPECIFIC TESTS
• pH 791
Sample solution: 10.0 mg/mL in carbon dioxide-free water
Acceptance criteria: 3.3–3.7
• Loss on Drying 731
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers protected from light, and store
at room temperature.
• Labeling: Label it to indicate that it is for veterinary use only.
• USP Reference Standards
USP Pyrantel Tartrate RS

11
USP38

BRIEFING
Sulfamethoxazole and Trimethoprim Oral Suspension, USP 36 page 5229. As part of the
USP monograph modernization effort, the following changes are proposed:
1.
Replace the Limit of Trimethoprim Degradation Product and Limit of Sulfanilamide,
Sulfanilic Acid, and Sulfamethoxazole N4-Glucoside tests based on TLC with a
selective and validated HPLC method for Organic Impurities. The HPLC procedure in
the test for Organic Impurities is based on analyses performed with the Sunfire C18
brand of L1 column. The typical retention times of trimethoprim and sulfamethoxazole
are 14.4 min and 20.4 min, respectively.
2.
Revise the Identification test based on TLC with the retention time agreement for
sulfamethoxazole and trimethoprim in the Assay.
3.
Add additional storage requirements based on the drug package insert.
4.
Add USP impurity reference standards to ensure the system suitability performance for
the HPLC procedure and quantitative control of impurities in the product.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: L. Santos, D. Min.)
Correspondence Number—C120149

Comment deadline: March 31, 2014
Sulfamethoxazole and Trimethoprim Oral Suspension
DEFINITION
Sulfamethoxazole and Trimethoprim Oral Suspension contains NLT 90.0% and NMT 110.0% of
the labeled amounts of sulfamethoxazole (C10 H11 N3 O3 S) and trimethoprim (C14 H18 N4 O3 ).
IDENTIFICATION
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Change to read:
• A. The RF values of the principal spots of the Sample solution correspond to those of the
Standard solutions of USP Trimethoprim RS and USP Sulfamethoxazole RS, as obtained in
the Impurities tests.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
ASSAY
• Procedure
Mobile phase: Mix 1400 mL of water, 400 mL of acetonitrile, and 2.0 mL of triethylamine in
a 2000-mL volumetric flask. Allow to equilibrate to room temperature, and adjust with 0.2
N sodium hydroxide or dilute glacial acetic acid (1 in 100) to a pH of 5.9 ± 0.1. Dilute with
water to volume, and pass through a filter of 0.45-µm pore size.
Standard stock solution: 0.32 mg/mL of USP Trimethoprim RS and 0.32J mg/mL of USP
Sulfamethoxazole RS in methanol, where J is the ratio of the labeled amount, in mg, of
sulfamethoxazole to the labeled amount, in mg, of trimethoprim in the dosage form
Standard solution: 0.032 mg/mL of USP Trimethoprim RS per mL and 0.032J mg/mL of USP
Sulfamethoxazole RS per mL in Mobile phase from Standard stock solution
Sample stock solution: Transfer a volume of Oral Suspension, equivalent to 80 mg of
sulfamethoxazole, to a 50-mL volumetric flask with the aid of 30 mL of methanol. Sonicate
the mixture for 10 min with occasional shaking. Allow to equilibrate to room temperature,
dilute with methanol to volume, and centrifuge. Use the filtrate in the preparation of the
Sample solution.
Sample solution: Nominally 0.16 mg/mL of sulfamethoxazole in Mobile phase from Sample
stock solution. Filter the solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for trimethoprim and sulfamethoxazole are 1.0 and 1.8,
respectively.]
Suitability requirements
Resolution: NLT 5.0 between sulfamethoxazole and trimethoprim
Tailing factor: NMT 2.0 for sulfamethoxazole and trimethoprim
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of trimethoprim (C14 H18 N4 O3 ) and
sulfamethoxazole (C10 H11 N3 O3 S) in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of trimethoprim or sulfamethoxazole from the Sample solution
rS= peak response of trimethoprim or sulfamethoxazole from the Standard solution
C=
S concentration of the USP Trimethoprim RS or USP Sulfamethoxazole RS in the Standard
solution (mg/mL)
C=
U nominal concentration of trimethoprim or sulfamethoxazole in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–110.0% each of sulfamethoxazole (C10 H11 N3 O3 S) and
trimethoprim (C14 H18 N4 O3 )
PERFORMANCE TESTS
• Uniformity of Dosage Units
in single-unit containers

905 : Meets the requirements for oral suspension packaged

• Deliverable Volume 698 : Meets the requirements for oral suspension packaged in
multiple-unit containers
IMPURITIES
Delete the following:
•
Limit Of Trimethoprim Degradation Product
Diluent: Chloroform and methanol (8:2)
Standard solution A: 20 mg/mL of USP Trimethoprim RS in Diluent
Standard solution B: 0.1 mg/mL of USP Trimethoprim RS in Diluent from Standard solution A
Sample solution: Transfer a measured volume of Oral Suspension, equivalent to 40 mg of
trimethoprim, to a separatory funnel. Extract with three 25-mL portions of Diluent,
collecting the extracts in a 125-mL conical flask. Evaporate the combined extracts with
the aid of a current of air to dryness on a steam bath. Dissolve the residue in 2.0 mL of
Diluent, then centrifuge.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Chloroform, methanol, and ammonium hydroxide (80:20:3)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatogram until the solvent front has moved at least 15 cm. Remove the
plate from the chamber, air-dry, and view under short-wavelength UV light.
Trimethoprim produces a spot at about RF 0.7, and the trimethoprim degradation product
can be seen at RF 0.3–0.5.
Acceptance criteria: Any spot from the Sample solution at about RF 0.3–0.5 is not greater
in size and intensity than the spot produced by Standard solution B at about RF 0.7,
corresponding to NMT 0.5%. USP38
Delete the following:
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•
Limit of Sulfanilamide, Sulfanilic Acid, and Sulfamethoxazole N4-Glucoside
Solution A: Dehydrated alcohol and methanol (95:5)
Standard solution A: Transfer 20 mg of USP Sulfamethoxazole RS into a 10-mL volumetric
flask, dissolve in 1 mL of ammonium hydroxide, and dilute with methanol to volume.
Standard solution B: Transfer 10 mg of USP Sulfanilamide RS into a 50-mL volumetric flask,
dissolve in 5 mL of ammonium hydroxide, and dilute with methanol to volume. Pipet 5 mL of
this solution into a 100-mL volumetric flask, add 10 mL of ammonium hydroxide, and dilute
with methanol to volume.
Standard solution C: Transfer 10 mg of USP Sulfanilic Acid RS into a 50-mL volumetric
flask, dissolve in 5 mL of ammonium hydroxide, and dilute with methanol to volume. Pipet 3
mL of this solution into a 100-mL volumetric flask, add 10 mL of ammonium hydroxide, and
dilute with methanol to volume.
Standard solution D: Transfer 3.0 mg of USP Sulfamethoxazole N4 -Glucoside RS into a 50mL volumetric flask, dissolve in 5 mL of ammonium hydroxide, and dilute with methanol to
volume.
Sample solution: Using a syringe, transfer a volume of Oral Suspension, equivalent to 200
mg of sulfamethoxazole, to a 100-mL volumetric flask containing 10 mL of ammonium
hydroxide, and add 50 mL of methanol. Shake for 3 min, and dilute with methanol to
volume. Centrifuge a portion of the solution for 3 min.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 50 µL
Developing solvent system: Solution A, heptane, chloroform, and glacial acetic acid
(25:25:25:7)
Spray reagent (Modified Ehrlich's reagent): 100 mg of p-dimethylaminobenzaldehyde in
1 mL of hydrochloric acid. Dilute with alcohol to 100 mL.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, Standard
solution D, and Sample solution
Apply the Samples to separate points on the Adsorbent. Place the plate in an unsaturated
chromatographic chamber, and develop the chromatogram until the solvent front has
moved at least 12 cm. Remove the plate from the developing chamber, air-dry, spray
with Spray reagent, and allow the plate to stand for 15 min.
Acceptance criteria: Sulfamethoxazole produces a spot at about RF 0.7. Any spots from
the Sample solution at about RF 0.5, 0.1, and 0.3 are not greater in size and intensity
than spots produced by Standard solutions B, C, and D, respectively, corresponding to
NMT 0.5% of sulfanilamide, 0.3% of sulfanilic acid, and 3.0% of sulfamethoxazole N4 glucoside. USP38
Add the following:
• Organic Impurities
Solution A: Triethylamine and water (2.5: 2000). Adjust the pH to 5.9 using glacial acetic
acid.
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Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
10
80
20
25
60
40
30
20
80
31
90
10
35
90
10
Diluent: Solution B and Solution A (25:75)
System suitability solution: 1 mg/mL of USP Sulfamethoxazole RS; 0.2 mg/mL of USP
Trimethoprim RS; 1 µg/mL each of USP Sulfamethoxazole N4 -Glucoside RS, USP
Sulfamethoxazole Related Compound A RS, USP Sulfamethoxazole Related Compound F RS,
USP Sulfanilamide RS, and USP Sulfanilic Acid RS from Standard stock solution A; and 0.3
µg/mL each of USP Trimethoprim Related Compound A RS, USP Trimethoprim Related
Compound B RS, and USP Trimethoprim Related Compound C RS from Standard stock
solution B in Diluent
Standard stock solution A: 0.2 mg/mL each of USP Sulfamethoxazole N4 -Glucoside RS,
USP Sulfamethoxazole Related Compound A RS, USP Sulfamethoxazole Related Compound
F RS, USP Sulfanilamide RS, and USP Sulfanilic Acid RS in Diluent. Sonicate for 5 min to
dissolve.
Standard stock solution B: 0.03 mg/mL each of USP Trimethoprim Related Compound A
RS, USP Trimethoprim Related Compound B RS, and USP Trimethoprim Related Compound C
RS in Diluent. Sonicate for 5 min to dissolve.
Standard solution: 0.03 mg/mL of USP Sulfamethoxazole N4 -Glucoside RS; 5 µg/mL each
of USP Sulfamethoxazole Related Compound A RS, USP Sulfamethoxazole Related
Compound F RS, and USP Sulfanilamide RS; 3 µg/mL of USP Sulfanilic Acid RS from
Standard stock solution A; and 1 µg/mL each of USP Trimethoprim RS, USP Trimethoprim
Related Compound A RS, USP Trimethoprim Related Compound B RS, and USP Trimethoprim
Related Compound C RS from Standard stock solution B in Diluent
Sample solution: Nominally 1 mg/mL of sulfamethoxazole and 0.2 mg/mL of trimethoprim
from a volume of Oral Suspension in Diluent. Sonicate for 15 min in Diluent before diluting
to final volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between trimethoprim and trimethoprim related compound A and
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NLT 1.5 between sulfamethoxazole and trimethoprim related compound B
Relative standard deviation: NMT 2.0% for sulfanilic acid, sulfanilamide,
sulfamethoxazole related compound F, sulfamethoxazole N4-glucoside, trimethoprim
related compound C, trimethoprim, trimethoprim related compound A, sulfamethoxazole
related compound A, sulfamethoxazole, and trimethoprim related compound B
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sulfanilic acid, sulfanilamide, sulfamethoxazole related
compound F, sulfamethoxazole N4-glucoside, and sulfamethoxazole related compound A in
the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of sulfanilic acid, sulfanilamide, sulfamethoxazole related compound F,
sulfamethoxazole N4-glucoside, or sulfamethoxazole related compound A from the
Sample solution
rS= peak response of sulfanilic acid, sulfanilamide, sulfamethoxazole related compound F,
sulfamethoxazole N4-glucoside, or sulfamethoxazole related compound A from the
Standard solution
C=
S concentration of USP Sulfanilic Acid RS, USP Sulfanilamide RS, USP Sulfamethoxazole
Related Compound F RS, USP Sulfamethoxazole N4-Glucoside RS, and USP
Sulfamethoxazole Related Compound A RS in the Standard solution (mg/mL)
C=
U nominal concentration of sulfamethoxazole in the Sample solution (mg/mL)
Calculate the percentage of trimethoprim related compound C, trimethoprim related
compound A, trimethoprim related compound B, and any other unspecified degradation
product in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of trimethoprim related compound C, trimethoprim related compound A,
trimethoprim related compound B, and any other unspecified degradation product from
the Sample solution
rS= peak response of trimethoprim related compound C, trimethoprim related compound A,
trimethoprim related compound B, and trimethoprim (for any other unspecified
degradation product) from the Standard solution
C=
S concentration of USP Trimethoprim Related Compound C RS, USP Trimethoprim Related
Compound A RS, USP Trimethoprim Related Compound B RS, and USP Trimethoprim RS
(for any other unspecified degradation product) in the Standard solution (mg/mL)
C=
U nominal concentration of trimethoprim in the Sample solution (mg/mL)
Acceptance criteria See Table 2.
Table 2

Name
Sulfanilic acid
Sulfanilamide
Sulfamethoxazole related compound F

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.18
0.3
0.32
0.5
0.48
0.5
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Sulfamethoxazole N4-glucoside
Trimethoprim related compound C
Trimethoprim
Trimethoprim related compound A
Sulfamethoxazole related compound A
Sulfamethoxazole
Trimethoprim related compound B
Any other unspecified degradation product

0.54
0.63
0.71
0.74
0.81
1.00
1.04
—

3.0
0.5
—
0.5
0.5
—
0.5
0.2

USP38

SPECIFIC TESTS
• pH

791 : 5.0–6.5

• Alcohol Determination, Method II

611 : NMT 0.5% of alcohol (C2 H5 OH)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. Protect from light. USP38
Change to read:
• USP Reference Standards 11
USP Alcohol Determination–Acetonitrile RS
USP Alcohol Determination–Alcohol RS
USP Sulfamethoxazole RS
USP Sulfamethoxazole N4 -Glucoside RS
4-(Beta-d-glucopyranosylamino)-N-(5-methyl-3-isoxazolyl)-benzenesulfonamide.
C16 H21 N3 O8 S
415.42
USP Sulfamethoxazole Related Compound A RS
N-{4-[N-(5-Methylisoxazol-3-yl)sulfamoyl]phenyl}acetamide.
C12 H13 N3 O4 S
295.31
USP Sulfamethoxazole Related Compound F RS
4-Amino-N-(3-methylisoxazol-5-yl)benzenesulfonamide.
C10 H11 N3 O3 S
253.28 USP38
USP Sulfanilamide RS
p-Aminobenzenesulfonamide.
C6 H8 N2 O2 S
172.20
USP Sulfanilic Acid RS
Benzenesulfonic acid, 4-amino-.
C6 H7 NO3 S
173.19
USP Trimethoprim RS
USP Trimethoprim Related Compound A RS
4-Amino-5-(3,4,5-trimethoxybenzyl)pyrimidin-2-ol.
C14 H17 N3 O4
291.30
USP Trimethoprim Related Compound B RS
2,4-Diaminopyrimidin-5-yl)(3,4,5-trimethoxyphenyl)methanone.
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C14 H16 N4 O4
304.30
USP Trimethoprim Related Compound C RS
5-[(3,4-Dimethoxyphenyl)methyl]-2,4-pyrimidinediamine.
C13 H16 N4 O2
260.29 USP38
BRIEFING
Sulindac, USP 36 page 5239. As part of USP monograph modernization efforts, it is proposed to
make the following changes:
1.
Revise the acceptance criteria in the Definition from “NLT 99.0% and NMT 101.0%” to
NLT 98.0% and NMT 102.0%, which is typical for chromatographic procedures.
2.
Replace the existing Assay with a validated stability-indicating HPLC procedure, which
could also be used in the newly introduced test for Organic Impurities. The proposed
liquid chromatographic procedure is based on analyses performed with the Acquity
UPLC BEH C18 brand of L1 column. The typical retention time for sulindac is about 9
min.
3.
Replace the current test for Organic Impurities based on TLC with an HPLC procedure.
The proposed liquid chromatographic procedure is based on analyses performed with
the Acquity UPLC BEH C18 brand of L1 column. This test monitors sulindac related
compound A ((E)-2-{5-fluoro-2-methyl-1-[4-(methylsulfinyl)benzylidene]-1H-inden3-yl}acetic acid), sulindac related compound B ((Z)-2-{5-fluoro-2-methyl-1-[4(methylsulfonyl)benzylidene]-1H-inden-3-yl}acetic acid), and sulindac related
compound C ((Z)-2-{5-fluoro-2-methyl-1-[4-(methylthio)benzylidene]-1H-inden-3yl}acetic acid) as well as all other unspecified impurities.
4.
Add Identification test C based on HPLC with the retention time match for sulindac.
5.
Add the following three new Reference Standards, introduced by the proposed HPLC
procedure in the test for Organic Impurities, to the USP Reference Standards
section: USP Sulindac Related Compound A RS ((E)-2-{5-fluoro-2-methyl-1-[4(methylsulfinyl)benzylidene]-1H-inden-3-yl}acetic acid), USP Sulindac Related
Compound B RS ((Z)-2-{5-fluoro-2-methyl-1-[4-(methylsulfonyl)benzylidene]-1Hinden-3-yl}acetic acid), and USP Sulindac Related Compound C RS ((Z)-2-{5-Fluoro2-methyl-1-[4-(methylthio)benzylidene]-1H-inden-3-yl}acetic acid).
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: C. Anthony.)
Correspondence Number—C116098

Comment deadline: March 31, 2014
Sulindac
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356.41

1H-Indene-3-acetic acid, 5-fluoro-2-methyl-1-[[4-(methylsulfinyl) phenyl]methylene]-, (Z);
cis-5-Fluoro-2-methyl-1-[(p-methylsulfinyl)benzylidene]indene-3-acetic acid
[38194-50-2].
DEFINITION
Change to read:
Sulindac contains NLT 99.0% and NMT 101.0%
98.0% and NMT 102.0% USP38
of sulindac (C20 H17 FO3 S), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. Ultraviolet Absorption 197U
Analytical wavelength: 284 nm
Medium: Hydrochloric acid in methanol (1 in 120)
Sample solution: 15 µg/mL in Medium
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
ASSAY
Change to read:
• Procedure
Sample solution: 700 mg of Sulindac in 80 mL of methanol
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Potentiometric
Analysis: Titrate the Sample with Titrant determining the endpoint using a glass–calomel
electrode system (see Titrimetry

541 ). During the titration, and just before reaching
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the endpoint, wash down the walls of the titration vessel with small quantities of
methanol. Each mL of Titrant is equivalent to 35.64 mg of sulindac (C20 H17 FO3 S).
Acceptance criteria: 99.0%–101.0% on the dried basis
Solution A: 0.1% Formic acid in water
Solution B: 0.1% Formic acid in acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.0
70
30
8.0
70
30
15.0
10
90
18.0
10
90
18.1
70
30
20.0
70
30
Diluent: Acetonitrile and water (50:50)
System suitability solution: 0.003 mg/mL each of USP Sulindac RS, USP Sulindac
Related Compound A RS, USP Sulindac Related Compound B RS, and USP Sulindac
Related Compound C RS in Diluent
Standard solution: 0.2 mg/mL of USP Sulindac RS in Diluent
Sample solution: 0.2 mg/mL of Sulindac in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 330 nm
Column: 2.1-mm × 15-cm; 1.7-µm packing L1
Column temperature: 45
Flow rate: 0.3 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for sulindac related compound A, sulindac related
compound B, and sulindac related compound C are 1.25, 1.34, and 1.67,
respectively.]
Suitability requirements
Resolution: NLT 4.0 between sulindac and sulindac related compound A and
between sulindac related compound A and sulindac related compound B, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sulindac (C20 H17 FO3 S) in the portion of Sulindac taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sulindac RS in the Standard solution (mg/mL)
CU= concentration of Sulindac in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

USP38

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : 10 ppm

• Residual Solvents 467
Solvent: Dimethylsulfoxide
Acceptance criteria: Meets the requirements except that chloroform is NMT 500 ppm
Change to read:
• Organic Impurities
Procedure
Standard solution A: 25 mg/mL of USP Sulindac RS in methanol
Standard solution B: 0.1 mg/mL of USP Sulindac RS in methanol from Standard solution
A
Sample solution: 25 mg/mL of sulindac in methanol
System suitability: From the chromatograms obtained as directed under Analysis,
estimate the intensity of the origin spot, if any, in the chromatogram of Standard
solution A. The system is satisfactory if any spot observed at the origin is less intense
than that of the principal spot in the chromatogram of 2 µL of Standard solution B.
Chromatographic system
(See Chromatography

621 , System Suitability.

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 4-µL portions of Standard solution A and the Sample solution,
and 2-, 4-, 6-, 8-, and 10-µL portions of Standard solution B
Developing solvent system: Ethyl acetate and glacial acetic acid (97:3)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples to a suitable thin layer chromatographic plate (see Chromatography
621 ). Allow the spots to dry and develop the chromatogram in the Developing
solvent system until the solvent front has moved three fourths the length of the
plate. Remove the plate from the developing chamber, mark the solvent front, allow
the solvent to evaporate, and examine the plate under short-wavelength UV light:
the chromatograms show principal spots at about the same RF value. Estimate the
levels of any additional spots observed in the chromatogram of the Sample solution
by comparison with the spots in the series of chromatograms of Standard solution B.
Acceptance criteria: The sum of the levels is NMT that of the principal spot of the 10-
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µL portion of Standard solution B (1%).
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 0.6 µg/mL of USP Sulindac RS and 3 µg/mL each of USP Sulindac
Related Compound A RS, USP Sulindac Related Compound B RS, and USP Sulindac
Related Compound C RS in Diluent. Sonicate for 2–5 min.
Sample solution: 600 µg/mL of Sulindac in Diluent. Sonicate for 2–5 min.
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 4.0 between sulindac and sulindac related compound A and
between sulindac related compound A and sulindac related compound B
Relative standard deviation: NMT 2.0% for any peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of sulindac related compound A, sulindac related compound B,
and sulindac related compound C in the portion of Sulindac taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the specified impurity from the Sample solution
rS= peak response of the corresponding related compound from the Standard solution
CS= concentration of the corresponding related compound in the Standard solution
(µg/mL)
CU= concentration of Sulindac in the Sample solution (µg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Sulindac
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unspecified impurity from the Sample solution
rS= peak response of sulindac from the Standard solution
CS= concentration of USP Sulindac RS in the Standard solution (µg/mL)
CU= concentration of Sulindac in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
Sulindac
Sulindac related compound Aa
Sulindac related compound Bb
Sulindac related compound Cc
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
1.0
1.25
1.34
1.67
—
—

Acceptance
Criteria,
NMT (%)
—
0.5
0.5
0.5
0.10
1.0
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a (E)-2-{5-Fluoro-2-methyl-1-[4-(methylsulfinyl)benzylidene]-1H-inden-3-yl}acetic
acid.
b (Z)-2-{5-Fluoro-2-methyl-1-[4-(methylsulfonyl)benzylidene]-1H-inden-3-yl}acetic
acid.
c (Z)-2-{5-Fluoro-2-methyl-1-[4-(methylthio)benzylidene]-1H-inden-3-yl}acetic acid.
USP38

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry under vacuum at 100 for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Sulindac RS
USP Sulindac Related Compound A RS
(E)-2-{5-Fluoro-2-methyl-1-[4-(methylsulfinyl)benzylidene]-1H-inden-3-yl}acetic acid.
C20 H17 FO3 S
356.41
USP Sulindac Related Compound B
(Z)-2-{5-Fluoro-2-methyl-1-[4-(methylsulfonyl)benzylidene]-1H-inden-3-yl}acetic
acid.
C17 H17 FO4 S
372.41
USP Sulindac Related Compound C
(Z)-2-{5-Fluoro-2-methyl-1-[4-(methylthio)benzylidene]-1H-inden-3-yl}acetic acid.
C20 H17 FO2 S
340.41 USP38
BRIEFING
Thiopental Sodium for Injection, USP 36 page 5374. On the basis of comments received, it is
proposed to revise the monograph as follows.
1.
The Identification tests were moved out of Other Requirements and placed in the
Identification section. A cross-reference to Infrared Absorption 197K was added
to Identification test A to strengthen the monograph. Identification test C was
deleted because hydrogen sulfide gas, a safety hazard, is produced during
performance of the test.
2.
A cross-reference to Spectrophotometry and Light-Scattering 851 was added to
the Assay to strengthen the monograph.
3.
The reference to Type III glass has been removed from the Packaging and Storage
section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(SM4: M. Koleck.)
Correspondence Number—C135975

Comment deadline: March 31, 2014
Thiopental Sodium for Injection
DEFINITION
Thiopental Sodium for Injection is a sterile mixture of Thiopental Sodium and anhydrous Sodium
Carbonate as a buffer. It contains NLT 93.0% and NMT 107.0% of the labeled amount of
thiopental sodium (C11 H17 N2 NaO2 S).
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197K
Sample: Nominally 500 mg of thiopental sodium from Thiopental Sodium for Injection
Analysis: Dissolve the Sample in 10 mL of water in a separator, add 10 mL of 3 N
hydrochloric acid, and extract the liberated thiopental with two 25-mL portions of
chloroform. Evaporate the combined chloroform extracts to dryness. Add 10 mL of ether,
evaporate again, and dry at 105 for 2 h.
Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion of the
residue so obtained exhibits maxima only at the same wavelengths as those of a similar
preparation of USP Thiopental RS. USP38
Add the following:
• B. Identification Tests—General, Sodium 191
Sample: Nominally 500 mg of thiopental sodium from Thiopental Sodium for Injection
Analysis: Ignite the Sample.
Acceptance criteria: The residue meets the requirements. USP38
Delete the following:
•
C.
Sample: Nominally 200 mg of thiopental soldium from Thiopental Sodium for Injection
Analysis 1: Dissolve the Sample in 5 mL of 1 N sodium hydroxide, and add 2 mL of lead
acetate TS.
Acceptance criteria 1: A white precipitate is formed, and it gradually darkens when the
mixture is boiled.
Analysis 2: Acidify the darkened mixture obtained from Analysis 1 with hydrochloric acid.
Acceptance criteria 2: Hydrogen sulfide is evolved, and it is recognizable by its darkening
of moistened lead acetate test paper held in the vapor. USP38
ASSAY
Change to read:
• Procedure
Diluent: 4 g/L of sodium hydroxide in water
Standard solution: 5 µg/mL of USP Thiopental RS in Diluent
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Sample stock solution: Nominally 50 mg/mL of thiopental sodium from the contents of 10
containers of Thiopental Sodium for Injection dissolved in a sufficient volume of water
Sample solution: Nominally 5 µg/mL of thiopental sodium in Diluent from the Sample stock
solution
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)

USP38

Mode: UV
Analytical wavelength: 304 nm
Cell: 1 cm
Blank: Diluent
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of the labeled amount of thiopental sodium (C11 H17 N2 NaO2 S) in the
portion of Thiopental Sodium for Injection taken:
Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (µg/mL)
CU= nominal concentration of the Sample solution (µg/mL)
Mr1
= molecular weight of thiopental sodium, 264.32
Mr2
= molecular weight of thiopental, 242.34
Acceptance criteria: 93.0%–107.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 ppm

SPECIFIC TESTS
• Completeness of Solution 641
Sample solution: Mix 800 mg of Thiopental Sodium for Injection with 10 mL of carbon
dioxide-free water.
Acceptance criteria: After 1 min, the solution is clear and free from undissolved solid.
• Constituted Solution: At the time of use, it meets the requirements in Injections
Constituted Solutions.
• Bacterial Endotoxins Test
sodium.

1 ,

85 : It contains NMT 1.0 USP Endotoxin Unit/mg of thiopental

• pH 791
Sample solution: Use the Sample solution prepared in the test for Completeness of
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Solution.
Acceptance criteria: 10.2–11.2
• Sterility Tests

71 : Meets the requirements

• Other Requirements: Meets the requirements in Injections

1 , Labels and Labeling

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve as described in Injections
Solids., preferably of Type III glass

1 , Containers for Sterile

USP38

• USP Reference Standards
USP Endotoxin RS
USP Thiopental RS

11

BRIEFING
Venlafaxine Hydrochloride, USP 36 page 5551. On the basis of the comments and supporting
data received, it is proposed to revise the relative response factor for descyclohexanol
venlafaxine in the test for Organic Impurities from 0.8 to 1.3. The redundant chemical name
of venlafaxine related compound A has been deleted from the footnote in Table 1 because
the same information is also in the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C137721

Comment deadline: March 31, 2014
Venlafaxine Hydrochloride

C17 H27 NO2 ·HCl

313.86

Cyclohexanol, 1-[2-(dimethylamino)-1-(4-methoxyphenyl)ethyl]-, hydrochloride;
(±)-1-[ -[(Dimethylamino)methyl]-p-methoxybenzyl]cyclohexanol hydrochloride
4].
DEFINITION

[99300-78-
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Venlafaxine Hydrochloride contains NLT 98.0% and NMT 102.0% of venlafaxine hydrochloride
(C17 H27 NO2 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
[Note—If the spectra obtained in the solid state show differences, dissolve the substance
to be examined and the Reference Standard separately in methanol or 2-propanol,
evaporate to dryness, and record the new spectra of the residues.]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Solution A: Phosphoric acid and water (1:10)
Buffer: 3.4 g of monobasic potassium phosphate in 700 mL of water. Adjust with Solution A
to a pH of 3.0.
Diluent: Acetonitrile and water (50:50)
Mobile phase: Acetonitrile and Buffer (30:70)
Standard solution: 0.04 mg/mL of USP Venlafaxine Hydrochloride RS in Diluent
Sample solution: 0.04 mg/mL of Venlafaxine Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 30 ± 2
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 2 times the retention time of the venlafaxine peak
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of venlafaxine hydrochloride (C17 H27 NO2 ·HCl) in the portion of
Venlafaxine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Venlafaxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Venlafaxine Hydrochloride in the Sample solution (mg/mL)
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Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method I or Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Buffer and Mobile phase: Proceed as directed in the Assay.
System suitability solution: 0.5 mg/mL of USP Venlafaxine Hydrochloride RS and 1.5
µg/mL of USP Venlafaxine Related Compound A RS in Mobile phase
Standard solution: 0.001 mg/mL of USP Venlafaxine Hydrochloride RS in Mobile phase
Sample solution: 1 mg/mL of Venlafaxine Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 30 ± 2
Flow rate: 0.7 mL/min
Injection volume: 10 µL
Run time: 7 times the retention time of the venlafaxine peak
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between venlafaxine and venlafaxine related compound A
Relative standard deviation: NMT 2.0% for the venlafaxine peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Venlafaxine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of venlafaxine from the Standard solution
C=
S concentration of USP Venlafaxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Venlafaxine Hydrochloride in the Sample solution (mg/mL)
F= relative response factor for the corresponding impurity peak (see Table 1)
Acceptance criteria: See Table 1.

Name

Table 1
Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
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Descyclohexanol venlafaxinea
Didesmethyl venlafaxineb
Venlafaxine related compound Ac
USP38

Venlafaxine

0.6
0.8

0.8
1.3 USP38
1.0

0.15
0.15

0.9
1.0

1.0
—

0.15
—

3.1
—
—

0.75
1.0
—

0.15
0.10
0.5

Deoxy venlafaxined
c

USP38

Any individual unknown impurity
Total impurities
a 2-(4-Methoxyphenyl)-N,N-dimethylethylamine.
b 1-[2-Amino-1-(4-methoxyphenyl)ethyl]cyclohexanol.
c 1-(1-(4-Methoxyphenyl)-2-(methylamino)ethyl)cyclohexanol.

USP38

d
c USP38
2-Cyclohexyl-2-(4-methoxyphenyl)-N,N-dimethylethylamine.
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry under vacuum at 105 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Venlafaxine Hydrochloride RS
USP Venlafaxine Related Compound A RS
1-(1-(4-Methoxyphenyl)-2-(methylamino)ethyl)cyclohexanol hydrochloride.
C16 H25 NO2 ·HCl
299.84
(ERR 1-Aug-2013)

BRIEFING
Venlafaxine Tablets, USP 36 page 5554. On the basis of the comments and supporting data
received, it is proposed to revise the monograph as follows:
1.
Revise the relative response factor for the descyclohexanol venlafaxine impurity from
0.6 to 1.3 in Table 2 in the test for Organic Impurities.
2.
Delete the footnote with the chemical name of venlafaxine related compound A from
Table 2 in the test for Organic Impurities, because the information is present in the
USP Reference Standards section.
3.
Add a footnote to Table 2 indicating that venlafaxine related compound A is a process
impurity, controlled in the drug substance.
4.
Revise the concentration of the Standard solution in the test for Dissolution to
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accommodate articles with multiple strengths.
5.
Delete the specific cell dimension and Blank in the test for Dissolution, because they are
redundant and sometimes restrictive.
6.
Revise the variable Standard solution concentration in terms of venlafaxine free base to
reflect the definition of the article.
7.
Revise the calculation formula to omit the molecular weight correction, which is
redundant because of the revised definition of the Standard solution in both the
Assay and the test for Dissolution.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C134675

Comment deadline: March 31, 2014
Venlafaxine Tablets
DEFINITION
Venlafaxine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of venlafaxine
free base (C17 H27 NO2 ).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Wavelength range: 250–350 nm
Diluent: Methanol and 0.1 N hydrochloric acid (4:1)
Sample solution: Dissolve a quantity of finely powdered Tablets, equivalent to 75 mg of
venlafaxine, with 200 mL of Diluent, then sonicate for 30 min. Dilute with Diluent to 250
mL. Centrifuge a portion at 4000 rpm for 10 min. Dilute a portion of the supernatant with
Diluent to make an approximate 1-in-2.5 solution. Pass a portion through a suitable 0.45µm membrane filter.
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Organic Impurities.
ASSAY
Change to read:
• Procedure
Buffer: 3.4 g of potassium dihydrogen phosphate in 700 mL of water. Add 5 mL of
triethylamine, and adjust with phosphoric acid to a pH of 3.0.
Diluent: Methanol and 0.1 N hydrochloric acid (4:1)
Mobile phase: Acetonitrile and Buffer (3:7)
Standard solution: 0.34 mg/mL of
0.3 mg/mL of venlafaxine free base from a suitable quantity of USP38
USP Venlafaxine Hydrochloride RS in Diluent
Sample solution: Nominally 0.3 mg/mL of venlafaxine (from NLT 20 finely powdered
Tablets) in Diluent. Sonicate for 30 min. Centrifuge a portion at 4000 rpm for 10 min. Pass
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a portion of the supernatant through a suitable membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: 5 times the retention time of the venlafaxine peak
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of venlafaxine free base (C17 H27 NO2 ) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) ×(Mr1/Mr2) × 100
Result = (rU/rS) × (CS/CU) × 100 USP38
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Venlafaxine Hydrochloride RS
venlafaxine free base USP38
in the Standard solution (mg/mL)
CU= nominal concentration of venlafaxine in the Sample solution (mg/mL)
Mr1
= molecular weight of venlafaxine, 277.40
Mr2
= molecular weight of venlafaxine hydrochloride, 313.86
USP38

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: Water; 900 mL, deaerated
Apparatus 2: 50 rpm
Time: 30 min
Standard stock solution: 0.95 mg/mL
0.84 mg/mL of venlafaxine free base from a suitable quantity USP38
of USP Venlafaxine Hydrochloride RS in methanol
Standard solution: 28.5 µg/mL of USP Venlafaxine Hydrochloride RS in Medium
(L/1000) mg/mL of venlafaxine free base in Medium, where L is the label claim in mg,
from the Standard stock solution
Sample solution: Pass a portion of the solution under test through a suitable filter of

USP38
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0.45-µm pore size.
Detector: UV 275 nm
Path length: 1 cm
Blank: Medium
USP38

Analysis: Calculate the percentage of venlafaxine dissolved:
Result = (AU/AS) × (CS/L) × V × (Mr1/Mr2) × 100
Result = (AU/AS) × (CS/L) × V × 100 USP38
AU= absorbance from the Sample solution
AS= absorbance from the Standard solution
CS= concentration of USP Venlafaxine Hydrochloride RS
venlafaxine free base USP38
in the Standard solution (mg/mL)
L = label claim (mg)
V = volume of Medium, 900 mL
Mr1
= molecular weight of venlafaxine, 277.40
Mr2
= molecular weight of venlafaxine hydrochloride, 313.86
USP38

Tolerances: NLT 80% (Q) of the labeled amount of venlafaxine is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Procedure
Buffer: Proceed as directed in the Assay.
Solution A: Acetonitrile and Buffer (1:4)
Solution B: Acetonitrile and Buffer (7:13)
Diluent: Acetonitrile and Buffer (3:7)
Standard stock solution: 0.6 mg/mL of USP Venlafaxine Hydrochloride RS in Diluent
Standard solution: 1.8 µg/mL of USP Venlafaxine Hydrochloride RS in Diluent from the
Standard stock solution
System suitability solution: 1.8 µg/mL of USP Venlafaxine Related Compound A RS in
the Standard stock solution
Sample solution: Nominally 0.6 mg/mL of venlafaxine (from NLT 20 finely powdered
Tablets) in Diluent. [Note—Sonicate, if necessary.] Centrifuge a portion at 4000 rpm for
10 min. Pass a portion through a suitable membrane filter of 0.45-µm pore size.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
5
100
0
25
0
100
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30
32
45

0
100
100

100
0
0

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between the venlafaxine related compound A and venlafaxine
peaks, System suitability solution
Tailing factor: NMT 1.8, Standard solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU= peak response for each individual impurity from the Sample solution
rS= peak response of venlafaxine from the Standard solution
CS= concentration of USP Venlafaxine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of venlafaxine in the Sample solution (mg/mL)
Mr1
= molecular weight of venlafaxine, 277.40
Mr2
= molecular weight of venlafaxine hydrochloride, 313.86
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.

Name
Descyclohexanol venlafaxinea
Venlafaxine related compound Ab
Venlafaxine
Any unspecified degradation product
Total impurities

Table 2
Relative
Retention
Time
0.4
0.9
1.0
—
—

Relative
Response
Factor
0.6
1.3 USP38
—
—
1.0
—

Acceptance
Criteria,
NMT (%)
0.20
—
—
0.20
1.0
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a 2-(4-Methoxyphenyl)-N,N-dimethylethylamine.
1-(1-(4-Methoxyphenyl)-2-(methylamino)ethyl)cyclohexanol.
b
Process impurity, included for system suitability and identification only. Controlled in the
drug substance. USP38
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Venlafaxine Hydrochloride RS
USP Venlafaxine Related Compound A RS
1-(1-(4-Methoxyphenyl)-2-(methylamino)ethyl)cyclohexanol hydrochloride.
C16 H25 NO2 ·HCl
299.84
(ERR 1-Aug-2013)

BRIEFING
Vigabatrin for Oral Solution. Because there is no existing USP monograph for this dosage
form, a new monograph, based on validated methods of analysis, is being proposed.
1.
The liquid chromatographic procedure in the Assay is based on analyses performed with
the Partisil 10 SCX brand of L9 column manufactured by Whatman. The typical
retention time for vigabatrin in the Assay is about 6.2 min.
2.
The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Kromasil C18 brand of L1 column manufactured by
Supelco. The typical retention times for vigabatrin and vigabatrin related compound
A are about 2.4 and 20 min, respectively. Because vigabatrin elutes very close to
the solvent front, it is proposed to quantify all the degradation products of interest
using the relative response factors based on vigabatrin related compound A.
(SM4: R. Ravichandran.)
Correspondence Number—C127099

Comment deadline: March 31, 2014
Add the following:
Vigabatrin for Oral Solution
DEFINITION
Vigabatrin for Oral Solution contains NLT 95.0% and NMT 105.0% of the labeled amount of
vigabatrin (C6 H11 NO2 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Combine an appropriate number of Vigabatrin for Oral Solution packets to prepare
a 50 mg/mL solution of vigabatrin in water. Pass a portion through a suitable filter, and
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prepare a 2 mg/mL solution by mixing a suitable portion of the filtrate with acetone.
Evaporate the solution to dryness in a stream of nitrogen. Prepare a potassium bromide
(KBr) pellet using a suitable amount of the residue.
Alternatively, the Sample may be prepared by directly mixing an amount of the contents
of NLT 2 packets of Vigabatrin for Oral Solution equivalent to about 3 mg of vigabatrin
with about 200 mg of potassium bromide.
Acceptance criteria: The spectrum of the Sample corresponds to that of the spectrum of
USP Vigabatrin RS prepared in a similar manner.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 3.4 g/L of monobasic potassium phosphate in water
Mobile phase: Acetonitrile, methanol, and Buffer (4:40:1000). Adjust with phosphoric acid
to a pH of 2.8.
System suitability solution: 2 mg/mL of USP Vigabatrin RS and 12 µg/mL of USP
Vigabatrin Related Compound A RS in Mobile phase
Standard solution: 2.0 mg/mL of USP Vigabatrin RS in Mobile phase
Sample solution: Nominally 2.0 mg/mL of vigabatrin from the contents of NLT 10
Vigabatrin for Oral Solution packets prepared as follows. Combine the contents from the
packets, and transfer a suitable amount of the powder equivalent to NLT 200 mg of
vigabatrin to a suitable volumetric flask. Dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 10-µm packing L9
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for vigabatrin related compound A and vigabatrin are
about 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between vigabatrin related compound A and vigabatrin peaks,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of vigabatrin (C6 H11 NO2 ) in the portion of
Vigabatrin for Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of vigabatrin from the Sample solution
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rS= peak response of vigabatrin from the Standard solution
C=
S concentration of USP Vigabatrin RS in the Standard solution (mg/mL)
C=
U nominal concentration of vigabatrin in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
• Organic Impurities
Buffer: 1.5 g/L of ammonium acetate in water
Mobile phase: Acetonitrile and Buffer (5:95)
System suitability solution: 0.1 mg/mL each of USP Vigabatrin RS, USP Vigabatrin Related
Compound A RS, USP Vigabatrin Related Compound B RS, and USP Povidone RS in Mobile
phase
Sensitivity solution: 0.01 mg/mL of USP Vigabatrin Related Compound A RS in Mobile
phase
Standard solution: 0.07 mg/mL of USP Vigabatrin Related Compound A RS in Mobile phase
Sample solution: Nominally 22 mg/mL of vigabatrin prepared as follows. Transfer a suitable
amount of powder from the combined contents of NLT 10 Vigabatrin for Oral Solution
packets, equivalent to NLT 220 mg of vigabatrin, to a suitable volumetric flask. Add Mobile
phase to 80% of the volume of the flask. Sonication may be used to aid in dissolution.
Allow the resulting solution to cool to room temperature. Dilute with Mobile phase to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: 12 times the retention time of the vigabatrin peak
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between vigabatrin related compound B and povidone, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Vigabatrin for Oral Soution
taken:
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Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of vigabatrin related compound A from the Standard solution
C=
S concentration of USP Vigabatrin Related Compound A in the Standard solution
C=
U nominal concentration of vigabatrin in the Sample solution
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1

Name

Relative
Retention
Time
0.12
0.13
0.25
0.38
1.0
1.28
—
—

Relative
Response
Factora
—
—
—
2.1
1.0
1.0
0.026
—

Acceptance
Criteria,
NMT (%)
—
—
—
—
0.15
—
0.15
0.5

Vigabatrin
Vigabatrin related compound Bb
Povidonec
N-Carboxymethyl vinylpyrrolidinoned
Vigabatrin related compound A
N-3-Oxocarboxypentyl vinylpyrrolidinonee
Any individual unspecified degradation product
Total impurities
a RRF relative to vigabatrin related compound A.
b Included for peak identification only. Not to be included in Total impurities.
c Povidone is due to excipient. Included for identification only. Not to be included in Total
impurities.
d 2-(2-Oxo-5-vinylpyrrolidin-1-yl)acetic acid.
e 4-Oxo-6-(2-oxo-5-vinylpyrrolidin-1-yl) hexanoic acid.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Povidone RS
USP Vigabatrin RS
USP Vigabatrin Related Compound A RS
5-Vinylpyrrolidin-2-one.
C6 H9 NO
111.14
USP Vigabatrin Related Compound B RS
(E)-2-(2-Aminoethyl)but-2-enoic acid hydrochloride.
C6 H11 NO2 ·HCl
165.62 USP38
BRIEFING
Vigabatrin Tablets. Because there is no existing USP monograph for this dosage form, a new
monograph, based on validated methods of analysis, is being proposed.
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1.
The liquid chromatographic procedures in the Assay and Dissolution test are based on
analyses performed with the Partisil 10 SCX brand of L9 column manufactured by
Whatman. The typical retention times for vigabatrin are about 6.2 min in the Assay
and about 7.1 min in the Dissolution test.
2.
The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Kromasil C18 brand of L1 column manufactured by
Supelco. The typical retention times for vigabatrin and vigabatrin related compound
A are about 2.4 and 20 min, respectively. Because vigabatrin elutes very close to
the solvent front, it is proposed to quantify all the degradation products of interest
using the relative response factors based on vigabatrin related compound A.
(SM4: R. Ravichandran.)
Correspondence Number—C127098

Comment deadline: March 31, 2014
Add the following:
Vigabatrin Tablets
DEFINITION
Vigabatrin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of vigabatrin
(C6 H11 NO2 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Grind an appropriate number of Tablets to prepare a 50 mg/mL solution of
vigabatrin in water. Pass a portion of the solution through a suitable filter, and prepare a 2
mg/mL solution by mixing a suitable portion of the filtrate with acetone. Evaporate the
solution to dryness in a stream of nitrogen. Prepare a potassium bromide pellet using a
suitable amount of the residue. Alternatively, the Sample may be prepared by directly
mixing an amount of finely ground Tablets (NLT 2) equivalent to about of 3 mg of
vigabatrin with about 200 mg of potassium bromide.
Acceptance criteria: The IR spectrum of the Sample is consistent with a similarly
prepared pellet of USP Vigabatrin RS.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 3.4 g/L of monobasic potassium phosphate in water
Mobile phase: Acetonitrile, methanol, and Buffer (4:40:1000). Adjust with phosphoric acid
to a pH of 2.8.
System suitability solution: 1.0 mg/mL of USP Vigabatrin RS and 12 µg/mL of USP
Vigabatrin Related Compound A RS in Mobile phase
Standard solution: 1.0 mg/mL of USP Vigabatrin RS in Mobile phase
Sample stock solution: Nominally 5.0 mg/mL of vigabatrin from Tablets (NLT 10) prepared
as follows. Transfer a suitable number of Tablets to a suitable volumetric flask. Add Mobile
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phase to about 80% of the flask volume, and stir for 1 h to give a uniform dispersion of
fine particulate. Dilute with Mobile phase to volume, and pass a portion of the solution
through a suitable filter of 0.45-µm pore size.
Sample solution: Nominally 1.0 mg/mL of vigabatrin from the Sample stock solution and
Mobile phase. Pass a portion of the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 10-µm packing L9
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for vigabatrin related compound A and vigabatrin are
about 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between vigabatrin related compound A and vigabatrin, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of vigabatrin (C6 H11 NO2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of vigabatrin from the Sample solution
rS= peak response of vigabatrin from the Standard solution
C=
S concentration of USP Vigabatrin RS in the Standard solution (mg/mL)
C=
U nominal concentration of vigabatrin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Mobile phase: Dissolve 6 g of monobasic sodium phosphate in 800 mL of water. Add 100
mL of acetonitrile, and dilute with water to 1 L. Adjust with phosphoric acid to a pH of
2.3.
System suitability solution: 0.6 mg/mL of USP Vigabatrin RS and 6 µg/mL of USP
Vigabatrin Related Compound A RS in Mobile phase
Standard solution: L/900 mg/mL of USP Vigabatrin RS in water
Sample solution: Pass a portion of the solution under test through a suitable filter of
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0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 10-µm packing L9
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for vigabatrin related compound A and vigabatrin are
about 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between vigabatrin related compound A and vigabatrin, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage (Q) of the labeled amount of vigabatrin (C6 H11 NO2 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response of vigabatrin from the Sample solution
rS= peak response of vigabatrin from the Standard solution
C=
S concentration of USP Vigabatrin RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium
Tolerances: NLT 75% (Q) of the labeled amount of vigabatrin (C6 H11 NO2 ) is dissolved in 30
min.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer: 1.5 g/L of ammonium acetate in water
Mobile phase: Acetonitrile and Buffer (5:95)
System suitability solution: 0.1 mg/mL each of USP Vigabatrin RS, USP Vigabatrin Related
Compound A RS, USP Vigabatrin Related Compound B RS, and USP Povidone RS in Mobile
phase
Sensitivity solution: 0.01 mg/mL of USP Vigabatrin Related Compound A RS in Mobile
phase
Standard solution: 0.07 mg/mL of USP Vigabatrin Related Compound A RS in Mobile phase
Sample solution: Nominally 22 mg/mL of vigabatrin prepared as follows. Transfer a suitable
amount of finely powdered Tablets (NLT 10) to a suitable volumetric flask. Add Mobile
phase to 80% of the flask volume. Sonication may be used to aid in dissolution. Allow the
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resulting solution to cool to room temperature, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: 12 times the retention time of the vigabatrin peak
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between vigabatrin related compound B and povidone, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of vigabatrin related compound A from the Standard solution
C=
S concentration of USP Vigabatrin Related Compound A in the Standard solution
C=
U nominal concentration of vigabatrin in the Sample solution
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1

Name
Vigabatrin
Vigabatrin related compound Bb
Povidonec
N-Carboxymethyl vinylpyrrolidinoned
Vigabatrin related compound A
N-3-Oxocarboxypentyl vinylpyrrolidinonee
Any individual unspecified degradation
product
Total impurities

Relative
Retention
Time
0.12
0.13
0.25
0.38
1.0
1.28
—
—

Relative
Acceptance
Response
Criteria,
Factora
NMT (%)
—
—
—
—
—
—
0.15
2.1
1.0
0.3
0.15
1.0
0.15
0.026
—

1.0
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a RRF relative to vigabatrin related compound A.
b Included for peak identification only. Not to be included in Total impurities as it is
controlled in the drug substance.
c Povidone is due to excipient. Included for identification only. NOT to be included in
Total impurities.
d 2-(2-Oxo-5-vinylpyrrolidin-1-yl)acetic acid.
e 4-Oxo-6-(2-oxo-5-vinylpyrrolidin-1-yl) hexanoic acid.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Povidone RS
USP Vigabatrin RS
USP Vigabatrin Related Compound A RS
5-Vinylpyrrolidin-2-one.
C6 H9 NO
111.14
USP Vigabatrin Related Compound B RS
(E)-2-(2-Aminoethyl)but-2-enoic acid hydrochloride.
C6 H11 NO2 ·HCl
165.62 USP38
BRIEFING
Zinc Carbonate, USP 36 page 5620. In preparation for the omission of general chapter Heavy
Metals 231 and all references to it from USP–NF monographs, proposed in PF 39(1) [Jan.–
Feb. 2013], it is proposed to replace the references to Lead Nitrate Stock Solution and
Standard Lead Solution as currently described in the Special Reagents section of 231
with the references to lead nitrate stock solution TS and standard lead solution TS. The
entries for these test solutions are proposed elsewhere in this issue of PF.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: F. Mao.)
Correspondence Number—C137951

Comment deadline: March 31, 2014
Zinc Carbonate
3Zn(OH)2 ·2ZnCO3

548.96

Basic zinc carbonate;
Zinc subcarbonate
[3486-35-9].
DEFINITION
Zinc Carbonate contains the equivalent of NLT 70.0% of zinc oxide (ZnO).
IDENTIFICATION
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• A. Identification Tests—General, Zinc 191
Sample solution: Dissolve in a slight excess of hydrochloric acid.
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
Analysis: Transfer 2.0 g to a 125-mL conical flask, add 50.0 mL of 1 N sulfuric acid VS,
and swirl to dissolve. Add 3 drops of methyl orange TS, and titrate with 1 N sodium
hydroxide VS to a yellow endpoint. Each mL of 1 N sulfuric acid is equivalent to 40.69 mg
of zinc oxide (ZnO).
Acceptance criteria: NLT 70.0%
IMPURITIES
• Chloride and Sulfate, Chloride 221
Sample solution: Dissolve 1.0 g in a mixture of 20 mL of water and 3 mL of nitric acid.
Acceptance criteria: The Sample solution shows no more chloride than corresponds to
0.03 mL of 0.02 N hydrochloric acid (0.002%).
• Sulfate
Sample solution: Dissolve 10.0 g in a mixture of 75 mL of water and 10 mL of hydrochloric
acid, and filter. Neutralize the filtrate with ammonium hydroxide, and dilute with water to
100 mL.
Analysis: To 10.0 mL of the Sample solution add 1 mL of 0.6 N hydrochloric acid and 1 mL
of barium chloride TS, and allow to stand for 10 min.
Acceptance criteria: The Sample solution shows no more turbidity than that produced in a
solution containing 0.10 mL of 0.02 N sulfuric acid and the same quantities of reagents
used to prepare the Sample solution (0.01%).
Change to read:
• Iron 241
Test preparation: Dissolve 0.5 g in 20 mL of water and 3 mL of hydrochloric acid.
(ERR 1-O ct-2012)

Acceptance criteria: NMT 0.002%
Change to read:
• Lead
Standard lead solution: Prepare as directed in the test for Heavy Metals 231 .
Use standard lead solution TS. USP38
Sample solution: Transfer 10.0 g to a 100-mL volumetric flask, add 20 mL of nitric acid
and 10 mL of water, swirl to dissolve, and dilute with water to volume.
Blank: Nitric acid in water (1 in 25)
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 217.0 nm (lead emission line)
Lamp: Lead hollow-cathode
Flame: Air–acetylene
Analysis: Add 10.0 mL of the Sample solution to each of three 25-mL volumetric flasks. To
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the respective volumetric flasks add 0, 5.0, and 10.0 mL of Standard lead solution, and
dilute with water to volume. These solutions contain 0, 0.002, and 0.004 mg/mL of added
lead, respectively. Determine the absorbances of these three solutions. Plot the
absorbances of the three solutions versus their contents of added lead, in mg/mL, as
furnished by the Standard lead solution. Draw a straight line (calibration curve) best
fitting the three points, and extrapolate the line until it intersects the concentration axis.
From the intercept determine the concentration, in mg/mL, of lead in the Sample solution.
Calculate the quantity, in ppm, of lead in the specimen:
Result = (V1/W) × (V2/V3) × (C/F)
V=
1 total volume of the Sample solution, 100 mL
W= weight of specimen (g)
V=
2 final volume of the solution used for analysis, 25 mL
V=
3 volume of the Sample solution used for analysis, 10 mL
C= concentration of lead in the Sample solution, as determined from the calibration curve
(mg/mL)
F= conversion factor, 0.001 µg/mg
Acceptance criteria: NMT 5 ppm
• Insoluble Matter
Sample solution: Dissolve 10 g in a mixture of 100 mL of water and 7 mL of sulfuric acid.
Analysis: Heat the Sample solution on a steam bath for 1 h. Filter the solution through a
tared sintered-glass crucible, wash with hot water, and dry the crucible at 105 . Cool,
and weigh.
Acceptance criteria: The residue weighs NMT 2 mg (0.02%).
• Substances Not Precipitated by Ammonium Sulfide
Sample solution: Dissolve 1.0 g in 10 mL of water and 2 mL of sulfuric acid. Dilute with
water to 80 mL, add 10 mL of ammonium hydroxide, and pass hydrogen sulfide through the
solution for 30 min. Dilute with water to 100 mL, and allow the precipitate to settle.
Decant the supernatant through a filter. Use the clear filtrate.
Analysis: Transfer 50 mL of the Sample solution to a tared dish, and evaporate to dryness.
Ignite, gently at first, and finally at 800 ± 25 . Cool, and weigh.
Acceptance criteria: The weight of the residue is NMT 2 mg (0.4%).
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
BRIEFING
Zinc Chloride, USP 36 page 5621. See the Briefing under Zinc Carbonate.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: F. Mao.)
Correspondence Number—C138054

Comment deadline: March 31, 2014
Zinc Chloride
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136.29

Zinc chloride

[7646-85-7].

DEFINITION
Zinc Chloride contains NLT 97.0% and NMT 100.5% of zinc chloride (ZnCl2 ).
IDENTIFICATION
• A. Identification Tests—General, Zinc

191 : Meets the requirements

• B. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Sample solution: Dissolve 12 g of Zinc Chloride in 500 mL of water in a 1-L volumetric
flask. Add 12 g of ammonium chloride, and dilute with water to volume.
Analysis: Pipet 25 mL of the Sample solution into a 400-mL beaker. Add 100 mL of water,
10 mL of ammonia–ammonium chloride buffer TS, and 1 mL of 0.5 mg/mL of eriochrome
black T solution. Titrate with 0.05 M edetate disodium VS to a deep blue endpoint. Each
mL of 0.05 M edetate disodium is equivalent to 6.815 mg of zinc chloride (ZnCl2 ).
Acceptance criteria: 97.0%–100.5%
IMPURITIES
• Chloride and Sulfate, Sulfate 221
Sample solution: 1.0 g in 30 mL of water
Acceptance criteria: 20 mL of the Sample solution shows no more sulfate than
corresponds to 0.20 mL of 0.020 N sulfuric acid (0.03%).
Change to read:
• Lead 251
Standard solution: Add 5 mL of water, 2.50 mL of Standard lead solution (see Heavy
Metals 231 )
standard lead solution TS, USP38
and 15 mL of Potassium cyanide solution (100 mg/mL) to a similar color-comparison tube.
Sample solution: Dissolve 0.50 g in 5 mL of water, and transfer the solution to a colorcomparison tube. Add 15 mL of Potassium cyanide solution (100 mg/mL), and allow the
mixture to become clear.
Analysis: To each tube add 0.1 mL of sodium sulfide TS. Mix the contents of each tube,
and allow to stand for 5 min.
Acceptance criteria: Viewed downward over a white surface, the Sample solution is not
darker than the Standard solution (NMT 0.005%).
• Limit of Ammonium Salts
Sample solution: 100 mg/mL
Analysis: To 5 mL of Sample solution add 1 N sodium hydroxide until the precipitate first
formed is redissolved, then warm the solution.
Acceptance criteria: No odor of ammonia is perceptible.
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• Limit of Oxychloride
Sample solution: Dissolve 1.0 g in 20 mL of water, and add 20 mL of alcohol.
Analysis: To 10 mL of the Sample solution add 0.30 mL of 1.0 N hydrochloric acid.
Acceptance criteria: The solution becomes perfectly clear.
• Alkalies and Alkaline Earths
Sample solution: Dissolve 2.0 g in 150 mL of water contained in a 200-mL volumetric flask.
Add sufficient ammonium sulfide TS to precipitate the zinc completely, and dilute with
water to volume. Pass through a dry filter, and reject the first portion of the filtrate.
Analysis: To 100 mL of the Sample solution add 5 drops of sulfuric acid. Evaporate to
dryness, and ignite.
Acceptance criteria: The weight of the residue is NMT 10 mg (1.0%).
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
BRIEFING
Zinc Sulfate, USP 36 page 5628. See the Briefing under Zinc Carbonate.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: F. Mao.)
Correspondence Number—C137951

Comment deadline: March 31, 2014
Zinc Sulfate
ZnSO4 ·xH2 O
Sulfuric acid, zinc salt (1:1), hydrate;
Zinc sulfate (1:1) monohydrate
179.46
Zinc sulfate (1:1) heptahydrate
[7446-20-0].
Anhydrous
161.44
[7733-02-0].

287.56

DEFINITION
Zinc Sulfate contains one or seven molecules of water of hydration. The monohydrate contains
NLT 89.0% and NMT 90.4% of zinc sulfate (ZnSO4 ), corresponding to NLT 99.0% and NMT
100.5% of zinc sulfate monohydrate (ZnSO4 ·H2 O), and the heptahydrate contains NLT 55.6%
and NMT 61.0% of zinc sulfate (ZnSO4 ), corresponding to NLT 99.0% and NMT 108.7% of zinc
sulfate heptahydrate (ZnSO4 ·7H2 O).
IDENTIFICATION
• A. Identification Tests—General, Zinc

191 : Meets the requirements

• B. Identification Tests—General, Sulfate
ASSAY

191 : Meets the requirements
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• Procedure
Sample: An amount of Zinc Sulfate equivalent to 170 mg of zinc sulfate (ZnSO4 )
Analysis: Dissolve the Sample in 100 mL of water. Add 5 mL of ammonia–ammonium
chloride buffer TS and 0.1 mL of eriochrome black TS, and titrate with 0.05 M edetate
disodium VS until the solution is deep blue in color. Each mL of 0.05 M edetate disodium is
equivalent to 8.072 mg of zinc sulfate (ZnSO4 ).
Acceptance criteria
Monohydrate: 89.0%–90.4% of zinc sulfate (ZnSO4 ), corresponding to 99.0%–100.5% of
zinc sulfate monohydrate (ZnSO4 ·H2 O)
Heptahydrate: 55.6%–61.0% of zinc sulfate (ZnSO4 ), corresponding to 99.0%–108.7%
of zinc sulfate heptahydrate (ZnSO4 ·7H2 O)
IMPURITIES
• Arsenic, Method I 211
Test preparation: Dissolve a portion equivalent to 215 mg of zinc sulfate (ZnSO4 ) in 35 mL
of water.
Acceptance criteria: NMT 14 ppm
Change to read:
• Lead 251
Standard solution: Combine 5 mL of water, 0.50 mL of Standard Lead Solution (see Heavy
Metals 231 )
standard lead solution TS, USP38
and 10 mL of Potassium cyanide solution (1 in 10) in a color-comparison tube.
Test preparation: Dissolve an amount equivalent to 0.25 g of zinc sulfate (ZnSO4 ) in 5 mL
of water, and transfer the solution to a similar, matched color-comparison tube. Add 10
mL of Potassium cyanide solution (1 in 10), and allow the mixture to become clear.
Analysis: To the Standard solution and the Test preparation add 0.1 mL of sodium sulfide
TS. Mix the contents of each tube, and allow to stand for 5 min.
Acceptance criteria: Viewed downward over a white surface, the Test preparation is not
darker than the Standard solution (NMT 20 ppm of lead).
• Alkalies and Alkaline Earths
Sample solution: Dissolve the equivalent of 1.12 g of zinc sulfate (ZnSO4 ) in 150 mL of
water contained in a 200-mL volumetric flask. Add sufficient ammonium sulfide TS to
precipitate the zinc completely, and dilute with water to volume. Pass through a dry filter,
and reject the first portion of the filtrate.
Analysis: To 100 mL of the Sample solution filtrate add a few drops of sulfuric acid,
evaporate to dryness in a tared dish, and ignite.
Acceptance criteria: The weight of the residue is NMT 5 mg (0.9%).
SPECIFIC TESTS
• Acidity
Sample solution: 28 mg/mL of zinc sulfate (ZnSO4 )
Acceptance criteria: The Sample solution is not colored pink by methyl orange TS.
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in tight containers.
• Labeling: The label indicates whether it is the monohydrate or the heptahydrate. Label any
oral or parenteral preparations containing Zinc Sulfate to state the content of elemental
zinc.
BRIEFING
Zinc Sulfate Tablets, USP 36 page 5630. On the basis of comments received, it is proposed to
revise the wording for the Sample solution in Identification test A and in the titrimetric
conditions in the Assay to clarify the procedures and to eliminate discrepancy in the results.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: N. Davydova.)
Correspondence Number—C125178

Comment deadline: March 31, 2014
Zinc Sulfate Tablets
DEFINITION
Zinc Sulfate Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of zinc sulfate
monohydrate (ZnSO4 ·H2 O). It may contain one or more suitable flavors and sweeteners.
IDENTIFICATION
Change to read:
• A. Sulfate
Sample solution: Dissolve a portion of powdered Tablets in water to obtain a solution
containing 50 mg/mL of zinc sulfate.
Dissolve a portion of powdered Tablets, nominally equivalent to 5 g of zinc sulfate, in 100
mL of water, filter in a Buchner funnel under vacuum, and use the filtrate. USP38
Hydrochloric acid solution: Dilute 20 g of hydrochloric acid with water to 100 mL.
Barium chloride solution: 61 mg/mL of barium chloride
Analysis: To 5 mL of the Sample solution add 1 mL of Hydrochloric acid solution and 1 mL
of Barium chloride solution.
Acceptance criteria: A white precipitate is formed.
Change to read:
• B. Zinc
Sample solution: Proceed as directed in Identification test A.
Sodium hydroxide solution:
420 mg/mL of sodium hydroxide (ERR 1-Apr-2013)
Ammonium chloride solution: 107 mg/mL of ammonium chloride
Glycerin solution: A mixture of glycerin and water (85:15)
Sodium sulfide solution: Dissolve 12 g of sodium sulfide with heating in a 45-mL mixture of
Glycerin solution and water (29:10). Allow to cool, and dilute with the same mixture of
solvents to 100 mL. The solution should be colorless.
Analysis: To 5 mL of the Sample solution add 0.2 mL of Sodium hydroxide solution.
Acceptance criteria: A white precipitate is formed. When an additional 2 mL of Sodium
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hydroxide solution is added, the precipitate dissolves. When 10 mL of Ammonium chloride
solution is added, the solution remains clear. When 0.1 mL of Sodium sulfide solution is
added, a white precipitate is formed.
ASSAY
Change to read:
• Procedure
Sample: Portion of the powder, equivalent to 90 mg of zinc (about 247 mg of zinc sulfate
monohydrate), from NLT 20 finely powdered Tablets
Blank: Proceed as directed in the Analysis, but without the Sample.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 M edetate disodium VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 200-mL volumetric flask. Dissolve in 15 mL of dilute
acetic acid, and sonicate for 15 min. Dilute with water to volume, and mix. Add 50 mg of
xylenol orange triturate to the solution, and mix. Neutralize the solution with 2 g of
methenamine until the solution is a violet-pink color. Titrate with Titrant until the solution
is yellow.
Transfer the Sample to a suitable flask or beaker. Dissolve in 15 mL of dilute acetic acid,
and sonicate for 15 min. Add 200 mL of water and 50 mg of xylenol orange triturate, and
mix. [Note—For preparation of xylenol orange triturate, triturate 1 part of xylenol orange
with 99 parts of potassium nitrate. Xylenol orange triturate, 1% is also commercially
available.1] Neutralize the solution with 2 g of methenamine until the solution is a violetpink color. Titrate with Titrant until the solution is yellow. [Note—Add the titrant slowly
near the endpoint with expedited stirring.] USP38
Perform a Blank determination.
Calculate the percentage of the labeled amount of zinc sulfate monohydrate (ZnSO4 ·H2 O)
in the Sample taken:
Result = {[(VS

VB) × M × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
M= actual molarity of the Titrant (mM/mL)
F= equivalency factor, 179.46 mg/mM
W= nominal amount of zinc sulfate monohydrate in the Sample (mg)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Disintegration 701
Time: 60 s
Acceptance criteria: Meet the requirements
• Uniformity of Dosage Units

905 : Meet the requirements
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• Labeling: Label the Tablets in terms of zinc sulfate monohydrate (ZnSO4 ·H2 O) and in terms
of elemental zinc.
1

Ricca C hemical C ompany, part number 9395-100.

USP38

BRIEFING
Ziprasidone Hydrochloride, page 6721 of the Second Supplement to USP 36. On the basis of
comments received, it proposed to add a note about an optional drying procedure for
handling the potentially hygroscopic nature of the article.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C128661

Comment deadline: March 31, 2014
Ziprasidone Hydrochloride
Change to read:

C21 H21 ClN4 OS·HCl

449.40

(RB 1-Dec-2012)

C21 H21 ClN4 OS·HCl·H2 O

467.41

2H-Indol-2-one, 5-[2-[4-(1,2-benzisothiazol-3-yl)-1-piperazinyl]ethyl]-6-chloro-1,3-dihydro-,
monohydrochloride;
(RB 1-Dec-2012)

5-[2-[4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl]ethyl]-6-chloro-2-indolinone
monohydrochloride
Monohydrate (RB 1-Dec-2012)
[138982-67-9].
Anhydrous[122883-93-6].
(RB 1-Dec-2012)

PF 40(1): Jan.-Feb. 2014

526

DEFINITION
Change to read:
Ziprasidone Hydrochloride contains NLT
97.5% (RB 1-Dec-2012)
and NMT 102.0% of ziprasidone hydrochloride (C21 H21 ClN4 OS·HCl), calculated on the anhydrous
and solvent-free basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197K :
If a difference appears in the spectra of the analyte and the Reference Standard, dissolve
equal portions of the analyte and the Reference Standard in equal volumes of methanol
separately, evaporate to dryness, and record new spectra using the residues.
(RB 1-Dec-2012)

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Change to read:
• C. Identification Tests—General, Chloride 191
Sample solution: Suspend 30 mg of the analyte in 2 mL of water, acidify with 0.15 mL
of 2 M nitric acid, and filter. Use the filtrate. (RB 1-Dec-2012)
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with 85% phosphoric
acid to a pH of 3.0.
Mobile phase: Methanol and Buffer (40:60)
Diluent: Methanol and water (60:40)
Standard solution: 0.23 mg/mL of USP Ziprasidone Hydrochloride RS in Diluent
Sample solution: 0.23 mg/mL of Ziprasidone Hydrochloride in Diluent.
[Note—Because of its hygroscopic nature, the anhydrous form may be dried at 70 under
vacuum for 2 h prior to the preparation of the Sample solution.] USP38
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 229 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
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Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ziprasidone hydrochloride (C21 H21 ClN4 OS·HCl) in the portion
of Ziprasidone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ziprasidone Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Ziprasidone Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:
97.5%– (RB 1-Dec-2012)
102.0% on the anhydrous and solvent-free basis
IMPURITIES
Change to read:
• Residue on Ignition 281 : NMT
0.2% (RB 1-Dec-2012)
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Limit of Tetrahydrofuran
[
Note—Perform this test only if tetrahydrofuran is likely to be present as the result of the
manufacturing process.] (RB 1-Dec-2012)
Standard solution: 0.05 mg/mL of USP Ziprasidone Hydrochloride RS in dimethyl sulfoxide.
Transfer 4 mL of this solution to a 20-mL headspace vial, and seal.
Sample solution: Transfer 40 mg of Ziprasidone Hydrochloride and 4.0 mL of dimethyl sulfoxide
to a 20-mL headspace vial, seal, and mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC with headspace injector
Detector: Flame ionization
Column: 30-m × 0.32-mm fused silica; coated with a 1.8-µm film of phase G43
Temperatures
Injection port: 180
Detector: 260
Column: See Table 1.
Table 1
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Initial
Temperature
Temperature
Ramp
( )
( /min)
40
0
40
2
90
30
Carrier gas: Helium
Flow rate: 1.6 mL/min
Injection volume: 2 mL
Injection type: Headspace; split ratio, 30:1

Final
Temperature
( )
40
90
225

Hold Time
at Final
Temperature
(min)
5
0
2

Vial treatment: Maintain at 105 for 60 min prior to injection.
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tetrahydrofuran in the portion of Ziprasidone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of tetrahydrofuran from the Sample solution
rS= peak response of tetrahydrofuran from the Standard solution
C=
S concentration of tetrahydrofuran in the Standard solution (mg/mL)
C=
U concentration of Ziprasidone Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.4% of tetrahydrofuran
Change to read:
• Limit of Early-Eluting Impurities
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Diluent A: Methanol, water, and hydrochloric acid (20: 5: 0.01)
Diluent B: Methanol and water (3:2)
Standard solution A: 0.5 µg/mL of USP Ziprasidone Related Compound A RS and 0.8 µg/mL
of USP Ziprasidone Related Compound B RS in Diluent A
Standard solution B: 0.4 µg/mL of USP Ziprasidone Related Compound B RS in Diluent A
System suitability solution: 0.24 mg/mL of USP Ziprasidone Hydrochloride RS in Standard
solution A
Sample solution A: 0.4 mg/mL of Ziprasidone Hydrochloride in Diluent A
Sample solution B: 0.2 mg/mL of Ziprasidone Hydrochloride in Diluent B
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between the ziprasidone related compound B and ziprasidone
peaks
Relative standard deviation: NMT 10% for the ziprasidone related compound B peak
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Analysis
Samples: Standard solution A and Sample solution A
[Note—Run Sample solution
Sample solution A USP38
NLT 7 times the ziprasidone retention time in Sample solution A.]
Calculate the percentages of ziprasidone related compounds A and B relative to the
content of ziprasidone free base in the portion of Ziprasidone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr2/Mr1) × 100
rU= peak response of the ziprasidone related compound from Sample solution A
rS= peak response of the ziprasidone related compound from Standard solution A
CS= concentration of the ziprasidone related compound in Standard solution A (mg/mL)
CU= concentration of Ziprasidone Hydrochloride in Sample solution A (mg/mL)
Mr2
= molecular weight of ziprasidone hydrochloride, 467.41
for the monohydrate, 449.40 for the anhydrous form (RB 1-Dec-2012)
Mr1
= molecular weight of ziprasidone free base, 412.94
Samples: Standard solution B and Sample solution B
Calculate the percentage of ziprasidone open ring relative to the content of ziprasidone
free base in the portion of Ziprasidone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr2/Mr1) × 100
rU= peak response of ziprasidone open ring from Sample solution B
rS= peak response of ziprasidone related compound B from Standard solution B
CS= concentration of ziprasidone related compound B in Standard solution B (mg/mL)
CU= concentration of Ziprasidone Hydrochloride in Sample solution B (mg/mL)
Mr2
= molecular weight of ziprasidone hydrochloride, 467.41
for the monohydrate, 449.40 for the anhydrous form (RB 1-Dec-2012)
Mr1
= molecular weight of ziprasidone free base, 412.94
Samples: Diluent A, Diluent B, Standard solution B, and Sample solution A
Calculate the percentage of each unspecified impurity eluting before ziprasidone relative
to the content of ziprasidone free base in the portion of Ziprasidone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr2/Mr1) × 100
rU= peak response of each unspecified impurity from Sample solution A
rS= peak response of ziprasidone related compound B from Standard solution B
CS= concentration of ziprasidone related compound B in Standard solution B (mg/mL)
CU= concentration of Ziprasidone Hydrochloride in Sample solution A (mg/mL)
Mr2
= molecular weight of ziprasidone hydrochloride, 467.41
for the monohydrate, 449.40 for the anhydrous form (RB 1-Dec-2012)
Mr1
= molecular weight of ziprasidone free base, 412.94
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Acceptance criteria: See Table 2. [Note—Disregard the peaks in Sample solution A
corresponding to the ones found in Diluent A and Diluent B.]
Table 2
Relative
Retention
Time
0.4
0.8
0.9
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.1
0.2
0.2
—
0.1
—

Name
Ziprasidone related compound A
Ziprasidone related compound B
Ziprasidone open ringa
Ziprasidone
Any individual unspecified impurity eluting before ziprasidone
Total impuritiesb
a 2-(2-Amino-5-(2-(4-(benzo[d]isothiazol-3-yl)piperazin-1-yl)ethyl)-4-chlorophenyl)acetic
acid.
b See Limit of Late-Eluting Impurities.
Change to read:
• Limit of Late-Eluting Impurities
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with 5 N potassium
hydroxide to a pH of 6.0.
Mobile phase: Acetonitrile, methanol, and Buffer (55:5:40)
Diluent: Methanol, water, and hydrochloric acid (20: 5: 0.01)
Standard solution: 0.8 µg/mL each of USP Ziprasidone Related Compound C RS and USP
Ziprasidone Related Compound D RS in Diluent
System suitability solution: 0.24 mg/mL of USP Ziprasidone Hydrochloride RS in the
Standard solution
Sample solution: 0.45 mg/mL of Ziprasidone Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 229 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 35
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 6.0 between the ziprasidone and ziprasidone related compound C
peaks
Relative standard deviation: NMT 10% for the ziprasidone related compound C peak
Analysis
Samples: Standard solution and Sample solution
[Note—Run the Sample solution NLT 12 times the ziprasidone retention time in the Sample
solution.]
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Calculate the percentages of ziprasidone related compounds C and D relative to the
content of ziprasidone free base in the portion of Ziprasidone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr2/Mr1) × 100
rU= peak response of the ziprasidone related compound from the Sample solution
rS= peak response of the ziprasidone related compound from the Standard solution
CS= concentration of the ziprasidone related compound in the Standard solution (mg/mL)
CU= concentration of Ziprasidone Hydrochloride in the Sample solution (mg/mL)
Mr2
= molecular weight of ziprasidone hydrochloride, 467.41
for the monohydrate, 449.40 for the anhydrous form (RB 1-Dec-2012)
Mr1
= molecular weight of ziprasidone
(RB 1-Dec-2012)

free base, 412.94
Samples: Diluent, Standard solution, and Sample solution
Disregard the peaks in the Sample solution corresponding to those of the Diluent.
Calculate the percentage of each unspecified impurity eluting after ziprasidone relative to
the content of ziprasidone free base in the portion of Ziprasidone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr2/Mr1) × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of ziprasidone related compound D from the Standard solution
CS= concentration of ziprasidone related compound D in the Standard solution (mg/mL)
CU= concentration of Ziprasidone Hydrochloride in the Sample solution (mg/mL)
Mr2
= molecular weight of ziprasidone hydrochloride, 467.41
for the monohydrate, 449.40 for the anhydrous form (RB 1-Dec-2012)
Mr1
= molecular weight of ziprasidone
(RB 1-Dec-2012)

free base, 412.94
Acceptance criteria: See Table 3.
Table 3

Name

Relative
Retention
Time
1.0
2.0
3.0
—
—

Acceptance
Criteria,
NMT (%)
—
0.2
0.2
0.1
0.5

Ziprasidone
Ziprasidone related compound C
Ziprasidone related compound D
Any individual unspecified impurity eluting after ziprasidone
Total impuritiesa
a The total impurities are the sum of related compounds A, B, C, and D; ziprasidone open
ring; and all unspecified impurities found in Limit of Early-Eluting Impurities and Limit of
Late-Eluting Impurities.
SPECIFIC TESTS
Change to read:
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Change to read:

• Water Determination, Method I 921
Monohydrate: (RB 1-Dec-2012)
3.7%–5.0%
Anhydrous: NMT 2.0% (RB 1-Dec-2012)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at room
temperature.
Add the following:
• Labeling: If this is an anhydrous form, it is so labeled.

(RB 1-Dec-2012)

• USP Reference Standards 11
USP Ziprasidone Hydrochloride RS
USP Ziprasidone Related Compound A RS
3-(Piperazin-1-yl)benzo[d]isothiazole monohydrochloride.
C11 H13 N3 S·HCl
255.77
USP Ziprasidone Related Compound B RS
5-(2-(4-(Benzo[d]isothiazol-3-yl)piperazin-1-yl)ethyl)-6-chloroindoline-2,3-dione.
C21 H19 ClN4 O2 S
426.92
USP Ziprasidone Related Compound C RS
5,5¢-Bis(2-(4-(benzo[d]isothiazol-3-yl)piperazin-1-yl)ethyl)-6,6¢-dichloro-3-hydroxy3,3¢-biindoline-2,2¢-dione.
C42 H40 Cl2 N8 O3 S2
839.85
USP Ziprasidone Related Compound D RS
3-(Benzo[d]isothiazol-3-yl)-5-(2-(4-(benzo[d]isothiazol-3-yl)piperazin-1-yl)ethyl)-6chloroindolin-2-one.
C28 H24 ClN5 OS2
546.11
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors
Contributions in the form of original research reports, evaluations of new and existing
compendial methods, and other commentaries and articles relevant to drug standards or to
USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that
they have not been published previously in any language or medium and that they are not
simultaneously under consideration by any other publication. All manuscripts are subject to
review by USP headquarters staff, Committee members, or qualified outside referees, and if
accepted for publication they will be subject to editing by USP staff. Accepted manuscripts
become the property of the USP Convention (USPC) and may not be subsequently published
elsewhere without written permission from the USPC. Authors are also responsible for obtaining
permission for reprinting any illustrations that have been published elsewhere.
Abstract—Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References—Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright—Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
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Disclosure of Potential Conflicts of Interest—Maintaining independence and impartiality are
critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions—Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
An Alignment of Concepts and Content across the Spectroscopy General Chapters in the
United States Pharmacopeia–National Formulary (USP–NF)
TJ Wozniak, PhD,a C Burgess, PhD,a JP Hammond,b TL Shelbourn, MS,b PR Keller, PhD,b and HN
Pappa, PhDc
ABSTRACT The Chemical Analysis General Chapters Expert Committee of the Council of Experts
has conducted a review of spectroscopy general chapters in the United States Pharmacopeia–
National Formulary (USP–NF). The review focused on aligning concepts and content, clarifying
scope and application, and generating a common format, thus ensuring consistency in overall
approach and ease of use. The changes are intended to provide the analyst with a minimum
standard to demonstrate the “suitability for use” of a spectroscopic instrument (general
chapters <1000) and also give best practices (general chapters >1000). General chapter

851

Spectrophotometry and Light-Scattering will be adjusted to focus on turbimetry and
nephelometry. Several of the new general chapters arising out of the review have been
proposed previously and are reproposed in this issue of PF together with this Stimuli article.
INTRODUCTION
The purpose of a proposed new suite of spectroscopic general chapters in USP–NF (Figure 1) is
to provide the basis for establishing that a spectroscopic instrument or system is “suitable for
use” in a monograph. Suitability for use has three distinct aspects: a) compliance with
technical performance characteristics for the instrument/system; b) operational best practices
for an instrument/system when used as part of a procedure stated in a monograph; and c)
assurance that the instrument’s performance is sufficient to make a valid measurement within
the specification for the monograph.
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A determination of suitability for use is a minimum standard. Additional best practice guidance,
together with a minimum standard, provides a more comprehensive approach. USP intends that
suitability for use will be provided in <1000 general chapters, with best practices provided in
>1000 general chapters. <1000 chapters will include procedures, instrument qualification, and
validation/verification sections. Each section involves an assessment of technique-specific
requirements to ensure the suitability of the system and related measurements.
As the revision progress, four general chapter pairs will cover: atomic absorption ( 852
1852 ); fluorescence ( 853
visible ( 857

and

and

1853 ); mid-infrared ( 854

and

and

1854 ); and UV

1857 ). This approach has already been applied to the paired chapters

761 Nuclear Magnetic Resonance Spectroscopy and 1761 Applications of Nuclear Magnetic
Resonance Spectroscopy. Extension to other spectroscopy chapters, such as x-ray
fluorescence and mass spectrometry is planned.
The proposed new <1000 spectroscopy general chapters have the following common structure:
1. A short introduction to the particular technique and a link to the associated best
practices chapter >1000
2. Qualification requirements for installation qualification (IQ), operational qualification
(OQ), and performance qualification (PQ) with recommended procedures and a link to
1058

Analytical Instrument Qualification

3. Specific critical attributes of analytical procedures involving the specified technique
4. Validation and verification approaches as required by general information chapters
1225 Validation of Compendial Procedures and 1226 Verification of Compendial
Procedures for alternative methods being developed for pharmacopeial monographs.
Readers are reminded that USP’s approaches to validation, verification, and technology
transfer are also under review and possible revision (1), (2).
The Chemical Analysis Expert Committee plans additional reviews of general information
chapters 1119 Near Infrared Spectroscopy and 1120 Raman Spectroscopy, with the
expectation that <1000 spectroscopic general chapters will be developed, consistent with the
philosophy and structure discussed (Figure 1). In addition, a new chapter on X-Ray
Fluorescence, and a revision of the current USP mass spectrometry general chapter are under
development.
Included as an appendix are a list of standards in USP–NF that now call out
revision, these call-outs will be revised.

851 . With the

ANALYTICAL INSTRUMENT QUALIFICATION
General information chapter 1058 Analytical Instrument Qualification provides a risk-based
framework for generating evidence over the lifecycle that the instrument or the system is, and
remains, suitable for use in one or more procedures of a monograph. A Stimuli article (3) has
been published proposing the alignment of general information chapter 1058 with GAMP 5
and GAMP Laboratory Good Practice Guide 2nd Edition (4) and is currently under consideration
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of the Physical Analysis Expert Committee.
Analytical instrument qualification (AIQ) is defined as the collection of documented evidence
that an instrument performs suitably for its intended purpose. Use of a qualified instrument in
analyses contributes to confidence in the validity of generated data. Chapter
characterizes the steps in instrument qualification during AIQ:

1058

further

1. Design Qualification (DQ): The documented collection of activities that define the
functional and operational specifications of the instrument and criteria for vendor
selection based on the instrument’s intended purpose.
2. Installation Qualification (IQ): The documented collection of activities necessary to
establish that an instrument is delivered as designed and specified, that it is properly
installed in the selected environment, and that this environment is suitable for the
instrument.
3. Operational Qualification (OQ): The documented collection of activities necessary to
demonstrate that an instrument will function according to its operational specification in
the selected environment. The extent of OQ testing that an instrument undergoes
depends on its intended applications. Therefore, no specific OQ tests for any instrument
or application are offered in 1058 . It should be noted that routine analytical tests do
not constitute OQ testing.
4. Performance Qualification (PQ): The documented collection of activities necessary to
demonstrate that an instrument consistently performs according to the specifications
defined by the user and is appropriate for the intended use. PQ tests may resemble
those performed during OQ, but the specifications for their results may be set
differently if required. Procedures for OQ and PQ testing that comply with regulatory
expectations are not well defined and are subject to different interpretations.
The qualification tests and acceptance criteria are included in the <1000 chapters to establish
minimum requirements for instrument performance. Ultimately, the use of a qualified instrument
contributes to confidence in the validity of analytical data used to guarantee patient safety.
The chapters affected will stipulate that manufacturer-recommended OQ and PQ tests and
acceptance criteria may be used if deemed scientifically equivalent. This will prevent the AIQ
tests in the <1000 chapters from becoming excessively prescriptive.
VALIDATION and VERIFICATION
As part of the overall revision process for spectroscopy general chapters, validation
requirements also are being aligned with current standards. The validation of spectroscopic
procedures is covered under both the ICH guidelines and general information chapter 1225 ,
although the predominant theme for each of these documents historically has been validation of
chromatographic procedures. The goal of the current effort to include validation sections in the
various spectroscopy chapters is to provide both general directions for the validation of
procedures based on these techniques and also give validation directions that may be
important for specific spectroscopic approaches.
Validation Criteria
An important driver for the validation directions under development for spectroscopic
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procedures is that the validation should provide data-based assurance of the analytical
procedure’s capability with reference to the specifications for the monograph. Thus, as a
general basis for the revisions, the validation criteria presented in the new general chapters are
established to ensure that the procedure is capable of providing reliable data that can be used
to demonstrate compliance with specifications commonly in use in USP tests (e.g., 98.0%–
102.0% for drug substances and 90.0%–110.0% for drug products). Monographs can have
wider assay acceptance criteria (e.g., vitamins and minerals in dietary supplements, and thus
Table 1 provides allowances for these measurements).
The criteria presented in Table 1, particularly those for accuracy and precision, are designed to
provide assurance of minimum procedure capability for the various monograph acceptance
criteria. The criteria presented in Table 1 are consistent with the criteria used for the validation
of chromatographic procedures.
Procedures applying some spectroscopic techniques may not be capable of meeting these
criteria (Table 1). Public comments on previously published spectroscopy general chapters have
raised similar issues. Although certain spectroscopic method limitations (by comparison with the
proposed acceptance criteria) undoubtedly exist, the absolute need for appropriate procedure
capability has been given precedence in the establishment of the criteria. From a practical
viewpoint, these limitations may preclude the use of a given spectroscopic method for a
specific application.
In rare instances, only one spectroscopic method can be used for a given quality attribute, and
the criteria (Table 1) cannot be met; however, these instances are indeed the exception rather
than the rule and will be managed accordingly.
Each spectroscopy general chapter will include a reference to USP requirements for verification
similar in wording to that presented in the next paragraph. Specific criteria for verification will
not generally be provided (as they were for validation), but important procedure-specific
attributes may appear in a given general chapter as necessary.
United States Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)]
indicate that users of analytical procedures described in USP–NF are not required to validate
procedures that are provided in a monograph. Instead, analysts must verify the procedures’
suitability under actual conditions of use.
It should be noted that all three general information chapters related to validation and
verification— 1224

Transfer of Analytical Procedures,

1225

Validation of Compendial

Procedures, and 1226 Verification of Compendial Procedures—are currently under review,
and a Stimuli article (5) has been published.
Table 1. Examples of Standard Validation Criteria for Spectroscopic Methods
Category I
Drug
Substance
Accuracy
98.0%–
102.0%a
Repeatability NMT 1.0%c
Intermediate NMT 1.0%d
precision

Drug
Product
Category II
95.0%–
80.0%–120.0%b
105.0%
NMT 2.0%c NMT 20.0%
NMT 3.0%d NMT 25.0%

Category
IV
—
—
—
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Specificity

Assured by use of a reference standard when possible and
demonstrable lack of interference from other components

Detection
limit
Quantitation
limit

Linearity
Range

542

—

—

—

—

—

The analytical procedure should be
capable of determining the analyte
precisely and accurately at a level
equivalent to 50% of the specification.
r NLT 0.99

r NLT 0.995

The identity
of the
analyte
should be
ensured.
—
—

—
—

For 100.0% centered acceptance criteria: 80.0%–120.0%
For noncentered acceptance criteria: 10.0% below the lower limit
to 10.0% above the upper limit
For content uniformity: 70.0%–130.0%
Robustness The reliability of an analytical measurement should be
—
demonstrated by deliberate changes to experimental parameters.
a 95.0%–105.0% for atomic absorption spectroscopy.
b 70.0%–150.0% for atomic absorption spectroscopy and Mid-infrared spectroscopy.
c 5.0% for atomic absorption spectroscopy.
d 8.0% for atomic absorption spectroscopy.
MAJOR REVISION OF

851 SPECTROPHOTOMETRY AND LIGHT-SCATTERING

The current general chapter 851 covers multiple spectroscopic types and has not been
subject to a major revision for many years. Although the general spectroscopic principles
detailed in the current 851 describe the fundamental requirements, it is thought that they
are too vague to meet the extensive and increasing use of instrumental spectroscopic
techniques and the associated current (and future) regulatory requirements. In addition, the
proliferation of the application of new spectroscopic techniques makes the current 851 a
candidate for a major revision.
The current proposal is to produce the following spectroscopic chapter pairs in accordance with
the approach outlined previously in this Stimuli article:
a. Atomic absorption:
b. Fluorescence:
c. Mid-infrared:
d. UV visible:

Chapter

851

852

853
854

857

and

and
and

1852

1853
1854

and 1857

itself will be revised and renamed Turbidimetry and Nephelometry. There is

potential for a future best practice chapter
biopharmaceutical applications.

1851 , if there is a requirement, especially for
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These, together with other spectroscopic chapters, are shown in relationship to the current
851

in Figure 1.
REFERENCES
1. USP. Stimuli article on lifecycle management of analytical procedures posted for
comment. http://www.usp.org/usp-nf/notices/stimuli-article-lifecycle-managementanalytical-procedures-posted-comment. Accessed 21 Aug 2013. [Note——Within the
website, see the link to “Lifecycle Management of Analytical Procedures: Method
Development, Procedure Performance Qualification, and Procedure Performance
Verification”.]
2. Chapter 1200 requirements for Compendial Validation Pharmacopeial Forum 39(6)
3. Burgess C, McDowall RD. An integrated and harmonized approach to analytical
instrument qualification and computerized system validation—a proposal for an extension
of analytical instrument qualification 1058 . Pharmacopeial Forum. 2012; 38(1).
http://www.usppf.com/pf/pub/index.html. Accessed 23 Aug 2013.
4. ISPE. GAMP 5: a risk-based approach to compliant GxP computerized systems. Tampa,
FL: ISPE; 2008.
5. ISPE. Good Practice Guide: A Risk-Based Approach to Calibration Management. Second
Edition. Tampa, FL: ISPE; 2010.
Appendix

Monographs and Chapters Directly Affected by These Revisions
Monograph
Test
New Reference
1024 BOVINE SERUM
CHARACTERIZATION OF BOVINE SERUM 857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
1057 BIOTECHNOLOGYMethods 1, 2, 3, 4, 5
857 ULTRAVIOLETDERIVED ARTICLES-TOTAL
VISIBLE
PROTEIN ASSAY
SPECTROSCOPY
1057 BIOTECHNOLOGYMethod 6
853
DERIVED ARTICLES-TOTAL
FLUOROESCENCE
PROTEIN ASSAY
SPECTROSCOPY
1059 EXCIPIENT
ORAL LIQUIDS
ALL
PERFORMANCE
1061 COLORProcedure type
857 ULTRAVIOLETINSTRUMENTAL MEASUREMENT
VISIBLE
SPECTROSCOPY
1120 RAMAN
INTRODUCTION
Delete
SPECTROSCOPY
1125 NUCLEIC ACID-BASED GLOSSARY
853
TECHNIQUES-GENERAL
FLUOROESCENCE
SPECTROSCOPY
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1126 NUCLEIC ACID-BASED
TECHNIQUES-EXTRACTION,
DETECTION, AND SEQUENCING
1151 PHARMACEUTICAL
DOSAGE FORMS
1163 QUALITY ASSURANCE
IN PHARMACEUTICAL
COMPOUNDING
1231 WATER FOR
PHARMACEUTICAL PURPOSES
130 PROTEIN A QUALITY
ATTRIBUTES

544

QUALITATIVE AND QUANTITATIVE
EVALUATION OF NUCLEIC ACIDS

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

PRODUCT QUALITY TESTS, GENERAL
TESTING

854 MID-INFRARED
SPECTROSCOPY
ALL

TYPES OF WATER

Delete

Total Protein for Protein A

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

181 IDENTIFICATIONProcedure
ORGANIC NITROGENOUS BASES
197 SPECTROPHOTOMETRIC INFRARED ABSORPTION
IDENTIFICATION TESTS
206

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Procedure

852 ATOMIC
ABSORPTION
SPECTROSCOPY

208 ANTI-FACTOR Xa AND
ANTIFACTOR IIa ASSAYS FOR
UNFRACTIONATED AND LOW
MOLECULAR WEIGHT HEPARINS
221 CHLORIDE AND
SULFATE

ANTI-FACTOR Xa AND ANTI-FACTOR
IIa ASSAYS FOR UNFRACTIONATED
HEPARIN

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Introduction

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

381 ELASTOMERIC
CLOSURES FOR INJECTIONS

PHYSICOCHEMICAL TESTS

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING,
Turbidimetry

381 ELASTOMERIC
CLOSURES FOR INJECTIONS

Extractable Zinc

852 ATOMIC
ABSORPTION
SPECTROSCOPY

661

ALUMINUM

854 MID-INFRARED
SPECTROSCOPY

CONTAINERS-PLASTICS POLYETHYLENE TEREPHTHALATE
BOTTLES AND POLYETHYLENE
TEREPHTHALATE G CONTAINERS

90 FETAL BOVINE SERUMQUALITY ATTRIBUTES AND
FUNCTIONALITY TESTS

FETAL BOVINE SERUM QUALITY
ATTRIBUTES

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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92 GROWTH FACTORS AND Protein Content
CYTOKINES USED IN CELL
THERAPY MANUFACTURING
Acetaminophen and Tramadol Limit of p-Aminophenol
Hydrochloride Tablets

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Adenine

Organic Impurities

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Alcohol

Clarity of Solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Alfadex

Limit of Reducing Sugars

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Alpha-Lactalbumin

Content of Calcium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Alprostadil

Limit of chromium and rhodium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Alteplase

Protein content

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Alumina and Magnesium
Carbonate Oral Suspension

Assay for aluminum hydroxide and
Assay for magnesium carbonate

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Alumina and Magnesium
Carbonate Tablets

Assay for aluminum hydroxide and
Assay for Magnesium carbonate

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Alumina and Magnesium
Trisilicate Tablets

Assay for magnesium trisilicate

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Alumina, Magnesia, and
Simethicone Oral Suspension

Sodium content and Assay for
magnesium carbonate

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Alumina, Magnesia, Calcium
Carbonate, and Simethicone
Chewable Tablets

Sodium content, Assay for magnesium
852 ATOMIC
hydroxide
ABSORPTION
SPECTROSCOPY
Clarity of Solution
851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Aluminum Oxide

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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Amino Methacrylate Copolymer Color of Solution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Aminoglutethimide Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Aminopentamide Sulfate
Injection

Identification

854 MID-INFRARED
SPECTROSCOPY

Aminopentamide Sulfate
Tablets

Identification

854 MID-INFRARED
SPECTROSCOPY

Ammonium Molybdate Injection Assay

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Amodiaquine

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Anhydrous Citric Acid

Clarity of Solution and Color of solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Anhydrous Lactose

Protein and Light-Absorbing Impurities

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Anthrax Vaccine Adsorbed

Total Protein and Formaldehide

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Anticoagulant Heparin Solution Anti-Factor IIa Potency

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Aprotinin

Absorbance

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Aspartame Acesulfame

Limit of Potassium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Atorvastatin Calcium

Identification - Calcium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Bacitracin Zinc and Bacitracin
Zinc Powder

Zinc content

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Benazepril Hydrochloride

Absorptivity

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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Bentonite

Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Bentonite Purified

Assay and Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Benzyl Alcohol

Clarity of Solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Beta Carotene

Content of Total Carotenoids

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Beta Carotene Capsules

Content of Total Beta Carotene

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Beta Carotene Preparation

Content of Beta Carotene

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Beta Glucan

Content of Beta Glucan

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Betadex

Limit of Reducing Sugars

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Bismuth Citrate

Limit of copper, lead, and silver and
Limit of soluble bismuth

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Bismuth Subcarbonate

Limit of lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Bismuth Subsalicylate

Limit of Copper, Lead, and Silver

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Bismuth Subsalicylate Magma

Limit of Copper, Lead, and Silver

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Bismuth Subsalicylate Oral
Suspension

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Bismuth Subsalicylate Tablets

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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Bleomycin Sulfate

Copper

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Bromocriptine Mesylate
Capsules

Dissolution

853
FLUOROESCENCE
SPECTROSCOPY

Bromocriptine Mesylate
Capsules

Uniformity of dosage units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Bromocriptine Mesylate Tablets Dissolution

853
FLUOROESCENCE
SPECTROSCOPY

Bromocriptine Mesylate Tablets Uniformity of dosage units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Bupropion Hydrochloride
Extended-Release Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Calcium Acetate

Limit of Aluminum

853
FLUOROESCENCE
SPECTROSCOPY

Calcium Acetate

Limit of Magnesium and Limit of
852 ATOMIC
Potassium and Limit of Sodium and limit ABSORPTION
of Strontium
SPECTROSCOPY
Dissolution
852 ATOMIC
ABSORPTION
SPECTROSCOPY
Calcium, Method 1
852 ATOMIC
ABSORPTION
SPECTROSCOPY
Iron
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Assay
852 ATOMIC
ABSORPTION
SPECTROSCOPY
Dissolution
852 ATOMIC
ABSORPTION
SPECTROSCOPY
Content of sodium (if so labeled) and
852 ATOMIC
Magnesium Hydroxide
ABSORPTION
SPECTROSCOPY
Content of Calcium, Procedure 2
852 ATOMIC
ABSORPTION
SPECTROSCOPY

Calcium Acetate Tablets

Calcium and Vitamin D with
Minerals Tablets
Calcium Carbonate

Calcium Carbonate Lozenges

Calcium Carbonate Tablets

Calcium Carbonate, Magnesia,
and Simethicone Chewable
Tablets
Calcium Citrate Tablets
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Calcium Gluconate

Limit of Iron

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Calcium Gluconate Tablets

Dissolution

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Calcium Propionate

Inorganic Impurities

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Calcium Silicate

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Calcium with Vitamin D Tablets Calcium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Carboxymethylcellulose Sodium Limit of Sodium Glycolate
12

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Cascara Sagrada

Content of Total Hydroxyanthracene
Derivatives

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Cascara Sagrada Extract

Content of Total Hydroxyanthracene
Derivatives

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Cascara Tablets

Content of Total Hydroxyanthracene
Derivatives

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Ceftazidime for Injection

Sodium carbonate (where present

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ceftazidime for Injection

Sodium carbonate (where present

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Cellaburate

Limit of Free Acid

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Cephalexin Capsules

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Cephalexin Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Cephalexin Tablets for Oral
Suspension

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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Cetirizine Hydrochloride Tablets Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Cetylpyridinium Chloride
Lozenges

Identification

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Chlorophyllin Copper Complex
Sodium

Identification

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Chlorophyllin Copper Complex
Sodium

Content of Total Copper and content
of Ionic Copper

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Chondroitin Sulfate Sodium

Limit of Protein

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Chromic Chloride Injection

Assay

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Chromium Picolinate

Assay

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Chromium Picolinate Tablets

Content of Chromium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ciprofloxacin Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Citalopram Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Citric Acid Monohydrate

Clarity of Solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Clonidine

Appearance of Solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Codeine Sulfate Tablets

Uniformity of Dosage Units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Colloidal Activated Attapulgite

Arsenic and Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY
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Copovidone

Limit of Peroxides

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Copper Gluconate

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Corn Syrup Solids

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Cupric Chloride

Limit of Sodium and Potasium and
Calcium and Iron and Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Cupric Chloride Injection

Assay

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Cupric Sulfate

Limit of Sodium and Potassium and
Calcium and Iron and Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Cyanocobalamin

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Cyclobenzaprine Hydrochloride
Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Cycloserine

Condensation products

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Dehydrated Alcohol

Clarity of Solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Desflurane

Inorganic Impurities

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Desoxycholic Acid

Inorganic Impurities

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Dextran 1

Absorbance

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Diatrizoic Acid

Free Aromatic Amine

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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Dibasic Calcium Phosphate
Tablets

Dissolution

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Dihydroxyaluminum Sodium
Carbonate

Sodium content

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Dimethicone

Assay

854 MID-INFRARED
SPECTROSCOPY

Docusate Calcium Capsules

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Docusate Sodium Syrup

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Donepezil Hydrochloride Tablets Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Doxycycline Hyclate Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Doxycycline Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Dried Ferrous Sulfate

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ecamsule Solution

Limit of sodium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Efavirenz Capsules

Uniformity of Dosage Units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Enoxaparin Sodium

Anti-Factor Xa Activity, sodium
content, Specific absorbance

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Enoxaparin Sodium Injection

Anti-Factor Xa Activity

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Enrofloxacin

Clarity of solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)
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Entacapone Tablets

553

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Enzymatically-Hydrolyzed
Inorganic Impurities
Carboxymethylcellulose Sodium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Epinephrine

Limit of adrenalone

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Epinephrine Bitartrate

Limit of adrenalone

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Erythorbic Acid

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Erythromycin Ethylsuccinate
Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Erythritol

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Escitalopram Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Esomeprazole Magnesium

Content of Magnesium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Estradiol Injectable Suspension Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Ethambutol Hydrochloride

Organic Impurities

853
FLUOROESCENCE
SPECTROSCOPY

Ethambutol Hydrochloride
Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Ethambutol Hydrochloride
Tablets

Limit of Aminobutanol

853
FLUOROESCENCE
SPECTROSCOPY

Ethyl Maltol

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Ethynodiol Diacetate

Procedure 2: Limit of conjugated diene

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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Famotidine Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Ferric Ammonium Citrate

Limit of lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ferric Oxide

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ferrosoferric Oxide

Limit of Arsenic (As)

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ferrous Fumarate

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ferrous Fumarate and Docusate Assay for ferrous fumarate
Sodium Extended-Release
Tablets

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ferrous Fumarate Tablets

Dissolution

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ferrous Gluconate

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ferrous Gluconate Capsules

Assay and dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Ferrous Gluconate Tablets

Dissolution

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ferrous Sulfate

Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ferrous Sulfate Tablets

Dissolution

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ferumoxides Injection

Assay for iron

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Fluvoxamine Maleate Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Fully Hydrogenated Rapeseed
Oil

Limit of Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY
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Gadodiamide

Content of gadolinium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Gadopentetate Dimeglumine
Injection

Content of gadolinium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Galactose

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Galantamine Hydrobromide

Limit of Palladium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Galantamine Tablets

Dissolution, Uniformity of dosage units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Gelatin

Iron

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Gemcitabine for Injection

Clarity of solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING,
Turbidimetry

Gentian Violet

Zinc

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Glyburide and Metformin
Hydrochloride Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Glyceryl Distearate

Limit of Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Glyceryl Tristearate

Limit of Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Haloperidol

Limit of Haloperidol Related Compound
857 ULTRAVIOLETA
VISIBLE
SPECTROSCOPY
Uniformity of Dosage Units
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Thymol Content
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Haloperidol Tablets

Halothane

PF 40(1): Jan.-Feb. 2014

556

Heparin Lock Flush Solution

Anti-Factor IIa Potency

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Heparin Sodium

Anti-Factor IIa Potency

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Heparin Sodium Injection

Anti-Factor IIa Potency

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Horse Chestnut

Content of Triterpene Glycoside

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Hydrocortisone Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Hydrogenated Coconut Oil

Limit of Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Hydrogenated Cottonseed Oil

Limit of Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Hydrogenated Palm Oil

Limit of Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Hydrogenated Polydecene

Limit of Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Hydrogenated Polydextrose

Inorganic Impurities

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Hydrogenated Soybean Oil

Limit of Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Hydroxocobalamin

pH-Dependent Cobalamins

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Hydroxypropyl Cellulose Ocular Assay
System

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Hymetellose

Chloride and Sulfate, Chloride

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Hypromellose Acetate
Succinate

A. Infrared Absorption

854 MID-INFRARED
SPECTROSCOPY
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Indium In 111 Chloride Solution Chemical purity

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Indomethacin Extended-Release Dissolution
Capsules

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Inositol

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Iron Dextran Injection

Assay for iron

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Iron Sucrose Injection

Assay for iron

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Isoetharine Hydrochloride

Aromatic ketone

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Isoetharine Mesylate

Limit of keto precursor

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Isoflupredone Acetate

Absorptivity

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Isomalt

Limit of Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Isoproterenol Hydrochloride

Limit of isoproterenone

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Lactase

Assay for lactase activity

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Lactose Monohydrate

Protein and Light-Absorbing Impurities

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Lamivudine

Light Absorption

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Lamotrigine Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Leflunomide Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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Lemon Oil

Ultraviolet Absorbance

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Leucovorin Calcium Tablets

Uniformity of Dosage Units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Levamisole Hydrochloride

Light absorption

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Levocarnitine

Limit of Potassium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Light Mineral Oil

Limit of Polycyclic Aromatic
Hydrocarbon

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Lincomycin Hydrochloride
Capsules

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Lomustine Capsules

Uniformity of Dosage Units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Lutein

Content of Total Carotenoid

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Lutein Capsules

Content of Total Carotenoid

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Lutein Preparation

Content of Total Carotenoids

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Lycopene

Content of Lycopene

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Lycopene Preparation

Content of Lycopene

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Magnesium Aluminum Silicate

Aluminum Content and Magnesium
Content and Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Magnesium Carbonate

Limit of Calcium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Magnesium Carbonate and
Sodium Bicarbonate for Oral
Suspension

Assay for sodium bicarbonate (atomic
emission)

852 ATOMIC
ABSORPTION
SPECTROSCOPY
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Magnesium Chloride

Limit of Calcium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Magnesium Citrate

Limit of Calcium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Magnesium Gluconate Tablets

Dissolution

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Magnesium Oxide

Limit of Calcium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Magnesium Stearate

Limit of Cadmium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Magnesium Sulfate

Limit of Iron

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Maltitol

Limit of Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Maltitol Solution

Inorganic Impurities

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Manganese Chloride Injection

Assay

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Manganese Gluconate

Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Maritime Pine

Content of Procyanidin

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Maritime Pine Extract

Content of Procyanidin

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Mebendazole Tablets

Uniformity of Dosage Units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Meclofenamate Sodium

Copper

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Medium-Chain Triglycerides

Limit of Chromium

852 ATOMIC
ABSORPTION
SPECTROSCOPY
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Mefloquine Hydrochloride
Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Meglumine

Completeness and Color of Solution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Mercaptopurine

Phosphorus

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Meropenem for Injection

Content of sodium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

meso-Zeaxanthin

Content of Total Carotenoids

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

meso-Zeaxanthin Preparation

Content of Total Carotenoids

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Metaproterenol Sulfate

Limit of metaproterenone sulfate

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Metformin Hydrochloride
Tablets

Assay and Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Methylene Blue Injection,
Veterinary

Procedure

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Methylpyrrolidone

Clarity of Solution and Color of solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Minerals Capsules

Calcium, Method 1, Chromium, Copper
Method 1, Iron, Magnesium Method 1,
Manganese, Method 1, Molybdenum,
Method 1, Potassium, Selenium, Zinc
Minerals Tablets
Calcium, Method 1, Chromium, Copper
Method 1, Iron, Magnesium Method 1,
Manganese, Method 1, Molybdenum,
Method 1, Potassium, Selenium, Zinc
Mirtazapine Orally Disintegrating Dissolution
Tablets

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Mirtazapine Tablets

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Dissolution

852 ATOMIC
ABSORPTION
SPECTROSCOPY
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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Modafinil Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Monosodium Glutamate

Clarity and Color of Solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Multiple Electrolytes and
Dextrose Injection Type 4

Assay for Magnesium and calcium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Multiple Electrolytes and
Inverted sugar Type 1

Assay for magnesium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Multiple Electrolytes and
Inverted sugar Type 2

Assay for calcium and Magnesium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Multiple Electrolytes Injection
Type 1

Assay for magnesium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Multiple Electrolytes Injection
Type 1

Assay for magnesium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Multiple Electrolytes Injection
Type 2

Assay for calcium and Magnesium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Mycophenolate Mofetil Capsules Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Mycophenolate Mofetil for Oral Dissolution
Suspension

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Myristic Acid

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Neotame

Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Niacin

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Niacin Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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Nifedipine Extended-Release
Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Noncrystallizing Sorbitol
Solution

Inorganic Impurities

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Norepinephrine Bitartrate

Organic Impurities

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Ofloxacin Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Oil- and Water-Soluble Vitamins Beta Carotene
Capsules

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Oil- and Water-Soluble Vitamins Beta Carotene
Tablets

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Oil- and Water-Soluble Vitamins Beta Carotene
with Minerals Capsules

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Oil- and Water-Soluble Vitamins Calcium, Method 1, Chromium, copper
with Minerals Capsules
Method 1, Iron, Magnesium,
Manganese, Molybdenum, potasium,
Selenium, Zinc
Oil- and Water-Soluble Vitamins Chromium, Iron, Magnesium,
with Minerals Oral Solution
Manganese, Molybdenum, Zinc

852 ATOMIC
ABSORPTION
SPECTROSCOPY
852 ATOMIC
ABSORPTION
SPECTROSCOPY

Oil- and Water-Soluble Vitamins riboflavin 5-Phosphare sodium Method
853
with Minerals Oral Solution
2
FLUOROESCENCE
SPECTROSCOPY
Oil- and Water-Soluble Vitamins Beta Caroten
857 ULTRAVIOLETwith Minerals Tablets
VISIBLE
SPECTROSCOPY
Oil- and Water-Soluble Vitamins Calcium, Method 1, Chromium, copper
852 ATOMIC
with Minerals Tablets
Method 1, Iron, Magnesium,
ABSORPTION
Manganese, Molybdenum, potasium,
SPECTROSCOPY
Selenium, Zinc
Oil-Soluble Vitamins Capsules
Beta Carotene
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Oil-Soluble Vitamins Oral
Beta Carotene
857 ULTRAVIOLETSolution
VISIBLE
SPECTROSCOPY
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Oil-Soluble Vitamins Tablets

Beta Carotene

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Oil-Soluble Vitamins with
Minerals Capsules

Beta Carotene, Phosphorous,
Molybdenum, Method 2, Selenium
Method 2

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Oil-Soluble Vitamins with
Minerals Capsules

Calcium Method 1, Chromium Method 1, 852 ATOMIC
copper, Iron, Magnesium, Manganese, ABSORPTION
Molybdenum Method 1, Potassium,
SPECTROSCOPY
Zinc, Method 1, Selenium, Method 1
Beta Carotene
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Chromium, Iron, Magnesium,
852 ATOMIC
Manganese, Molybdenum, Zinc
ABSORPTION
SPECTROSCOPY
Beta Carotene, Phosphorous,
857 ULTRAVIOLETMolybdenum, Method 2, Selenium
VISIBLE
Method 2
SPECTROSCOPY
Calcium Method 1, Chromium Method 1, 852 ATOMIC
copper, Iron, Magnesium, Manganese, ABSORPTION
Molybdenum Method 1, Potassium,
SPECTROSCOPY
Zinc, Method 1, Selenium, Method 1
Specific Absorbance
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Content of magnesium
852 ATOMIC
ABSORPTION
SPECTROSCOPY
Dissolution
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Ultraviolet Absorbance
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Limit of Silver
852 ATOMIC
ABSORPTION
SPECTROSCOPY
Assay
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Limit of Formaldehyde
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Oil-Soluble Vitamins with
Minerals Oral Solution
Oil-Soluble Vitamins with
Minerals Oral Solution
Oil-Soluble Vitamins with
Minerals Tablets
Oil-Soluble Vitamins with
Minerals Tablets

Olive Oil

Omeprazole Magnesium

Ondansetron Tablets

Orange Oil

Oxaliplatin

Oxazepam Tablets

Oxidized Cellulose
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Oxidized Regenerated Cellulose Limit of Formaldehyde

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Oxycodone Hydrochloride
Extended-Release Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Oxycodone Hydrochloride
Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Palm Kernel Oil

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Pancuronium Bromide

Clarity of solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Paraffin

Limit of Polycyclic Aromatic
Hydrocarbons

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Paricalcitol Injection

Limit of aluminum

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Pectin

Identification

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Pioglitazone Tablets

Uniformity of Dosage Units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Polacrilin Potassium

Content of Sodium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Polydextrose

Inorganic Impurities

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Polyethylene Glycol

Limit of Ethylene Glycol and Diethylene 857 ULTRAVIOLETGlycol (for Polyethylene Glycol having a VISIBLE
nominal molecular weight 450 or more SPECTROSCOPY
but NMT 1000)
Inorganic Impurities
852 ATOMIC
ABSORPTION
SPECTROSCOPY
Limit of Sodium
852 ATOMIC
ABSORPTION
SPECTROSCOPY

Polyoxyl 15 Hydroxystearate

Potassium Acetate
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Potassium Acetate Injection

Assay

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Potassium Bromide Oral
Solution, Veterinary

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Potassium Chloride Oral Solution Procedure

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Potassium Citrate Tablets

Content of Potassium, Procedure 2

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Potassium Gluconate

Assay

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Potassium Gluconate and
Assay for potassium
Potassium Chloride Oral Solution

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Potassium Gluconate and
Assay for potassium
Potassium Citrate Oral Solution

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Potassium Gluconate Tablets

Assay

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Potassium Gluconate,
Potassium Citrate, and
Ammonium Chloride Oral
Solution
Potassium Nitrate

Assay for potassium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Limit of Sodium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Potassium Nitrate Solution

Limit of Sodium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Povidone

Limit of aldehydes

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Powdered Horse Chestnut
Extract

Content of Triterpene Glycosides

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Powdered Stinging Nettle

Content of Total Amino Acids

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Powdered Stinging Nettle
Extract

Content of Total Amino Acids

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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Pramipexole Dihydrochloride

Limit of Palladium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Prazosin Hydrochloride

Iron

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Promethazine Hydrochloride
Tablets

Procedure

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Propanediol

Limit of Aldehydes

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Propranolol Hydrochloride
Extended-Release Capsules

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Propyl Gallate

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Protamine Sulfate

Ultraviolet Absorbance

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Pullulan

Content of Monosaccharide,
Disaccharide, and Oligosaccharides

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Purified Bentonite

Aluminum Content and Magnesium
Content and Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Pyridoxine Hydrochloride
Tablets

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Quinine Sulfate Capsules

Uniformity of Dosage Units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Quinine Sulfate Tablets

Uniformity of Dosage Units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Racemethionine

Inorganic Impurities

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Racepinephrine

Limit of adrenalone

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Ramipril

Limit of palladium

852 ATOMIC
ABSORPTION
SPECTROSCOPY
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Assay

853
FLUOROESCENCE
SPECTROSCOPY

Riboflavin 5-Phosphate Sodium Assay

853
FLUOROESCENCE
SPECTROSCOPY

Ringer's Injection

Assay for calcium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Ropivacaine Hydrochloride

Color

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Saccharin

Clarity of Solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Saccharin Calcium

Clarity of Solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Saccharin Sodium

Clarity of Solution

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Sargramostim

Protein content

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Selenious Acid Injection

Assay

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Selenomethionine

Limit of Sodium, content of Selenium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Senna Leaf

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Senna Pods

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sennosides

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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Sennosides Tablets

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Simethicone Emulsion

Assay

854 MID-INFRARED
SPECTROSCOPY

Small Intestinal Submucosa
Wound Matrix

Glycosaminoglycan content

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sodium Bicarbonate

Calcium (where it is labeled as
intended for use in hemodialysis),
Magnesium, Copper

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Sodium Bicarbonate

Iron

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sodium Bromide Injection,
Veterinary

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sodium Bromide Oral Solution,
Veterinary

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sodium Chloride

Aluminum

853
FLUOROESCENCE
SPECTROSCOPY

Sodium Chloride

Bromides

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sodium Chloride

Limit of Potassium

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Sodium Chloride

Nitrites

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sodium Chromate Cr 51
Injection

Assay for sodium chromate

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Sodium Metabisulfite

Limit of Chloride

851
SPECTROPHOTOMETRY
AND LIGHTSCATTERING (Visual
comparison)

Sodium Sulfite

Limit of Zinc

852 ATOMIC
ABSORPTION
SPECTROSCOPY
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Somatropin

Total protein

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sorbitol

Limit of Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Sorbitol Solution

Inorganic Impurities

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Sorbitol Sorbitan Solution

Inorganic Impurities

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Stannous Fluoride Gel

Total tin content

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Stinging Nettle

Content of Total Amino Acids

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Strontium Chloride Sr 89
Injection

Chemical purity (Limit of aluminum)

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Sulfamethizole Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sulfasalazine

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sulfasalazine Delayed-Release
Tablets

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sulfasalazine Tablets

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sulfinpyrazone Capsules

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sulfinpyrazone Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Sumatriptan Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Superglycerinated Fully
Hydrogenated Rapeseed Oil

Limit of Nickel

852 ATOMIC
ABSORPTION
SPECTROSCOPY
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Synthetic Paraffin

Absorptivity

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Tadalafil Tablets

Uniformity of Dosage Units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Tagatose

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Talc

Content of Magnesium, Limit of Iron,
852 ATOMIC
Limit of Lead, Limit of Calcium, Limit of ABSORPTION
aluminum
SPECTROSCOPY
Dissolution
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Dissolution
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Dissolution
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Absorbance of Solution
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Assay
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Dissolution
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Clarity and color of solution
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Dissolution Test 2
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Absorptivity
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
Identification
854 MID-INFRARED
SPECTROSCOPY
Color and Clarity of Solution
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Terazosin Capsules

Terazosin Tablets

Terbinafine Tablets

Thiamine Hydrochloride

Thimerosal

Thioridazine Hydrochloride
Tablets
Tiamulin

Tizanidine Tablets

Tolcapone

Tolcapone Tablets
Trehalose
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Trenbolone Acetate

Absorbance

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Trikates Oral Solution

Assay

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Tylosin Tartrate

Limit of tyramine

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Tyloxapol

Limit of Formaldehyde

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Valacyclovir Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Valganciclovir Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Valsartan and
Hydrochlorothiazide Tablets

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Vanillin

Assay

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Vinblastine Sulfate for Injection Uniformity of Dosage Units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Vincristine Sulfate for Injection Uniformity of Dosage Units

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Water-Soluble Vitamins with
Minerals Capsules

Water-Soluble Vitamins with
Minerals Oral Solution
Water-Soluble Vitamins with
Minerals Oral Solution
Water-Soluble Vitamins with
Minerals Tablets
Xanthan Gum

Calcium, Method 1, Chromium, Copper
852 ATOMIC
Method 1, Iron, Magnesium Method 1, ABSORPTION
Manganese, Method 1, Molybdenum,
SPECTROSCOPY
Method 1, Potassium, Selenium, Zinc
Riboflavin or Riboflavin-5'-phosphate
857 ULTRAVIOLETSodium, Method 2
VISIBLE
SPECTROSCOPY
Iron, Magnesium, Manganese, Zinc
852 ATOMIC
ABSORPTION
SPECTROSCOPY
Calcium, Method 1
852 ATOMIC
ABSORPTION
SPECTROSCOPY
Pyruvic Acid
857 ULTRAVIOLETVISIBLE
SPECTROSCOPY
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Zaleplon Capsules

Dissolution

857 ULTRAVIOLETVISIBLE
SPECTROSCOPY

Zinc and Vitamin C Lozenges

Content of Zinc, Procedure 2

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Zinc Carbonate

Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Zinc Chloride Injection

Procedure

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Zinc Citrate Tablets

Content of Zinc, Method 2

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Zinc Gluconate

Limit of Lead

852 ATOMIC
ABSORPTION
SPECTROSCOPY

Zinc Sulfate Injection

Assay

852 ATOMIC
ABSORPTION
SPECTROSCOPY

a C hemical Analysis Expert C ommittee C hair.
b C hemical Analysis Expert C ommittee Member.
c C orrespondence should be addressed to: Horacio Pappa, PhD, Principal Scientific Liaison, United States
Pharmacopeial C onvention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel. +1.301.816.8319; email hp@usp.org.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Revision of The Dissolution Procedure: Development and Validation

1092

Subcommittee on The Dissolution Procedure: Development and Validation 1092 to the
Pharmaceutical Dosage Forms Expert Committee: R Skwierczynski,a P Curry, V Gray, J Krämer, E
Stippler, J Suggett, T Mirza,b and W Brownc
ABSTRACT In this Stimuli article a Subcommittee of the Pharmaceutical Dosage Forms Expert
Committee discusses a proposed revision to general information chapter The Dissolution
Procedure: Development and Validation 1092 . Published elsewhere in this issue of PF, the
proposed revision provides a new structure that divides the process of development and
validation of the dissolution test into its component parts. The revision adds sections about
preliminary assessments needed before initiating method development and about automation. A
new section, Interpretation, within Acceptance Criteria clarifies the interpretation of results
from the dissolution test. The relationship between bioavailability, bioequivalence, and the
dissolution test is considered in general chapter Assessment of Drug Product Performance—
Bioavailability, Bioequivalence, and Dissolution

1090 .

BACKGROUND
The dissolution test is an important means of assuring the continuing performance of nonsolution orally administered drug products. The development of a dissolution test procedure is
briefly discussed in general information chapter In Vitro and In Vivo Evaluation of Dosage Forms
1088 , whereas general information chapter Validation of Compendial Procedures 1225
gives limited validation information for dissolution testing. Neither of these two chapters
provides a level of detail and focus sufficient for dissolution testing. In 2001, a Stimuli article
provided an initial rationale and discussion of content for a new general information chapter (1).
The new chapter, The Dissolution Procedure: Development and Validation

1092 , was

intended to supplement the information in 1088 and 1225 and provided step-by-step
detail for both development and validation as well as offering information on new technology
and equipment. In 2006, the chapter became official with the Second Supplement to USP 29–NF
24 (2–4).
The General Chapters—Dosage Forms Expert Committee 2010–2015 placed the review and
possible revision of The Dissolution Procedure: Development and Validation 1092 on its work
plan for the 2010–2015 revision cycle (2011) (5). A subcommittee was formed in 2011 to carry
out this task, which is reflected in the proposed revision appearing elsewhere in this issue of
PF.
SCOPE AND PURPOSE
Non-solution orally administered dosage forms are the preponderant dosage forms that need in
vitro performance testing. General chapter Oral Drug Products—Product Quality Tests

2

PF 40(1): Jan.-Feb. 2014

574

recommends inclusion of the dissolution test as the primary performance test for drug products.
The Subcommittee deliberated on the scope of the revision of The Dissolution Procedure:
Development and Validation 1092 and determined that performance testing of solid oral
dosage forms should continue to be the main emphasis. Many of the observations and
suggestions made have applicability to products delivered through other routes of
administration such as topical, injectable, and mucosal dosage forms.
The title of the chapter suggests that the dissolution test comprises a single procedure that
can be developed and validated. However, the dissolution test actually requires two procedures
to be performed sequentially. The sample preparation procedure is usually seen as the
dissolution test. That procedure is followed by quantification of the dissolved drug in the
presence of excipients and dissolution medium, which in this chapter is termed analytical finish.
The development and validation of a dissolution test involves consideration of each of the
subordinate procedures separately and also their inter-relationship. On review, the
Subcommittee concluded that the current chapter did not clearly differentiate between issues
relating to the dissolution portion of the test from those that arise from the development and
validation of the analytical procedure.
ORGANIZATION OF PROPOSED REVISION
The proposed revision of the chapter is divided into sections that follow the time sequence of
activities involved in the preliminary assessment, and development of the procedures for the
dissolution method and for the analytical finish. The proposed revised chapter then addresses
the validation of the combined procedures. By contrast, the current chapter does not clearly
lay out an order of events but rather concentrates on each aspect, regardless of the stage. In
addition, the proposed revision of The Dissolution Procedure: Development and Validation
1092 includes new sections on automation and on the acceptance criteria and their
interpretation. Table 1 shows the sections in the current chapter and proposed revision, to
allow for comparison.
Table 1. Organization of Current Chapter versus Proposed Revision of Chapter
Current Chapter
Proposed Chapter
1. Preface
1. Introduction
2. General Comments 2. Preliminary Assessment
3. Medium
3. Method Development
4. Apparatus/Agitation 4. Analytical Finish
5. Study Design
5. Automation
6. Assay
6. Validation
7. Validation
7. Acceptance Criteria
8. Acceptance Criteria
—
PRELIMINARY ASSESSMENT
Although the Preliminary Assessment section is new in the proposed revision of the chapter, it
draws on existing text. This new section discusses the activities that need to be performed
before a dissolution test is developed. A basic understanding of the physicochemical properties
of the drug substance is a necessary precondition for development of the dissolution test. To
that end, the subsections address determination of the drug substance solubility and stability in
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aqueous media, and also information on filtration and filter selection. Information is provided on
the reasons for choosing the apparatus, medium, and volume.
Determining the solubility and stability of drug substances in various media at 37 is an
important component of the preliminary assessment. The proposed revision includes suggested
procedures and test considerations. An important enhancement to the content of the proposed
revision is a listing of commonly used surfactants with values, when available, for the
associated critical micelle concentrations. Cautionary statements about the quality of the
surfactant used as well as any known interactions of the surfactant with components of
common buffers are included. New to the chapter is specific advice on the conditions of
interest in stability studies. As in the current chapter, the final assessment of stability is part
of the validation of the method.
Filters are discussed in greater detail than in the current chapter. An expanded discussion of
issues that arise from adsorption onto the filter material, leachables from the filter, and filter
pretreatment is provided. Special topics are introduced, such as the use of filters in Apparatus
4 testing and the use of filters in automated sampling.
Choosing an apparatus, medium, and volume are the final activities leading to development of
the dissolution procedure. These sections discuss the considerations necessary for making
these choices. The proposed revision includes new information about the need for a surfactant
in the medium, as well as its concentration. It also includes a more in-depth discussion of the
use of media that represent more closely the composition of stomach and intestinal fluids in the
context of developing an in vitro-in vivo correlation (IVIVC). This discussion now occurs under
the section on choice of media. The possible problem of acid stage testing of delayed-release
dosage forms, where the drug is poorly soluble or unstable in the acid stage, is mentioned as a
consideration. A listing of apparatus used in the performance testing of semi-solid dosage forms
has been added.
METHOD DEVELOPMENT
The term “method development” here refers to the procedures resulting in the sample to be
analyzed and represents the in vitro performance of the dosage form. Proposed additions to the
chapter include:
For the section on deaeration, addition of an example of recent information on the
measurement of the level of deaeration related to a particular product.
For the section on sinkers, addition of cautionary statements on their use and also a
mention that sinkers can have uses other than buoyancy correction.
For the section on agitation, conditions for Apparatuses 3 and 4 are provided. The
notion that laminar or turbulent conditions can be obtained for Apparatus 4 is discussed,
based on new information derived from the literature.
For the section on data handling, addition of a methodological discussion of results
calculation and discussions about cumulative versus fractional dissolution rates and
handling the data from pooled dissolution.
The section, Study Design, is subdivided into discussions of time points, observations, and
sampling as in the current chapter. The subsection on filters is moved to the Preliminary
Assessment section and centrifugation is discussed under Analytical Finish in the proposed
revision. The discussion of sampling time points in the proposed revision includes additional
information on the use of the f2 similarity factor for profile comparison. Information on the
timing issues associated with delayed-release product testing is also provided. The list of
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common observations in the current chapter is increased in the proposed revision, with
additional examples. The current chapter includes autosampling under the general topic,
Sampling. In the proposed revision of the chapter, autosampling has been placed under the
new, overarching topic of Automation. The discussion of issues relating to manual sampling has
been broadened to include positioning and medium replacement. A new section, Dissolution
Method Assessment, closes the method development section with advice on the suitability of
the dissolution method.
ANALYTICAL FINISH
The analysis of the dissolution samples begins with the sampling process. These analyses are
most commonly conducted using ultraviolet and visible spectrophotometry or high-performance
liquid chromatography (HPLC) procedures.
AUTOMATION
Automation is a new section on a topic that was addressed only briefly in the current chapter
(autosampling). Different modes, such as on-line and off-line analysis, and examples of different
instrument configurations are presented. This section discusses both advantages and
deficiencies of automation. New sections related to automation, such as medium preparation,
sample introduction and timing, sampling and filtration, cleaning, operating software, and
computation of results are included. Common deviations from compendial procedures, which
may require validation, are also offered as part of this section.
VALIDATION
This section builds on the information in the existing chapter. A reference to Validation of
Compendial Procedures 1225 and ICH documents helps to update this section from the
current chapter. It allows flexibility in the use of samples from the intact drug product, spiked
placebo, or simulated dissolution samples, depending on the validation parameter of interest.
The proposed revision provides a new definition of the blank, as the term is applied to
dissolution testing. In the section on accuracy and recovery testing, reference is made to the
filter assessment that is part of the preliminary activities. The proposed revision also mentions
that reproducibility is generally an extension of intermediate precision involving different
analysts at separate laboratories. Design of experiments methodologies are mentioned as useful
tools in robustness testing, and reference is also made to Validation of Compendial Procedures
1225 with parameters associated with the robustness of the analytical finish. A proposed
new chapter concerning statistical tools for validation is scheduled for PF 40(2) and may also
be useful.
ACCEPTANCE CRITERIA
This section is greatly enhanced, compared with the information given in the current chapter.
Sections on immediate-release, delayed-release, and extended-release dosage forms, explain
the approaches to criteria for dissolution testing of these various products. Multiple dissolution
tests are sometimes found within a single monograph, and therefore an explanation of this
situation is offered. Reference is made to General Notices, section 4.10.10. Applicability of Test
Procedures, which provides the general principles involved.
The interpretation of dissolution results, as explained in Dissolution

711

under the section
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Interpretation, is presented. The Acceptance Tables represent immediate release, the two
stages of delayed-release testing, and extended release. The interpretation of dissolution
results can be a confusing process and has been the subject of many queries directed to USP
staff. The criteria are explained using hypothetical tolerances.
REFERENCES
1. Gray VA, Brown CK, Dressman JB, Leeson LJ. Stimuli to the Revision Process. A new
general chapter on dissolution. Pharmacopeial Forum. 2001;27(6):3432–3439.
2. USP. The Dissolution Procedure: Development and Validation
Pharmacopeial Forum. 2004;30(1).
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3. USP. The Dissolution Procedure: Development and Validation
Revision. Pharmacopeial Forum. 2005;31(5).
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4. USP. The Dissolution Procedure: Development and Validation 1092 . Second
Supplement to USP 29–NF 24. Rockville, MD: USP; 2006.
5. de Mars S, Abernethy DR, Koch WF, Long AG, DeStefano AJ, Williams RL. General
chapter management in the 2010–2015 cycle. USP General Chapter Project Team,
Prescription–Nonprescription Stakeholder Forum. Stimuli to the Revision Process.
Pharmacopeial Forum. 2009;35(5).
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Stimulus to Revision: A Rational Approach to Cascade Impactor Mensuration in a Good
Cascade Impactor Practice (GCIP) Environment
Steven C. Nichols and Jolyon P. Mitchella
ABSTRACT The purpose of this Stimuli article is to provide a framework for an ongoing regimen
of stage mensuration for both new and deployed cascade impactor systems as the principal
means of assuring the suitability (aerodynamic particle size accuracy) of these apparatuses for
performance measurements. The GCIP stage mensuration regimen may also be used as a good
laboratory practice and as a basis for defining standard operating procedures.
INTRODUCTION
The multi-stage cascade impactor (CI) is used widely to determine aerodynamic particle size
distributions (APSDs) of orally inhaled products (OIPs) (1). Its size-fractionating capability at a
given volumetric flow rate depends primarily on the size of nozzles of each stage (2). The
accuracy of these particle size fractionating apparatuses is ultimately determined through
calibration using monodisperse standards of known aerodynamic diameter that possess
traceability to the international standard of length (3). The archival calibrations of the Next
Generation Pharmaceutical Impactor (NGI), with stage nozzle diameters selected to be as close
as possible to the nominal sizes of 15, 30, 60, and 100 L/min nominal flow rates, represent the
current state-of-the art in this respect (4,5). Such calibrations, however, are extremely
laborious and exacting to perform because they require specialized facilities capable of
generating and delivering the calibration aerosols. The size range of these particles needs to
encompass the overall operating range of the CI as well as providing a minimum of five data
points from which the cut-point size at which a given stage is 50% efficient (d50 ) can be
determined as the calibration constant for that stage (4,5).
Since the mid-1990s, the United States Pharmacopeia (USP) and European Pharmacopoiea
(Ph.Eur.) methods for APSD measurement have sanctioned the use of stage mensuration as a
surrogate for formal recalibration. Currently, general chapter 601 Aerosols, Nasal Sprays,
Metered-Dose Inhalers, and Dry Powder Inhalers of the USP and monograph 2.9.18 of the
Ph.Eur. provide wording to the effect that stage mensuration be performed periodically together
with confirmation of other dimensions critical to the effective operation of the impactor (6,7).
Until recently, it was not possible to relate a measure of “average” nozzle diameter for a given
stage that in almost all cases comprised many individual nozzles to distribute the flow through
the CI, in an unambiguous way to d50 . However, in 2005, Roberts and Romay (8) showed that
the “effective diameter, Deff ” could be used to describe the multi-nozzle set for the stage in
question, where:
Deff = (D*)2/3(Dmedian)1/3
and D* and Dmedian represent the area mean and area median diameters, respectively. Later,
Roberts (9) went on to show analytically that Deff and d50 can be related through the
expression:
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in which Q is the volumetric flow rate through the CI. The other parameters relate to the
number of nozzles (n) for the stage in question, the slip correction term, C50, air viscosity ( ),
particle density ( p), and the Stokes number at which the stage is 50% efficient at capturing
incoming particles (St 50). Apart from Q, which can be set to within ±5% using readily available
laboratory equipment (10), the other terms are constants for particular measurement
conditions, and which therefore need not be considered further when considering CI system
verification. Nichols et al. (11) have since provided data for all the multi-stage CIs that are
designated apparatuses for OIP APSD measurement, linking the manufacturers’ tolerances for
the various stages to their equivalents in terms of deviations in stage d50 from the nominal
value.
From the foregoing, it is possible to define the limits for Deff in the compendia that relate to a
known accuracy for each stage in terms of its d50 size. The problem, however, has now
become one of defining a meaningful specification for stage and ultimately the overall accuracy
for the CI apparatus as a whole in terms of stage d50 values. This goal is potentially achievable
for the NGI, because this apparatus has a so-called “archival calibration.” This calibration is
based on a single representative instrument with stage nozzle diameters (and therefore its Deff
values) intentionally selected to have values as close as possible to nominal (4,5). Such rigor,
however, is lacking with all other compendial apparatuses. There is currently little stakeholder
support for undertaking archival calibrations of these Cis; therefore, the best that can be done
is to relate mensurated stage Deff values to the nominal mean diameters that are published in
the pharmacopeias. The situation has been improved marginally by the addition of
manufacturer-specified tolerances associated with the stage nozzle diameters for all
apparatuses in the latest revision of general chapter
stage (12).

601 , currently in the public review

PROPOSED MENSURATION SCHEME
The complete manufacturing tolerances for the nozzles of all stages of all compendial
apparatuses have been defined by Nichols et al. (11), with the intention that this information
will, in due course, appear in future revisions to both chapter 601 of the USP and
monograph 2.9.18 of the Ph.Eur. It is important to note that although these tolerances are
definitive in terms of the manufacturer’s specifications, they need not necessarily be the same
as those used to define internal “at mensuration” specification limits. It can be advantageous
to set tighter limits to avoid the situation where a particular CI fails to meet the manufacturer’s
specifications at a given routine mensuration. Such a situation would result in uncertainty
about the value of data that were obtained by that apparatus between the current
mensuration and the elapsed time since the previous mensuration in which its performance was
deemed to be acceptable.
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Given this reality, the scheme shown in Figure 1 is a proposed revision to the current texts for
both compendia. Guidance can be provided to the user on “practical” best practice to ensure
that the quality of data produced by a given CI may not come into question as the result of a
failed stage mensuration based on manufacturer tolerances.

Figure 1. Scheme for the application of stage mensuration to confirm suitability of use for
compendial CI apparatuses. N.B: “in use check” frequency is determined by frequency of
impactor use and product/solvent characteristics
The key parts of the mensuration process are as follows:
1. At receipt of a new CI, ensure, as part of installation qualification, that new CI
apparatuses are compliant to manufacturers’ dimensional specifications (average
diameter and associated tolerance), thereby confirming acceptance and establishing
baseline mensuration data for each stage of each individual CI. If a particular stage
does not conform to specification, for instance because of missing or obstructed
nozzles, reject it for remediation/replacement by the supplier/manufacturer. It is
preferable to calculate Deff from the mensuration data for each stage as the primary
metric, against which its acceptance against the manufacturer-specified tolerance as
well as its future performance in-use, can be judged.
2. For stages that are acceptable in terms of the manufacturer’s specifications, establish
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the in-use stage mensuration regimen. This process will always include mensuration of
the individual impactor nozzle diameters and, for the reason given above, should
normally be extended to determine Deff at each mensuration after acceptance. Guidance
on the capability of currently available optical microscopy-image analysis techniques
that are recommended for stage mensuration has been provided by Chambers et al.
(13). Note that the entity conducting the stage mensuration should be instructed to
make these measurements before cleaning the stages so that the “as received”
condition is established. The manufacturer-established specifications will likely be used
initially as benchmarks for the parameters that are used to judge whether the stage(s)
affected require(s) remediation or replacement. Note that remediation could be as
simple as careful cleaning to remove deposits plugging nozzles. Acquisition of data from
several subsequent mensuration exercises after exposure to the product(s) being
evaluated in the typical testing environment may also provide the opportunity to
develop meaningful in-service “at mensuration” limits that will likely be chosen to be
tighter than those used to begin with. These internal limits can subsequently be used to
indicate the need for remediation before the stage Deff breaches either the upper or
lower boundary of the tolerance range.
3. Establish the frequency between mensuration events. Although for most users, annual
evaluation will be sufficient, the duration between mensuration exercises should ideally
be governed by the frequency of CI use, the type of compounds being collected, and
the solvents/reagents used to recover the collected particulate matter.
4. Ensure that other non-nozzle dimensional data for the CI apparatus are checked and
confirmed as being acceptable through a mensuration or appropriate visual inspection
process. Guidance on the important dimensions for ancillary equipment such as the
induction port and pre-separator (if used) has been provided by Nichols et al. (11). If at
any time the data are deemed to be unacceptable, it may be possible to take remedial
action, e.g., by cleaning the affected component. Under such circumstances, discussion
with the manufacturer to establish the most appropriate procedure beforehand is
strongly recommended. However, if remedial action does not remove the problem, then
the individual component should be replaced before the apparatus is placed back into
service.
5. If the stage or ancillary equipment fails specification, establish an appropriate
remediation strategy; note that this process may include the supplier/manufacturer. A
detailed description of what might be done to refurbish equipment that is out of
specification cannot be provided here, because there are many potential causes of
changes to critical dimensions that are based on the usage regimen, for example
solvent/reagent types used for cleaning and/or recovery of active pharmaceutical
ingredient(s), as well as the physicochemical nature of the products themselves.
CONCLUSIONS
A regimen for CI apparatus stage mensuration has been provided to guide users in the
continued assurance of CI suitability (aerodynamic particle size accuracy) for the routine
assessment of OIP-generated aerosols through the apparatus life cycle. The underlying theory
governing the operation of CIs has advanced to the point at which there is the potential for
the implementation in the pharmacopeial compendia of a robust calibration chain for these
apparatuses. Such a scheme links the critical multi-nozzle dimensions using Deff as the
collective measure for a given size-fractionation stage to its size-fractionation performance
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based on stage d50 values that are directly relatable to APSD measurement accuracy.
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Amobarbital Sodium for Injection (USP38-NF33 1S)

PF 40(2): Mar.-Apr. 2014

Atazanavir Sulfate [NEW] (USP38-NF33 1S)
Atazanavir Capsules [NEW] (USP38-NF33 1S)
Benzocaine Ointment (USP38-NF33 1S)
Buprenorphine Compounded Buccal Solution, Veterinary [NEW] (USP38-NF33 1S)
Chlordiazepoxide Hydrochloride for Injection (USP38-NF33 1S)
Diclofenac Sodium and Misoprostol Delayed-Release Tablets [NEW] (USP38-NF33 1S)
Diphenhydramine Hydrochloride Capsules (USP38-NF33 1S)
Diphenoxylate Hydrochloride (USP38-NF33 1S)
Donepezil Hydrochloride (USP38-NF33 1S)
Econazole Nitrate (USP38-NF33 1S)
Epirubicin Hydrochloride (USP38-NF33 1S)
Epirubicin Hydrochloride Injection [NEW] (USP38-NF33 1S)
Galantamine Extended-Release Capsules [NEW] (USP38-NF33 1S)
Halobetasol Propionate (USP38-NF33 1S)
Levocarnitine Injection (USP38-NF33 1S)
Levocetirizine Dihydrochloride [NEW] (USP38-NF33 1S)
Levocetirizine Dihydrochloride Tablets [NEW] (USP38-NF33 1S)
Loperamide Hydrochloride Tablets (USP38-NF33 1S)
Nicotine (USP38-NF33 1S)
Nicotine Polacrilex (USP38-NF33 1S)
Norfloxacin (USP38-NF33 1S)
Oxymetazoline Hydrochloride (USP38-NF33 1S)
Phenylephrine Bitartrate (USP38-NF33 1S)
Phenylephrine Hydrochloride (USP38-NF33 1S)
Phenytoin Sodium (USP38-NF33 1S)
Rosuvastatin Calcium [NEW] (USP38-NF33 1S)
Selegiline Hydrochloride Compounded Topical Gel [NEW] (USP38-NF33 1S)
Tadalafil Compounded Oral Suspension [NEW] (USP38-NF33 1S)
Temazepam (USP38-NF33 1S)
Tetracycline (USP38-NF33 1S)
Tetracycline Hydrochloride (USP38-NF33 1S)
Timolol Maleate (USP38-NF33 1S)
Tolterodine Tartrate [NEW] (USP38-NF33 1S)
Tramadol Hydrochloride Compounded Oral Suspension, Veterinary [NEW] (USP38-NF33 1S)
Valine (USP38-NF33 1S)
Voriconazole Compounded Ophthalmic Solution, Veterinary [NEW] (USP38-NF33 1S)
Zonisamide Compounded Oral Suspension [NEW] (USP38-NF33 1S)

STAGE 4 HARMONIZATION
Stage 4 Harmonization

STIMULI TO THE REVISION PROCESS
Stimuli to the Revision Process
Name Confusion Between Hydromorphone and Morphine: Safety in Patient Care
Pharmaceutical Packaging: Moisture Permeation and Integrity Testing
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Please address comments on Pharmacopeial Forum content to
USP Executive Secretariat
12601 Twinbrook Parkway
Rockville, MD 20852
execsec@usp.org
ISSN: 1542-1945
Pharmacopeial Forum is covered in Current Contents/Life Sciences and in the Science Citation
Index (SCI), in International Pharmaceutical Abstracts, and in Current Awareness in Biological
Sciences.
The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
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along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Section

Proposed and Adopted Revisions to the USP–NF
Content
How Readers Can Respond

PF 40(2): Mar.-Apr. 2014

Proposed
Interim
Revision
Announcements

In-Process
Revision

Proposals for Interim
Revision Announcements
(IRAs) that will be published
as official USP or NF
standards
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
Proposals for standards that
will be published as official in
a future USP–NF book or
Supplement.
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Review material and send comments within 90
days of the PF publication in which the
standard was proposed (or per the comment
deadline listed in the Briefing section). Direct
comments to the USP Scientific Liaison using
the contact information provided at the end of
each Proposed IRA

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-9986839 or stdsmonographs@usp.org.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

Review material and provide comments to the
USP Scientific Liaison using the contact
information provided at the end of each Stage
4 Harmonization. Individuals who wish to
correspond with the European and Japanese
Pharmacopoeias concerning monographs in the
Stage 4 period of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a copy to
USP.
PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Department
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu
JP Secretariat
Mr. Issei Takayama
Technical Officer
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
takayama-issei@pmda.go.jp
Articles on standards
Review material and provide comments to the
development topics authored recipient indicated (usually footnoted in each
by the USP Council of
Stimuli article).
Experts, USP staff, or other
interested parties on which
USP desires public input prior
to further development.

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Polysorbate 20, NF 32 page 6135. On the basis of data and comments received, it is proposed
to change the percentage of stearic acid in the composition profiles of fatty acids of
Polysorbate 20 from “ 7.0%” to “ 11.0%”. This is representative of the different raw
materials in commerce used to manufacture pharmaceutical grade Polysorbate 20.
The comment period for this revision ends May 31, 2014. In the absence of significant adverse
comments, it is proposed to implement this revision via an Interim Revision Announcement in
the First Supplement to USP 38–NF 33, with an official date of September 1, 2014.
Interested parties are encouraged to comment on the proposal.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C139006

Comment deadline: May 31, 2014
Polysorbate 20
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The ratio of the OH group to the (C11 H23 COO) group is mainly 3:1.
Polyethylene glycol 20 sorbitan ether monolaurate;
Polyoxyethylene 20 sorbitan monododecanoate;
Polyoxyethylene 20 sorbitan monolaurate
[9005-64-5].
DEFINITION
Polysorbate 20 is a laurate ester of sorbitol and its anhydrides, copolymerized with
approximately 20 moles of ethylene oxide for each mole of sorbitol and sorbitol anhydrides. The
fatty acids may be of vegetable, animal, or synthetic origin.
IDENTIFICATION
• A. Infrared Absorption 197F
• B. It meets the requirements in the Assay for Composition of Fatty Acids.
ASSAY
Change to read:
• Composition of Fatty Acids: Polysorbate 20 exhibits the composition profiles of fatty acids
shown in Table 1, as determined in Fats and Fixed Oils

401 , Fatty Acid Composition.

Table 1
Carbon-Chain LengthNumber of Double Bonds

Percentage
(%)

6

0

1.0

8

0

10.0

10
12
14
16

0
0
0
0

10.0
40.0–60.0
14.0–25.0
7.0–15.0
7.0

18

0

11.0

18

1

11.0

18

2

3.0

(IRA 1-Sep-2014)
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IMPURITIES
• Residue on Ignition 281 : NMT 0.25%
• Heavy Metals, Method II

231 : NMT 10 ppm

• Limit of Ethylene Oxide and Dioxane, Method II
Acceptance criteria
Ethylene oxide: NMT 1 ppm
Dioxane: NMT 10 ppm

228

SPECIFIC TESTS
• Bacterial Endotoxins Test 85
For Polysorbate 20 intended for use in the manufacture of injectable dosage forms:
The level of bacterial endotoxins is such that the requirement in the relevant dosage form
monograph(s) in which Polysorbate 20 is used can be met. Where the label states that
Polysorbate 20 must be subjected to further processing during the preparation of
injectable dosage forms, the level of bacterial endotoxins is such that the requirement in
the relevant dosage form monograph(s) in which Polysorbate 20 is used can be met.
• Fats and Fixed Oils, Acid Value 401
Sample: 10.0 g
Analysis: Transfer the Sample to a wide-mouth, 250-mL conical flask, and add 50 mL of
neutralized alcohol. Heat on a steam bath nearly to boiling, occasionally shaking
thoroughly while heating. Invert a beaker over the mouth of the flask, cool under running
water, and add 5 drops of phenolphthalein TS. Titrate with 0.1 N sodium hydroxide VS.
Calculate the acid value as directed in the chapter.
Acceptance criteria: NMT 2.0
• Fats and Fixed Oils, Hydroxyl Value

401 : 96–108

• Fats and Fixed Oils, Peroxide Value 401
Sample: 10.0 g
Saturated potassium iodide solution: Prepare a saturated solution of potassium iodide in
carbon dioxide-free water. Make sure the solution remains saturated as indicated by the
presence of undissolved crystals.
Analysis: Introduce the Sample into a 100-mL beaker, and dissolve with 20 mL of glacial
acetic acid. Add 1 mL of Saturated potassium iodide solution, mix, and allow to stand for
1 min. Add 50 mL of carbon dioxide-free water and a magnetic stirring bar. Titrate with
0.01 M sodium thiosulfate VS, determining the endpoint potentiometrically (see Titrimetry
541 ). Perform a blank titration. Calculate the peroxide value as directed in the
chapter.
Acceptance criteria: NMT 10.0
For Polysorbate 20 intended for use in the manufacture of injectable dosage forms:
NMT 5.0
• Fats and Fixed Oils, Saponification Value
• Water Determination, Method I

401 : 40–50

921 : NMT 3.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture.
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Store at room temperature.
• Labeling: Label it to indicate whether the fatty acids are derived from animal, vegetable, or
synthetic sources. Where Polysorbate 20 is intended for use in the manufacture of
injectable dosage forms, it is so labeled.
• USP Reference Standards
USP Polysorbate 20 RS

11
BRIEFING

Cefdinir Capsules, USP 37 page 2194. On the basis of comments received, the test for
Organic Impurities is revised as follows:
1.
The limit of E-cefdinir is widened based on FDA-approved specifications.
2.
The relative response factors are revised to be consistent with the validation data.
3.
The reporting threshold is revised to 0.1%, which is consistent with the International
Conference on Harmonization (ICH) guidelines for drug products with a maximum daily
dose of less than 1 g.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on May 31, 2014. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement to USP 37–NF 32 with an official date of September 1, 2014.
(SM1: A. Wise.)
Correspondence Number—C135782; C98622; C99992

Comment deadline: May 31, 2014
Cefdinir Capsules
DEFINITION
Cefdinir Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of cefdinir
(C14 H13 N5 O5 S2 ).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Buffer: Prepare as directed in the Assay.
Standard solution: 10 µg/mL of USP Cefdinir RS in Buffer
Sample solution: Equivalent to 10 µg/mL of cefdinir from Capsules in Buffer. Filter before
use.
Cell size: 1 cm
Blank: Use the Buffer.
Acceptance criteria: Sample solution maxima and minima occur at the same wavelengths
as those in the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY

PF 40(2): Mar.-Apr. 2014
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• Procedure
Buffer: 10.7 g/L of dibasic sodium phosphate and 3.4 g/L of monobasic potassium
phosphate. Adjust with phosphoric acid or sodium hydroxide to a pH of 7.0 ± 0.05 before
final dilution.
Solution A: 7 g/L of citric acid monohydrate. Adjust with phosphoric acid to a pH of 2.0 ±
0.05.
Mobile phase: Methanol, tetrahydrofuran, and Solution A (111:28:1000)
System suitability solution: 50 µg/mL of USP Cefdinir RS and 175 µg/mL of mhydroxybenzoic acid in Buffer
Standard solution: 50 µg/mL of USP Cefdinir RS in Buffer
Sample solution: Equivalent to 50 µg/mL of cefdinir, from Capsule contents (NLT 20), in
Buffer
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Flow rate: 1.4 mL/min
Injection volume: 15 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: Greater than 3.0 between cefdinir and m-hydroxybenzoic acid, System
suitability solution
Tailing factor: NMT 2.0 for cefdinir, System suitability solution
Relative standard deviation: NMT 1.0% for cefdinir, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cefdinir (C14 H13 N5 O5 S2 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cefdinir from the Sample solution
rS= peak response of cefdinir from the Standard solution
C=
S concentration of the Standard solution (µg/mL)
C=
U nominal concentration of cefdinir in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–100.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 50 mM phosphate buffer pH 6.8; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Detector: UV 290 nm
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Cell length: 0.1-cm flow cell
Standard solution: 0.33 mg/mL of USP Cefdinir RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute with Medium to a concentration of about 0.33 mg/mL of cefdinir.
Blank: Dissolve 1 empty Capsule in 100 mL of Medium, and dilute to 900 mL. Filter if
necessary.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cefdinir (C14 H13 N5 O5 S2 ) dissolved:
Result = (AU/AS) × CS × V × D × (1/L) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
V= volume of Medium, 900 mL
D= dilution factor for the Sample solution (mL/mL)
L= label claim (mg/Capsule)
Tolerances: NLT 80% (Q) of the labeled amount of cefdinir (C14 H13 N5 O5 S2 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Solution A: 14.2 g/L of anhydrous dibasic sodium phosphate
Solution B: 13.6 g/L of monobasic potassium phosphate
Solution C: Dilute tetramethylammonium hydroxide (10% aqueous) with water to obtain a
0.1% solution. Adjust with dilute phosphoric acid (1 in 10) to a pH of 5.5 ± 0.1.
Solution D: 37.2 mg/mL of edetate disodium
Solution E: To 1000 mL of Solution C add 0.4 mL of Solution D.
Solution F: Acetonitrile, methanol, Solution C, and Solution D (150: 100: 250: 0.2)
Buffer: Combine appropriate amounts of Solution A and Solution B (about 2:1) to obtain a
solution with a pH of 7.0 ± 0.1.
Mobile phase: See Table 1.
Table 1
Time
Solution E Solution F
(min)
(%)
(%)
0
95
5
2
95
5
22
75
25
32
50
50
37
50
50
38
95
5
58
95
5
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System suitability stock solution 1: 40 µg/mL of USP Cefdinir Related Compound A RS in
Solution C
System suitability stock solution 2: 40 µg/mL of USP Cefdinir Related Compound B RS in
Solution C
System suitability solution: Transfer 37.5 mg of USP Cefdinir RS to a 25-mL volumetric
flask. Add about 10 mL of Buffer. Add 5.0 mL each of System suitability stock solution 1
and System suitability stock solution 2, and dilute with Solution C to volume.
Standard stock solution: 750 µg/mL of USP Cefdinir RS in Buffer
Standard solution: 15 µg/mL of USP Cefdinir RS, from the Standard stock solution in
Solution C
Sample solution: Transfer an equivalent to 300 mg of cefdinir from Capsule contents (NLT
20) to a 200-mL volumetric flask. Dissolve in 30 mL of Buffer, and dilute with Solution C to
volume to obtain a solution with a nominal concentration of about 1.5 mg/mL of cefdinir.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Autosampler: 4
Column: 40
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between cefdinir and the third peak of USP Cefdinir Related
Compound A RS, System suitability solution
Tailing factor: NMT 1.5 for cefdinir related compound B, System suitability solution
Relative standard deviation: NMT 2.0% for the cefdinir peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (100/F)
rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U nominal concentration of cefdinir in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
The reporting threshold is 0.1%. (IRA 1-Sep-2014)
Table 2
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Relative
Retention
Time

Relative
Response
Factor

Name
Thiazolylacetyl glycine oximea
Thiazolylacetyl glycine oxime
acetalb
Cefdinir sulfoxidec
Cefdinir thiazine analogd
3-Methyl cefdinire
Cefdinir impurity 1f
Cefdinir related compound A
(cefdinir open ring lactone
a)g,h
Cefdinir related compound A
(cefdinir open ring lactone
b)g,h
Cefdinir related compound A
(cefdinir open ring lactone
c)g,h
Cefdinir related compound A
(cefdinir open ring lactone
d)g,h
7S-Cefdiniri
Cefdinir lactonej
Cefdinir related compound Bk
Cefdinir isoxazole analogl
Cefdinir impurity 2e
f

(ERR 1-Aug-2013)

Cefdinir glyoxalic analogm
E-cefdinirn
Cefdinir decarboxy open ring
lactone ao,p
Cefdinir decarboxy open ring
lactone bo,p
Cefdinir impurity 3e
f

(ERR 1-Aug-2013)

Individual unidentified impurities
Total impurities

Reporting Acceptance
Threshold
Criteria,
(%
NMT (%)
Cefdinir)

0.10

1.1

0.1

0.5

0.13
0.36
0.46
0.75
0.77

1.1
1.0
1.5
1.0
1.0

0.1
0.05
0.05
0.05
0.05

0.5
0.2
0.7
0.7
0.3

0.85

1.5

0.1

0.94

1.5

0.1

1.11

1.5

0.1

1.14
1.18
1.23
1.28
1.37

1.5
1.1
1.2
1.1
1.4

0.1
0.05
0.05
0.05
0.05

0.2
1.0
0.2
0.5

1.44
1.49
1.51

1.0
1.0
1.1

0.05
0.05
0.05

0.5
0.2
0.7

1.62

1.3

0.05

1.64

1.3

0.05

1.82
—
—

1.0
1.0
—

0.05
0.05
—

2.5

1.0

0.2
0.2
5.0
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a N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimino)acetamide.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-5,8-dioxo-3-vinyl5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (R,Z)-2-{(R)-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]
(carboxy)methyl}-5-ethylidene-5,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
e (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-methyl-8-oxo-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
f Cefdinir impurity 1, cefdinir impurity 2, and cefdinir impurity 3 are unidentified impurities.
g Cefdinir related compound A is a mixture of 4 isomers labeled cefdinir open ring lactones
a, b, c, and d. The sum of the values is reported. The limit for the sum of the 4 isomers
is 2.5%.
h 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid.
i (6R,7S)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
j (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-((3RS,5aR,6R)-3-methyl-1,7-dioxo1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl)acetamide.
k (6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l (6R,7R)-7-(4-Hydroxyisoxazole-3-carboxamido)-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
m (6R,7R)-7-[2-(2-Aminothiazol-4-yl)-2-oxoacetamido]-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
n (6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
o Cefdinir decarboxy open ring lactone is a mixture of 2 isomers labeled cefdinir decarboxy
open ring lactone a and b. The sum of the values is reported. The limit for sum of the 2
isomers is 1.0%.
p (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]methyl}acetamide.
Table 2

Name
Thiazolylacetyl glycine oximea
Thiazolylacetyl glycine oxime acetalb
Cefdinir sulfoxidec
Cefdinir thiazine analogd
3-Methyl cefdinire
Cefdinir impurity 1f
Cefdinir related compound A (cefdinir open ring
lactone a)g,h
Cefdinir related compound A (cefdinir open ring
lactone b)g,h
Cefdinir related compound A (cefdinir open ring
lactone c)g,h

Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

0.10
0.13
0.36
0.46
0.75
0.77

1.0
1.0
1.0
0.68
1.0
1.0

0.85

0.65

0.94

0.65

0.5
0.5
0.2
0.7
0.7
0.3

2.5
1.11

0.65
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Cefdinir related compound A (cefdinir open ring
lactone d)g,h
7S-Cefdiniri
Cefdinir lactonej
Cefdinir related compound Bk
Cefdinir isoxazole analogl
Cefdinir impurity 2f
Cefdinir glyoxalic analogm
E-Cefdinirn
Cefdinir decarboxy open ring lactone ao,p
Cefdinir decarboxy open ring lactone bo,p
Cefdinir impurity 3f
Individual unidentified impurities
Total impurities
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1.14
1.18
1.23
1.28
1.37
1.44
1.49
1.51
1.62
1.64
1.82
—
—

0.65
1.0
1.0
1.0
0.72
1.0
1.0
1.0
1.0
1.0
1.0
1.0
—

0.2
1.0
0.2
0.5
0.5
0.2
1.2
1.0
0.2
0.2
5.0
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a N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimino)acetamide.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-5,8-dioxo-3-vinyl5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (R,Z)-2-{(R)-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]
(carboxy)methyl}-5-ethylidene-5,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
e (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-methyl-8-oxo-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
f Cefdinir impurity 1, cefdinir impurity 2, and cefdinir impurity 3 are unidentified impurities.
g Cefdinir related compound A is a mixture of four isomers labeled cefdinir open ring
lactones a, b, c, and d. The sum of the values is reported. The limit for the sum of the
four isomers is 2.5%.
h 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid.
i (6R,7S)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
j (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-((3RS,5aR,6R)-3-methyl-1,7-dioxo1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl)acetamide.
k (6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l (6R,7R)-7-(4-Hydroxyisoxazole-3-carboxamido)-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
m (6R,7R)-7-[2-(2-Aminothiazol-4-yl)-2-oxoacetamido]-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
n (6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
o Cefdinir decarboxy open ring lactone is a mixture of two isomers labeled cefdinir
decarboxy open ring lactone a and b. The sum of the values is reported. The limit for the
sum of the two isomers is 1.0%.
p (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]methyl}acetamide.
(IRA 1-Sep-2014)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards 11
USP Cefdinir RS
USP Cefdinir Related Compound A RS
(2R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid (three
other stereoisomers are also present in this RS).
C14 H15 N5 O6 S2
413.43
USP Cefdinir Related Compound B RS
(6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
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C14 H13 N4 O4 S2
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365.41
BRIEFING

Cefdinir for Oral Suspension, USP 37 page 2196. On the basis of comments received, the test
for Organic Impurities is revised as follows:
1.
The limit of E-cefdinir is widened based on FDA-approved specifications.
2.
The relative response factors are revised to be consistent with the validation data.
3.
The reporting threshold is revised to 0.1%, which is consistent with the International
Conference on Harmonization (ICH) guidelines for drug products with a maximum daily
dose less than 1 g.
Additionally, minor editorial changes have been made to update the monograph to current USP
style. The test for Deliverable Volume is corrected to indicate that it is to be performed on
multiple-unit containers.
The comment period for this revision ends on May 31, 2014. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement to USP 37–NF 32, with an official date of September 1, 2014.
(SM1: A. Wise.)
Correspondence Number—C99992; C98361; C135783

Comment deadline: May 31, 2014
Cefdinir for Oral Suspension
DEFINITION
Cefdinir for Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
cefdinir (C14 H13 N5 O5 S2 ). It may contain one or more suitable buffers, flavors, preservatives,
stabilizing agents, sweeteners, and suspending agents.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 10.7 mg/mL of anhydrous dibasic sodium phosphate and 3.4 mg/mL of monobasic
potassium phosphate in water. Adjust with phosphoric acid or sodium hydroxide to a pH of
7.0 ± 0.05 before final dilution.
Solution A: 7 mg/mL of citric acid monohydrate. Adjust with phosphoric acid to a pH of 2.0
± 0.05.
Mobile phase: Methanol, tetrahydrofuran, and Solution A (111:28:1000)
System suitability solution: 50 µg/mL of USP Cefdinir RS and 175 µg/mL of mhydroxybenzoic acid in Buffer
Standard solution: 50 µg/mL of USP Cefdinir RS in Buffer
Sample solution: Equivalent to 50 µg/mL of cefdinir from constituted Cefdinir for Oral
Suspension in Buffer
Chromatographic system

PF 40(2): Mar.-Apr. 2014
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Flow rate: 1.4 mL/min
Injection volume: 15 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.0 between cefdinir and m-hydroxybenzoic acid, System suitability
solution
Tailing factor: NMT 2.0 for cefdinir, System suitability solution
Relative standard deviation: NMT 1.0% for cefdinir, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cefdinir (C14 H13 N5 O5 S2 ) in the portion
of Cefdinir for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cefdinir from the Sample solution
rS= peak response of cefdinir from the Standard solution
C=
S concentration of the Standard solution (µg/mL)
C=
U nominal concentration of cefdinir in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.05 M phosphate buffer, pH 6.8; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Detector: UV 290 nm
Standard solution: 0.14 mg/mL of USP Cefdinir RS in Medium
Sample solution: Transfer 5 mL, by weight, of the reconstituted Cefdinir for Oral
Suspension into the vessel. After the appropriate time, withdraw a portion of the solution
under test, and pass through a suitable filter of 0.45-µm pore size. Dilute a portion of
each filtered sample with Medium as necessary to obtain a solution having a
concentration of about 0.14 mg/mL of cefdinir.
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Determine the percentage of the labeled amount of cefdinir (C14 H13 N5 O5 S2 ) dissolved:
Result = (AU/AS) × CS × d × V × D × (1/L) × 100

PF 40(2): Mar.-Apr. 2014

A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
d= density of Cefdinir for Oral Suspension (mg/mL)
V= volume of Medium, 900 mL
D= dilution factor of the Sample solution (mL/mL)
L= label claim (mg/mL)
Tolerances: NLT 80% (Q) of the labeled amount of cefdinir (C14 H13 N5 O5 S2 ) is dissolved.
• Uniformity of Dosage Units 905
For single-unit containers
Acceptance criteria: Meets the requirements
Change to read:
• Deliverable Volume 698
For single
multiple (IRA 1-Sep-2014)
-unit containers
Acceptance criteria: Meets the requirements
IMPURITIES
Change to read:
• Organic Impurities
Solution A: 14.2 mg/mL of anhydrous dibasic sodium phosphate
Solution B: 13.6 mg/mL of monobasic potassium phosphate
Buffer: Combine appropriate amounts of Solution A and Solution B (about 2:1) to obtain a
solution with a pH of 7.0 ± 0.1.
Solution C: Dilute tetramethylammonium hydroxide (10% aqueous) with water to obtain a
0.1% solution. Adjust with dilute phosphoric acid (1 in 10) to a pH of 5.5 ± 0.1.
Solution D: 37.2 mg/mL of edetate disodium
Solution E: To 1000 mL of Solution C add 0.4 mL of Solution D.
Solution F: Acetonitrile, methanol, Solution C, and Solution D (150: 100: 250: 0.2)
Mobile phase: See Table 1.
Table 1
Time
Solution E Solution F
(min)
(%)
(%)
0
95
5
2
95
5
22
75
25
32
50
50
37
50
50
38
95
5
58
95
5
System suitability stock solution 1: 40 µg/mL of USP Cefdinir Related Compound A RS in
Solution C
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System suitability stock solution 2: 40 µg/mL of USP Cefdinir Related Compound B RS in
Buffer
System suitability solution: Transfer 37.5 mg of USP Cefdinir RS to a 25-mL volumetric
flask, and add about 10 mL of Buffer. Add 5.0 mL each of System suitability stock solution
1 and System suitability stock solution 2, and dilute with Solution C to volume.
Standard stock solution: 750 µg/mL of USP Cefdinir RS in Buffer
Standard solution: 15 µg/mL of USP Cefdinir RS from the Standard stock solution in
Solution C
Sample solution: Transfer a quantity equivalent to 150 mg of cefdinir from the constituted
Cefdinir for Oral Suspension to a 100-mL volumetric flask. Dissolve in 30 mL of Buffer, and
dilute with Solution C to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Autosampler: 4
Column: 40
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between cefdinir and the third peak of USP Cefdinir Related
Compound A RS, System suitability solution
Tailing factor: NMT 1.5 for cefdinir related compound B, System suitability solution
Relative standard deviation: NMT 2.0% for the cefdinir peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Cefdinir for Oral Suspension
taken:
Result = (rU/rS) × (CS/CU) × (100/F)
rU= peak response of each impurity from the Sample solution
rS= peak response of cefdinir from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U nominal concentration of cefdinir in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
The reporting threshold is 0.1%. (IRA 1-Sep-2014)
Table 2
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Name
Thiazolylacetyl glycine oximea
Thiazolylacetyl glycine oxime
acetalb
Cefdinir sulfoxidec
Cefdinir thiazine analogd
3-Methyl cefdinire
Cefdinir impurity 1f
Cefdinir related compound A
(cefdinir open ring lactone
a)g,h
Cefdinir related compound A
(cefdinir open ring lactone
b)g,h
Cefdinir related compound A
(cefdinir open ring lactone
c)g,h
Cefdinir related compound A
(cefdinir open ring lactone
d)g,h
7S-Cefdiniri
Cefdinir lactonej
Cefdinir related compound Bk
Cefdinir isoxazole analogl
Cefdinir impurity 2f
Cefdinir glyoxalic analogm
E-Cefdinirn
Cefdinir decarboxy open ring
lactone ao,p
Cefdinir decarboxy open ring
lactone bo,p
Cefdinir impurity 3f
Individual unidentified impurities
Total impurities
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Relative
Retention
Time
0.10

Relative
Response
Factor
1.1

Reporting
Threshold Acceptance
(%
Criteria,
Cefdinir)
NMT (%)
0.1
0.5

0.13
0.36
0.46
0.75
0.77

1.1
1.0
1.5
1.0
1.0

0.1
0.05
0.05
0.05
0.05

0.85

1.5

0.1

0.94

1.5

0.1

1.11

1.5

0.1

1.14
1.18
1.23
1.28
1.37
1.44
1.49
1.51

1.5
1.1
1.2
1.1
1.4
1.0
1.0
1.1

0.1
0.05
0.05
0.05
0.05
0.05
0.05
0.05

1.62

1.3

0.05

1.64
1.82
—
—

1.3
1.0
1.0
—

0.05
0.05
0.05
—

0.6
0.2
0.3
0.7
0.2

3.3

0.2
0.8
0.2
0.5
0.2
0.2
1.2
1.1
0.2
0.2
6.2
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a N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimino)acetamide.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-5,8-dioxo-3-vinyl5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (R,Z)-2-{(R)-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]
(carboxy)methyl}-5-ethylidene-5,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
e (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-methyl-8-oxo-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
f Cefdinir impurity 1, cefdinir impurity 2, and cefdinir impurity 3 are unidentified impurities.
g Cefdinir related compound A is a mixture of four isomers labeled cefdinir open ring
lactones a, b, c, and d. The sum of the values is reported; the limit for the sum of the
four isomers is 3.3%.
h 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid.
i (6R,7S)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
j (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-((3RS,5aR,6R)-3-methyl-1,7-dioxo1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl)acetamide.
k (6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l (6R,7R)-7-(4-Hydroxyisoxazole-3-carboxamido)-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
m (6R,7R)-7-[2-(2-Aminothiazol-4-yl)-2-oxoacetamido]-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
n (6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
o Cefdinir decarboxy open ring lactone is a mixture of two isomers labeled cefdinir
decarboxy open ring lactone a and b. The sum of the values is reported; the limit for the
sum of the two isomers is 1.1%.
p (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]methyl}acetamide.

Table 2

Name
Thiazolylacetyl glycine oximea
Thiazolylacetyl glycine oxime acetalb
Cefdinir sulfoxidec
Cefdinir thiazine analogd
3-Methyl cefdinire
Cefdinir impurity 1f
Cefdinir related compound A (cefdinir open ring
lactone a)g,h
Cefdinir related compound A (cefdinir open ring
lactone b)g,h

Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

0.10
0.13
0.36
0.46
0.75
0.77

1.0
1.0
1.0
0.68
1.0
1.0

0.85

0.65

0.94

0.65

0.5
0.6
0.2
0.3
0.7
0.2

3.3
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Cefdinir related compound A (cefdinir open ring
lactone c)g,h
Cefdinir related compound A (cefdinir open ring
lactone d)g,h
7S-Cefdiniri
Cefdinir lactonej
Cefdinir related compound Bk
Cefdinir isoxazole analogl
Cefdinir impurity 2f
Cefdinir glyoxalic analogm
E-Cefdinirn
Cefdinir decarboxy open ring lactone ao,p
Cefdinir decarboxy open ring lactone bo,p
Cefdinir impurity 3f
Individual unidentified impurities
Total impurities
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1.11

0.65

1.14
1.18
1.23
1.28
1.37
1.44
1.49
1.51
1.62
1.64
1.82
—
—

0.65
1.0
1.0
1.0
0.72
1.0
1.0
1.0
1.0
1.0
1.0
1.0
—

0.2
0.8
0.2
0.5
0.2
0.2
1.4
1.1
0.2
0.2
6.2
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a N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimino)acetamide.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-5,8-dioxo-3-vinyl5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (R,Z)-2-{(R)-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]
(carboxy)methyl}-5-ethylidene-5,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
e (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-methyl-8-oxo-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
f Cefdinir impurity 1, cefdinir impurity 2, and cefdinir impurity 3 are unidentified impurities.
g Cefdinir related compound A is a mixture of four isomers labeled cefdinir open ring
lactones a, b, c, and d. The sum of the values is reported; the limit for the sum of the
four isomers is 3.3%.
h 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid.
i (6R,7S)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
j (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-((3RS,5aR,6R)-3-methyl-1,7-dioxo1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl)acetamide.
k (6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l (6R,7R)-7-(4-Hydroxyisoxazole-3-carboxamido)-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
m (6R,7R)-7-[2-(2-Aminothiazol-4-yl)-2-oxoacetamido]-8-oxo-3-vinyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
n (6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
o Cefdinir decarboxy open ring lactone is a mixture of two isomers labeled cefdinir
decarboxy open ring lactone a and b. The sum of the values is reported; the limit for the
sum of the two isomers is 1.1%.
p (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]methyl}acetamide.
(IRA 1-Sep-2014)

SPECIFIC TESTS
Change to read:
• pH 791 :
3.2–4.8 (RB 1-Jun-2013)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• Labeling: The label specifies the directions for the constitution of the powder and states
the equivalent amount of cefdinir (C14 H13 N5 O5 S2 ) in a given volume of Cefdinir for Oral
Suspension after constitution.
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• USP Reference Standards 11
USP Cefdinir RS
USP Cefdinir Related Compound A RS
(2R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid (three
other stereoisomers are also present in this RS).
C14 H15 N5 O6 S2
413.43
USP Cefdinir Related Compound B RS
(6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo]
(4.2.0)]oct-2-ene-2-carboxylic acid.
C14 H13 N4 O4 S2
365.41
BRIEFING
Chlorhexidine Acetate, USP 37 page 2293. On the basis of comments received, it is proposed
to replace the test for Organic Impurities with a new, more selective procedure that
includes limits for individual impurities and is similar to the procedure in the Pharmeuropa
25.2 proposal for Chlorhexidine Diacetate. This method has been validated using the Luna
C18(2) brand of L1 column, and the typical retention time for chlorhexidine is about 35 min.
A new USP Reference Standard is added to support the new procedure.
In addition, the following changes are proposed in the Assay:
1.
The upper limit of the Acceptance criteria in the Assay is widened to 102.0%, which is
typical for chromatographic procedures.
2.
The Relative standard deviation for the chlorhexidine peak is changed to NMT 0.73% to
be consistent with the repeatability requirements in Chromatography
System Suitability.

621 ,

The following changes are proposed for the test for Limit of p-Chloroaniline:
1.
The requirement to meet the System suitability requirements as directed in the Assay,
which was inadvertently omitted in the current version, is added.
2.
A formula for the calculation of the amount of p-chloroaniline is added.
3.
This test is moved from Specific Tests to Impurities to be consistent with current USP
style.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends May 31, 2014. In the absence of any significant
adverse comments, it is proposed to implement this revision via an Interim Revision
Announcement to USP 37–NF 32, with an official date of September 1, 2014.
(SM3: M. Puderbaugh.)
Correspondence Number—C112938

Comment deadline: May 31, 2014
Chlorhexidine Acetate
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625.55

2,4,11,13-Tetraazatetradecanediimidamide, N,N¢¢-bis(4-chlorophenyl)-3,12-diimino-,
diacetate;
1,1¢-Hexamethylenebis[5-(p-chlorophenyl)biguanide] diacetate
[56-95-1].
DEFINITION
Change to read:
Chlorhexidine Acetate contains NLT 98.0% and NMT 101.0%
102.0% (IRA 1-Sep-2014)
of chlorhexidine acetate (C22H30Cl2N10·2C2H4O2), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
ASSAY
Change to read:
• Procedure
Solution A: 27.6 g of monobasic sodium phosphate and 10 mL of triethylamine in 1.5 L of
water. Adjust with phosphoric acid to a pH of 3.0, and dilute with water to 2000 mL.
Prepare a mixture of acetonitrile and this solution (3:7).
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
9
100
0
10
45
55
15
45
55
16
100
0
21
100
0
System suitability solution: 50 µg/mL of USP Chlorhexidine Acetate RS and 1 µg/mL of
USP p-Chloroaniline RS in Solution A

PF 40(2): Mar.-Apr. 2014

31

Standard solution: 50 µg/mL of USP Chlorhexidine Acetate RS in Solution A
Sample solution: 50 µg/mL of Chlorhexidine Acetate in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 25-cm; base-deactivated 5-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for chlorhexidine and p-chloroaniline are about 1.0 and
1.3, respectively.]
Suitability requirements
Resolution: NLT 3 between chlorhexidine and p-chloroaniline
Relative standard deviation: NMT 2.0%
0.73% (IRA 1-Sep-2014)
for chlorhexidine and NMT 5.0% for p-chloroaniline
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of chlorhexidine acetate (C22H30Cl2N10·2C2H4O2) in the
portion of Chlorhexidine Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of chlorhexidine from the Sample solution
rS= peak response of chlorhexidine from the Standard solution
C=
S concentration of USP Chlorhexidine Acetate RS in the Standard solution (µg/mL)
C=
U concentration of Chlorhexidine Acetate in the Sample solution (µg/mL)
Acceptance criteria: 98.0%–101.0%
102.0% (IRA 1-Sep-2014)
on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.15%
Change to read:
• Organic Impurities
Solution A and Solution B: Proceed as directed in the Assay.
Diluent: 27.6 g of monobasic sodium phosphate in 1.5 L of water. Adjust with phosphoric
acid to a pH of 3.0, and dilute with water to 2000 mL.
Mobile phase: Table 2
Table 2
Time Solution A Solution B
(min)
(%)
(%)
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0
100
0
15
100
0
16
45
55
21
45
55
22
100
0
27
100
0
Sample solution: 2 mg/mL of Chlorhexidine Acetate in Solution A
Standard solution A: 0.06 mg/mL of Chlorhexidine Acetate in Solution A, from Sample
solution
Standard solution B: 1.2 µg/mL of Chlorhexidine Acetate in Solution A, from Standard
solution A
System suitability solution: 10 mg of USP Chlorhexidine Related Compounds RS to a 10mL volumetric flask. Dissolve in 2 mL of acetonitrile, and dilute with Diluent to volume.
Chromatographic system: Proceed as directed in the Assay. [Note—Injection size is 20
µL.]
System suitability
Sample: System suitability solution
[Note—The relative retention times for the main related compound peak and chlorhexidine
are 0.6 and 1.0, respectively.]
Suitability requirements
Resolution: The two peaks between the main related compound peak and the
chlorhexidine peak should be at least partially resolved from each other and
completely resolved from the chlorhexidine peak.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Calculate the percentage of each impurity in the portion of Chlorhexidine Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response of each impurity from the Sample solution
r=
S peak response of chlorhexidine from Standard solution A
C=S concentration of chlorhexidine acetate in Standard solution A (µg/mL)
C=U concentration of Chlorhexidine Acetate in the Sample solution (µg/mL)
Acceptance criteria
Total impurities: NMT 3.0%. [Note—Disregard any peak less than the area of the
chlorhexidine peak as obtained from Standard solution B.]
Store the System suitability solution, the Sample solution, and the Diluted sample solution at
a temperature NMT 12 .
Solution A: 0.1% (v/v) trifluoroacetic acid in acetonitrile
Solution B: 0.1% (v/v) trifluoroacetic acid in water
Solution C: Solution A and Solution B (20:80)
Solution D: Solution A and Solution B (90:10)
Mobile phase: See Table 2.
Table 2
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Time
Solution C Solution D
(min)
(%)
(%)
0
100
0
2
100
0
32
80
20
37
80
20
47
70
30
54
70
30
55
100
0
62
100
0
System suitability solution: 5.0 mg/mL of USP Chlorhexidine System Suitability Mixture
RS in Solution C. See Table 3 for relative retention times of the main components of the
mixture.
Table 3
Components of USP Chlorhexidine System Suitability
Relative Retention
Mixture RS
Time
Chlorhexidine oxazinone analog
0.23
Chlorhexidine amine
0.25
Chlorhexidine guanidine
0.35
Chlorhexidine urea
0.36
p-Chlorophenyl urea
0.5
Chlorhexidine nitrile
0.6
Chlorhexidine dimer
0.85
o-Chlorhexidine
0.90
Specified unidentified impurity 2
0.91
Chlorhexidine glucityl triazine
0.96
Chlorhexidine
1.0
Oxochlorhexidine
1.4
Sample solution: 1.4 mg/mL of Chlorhexidine Acetate in Solution C
Diluted sample solution: Dilute 1.0 mL of Sample solution with Solution C to 100.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; base-deactivated 5-µm packing L1
Temperatures
Autosampler: NMT 12
Column: 30
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
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Peak-to-valley ratio: NLT 2.0 between chlorhexidine urea and chlorhexidine guanidine
Analysis
Samples: Sample solution and Diluted sample solution
Calculate the percentage of each impurity in the portion of Chlorhexidine Acetate taken:
Result = (rU/rS) × D × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of chlorhexidine from the Diluted sample solution
D= dilution factor used to prepare the Diluted sample solution, 0.01
Acceptance criteria: See Table 4. The reporting level for impurities is 0.05%.
Table 4

Name

Relative
Retention
Time
0.35
0.6
0.85
0.90–0.91
1.0
1.4
—
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
0.15
0.3a
—
0.3
0.10
0.7

Chlorhexidine guanidine
Chlorhexidine nitrile
Chlorhexidine dimer
o-Chlorhexidine and specified unidentified impurity 2a
Chlorhexidine
Oxochlorhexidine
Any individual unspecified impurity
Total impurities
a If present, o-chlorhexidine and specified unidentified impurity 2 may not be completely
resolved by the method. These peaks are integrated together to determine
conformance.
(IRA 1-Sep-2014)

Change to read:
• Limit of p-Chloroaniline
Solution A, Solution B, Mobile phase, System suitability solution, Chromatographic
system, and
System suitability: (IRA 1-Sep-2014)
Proceed as directed in the Assay.
Standard solution: 1.0 µg/mL of USP p-Chloroaniline RS in Solution A
Sample solution: 2.0 mg/mL of Chlorhexidine Acetate in Solution A
Analysis
Samples: Standard solution and Sample solution
Calculate the amount, in ppm, of p-chloroaniline in the portion of Chlorhexidine Acetate
taken:
Result = (rU/rS) × (CS/CU) × 0.001 × 106
rU= peak response of p-chloroaniline from the Sample solution
rS= peak response of p-chloroaniline from the Standard solution
CS= concentration of p-chloroaniline in the Standard solution (µg/mL)
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CU= concentration of Chlorhexidine Acetate in the Sample solution (mg/mL)
(IRA 1-Sep-2014)

Acceptance criteria:
NMT 500 ppm (IRA 1-Sep-2014)
Total impurities: The p-chloroaniline peak area of the Sample solution is NMT the pchloroaniline peak area in the Standard solution (NMT 500 ppm).
(IRA 1-Sep-2014)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 to constant weight.
Acceptance criteria: NMT 3.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Chlorhexidine Acetate RS
USP Chlorhexidine Related Compounds RS
USP Chlorhexidine System Suitability Mixture RS
The mixture contains chlorhexidine and the following impurities (other impurities may also be
present):
Chlorhexidine oxazinone analog;
(5R,6S)-2-[(4-Chlorophenyl)amino]-5-hydroxy-6-[(1R,2R)-1,2,3-trihydroxypropyl]-5,6dihydro-4H-1,3-oxazin-4-one.
C13 H15 ClN2 O6
330.72
Chlorhexidine amine;
1-(6-Aminohexyl)-5-(4-chlorophenyl)biguanide.
C14 H23 ClN6
310.83
Chlorhexidine guanidine;
1-[6-(Carbamimidoylamino)hexyl]-5-(4-chlorophenyl)biguanide.
C15 H25 ClN8
352.87
Chlorhexidine urea;
N-{[6-({[(4Chlorophenyl)carbamimidoyl]carbamimidoyl}amino)hexyl]carbamimidoyl}urea.
C16 H26 ClN9 O
395.89
p-Chlorophenyl urea;
1-(4-Chlorophenyl)urea.
C7 H7 ClN2 O
170.60
Chlorhexidine nitrile;
1-(4-Chlorophenyl)-5-[6-[(cyanocarbamimidoyl)amino]hexyl]biguanide.
C16 H24 ClN9
377.88
Chlorhexidine dimer;
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1,5-Bis[5-(4-chlorophenyl)biguanidylhexyl]biguanide.
C30 H47 Cl2 N15
688.70
o-Chlorhexidine;
1-(2-Chlorophenyl)-5-[6-({[(4chlorophenyl)carbamimidoyl]carbamimidoyl}amino)hexyl]biguanide.
C22 H30 Cl2 N10
505.45
Specified unidentified impurity 2;
Chlorhexidine glucityl triazine;
1-(4-Chlorophenyl)-5-[6-({4-[(4-chlorophenyl)amino]-6-[(1S,2R,3R,4R)-1,2,3,4,5pentahydroxypentyl]-1,3,5-triazin-2-yl}amino)hexyl]biguanide.
C28 H38 Cl2 N10 O5
665.57
Oxochlorhexidine;
N-(4-Chlorophenyl)-N¢-{[6-({[(4chlorophenyl)carbamimidoyl]carbamimidoyl}amino)hexyl]carbamimidoyl}urea.
C22 H29 Cl2 N9 O
506.43 (IRA 1-Sep-2014)
USP p-Chloroaniline RS
BRIEFING
Chlorhexidine Gluconate Solution, USP 37 page 2295. On the basis of comments received, it
is proposed to replace the test for Organic Impurities with a new, more selective procedure
that includes limits for individual impurities and is similar to the procedure in the current
European Pharmacopoeia monograph for Chlorhexidine Digluconate Solution. This method has
been validated with the Luna C18(2) brand of L1 column, and the typical retention time for
chlorhexidine is about 35 min. A new USP Reference Standard is added to support the new
procedure.
In addition, the following changes are proposed in the Assay:
1.
The Relative standard deviation for the chlorhexidine peak is changed to NMT 0.73% to
be consistent with the repeatability requirements in Chromatography 621 ,
System Suitability.
2.
The preparation of the Diluent is moved from the Assay, where it is no longer required,
to the procedure for Limit of p-Chloroaniline.
The following changes are proposed in the test for Limit of p-Chloroaniline:
1.
The requirement to meet the System suitability requirements as directed in the Assay,
which was inadvertently omitted in the current version, is added.
2.
A formula for calculation of the amount of p-chloroaniline is added.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends May 31, 2014. In the absence of any significant
adverse comments, it is proposed to implement this revision via an Interim Revision
Announcement to USP 37–NF 32, with an official date of September 1, 2014.
(SM3: M. Puderbaugh.)
Correspondence Number—C112938

Comment deadline: May 31, 2014
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Chlorhexidine Gluconate Solution
C22 H30 Cl2 N10 ·2C6 H12 O7
897.76
2,4,11,13-Tetraazatetradecanediimidamide, N,N¢¢-bis(4-chlorophenyl)-3,12-diimino-, di-dgluconate;
1,1¢-Hexamethylenebis[5-(p-chlorophenyl)biguanide] di-d-gluconate
[18472-51-0].
DEFINITION
Chlorhexidine Gluconate Solution is an aqueous solution of chlorhexidine gluconate. It contains
NLT 19.0% and NMT 21.0% of chlorhexidine gluconate (C22 H30 Cl2 N10 ·2C6 H12 O7 ) (w/v).
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197K
Standard solution: 5 mg/mL of USP Chlorhexidine RS in 70% alcohol. Recrystallize this
solution, and dry the crystals at 105 for 1 h.
Sample solution: To 1 mL of Solution add 40 mL of water, and cool in ice. Add 10 N
sodium hydroxide, dropwise with stirring, until the solution produces a red color on thiazol
yellow paper, and add 1 mL in excess. Filter, wash the precipitate with water until the
washings are free from alkali, recrystallize the residue from 70% alcohol, and dry the
crystals at 105 for 1 h.
Acceptance criteria: Meets the requirements

(IRA 1-Sep-2014)

• B. Thin-Layer Chromatographic Identification Test 201
Standard solution: 20 mg/mL of USP Potassium Gluconate RS
Sample solution: Dilute 10 mL of Solution with water to 50 mL. This solution contains 40
mg/mL of chlorhexidine gluconate.
Chromatographic system
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Alcohol, ethyl acetate, ammonium hydroxide, and water
(5:1:1:3)
Spray reagent: Dissolve 2.5 g of ammonium molybdate in 50 mL of 2 N sulfuric acid in a
100-mL volumetric flask. Add 1.0 g of ceric sulfate, swirl to dissolve, and dilute with 2 N
sulfuric acid to volume.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram in a solvent system until the solvent front has moved 10 cm
from the point of spotting. Remove the plate from the chamber, and dry at 110 for 20
min. Allow to cool, and spray with Spray reagent. Heat the plate at 110 for 10 min.
Acceptance criteria: The principal spot of the Sample solution corresponds in color, size,
and RF value to that of the Standard solution.
ASSAY
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Change to read:
• Procedure
Diluent: 27.6 g of monobasic sodium phosphate in 1.5 L of water. Adjust with phosphoric
acid to a pH of 3.0, and dilute with water to 2000 mL.
(IRA 1-Sep-2014)

Solution A: Dissolve 27.6 g of monobasic sodium phosphate and 10 mL of triethylamine in
1.5 L of water. Adjust with phosphoric acid to a pH of 3.0, and dilute with water to 2000
mL. Mix the resulting solution with acetonitrile (70:30).
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
9
100
0
10
45
55
15
45
55
16
100
0
21
100
0
System suitability solution: 50 µg/mL of USP Chlorhexidine Acetate RS and 1 µg/mL of
USP p-Chloroaniline RS in Solution A
Standard solution: 50 µg/mL of USP Chlorhexidine Acetate RS in Solution A
Sample stock solution: Transfer 5.0 mL of Solution to a 250-mL volumetric flask, and
dilute with water to volume.
Sample solution: Transfer 5.0 mL of the Sample stock solution to a 250-mL volumetric
flask, and dilute with Solution A.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 25-cm; base-deactivated 5-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for chlorhexidine and p-chloroaniline are about 1.0 and
1.3, respectively.]
Suitability requirements
Resolution: NLT 3.0 between chlorhexidine and p-chloroaniline
Relative standard deviation: NMT 2.0%
0.73% (IRA 1-Sep-2014)
for chlorhexidine and NMT 5.0% for p-chloroaniline
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage (w/v) of chlorhexidine gluconate (C22 H30 Cl2 N10 ·2C6 H12 O7 ) in
the portion of Chlorhexidine Gluconate Solution taken:
Result = (rU/rS) × (0.25 × CS) × (Mr1/Mr2)
rU= peak response of chlorhexidine from the Sample solution
rS= peak response of chlorhexidine from the Standard solution
CS= concentration of USP Chlorhexidine Acetate RS in the Standard solution (µg/mL)
Mr1
= molecular weight of chlorhexidine gluconate, 897.76
Mr2
= molecular weight of chlorhexidine acetate, 625.55
Acceptance criteria: 19.0%–21.0% (w/v)
IMPURITIES
Change to read:
• Organic Impurities
Diluent, Solution A, Solution B, and Mobile phase: Proceed as directed in the Assay.
Sample stock solution: Transfer 5.0 mL of Solution to a 100-mL volumetric flask, and
dilute with water to volume.
Sample solution: Transfer 5.0 mL of the Sample stock solution to a 25-mL volumetric
flask, and dilute with Diluent to volume. This solution contains 2 mg/mL of chlorhexidine
gluconate.
Reference solution A: Transfer 3.0 mL of the Sample solution to a 100-mL volumetric
flask, and dilute with Diluent to volume. This solution contains 0.06 mg/mL of
chlorhexidine gluconate.
Reference solution B: Transfer 2.0 mL of Reference solution A to a 100-mL volumetric
flask, and dilute with Diluent to volume. This solution contains 0.0012 mg/mL of
chlorhexidine gluconate.
System suitability solution: Transfer 10 mg of USP Chlorhexidine Related Compounds RS
to a 10-mL volumetric flask. Dissolve in 2 mL of acetonitrile, and dilute with Diluent to
volume.
Chromatographic system: Proceed as directed in the Assay, except the Injection size
and chromatograph are programmed as shown in the gradient table below.
Time Solution A Solution B
(min)
(%)
(%)
0
100
0
15
100
0
16
45
55
21
45
55
22
100
0
27
100
0
Injection size: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for the main related compound peak and chlorhexidine
are 0.6 and 1.0, respectively.]
Suitability requirements
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Resolution: The two peaks between the main related compound peak and the
chlorhexidine peak should be at least partially resolved from each other and
completely resolved from the chlorhexidine peak.
Analysis
Samples: Sample solution, Reference solution A, and Reference solution B
Examine the chromatogram from the Sample solution.
Acceptance criteria: The sum of the peak areas, other than chlorhexidine and any peak
areas less than that obtained for chlorhexidine in the chromatogram from Reference
solution B, is NMT the peak area for chlorhexidine in the chromatogram from Reference
solution A (3.0%).
Store the System suitability solution, the Sample solution, and the Diluted sample solution at
a temperature NMT 12 .
Solution A: 0.1% (v/v) trifluoroacetic acid in acetonitrile
Solution B: 0.1% (v/v) trifluoroacetic acid in water
Solution C: Solution A and Solution B (20:80)
Solution D: Solution A and Solution B (90:10)
Mobile phase: See Table 2.
Table 2
Time
Solution C Solution D
(min)
(%)
(%)
0
100
0
2
100
0
32
80
20
37
80
20
47
70
30
54
70
30
55
100
0
62
100
0
System suitability solution: 5.0 mg/mL of USP Chlorhexidine System Suitability Mixture
RS in Solution C
Sample solution: Dilute 1.0 mL of Solution with Solution C to 100.0 mL.
Diluted sample solution: Dilute 1.0 mL of Sample solution with Solution C to 100.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; base-deactivated 5-µm packing L1
Temperatures
Autosampler: NMT 12
Column: 30
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
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Sample: System suitability solution
Suitability requirements
Peak-to-valley ratio: NLT 2.0 between chlorhexidine urea and chlorhexidine guanidine
Resolution: NLT 3.0 between chlorhexidine oxazinone analog and chlorhexidine amine
Analysis
Samples: Sample solution and Diluted sample solution
Calculate the percentage of each impurity in the portion of Chlorhexidine Gluconate
Solution taken:
Result = (rU/rS) × D × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of chlorhexidine from the Diluted sample solution
D= dilution factor used to prepare the Diluted sample solution, 0.01
Acceptance criteria: See Table 3. The reporting level for impurities is 0.05%.
Table 3
Relative
Retention
Time
0.23
0.24
0.25
0.35
0.36
0.5
0.6
0.85
0.90–0.91
0.96
1.0
1.4
—
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
0.3
1.0
0.2
0.2
0.4
0.5
0.4a
0.4
—
0.4
0.10
3.0

Name
Chlorhexidine oxazinone analog
Specified unidentified impurity 1
Chlorhexidine amine
Chlorhexidine guanidine
Chlorhexidine urea
p-Chlorophenyl urea
Chlorhexidine nitrile
Chlorhexidine dimer
o-Chlorhexidine and specified unidentified impurity 2
Chlorhexidine glucityl triazine
Chlorhexidine
Oxochlorhexidine
Any individual unspecified impurity
Total impurities
a If present, o-chlorhexidine and specified unidentified impurity 2 may not be completely
resolved by the method. These peaks are integrated together to determine
conformance.
(IRA 1-Sep-2014)

Change to read:
• Limit of p-Chloroaniline
Diluent,
(IRA 1-Sep-2014)

Solution A, Solution B, Mobile phase, System suitability solution, Chromatographic
system, and
System suitability: (IRA 1-Sep-2014)
Proceed as directed in the Assay.
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Diluent: 27.6 g of monobasic sodium phosphate in 1.5 L of water. Adjust with phosphoric
acid to a pH of 3.0, and dilute with water to 2000 mL. (IRA 1-Sep-2014)
Standard solution: 1.0 µg/mL of USP p-Chloroaniline RS in Diluent
Sample stock solution: Transfer 5.0 mL of Solution to a 100-mL volumetric flask, and
dilute with water to volume.
Sample solution: Transfer 10.0 mL of Sample stock solution to a 250-mL volumetric flask,
and dilute with Diluent to volume. This solution contains 0.4 mg/mL of chlorhexidine
gluconate.
(IRA 1-Sep-2014)

Analysis
Samples: Standard solution and Sample solution
Calculate the amount, in µg/mL, of p-chloroaniline in the portion of Chlorhexidine Gluconate
Solution taken:
Result = (rU/rS) × D × CS
rU= peak response of p-chloroaniline from the Sample solution
rS= peak response of p-chloroaniline from the Standard solution
D= dilution factor used to prepare the Sample solution, 500
C=
S concentration of p-chloroaniline in the Standard solution (µg/mL)
(IRA 1-Sep-2014)

Acceptance criteria: NMT 500 µg/mL
The p-chloroaniline peak area response of the Sample solution is NMT the p-chloroaniline peak
area response of the Standard solution.
(IRA 1-Sep-2014)

SPECIFIC TESTS
• Specific Gravity
• pH

841 : 1.06–1.07

791 : 5.5–7.0, when diluted 1 in 20 with water

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light, at controlled
room temperature.
Change to read:
• USP Reference Standards 11
USP Chlorhexidine RS
USP Chlorhexidine Acetate RS
USP Chlorhexidine Related Compounds RS
USP Chlorhexidine System Suitability Mixture RS
The mixture contains chlorhexidine and the following impurities (other impurities may also be
present):
Chlorhexidine oxazinone analog;
(5R,6S)-2-[(4-Chlorophenyl)amino]-5-hydroxy-6-[(1R,2R)-1,2,3-trihydroxypropyl]-5,6-
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dihydro-4H-1,3-oxazin-4-one.
C13 H15 ClN2 O6
330.72
Chlorhexidine amine;
1-(6-Aminohexyl)-5-(4-chlorophenyl)biguanide.
C14 H23 ClN6
310.83
Chlorhexidine guanidine;
1-[6-(Carbamimidoylamino)hexyl]-5-(4-chlorophenyl)biguanide.
C15 H25 ClN8
352.87
Chlorhexidine urea;
N-{[6-({[(4Chlorophenyl)carbamimidoyl]carbamimidoyl}amino)hexyl]carbamimidoyl}urea.
C16 H26 ClN9 O
395.89
p-Chlorophenyl urea;
1-(4-Chlorophenyl)urea.
C7 H7 ClN2 O
170.60
Chlorhexidine nitrile;
1-(4-Chlorophenyl)-5-[6-[(cyanocarbamimidoyl)amino]hexyl]biguanide.
C16 H24 ClN9
377.88
Chlorhexidine dimer;
1,5-Bis[5-(4-chlorophenyl)biguanidylhexyl]biguanide.
C30 H47 Cl2 N15
688.70
o-Chlorhexidine;
1-(2-Chlorophenyl)-5-[6-({[(4chlorophenyl)carbamimidoyl]carbamimidoyl}amino)hexyl]biguanide.
C22 H30 Cl2 N10
505.45
Specified unidentified impurity 2;
Chlorhexidine glucityl triazine;
1-(4-Chlorophenyl)-5-[6-({4-[(4-chlorophenyl)amino]-6-[(1S,2R,3R,4R)-1,2,3,4,5pentahydroxypentyl]-1,3,5-triazin-2-yl}amino)hexyl]biguanide.
C28 H38 Cl2 N10 O5
665.57
Oxochlorhexidine;
N-(4-Chlorophenyl)-N¢-{[6-({[(4chlorophenyl)carbamimidoyl]carbamimidoyl}amino)hexyl]carbamimidoyl}urea.
C22 H29 Cl2 N9 O
506.43 (IRA 1-Sep-2014)
USP p-Chloroaniline RS
USP Potassium Gluconate RS
BRIEFING
Chlorhexidine Hydrochloride, USP 37 page 2298. On the basis of comments received, it is
proposed to replace the test for Organic Impurities with a new, more selective procedure
that includes limits for individual impurities and is similar to the procedure in the
Pharmeuropa 25.2 proposal for Chlorhexidine Dihydrochloride. This method has been
validated with the Luna C18(2) brand of L1 column, and the typical retention time for
chlorhexidine is about 35 min. A new USP Reference Standard is added to support the new
procedure.
In addition, the following changes are proposed in the Assay:
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1.
The upper limit of the Acceptance criteria in the Assay is widened to 102.0%, which is
typical for chromatographic procedures.
2.
The Relative standard deviation for the chlorhexidine peak is changed to NMT 0.73% to
be consistent with the repeatability requirements in Chromatography
System Suitability.

621 ,

The following changes are proposed for the test for Limit of p-Chloroaniline:
1.
The requirement to meet the System suitability requirements as directed in the Assay,
which was inadvertently omitted in the current version, is added.
2.
A formula for the calculation of the amount of p-chloroaniline is added.
3.
This test is moved from Specific Tests to Impurities to be consistent with current USP
style.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends May 31, 2014. In the absence of any significant
adverse comments, it is proposed to implement this revision via an Interim Revision
Announcement to USP 37–NF 32, with an official date of September 1, 2014.
(SM3: M. Puderbaugh.)
Correspondence Number—C112938

Comment deadline: May 31, 2014
Chlorhexidine Hydrochloride

C22H30Cl2N10·2HCl

578.37

2,4,11,13-Tetraazatetradecanediimidamide, N,N¢¢-bis(4-chlorophenyl)-3,12-diimino-,
dihydrochloride;
1,1¢-Hexamethylenebis[5-(p-chlorophenyl)biguanide] dihydrochloride
[3697-42-5].
DEFINITION
Change to read:
Chlorhexidine Hydrochloride contains NLT 98.0% and NMT 101.0%
102.0% (IRA 1-Sep-2014)
of chlorhexidine hydrochloride (C22H30Cl2N10·2HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197K
Sample: Dissolve 0.3 g in 10 mL of 6 N hydrochloric acid. Add 40 mL of water, filter if
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necessary, and cool the solution in ice. Add 10 N sodium hydroxide dropwise with stirring
until the solution is alkaline to thiazol yellow paper, and add 1 mL in excess. Filter, wash
the precipitate with water until the washings are free from alkali, recrystallize the residue
from 70% alcohol, and dry the crystals at 105
for 1 h. (IRA 1-Sep-2014)
Standard: 5-mg/mL USP Chlorhexidine RS in 70% alcohol. Recrystallize this solution, and
dry the crystals at 105 for 1 h.
Acceptance criteria: Meets the requirements
• B. Identification Tests—General, Chloride

(IRA 1-Sep-2014)

191 : Meets the requirements

ASSAY
Change to read:
• Procedure
Solution A: 27.6 g of monobasic sodium phosphate and 10 mL of triethylamine in 1.5 L of
water. Adjust with phosphoric acid to a pH of 3.0, and dilute with water to 2000 mL.
Prepare a mixture of acetonitrile and this solution (3:7).
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
9
100
0
10
45
55
15
45
55
16
100
0
21
100
0
System suitability solution: 50 µg/mL of USP Chlorhexidine Acetate RS and 1 µg/mL of
USP p-Chloroaniline RS in Solution A
Standard solution: 50 µg/mL of USP Chlorhexidine Acetate RS in Solution A
Sample solution: 50 µg/mL of Chlorhexidine Hydrochloride in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 25-cm; base-deactivated 5-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for chlorhexidine and p-chloroaniline are about 1.0 and
1.3, respectively.]
Suitability requirements
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Resolution: NLT 3 between chlorhexidine and p-chloroaniline
Relative standard deviation: NMT 2.0%
0.73% (IRA 1-Sep-2014)
for chlorhexidine and NMT 5.0% for p-chloroaniline
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of chlorhexidine hydrochloride (C22H30Cl2N10·2HCl) in the portion
of Chlorhexidine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of chlorhexidine from the Sample solution
rS= peak response of chlorhexidine from the Standard solution
CS= concentration of USP Chlorhexidine Acetate RS in the Standard solution (µg/mL)
CU= concentration of Chlorhexidine Hydrochloride in the Sample solution (µg/mL)
Mr1
= molecular weight of chlorhexidine hydrochloride, 578.37
Mr2
= molecular weight of chlorhexidine acetate, 625.55
Acceptance criteria: 98.0%–101.0%
102.0% (IRA 1-Sep-2014)
on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Solution A and Solution B: Proceed as directed in the Assay.
Diluent: 27.6 g of monobasic sodium phosphate in 1.5 L of water. Adjust with phosphoric
acid to a pH of 3.0, and dilute with water to 2000 mL.
Mobile phase: Table 2
Table 2
Time Solution A Solution B
(min)
(%)
(%)
0
100
0
15
100
0
16
45
55
21
45
55
22
100
0
27
100
0
Sample solution: 2 mg/mL of Chlorhexidine Hydrochloride in Solution A
Standard solution A: 0.06 mg/mL of Chlorhexidine Hydrochloride in Solution A, from the
Sample solution
Standard solution B: 1.2 µg/mL of Chlorhexidine Hydrochloride in Solution A, from
Standard solution A
System suitability solution: Transfer 10 mg of USP Chlorhexidine Related Compounds RS
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to a 10-mL volumetric flask. Dissolve in 2 mL of acetonitrile, and dilute with Diluent to
volume.
Chromatographic system: Proceed as directed in the Assay. [Note—Injection size is 20
µL.]
System suitability
Sample: System suitability solution
[Note—The relative retention times for the main related compound peak and chlorhexidine
are 0.6 and 1.0, respectively.]
Suitability requirements
Resolution: The two peaks between the main related compound peak and the
chlorhexidine peak should be at least partially resolved from each other and
completely resolved from the chlorhexidine peak.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Calculate the percentage of any impurity in the portion of Chlorhexidine Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of chlorhexidine from Standard solution A
C=
S concentration of Chlorhexidine Hydrochloride in Standard solution A (mg/mL)
C=
U concentration of Chlorhexidine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria
Total impurities: NMT 3.0%. [Note—Disregard any peak less than the area of the
chlorhexidine peak as obtained from Standard solution B.]
Store the System suitability solution, the Sample solution, and the Diluted sample solution at
a temperature NMT 12 .
Solution A: 0.1% (v/v) trifluoroacetic acid in acetonitrile
Solution B: 0.1% (v/v) trifluoroacetic acid in water
Solution C: Solution A and Solution B (20:80)
Solution D: Solution A and Solution B (90:10)
Mobile phase: See Table 2.
Table 2
Time
Solution C Solution D
(min)
(%)
(%)
0
100
0
2
100
0
32
80
20
37
80
20
47
70
30
54
70
30
55
100
0
62
100
0
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System suitability solution: 5.0 mg/mL of USP Chlorhexidine System Suitability Mixture
RS in Solution C. See Table 3 for the relative retention times of the main components of
the mixture.
Table 3
Components of USP Chlorhexidine System Suitability
Relative Retention
Mixture RS
Time
Chlorhexidine oxazinone analog
0.23
Chlorhexidine amine
0.25
Chlorhexidine guanidine
0.35
Chlorhexidine urea
0.36
p-Chlorophenyl urea
0.5
Chlorhexidine nitrile
0.6
Chlorhexidine dimer
0.85
o-Chlorhexidine
0.90
Specified unidentified impurity 2
0.91
Chlorhexidine glucityl triazine
0.96
Chlorhexidine
1.0
Oxochlorhexidine
1.4
Sample solution: 1.3 mg/mL of Chlorhexidine Hydrochloride in Solution C
Diluted sample solution: Dilute 1.0 mL of Sample solution with Solution C to 100.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; base-deactivated 5-µm packing L1
Temperatures
Autosampler: NMT 12
Column: 30
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
Peak-to-valley ratio: NLT 2.0 between chlorhexidine urea and chlorhexidine guanidine
Analysis
Samples: Sample solution and Diluted sample solution
Calculate the percentage of each impurity in the portion of Chlorhexidine Hydrochloride
taken:
Result = (rU/rS) × D × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of chlorhexidine from the Diluted sample solution
D= dilution factor used to prepare the Diluted sample solution, 0.01
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Acceptance criteria: See Table 4. The reporting level for impurities is 0.05%.
Table 4

Name

Relative
Retention
Time
0.35
0.6
0.85
0.90–0.91
1.0
1.4
—
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
0.2
0.4a
—
0.4
0.10
1.0

Chlorhexidine guanidine
Chlorhexidine nitrile
Chlorhexidine dimer
o-Chlorhexidine and specified unidentified impurity 2
Chlorhexidine
Oxochlorhexidine
Any individual impurity
Total impurities
a If present, o-chlorhexidine and specified unidentified impurity 2 may not be completely
resolved by the method. These peaks are integrated together to determine
conformance.
(IRA 1-Sep-2014)

Change to read:
• Limit of p-Chloroaniline
Solution A, Solution B, Mobile phase, System suitability solution, Chromatographic
system, and
System suitability: (IRA 1-Sep-2014)
Proceed as directed in the Assay.
Standard solution: 1.0 µg/mL of USP p-Chloroaniline RS in Solution A
Sample solution: 2.0 mg/mL of Chlorhexidine Hydrochloride in Solution A
Analysis
Samples: Standard solution and Sample solution
Calculate the amount, in ppm, of p-chloroaniline in the portion of Chlorhexidine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 0.001 × 106
rU= peak response of p-chloroaniline from the Sample solution
rS= peak response of p-chloroaniline from the Standard solution
CS= concentration of p-chloroaniline in the Standard solution (µg/mL)
CU= concentration of Chlorhexidine Hydrochloride in the Sample solution (mg/mL)
(IRA 1-Sep-2014)

Acceptance criteria:
NMT 500 ppm (IRA 1-Sep-2014)
Total impurities: The p-chloroaniline peak area of the Sample solution is NMT the pchloroaniline peak area in the Standard solution (NMT 500 ppm).
(IRA 1-Sep-2014)

SPECIFIC TESTS
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• Loss on Drying 731
Analysis: Dry at 105 to constant weight.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Chlorhexidine RS
USP Chlorhexidine Acetate RS
USP Chlorhexidine Related Compounds RS
USP Chlorhexidine System Suitability Mixture RS
The mixture contains chlorhexidine and the following impurities (other impurities may also be
present):
Chlorhexidine oxazinone analog;
(5R,6S)-2-[(4-Chlorophenyl)amino]-5-hydroxy-6-[(1R,2R)-1,2,3-trihydroxypropyl]-5,6dihydro-4H-1,3-oxazin-4-one.
C13 H15 ClN2 O6
330.72
Chlorhexidine amine;
1-(6-Aminohexyl)-5-(4-chlorophenyl)biguanide.
C14 H23 ClN6
310.83
Chlorhexidine guanidine;
1-[6-(Carbamimidoylamino)hexyl]-5-(4-chlorophenyl)biguanide.
C15 H25 ClN8
352.87
Chlorhexidine urea;
N-{[6-({[(4Chlorophenyl)carbamimidoyl]carbamimidoyl}amino)hexyl]carbamimidoyl}urea.
C16 H26 ClN9 O
395.89
p-Chlorophenyl urea;
1-(4-Chlorophenyl)urea.
C7 H7 ClN2 O
170.60
Chlorhexidine nitrile;
1-(4-Chlorophenyl)-5-[6-[(cyanocarbamimidoyl)amino]hexyl]biguanide.
C16 H24 ClN9
377.88
Chlorhexidine dimer;
1,5-Bis[5-(4-chlorophenyl)biguanidylhexyl]biguanide.
C30 H47 Cl2 N15
688.70
o-Chlorhexidine;
1-(2-Chlorophenyl)-5-[6-({[(4chlorophenyl)carbamimidoyl]carbamimidoyl}amino)hexyl]biguanide.
C22 H30 Cl2 N10
505.45
Specified unidentified impurity 2;
Chlorhexidine glucityl triazine;
1-(4-Chlorophenyl)-5-[6-({4-[(4-chlorophenyl)amino]-6-[(1S,2R,3R,4R)-1,2,3,4,5-
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pentahydroxypentyl]-1,3,5-triazin-2-yl}amino)hexyl]biguanide.
C28 H38 Cl2 N10 O5
665.57
Oxochlorhexidine;
N-(4-Chlorophenyl)-N¢-{[6-({[(4chlorophenyl)carbamimidoyl]carbamimidoyl}amino)hexyl]carbamimidoyl}urea.
C22 H29 Cl2 N9 O
506.43 (IRA 1-Sep-2014)
USP p-Chloroaniline RS
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
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For example,
2S (USP 34)

indicates that the proposed revision is slated for the Second Supplement to USP 34,

and
USP35

and

NF30

indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
3 Topical and Transdermal Drug Products—Product Quality Tests, USP 37 page 42,
and Interim Revision Announcement posted at http://www.usp.org/usp-nf/official-text/iras
with an official date of November 1, 2013. On the basis of comments received, the following
revisions are being made to this chapter:
1.

Uniformity of dosage units: Replace single-unit containers with single-dose
containers, and add the example of sachets.
2.
Particle size: Redundant information is being removed.
3.
Crystal formation: Add this test to the chapter.
4.
Specific Tests for Ophthalmic Drug Products: Replace the text with a crossreference to the general chapter Ophthalmic Products—Product Quality Tests 771 .
Minimum Fill: Add this test to the chapter.
Apparent Viscosity: Update the cross-reference to the related USP general chapters.
Uniformity in Containers: Replace the two procedures with one, and include a more
useful way of evaluating the results.
8.
Cold Flow Test: Add this test to the chapter.
9.
Shear Test: Add this test to the chapter.
10.
Static Shear Test: Add this test to the chapter.
5.
6.
7.

Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCDF: M. Marques.)
Correspondence Number—136374

Comment deadline: May 31, 2014
3

TOPICAL AND TRANSDERMAL DRUG PRODUCTS—PRODUCT QUALITY TESTS

Change to read:
INTRODUCTION
Topically applied drug products fall into two general categories: those applied to achieve local
action and those applied to achieve systemic effects after absorption through the skin into the
blood circulation. Local action can occur at or on the surface of the application site (e.g.,
stratum corneum, ocular epithelium), in the underlying tissues (e.g., epidermis and/or dermis),
and on subcutaneous tissues (e.g., muscle or joint).
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Topically applied drug products include but are not restricted to creams, gels, ointments,
pastes, suspensions, lotions, foams, sprays, aerosols, solutions, and transdermal delivery
systems (TDS, also known as patches
1S (USP38)

). The definitions and descriptions of these dosage forms, and brief information on their
composition and/or manufacturing process, can be found in Pharmaceutical Dosage Forms
1151 .
Procedures and acceptable criteria for testing topically applied drug products can be divided
into those that assess general product quality attributes and those that assess product
performance. The product quality attributes include the following: description, identification,
assay (strength), impurities, physicochemical properties, uniformity of dosage units, water
content, pH, apparent viscosity, microbial limits, antimicrobial preservative content, antioxidant
content, sterility (if applicable), and other tests that may be product-specific. Product
performance testing assesses drug release and other attributes that affect drug release from
the finished dosage form.
Although most topically applied drug products are semisolids, liquids, or suspensions, TDS are
physical devices that are applied to the skin and vary in their composition and method of
fabrication. TDS release their active ingredients by different mechanisms. They can be passive
or active. This chapter covers only the tests related to passive TDS.
Change to read:
PRODUCT QUALITY TESTS FOR TOPICALLY APPLIED
TOPICAL AND TRANSDERMAL 1S (USP38)
DRUG PRODUCTS
Universal Tests
Universal tests (see ICH Guidance Q6A—Specifications: Test Procedures and Acceptance
Criteria for New Drug Substances and New Drug Products: Chemical Substances, available at
www.ich.org) are listed as follows and are applicable to all topically applied drug products:
Description—A qualitative description of the drug product should be provided. The acceptance
criteria should include the final acceptable appearance of the finished dosage form and
packaging. A visual examination should identify changes in color, adhesive migration (i.e., cold
flow) for TDS, separations, crystallization, etc., that are specific to the drug product. The
description should specify the content or the label claim of the article. This is not a
compendial test but is part of the manufacturer's specification for the drug product.
Identification—Identification tests are discussed in General Notices and Requirements, 5.40.
Identification tests should establish the identity of the drug or drugs present in the article and
should discriminate between compounds of closely related structures that are likely to be
present. Identity tests should be specific for the drug substance(s) (e.g., infrared
spectroscopy). Near infrared (NIR) or Raman spectrophotometric methods also could be
acceptable for the identification of the drug product (for additional information, see NearInfrared Spectroscopy 1119 and Raman Spectroscopy 1120 ). Identification solely by a
single chromatographic retention time is not specific.
Assay—A specific and stability-indicating test should be used to determine the strength
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(content) of the drug product. In cases when the use of a nonspecific assay (e.g., Titrimetry
541 ) is justified, other supporting analytical procedures should be used to achieve overall
specificity.
Impurities—Process impurities, synthetic byproducts, impurities associated with the adhesive
(e.g., residual monomers), residual solvents (see Residual Solvents

467 ), heavy metals

(see Heavy Metals 231 ), and other inorganic and organic impurities may be present in the
drug substance and excipients used in the manufacture of the drug product and should be
assessed and controlled. Impurities arising from the degradation of the drug substance and
those arising during the manufacturing process of the drug product should also be assessed
and controlled.
Specific Tests
In addition to the universal tests previously listed, the following specific tests should be
considered on a case-by-case basis:
Uniformity of dosage units—This test is applicable for TDS and for dosage forms packaged in
single-unit
-dose 1S (USP38)
containers,
such as sachets 1S (USP38)
(see Uniformity of Dosage Units 905 ).
Water content—A test for water content should be included when appropriate (see Water
Determination 921 ). This test is generally formulation-dependent. Therefore, it is not
included in the compendial drug product monograph but is part of the manufacturer's
specification for the drug product.
Microbial limits—Microbial examination of nonsterile drug products is performed according to
the methods given in general chapters Microbiological Examination of Nonsterile Products:
Microbial Enumeration Tests

61

and Microbiological Examination of Nonsterile Products:

Tests for Specified Microorganisms 62 , unless the formulation itself is demonstrated to
have antimicrobial properties. Acceptance criteria for nonsterile pharmaceutical products
based on total aerobic microbial count (TAMC) and total combined yeasts and molds count
(TYMC) are given in Microbiological Examination of Nonsterile Products: Acceptance Criteria
for Pharmaceutical Preparations and Substances for Pharmaceutical Use 1111 .
Antimicrobial preservative content—Acceptance criteria for antimicrobial preservative content
in multidose products should be established. They should be based on levels of antimicrobial
preservative necessary to maintain the product's microbiological quality at all stages
throughout its proposed usage and shelf life (see Antimicrobial Effectiveness Testing 51 ).
Antioxidant content—If antioxidants are present in the drug product, tests of their content
should be established unless oxidative degradation can be detected by another test method
such as impurity testing. Acceptance criteria for antioxidant content should be established.
They should be based on the levels of antioxidant necessary to maintain the product's
stability at all stages throughout its proposed usage and shelf life.
Sterility—Depending on the use of the dosage form (e.g., ophthalmic preparations, products
that will be applied to open wounds or burned areas), sterility of the product should be
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demonstrated as appropriate (see Sterility Tests 71 ).
pH—When applicable, topically applied drug products should be tested for pH at the time of
batch release and at designated stability time points. for batch-to-batch monitoring.
1S (USP38)

Because some topically applied drug products contain very limited quantities of water or
aqueous phase, pH measurements may not always be warranted. This test is generally
formulation-dependent. Therefore, it is not included in the compendial drug product
monograph but is part of the manufacturer's specification for the drug product.
Particle size—The particle size of the active drug substance(s) in topically applied drug
products is usually determined
established 1S (USP38)
and controlled at the formulation development stage. However, topically applied drug products
should be examined for evidence of particle size alteration (i.e., appearance of particles;
changes in particle form, size, shape, habit, or aggregation) of the active drug substance that
may occur during the course of product processing and storage. Such examinations should be
conducted at the time of batch release and at designated stability test time points. for
batch-to-batch monitoring because changes that are visually (macro- and microscopically)
observable would likely compromise the integrity and/or performance of the drug product.
1S (USP38)

These types of tests are generally formulation-dependent. Therefore, such tests are not
included in compendial monographs but are part of the manufacturer specification for the drug
product.
Crystal formation—When the finished product does not contain a suspended active drug
substance but rather contains a dissolved active drug substance, the product should be
examined for evidence of crystal formation of the active drug substance. Such examinations
should be done microscopically and conducted at the time of batch release and at designated
stability test time points. This test is generally formulation-dependent. Therefore, it is not
included in the compendial drug product monograph but is part of the manufacturer's
specification for the drug product. It is recommended that the potential for the drug product
to form crystals of active drug substance be examined during product development using
stressed conditions. 1S (USP38)
Change to read:
SPECIFIC TESTS FOR OPHTHALMIC DRUG PRODUCTS
Ophthalmic dosage forms must meet the requirements of Sterility Tests 71 . If the specific
ingredients used in the formulation do not lend themselves to routine sterilization techniques,
ingredients that meet the sterility requirements described in 71 , along with aseptic
manufacture, may be used. Multiple-use ophthalmic preparations must contain a suitable
substance or mixture of substances to prevent growth of, or to destroy, microorganisms
accidentally introduced during the use of the product (see Added Substances in Ophthalmic
Ointments 771 ), unless otherwise directed in the individual monograph or unless the formula
itself is bacteriostatic and/or the delivery system promotes bacteriostasis. The finished
ophthalmic preparation must be free from large particles and must meet the requirements for
Leakage and for Metal Particles in

771 . The immediate containers for ophthalmic
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preparations shall be sterile at the time of filling and closing. It is mandatory that the immediate
containers for ophthalmic preparations be sealed and tamper-proof so that sterility is ensured
at the time of first use.
See Ophthalmic Products—Product Quality Tests

771 .

1S (USP38)

Change to read:
SPECIFIC TESTS FOR TOPICALLY APPLIED SEMISOLID DRUG PRODUCTS
Minimum Fill
This test applies only to multiple-dose containers, such as tubes and jars (see Minimum Fill
755 ). For single-dose containers, such as sachets, see chapter Uniformity of Dosage Units
905 .

1S (USP38)

Apparent Viscosity
Viscosity is a measure of a formulation’s resistance to flow and is an assessment of the
rheological properties of the dosage form (e.g., semisolid dosage form). Because only
Newtonian fluids possess a measurable viscosity that is independent of shear rate, semisolid
pharmaceutical dosage forms that are non-Newtonian products exhibit an apparent viscosity.
The apparent viscosity of semisolid drug products should be tested at the time of batch release
and initially at designated stability test time points to set specifications for batch-to-batch and
shelf-life monitoring.
1S (USP38)

Measurement procedures should be developed as outlined in Viscosity—Capillary Viscometer
Methods

911 ,

Viscosity—Rotational Methods 912 , and Viscosity—Rolling Ball Method 913 . 1S (USP38)
For semisolids that show thixotropy and/or irreversible changes in viscosity after shearing,
specific attention should be given to sample preparation procedures to minimize variability in
the measurement of apparent viscosity caused by variable shear histories (e.g., mixing speed
and temperature, filling operation, sample handling). Furthermore, for some products it may be
warranted to have apparent viscosity specifications at more than one set of conditions (e.g.,
bulk in-process stage, final packaged product, high and low shear rates, different
temperatures).
Apparent viscosity specifications based on data obtained during product development and
shelf-life testing should be established for batch release and throughout the proposed shelf life.
An acceptable range for apparent viscosity should be established based on data obtained
during product development and based on statistical assessment of multiple product batches
over the product's shelf life. 1S (USP38)
The apparent viscosity test is formulation- and/or process-dependent. Therefore, it is not
included in compendial drug product monographs but is part of the manufacturer’s specification
for the drug product. Furthermore, the specifications for apparent viscosity of semisolid dosage
forms at batch release and during stability testing may be different. Although the apparent
viscosity of the finished drug product at the time of batch release must conform to the product
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development specifications, for stability testing, the apparent viscosity specifications for the
drug product should be based on statistical assessment of the product over its shelf life.
1S (USP38)

Uniformity in Containers
Topically applied semisolid drug products may show physical separation during manufacturing
processes and during their shelf life. To ensure the integrity of the drug product, it is essential
to evaluate the uniformity of the finished product. at the time of batch release and throughout
its assigned shelf life.
This test applies only to multiple-dose containers, such as tubes and jars. For single-dose
containers, such as sachets, see chapter Uniformity of Dosage Units

905 .

1S (USP38)

PRODUCTS PACKAGED IN TUBES
Within-tube content uniformity can be assessed in the following manner.
Carefully remove or cut off the bottom tube seal and make a vertical cut from the bottom to
the top of the tube. Carefully cut the tube around the upper rim, open the two flaps, and lay
the flaps open to expose the product.
Inspect the product visually for the presence of phase separation, change in physical
appearance and texture, and other properties described in the product test for Description. If
there is no observable phase separation or change in physical appearance and texture, and if
the product meets the Description acceptance criteria, proceed as described in the following
sections. If the product exhibits phase separation and/or change in physical appearance or
texture, the product fails the tube content uniformity test.
The procedures described as follows can be modified depending on the sensitivity of the
quantitative procedure used to
determine the amount of (IRA 1-Nov-2013)
the drug substance(s) present in the formulation.
For multiple-dose products that contain 5 g or more
Procedure 1
1. Using a single tube, after visually inspecting the product, remove an appropriate amount
of product from the top, middle, and bottom portions of the tube. The sample size
should be sufficient for at least one
quantitative determination of the active ingredient(s). Determine the amount of the
active ingredient(s) in each portion of the product using any appropriate validated
quantitative procedure, (IRA 1-Nov-2013)
and evaluate the test results using Acceptance criteria A.
2. If the product fails Acceptance criteria A, test three additional tubes from the same
batch following step 1 described above, and evaluate all 12 test results using
Acceptance criteria B.
Procedure 2
1. Using two tubes, after visually inspecting the product, remove an appropriate amount of
product from the top, middle, and bottom portions of each tube. The sample size should
be sufficient for at least one
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quantitative determination of the active ingredient(s). Determine the amount of the
active ingredient(s) in each portion of the tube using any appropriate validated
quantitative procedure, (IRA 1-Nov-2013)
and evaluate the test results using Acceptance criteria A.
2. If the product fails Acceptance criteria A, test two additional tubes from the same
batch following step 1 described above, and evaluate all 12 test results using
Acceptance criteria B.
For multiple-dose products that contain less than 5 g of product
1. Test the top and bottom portions of two tubes using Procedure 1 or Procedure 2 as
described above. Evaluate the test results using Acceptance criteria A.
2. If the product fails Acceptance criteria A, test two additional tubes from the same
batch following step 1 described above, and evaluate all eight test results using
Acceptance criteria B.
Tube (container) content uniformity test acceptance criteria: In determining the relative
standard deviation (RSD) from multiple tubes, first determine the variance from the three
measurements for each tube and average across the tubes. The RSD is calculated using this
average variance.
Acceptance criteria A—
All results are within the product assay range, (IRA 1-Nov-2013)
and the RSD is NMT 6% or as specified in the product specification or in the compendial
monograph. If the RSD is greater than 6%, use Acceptance Criteria B.
Acceptance criteria B—
All results are within the product assay range, (IRA 1-Nov-2013)
and the RSD of the 12 assay results is NMT 6% or as specified in the product specification or in
the compendial monograph.
Visual uniformity: Carefully remove or cut off the bottom tube seal and make a vertical cut
from the bottom to the top of the tube. Carefully cut the tube around the upper rim, open the
two flaps, and lay the flaps open to expose the product. Repeat this procedure for a total of
three tubes.
Inspect the product visually for the presence of phase separation, change in physical
appearance and texture (e.g., color change, crystallization, lumping) and other properties
described in the product specification for Description. If there is no observable phase
separation or significant change in physical appearance and texture, and if the product meets
the Description criteria, the product passes the test. If the product exhibits phase separation
and significant change in physical appearance or texture, the product fails the test.
Uniformity of active ingredient(s): The procedures described as follows can be modified
depending on the sensitivity of the quantitative procedure used to determine the amount of the
drug substance(s) present in the formulation.
For multiple-dose tubes that contain 5 g or more of product
Stage 1
1. Using three tubes, after performing the test for Visual uniformity remove an appropriate
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amount of the product from the top (i.e., cap end), middle and bottom (i.e., seal end)
portions of the tube. The sample size should be sufficient for at least one quantitative
determination of the active ingredient(s).
2. Determine the amount of the active ingredient(s) in each portion of the product using
any appropriate validated quantitative procedure, and evaluate the test results from
the three tubes using the Stage 1 Acceptance Criteria.
3. The Stage 1 Acceptance Criteria are met if:
None of the nine results (i.e., three each from three tubes) are outside of the
product assay range by ±5.0% (e.g., if the product assay range is 90.0%–
120.0%, the range will be 85.0%–125.0%), and
The maximum difference in the amount of active ingredient(s) determined within
each tube, for each of the three tubes tested, is NMT 10.0%. For example, if
the three measurements within a tube are 87.0%, 95.2%, and 89.7%, the
maximum difference would be 8.2% (i.e., 95.2% 87.0% = 8.2%).
4. Proceed to Stage 2 testing if NMT one of the nine test results is outside of the product
assay range by ±5.0%, and none are outside the product assay range by ±15.0%, and
the maximum difference of the amount of active ingredient(s) measured within each
tube is NMT 15.0%.
Stage 2
1. Test an additional seven tubes for Visual uniformity and Uniformity of active
ingredient(s) for a total of three samples from 10 tubes.
2. The Stage 2 Acceptance Criteria are met if:
The Visual uniformity test is met for all tubes; and
29 of 30 test results are within the product assay range by ±5.0%, and none
are outside of the product assay range by ±15.0%; and
The maximum difference of the amount of active ingredient(s) measured within
each tube, for each of the 10 tubes tested, is NMT 15.0%.
For multiple-dose tubes that contain less than 5 g of product
Stage 1
1. Using three tubes, after performing the test for Visual uniformity remove an appropriate
amount of product from the top (i.e., cap end) and bottom (i.e., seal end) portions of
the tube. The sample size should be sufficient for at least one quantitative
determination of the active ingredient(s).
2. Determine the amount of the active ingredient(s) in each portion of the product using
any appropriate validated quantitative procedure, and evaluate the test results from
the three tubes using the Stage 1 Acceptance Criteria.
3. The Stage 1 Acceptance Criteria are met if:
None of the six test results (i.e., two each from three tubes) are outside of the
product assay range by ±5.0% (e.g., if the product assay range is 90.0%–
120.0%, the product assay range ±5% is 85.0%–125.0%), and
The difference between the amount of active ingredient(s) determined for the
two samples within each tube, for each of the three tubes tested is NMT 10.0%.
For example, if the two measurements within a tube were 95.2% and 89.7%, the
difference would be 5.5%.
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4. Proceed to Stage 2 testing if NMT one of the six tests results is outside of the product
assay range by ±5.0%, and none are outside of the product assay range by ±15.0%,
and the maximum difference of the amount of active ingredient(s) measured within each
tube is NMT 15.0%.
Stage 2
1. Test an additional seven tubes for Visual uniformity and Uniformity of active
ingredient(s) for a total of two samples each from 10 tubes.
2. The Stage 2 Acceptance Criteria are met if:
The Visual uniformity test is met for all tubes; and
19 of 20 test results are within the product assay range by ±5.0%, and none
are outside of the product assay range by ±15.0%; and
The difference between the amount of active ingredient(s) determined for the
two samples within each tube, for each of the 10 tubes tested, is NMT 15.0%.
1S (USP38)

PRODUCTS PACKAGED IN CONTAINERS OTHER THAN TUBES
For semisolid products packaged in a container other than a tube when the sampling method
presented previously cannot be used, other sampling methods are acceptable, such as the
following one described for a jar.
1. Select a suitable syringe of sufficient length to extend to the bottom of the container.
2. Remove and set aside the syringe plunger, and cut off the bottom of the syringe barrel.
Sampling should take place from a location to the left/right of the mid-line of the jar
surface to preserve an undisturbed region on the other side for any additional
investigation (see Figure 1).
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Figure 1. Sampling from a jar container.
3. Slowly push the syringe barrel into the container until it reaches the bottom. Then twist
the syringe barrel containing the sample core, and remove the syringe from the
container.
4. Insert the syringe plunger into the barrel, and carefully extrude the sample core onto a
clean surface in three equal portions to represent the top, middle, and bottom portions
of the container.
5. Remove an appropriate sample representative of the middle section of the top, middle,
and bottom portions of the container samples, and test according to the instructions
outlined in Products Packaged in Tubes.
Change to read:
SPECIFIC TESTS FOR TRANSDERMAL DELIVERY SYSTEMS
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TDS or patches
Transdermal Delivery Systems (TDS) 1S (USP38)
are formulated with an adhesive layer to ensure intimate contact with the skin to allow the
delivery of the desired dose of drug. Adhesives in TDS must permit easy removal of the release
liner before use, adhere properly to human skin upon application, maintain adhesion to the skin
during the prescribed period of use, and permit easy removal of the TDS at the end of use
without leaving a residue or causing damage to the skin or other undesirable effect(s).
Additionally, adhesives must be able to maintain the performance of the TDS throughout the
shelf life of the drug product.
Three types of TDS adhesion tests are generally used: peel adhesion test (from a standard
substrate), release liner peel test, and tack test.
Acceptance criteria are product-specific and defined to assure that adhesion of each batch of
TDS is within the range defined by the product design and is consistent between batches
based on the product development specifications or
and 1S (USP38)
statistical assessment of multiple product batches over the product's shelf life.
Peel Adhesion Test
This test measures the force required to remove (peel away) a TDS attached to a standard
substrate surface (e.g., polished stainless steel). The TDS is applied to the substrate using
specified techniques for application and is conditioned at a specified temperature and time.
Then the TDS is peeled away from the substrate with an instrument that allows control of peel
angle (e.g., 90 or 180 ) and peel rate (e.g., 300 mm/min), and the peel force is recorded. This
procedure is repeated using a minimum of five independent samples. The product fails the test
if the mean peel force is outside the acceptable range determined during product development
and/or
1S (USP38)

based on statistical assessment of multiple product batches over the product's shelf life.
Release Liner Peel Test
This test measures the force required to separate the release liner from the adhesive layer of
the TDS. The test is performed with a finished product sample. The test sample is conditioned
using specific procedures (temperature and time). Then the release liner is pulled away from
the TDS with an instrument that allows for control of peel angle (e.g., 90 or 180 ) and peel
rate, and the peel force is recorded. This procedure is repeated using a minimum of five
independent samples. The product fails the test if the mean peel force is outside the
acceptable range determined during product development and/or
1S (USP38)

based on statistical assessment of multiple product batches over the product's shelf life.
Tack Test
Several methods of tack tests have been developed. Examples include the Probe Tack Method
and the Rolling Ball Method. It is up to the TDS manufacturer to decide which one is more
appropriate for each drug product.
PROBE TACK METHOD
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This test measures the force required to separate the tip of the test probe from the adhesive
layer of the TDS. This test uses an instrument designed to create a bond between the tip of
the stainless steel test probe (of defined geometry) and the TDS using a controlled force (light
pressure) and specified test conditions (i.e., rate, contact time, contact pressure,
temperature). Then while controlling the rate of probe removal, the test measures the profile of
force required to separate the probe tip from the TDS and the maximum force required to break
the bond (tack). This procedure is repeated using a minimum of five independent samples. The
product fails the test if the mean test result (force profile(s) and/or tack) is outside the
acceptable range determined during product development and/or
1S (USP38)

based on statistical assessment of multiple product batches over the product's shelf life.
ROLLING BALL METHOD
This test measures the distance traveled by a defined ball on the adhesive layer of the TDS
under defined conditions, as a parameter dependent on the tack properties of the adhesive
layer. This test uses a setup designed to roll a ball (with defined material, weight, size, and
surface) from a ramp (with defined angle and length) onto the adhesive layer (with defined
orientation) under specified test conditions (temperature) (see ASTM D3121 for more details).
The distance traveled by the ball on the adhesive layer is measured using a suitable measuring
device. This procedure is repeated using a minimum of five independent samples. The product
fails the test if the mean distance traveled is outside the acceptable range determined during
product development and/or based on statistical assessment of multiple product batches over
the product's shelf life.
Cold Flow Test
Cold flow is the migration of adhesive matrix beyond the edge of the TDS backing that may
occur during the course of product processing and storage. Cold flow is an inherent property of
transdermal systems due to the use of pressure-sensitive adhesives that flow when force is
applied (i.e., if the adhesive matrix did not flow, the TDS would not stick). The magnitude of
the cold flow is generally dependent on the product formulation, storage conditions, and
storage time. Cold flow can be quantitatively measured as an amount (i.e., the region of cold
flow can be carefully isolated from the transdermal system and weighed or assayed), an area
(i.e., the region of cold flow can be imaged, with suitable magnification, and the area of the
cold flow measured using image analysis software), or, most commonly, as a distance (i.e., the
distance the adhesive has migrated beyond the edge of the TDS backing, typically NMT a few
millimeters, can be measured with suitable magnification; this method is described in further
detail below).
Assessing cold flow through a combination of qualitative and quantitative methods may be
needed. The method(s) chosen to assess cold flow must demonstrate discerning capabilities
and be scientifically justified throughout the shelf life of the drug product.
DISTANCE METHOD
Samples to be tested should be carefully handled so as not to disturb the cold flow (if present).
If the TDS to be tested is not adhered to the pouching material, carefully remove the TDS
without disturbing the cold flow. If the TDS to be tested is adhered to the pouching materials,
carefully cut around the perimeter of the pouch so that all edges of the pouch are open. Then
carefully peel the front and back of the pouch apart, exposing the TDS, which may be adhered
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to the inside of the front or back pouch film. A minimum of three TDS should be prepared for
testing.
With the aid of magnification (~20–100×) and appropriate lighting, a measurement of the
distance the adhesive matrix has migrated beyond the edge of the TDS backing should be
taken. A minimum of four measurements should be taken from each TDS. The positions on the
TDS where the measurements are to be taken should be evenly spaced and predefined. For
example, with the TDS oriented with the printing, measurements could be taken at the 3:00,
6:00, 9:00, and 12:00 positions. Measurements may be taken with the use of a graduated eye
piece, through the use of a camera with suitable software, or other appropriate approach.
The product fails if the overall average measured cold flow is outside the acceptable range
determined during product development and based on statistical assessment of multiple product
batches over the product's shelf life.
Note that the test for cold flow provides a direct measure of the cohesive properties of the
adhesive matrix, which is a quality attribute that is correlated to shear. Although the shear test
has some value during product development as a rudimentary predictor of the potential for cold
flow, with the inclusion of cold flow as a product quality test, shear is not recommended as a
test to control the quality of the finished product.
Shear Test
The shear test measures the cohesive strength of a TDS. It can be measured under either
static (this method is described in further detail below) or dynamic conditions. Shear testing
may not be feasible for all TDS; the presence of multiple layers of adhesive in the system, the
presence of a membrane or scrim, or the use of an emulsion adhesive system may result in the
inability to achieve cohesive failure. TDS that are constructed with a peripheral adhesive ring or
form-fill-seal TDS may not be suitable for this test.
Static Shear Test
For the static shear test, the time required to remove a standard area of the TDS from the
substrate (i.e. stainless steel test panel) under a standard load (e.g. 250 g) is measured. The
TDS is applied to a test panel that is at an angle 2 from the vertical, and the sample is
subjected to a shearing force by means of a given weight suspended from the TDS. The test
apparatus holds the test panels at 2 from vertical to assure that the TDS will not experience
peeling action when the weight is attached. Dwell time, weight used, type of test panel, mode
of failure and sample size should be noted; the time taken for the TDS sample to detach from
the test panel is reported. This procedure is repeated using a minimum of five independent
samples yielding valid results (see below). The product fails the test if the mean shear force is
outside the acceptable range determined during product development and based on statistical
assessment of multiple product batches over the product's shelf life.
Determination of the validity of static shear test: Cohesion is the preferred failure mode for the
static shear test. Cohesive failure is indicated when adhesive is left on the TDS and on the
stainless steel test panel. In contrast, an adhesive failure occurs when (1) the TDS strips
cleanly from the stainless steel panel leaving no visible adhesive on the stainless steel panel,
(2) the adhesive transfers to the stainless steel test panel leaving no adhesive on the TDS, or
(3) the TDS delaminates at an interface (e.g. between a membrane and an adhesive layer, or
between the two different adhesive layers of a bilayer product). If adhesive failure is indicated,
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the sample test is invalid. In addition, if the TDS breaks or tears before detaching from the
stainless steel test panel or the TDS slides out of the clamp before detaching from the stainless
steel test panel, or the hanging weight does not hang freely, the sample test is invalid.
1S (USP38)

Leak Test
This test is applicable only for form-fill-seal (reservoir or pouched)-type TDS. Form-fill-seal TDS
must be manufactured with zero tolerance for leaks because of their potential for dose dumping
if leaking occurs.
In-process control methods to examine TDS for leakers or potential leakers are needed and
require considerable development on the part of TDS manufacturers.
IN-PROCESS TESTING
During the manufacturing process, the presence of leakage (or potential for leakage) because
of TDS perforation, cuts, and faulty seals resulting from failures such as air bubbles, gel splash,
or misalignment of a TDS's backing and release liner layers, must be examined. Unless
automated process analytical technology is implemented, in-process testing to identify these
defects should be performed using the following test procedures.
Visual inspection
1. A specified number of TDS, defined on the basis of batch size, should be randomly
examined.
2. Each sampled TDS should be thoroughly visually inspected for leakage.
3. The product fails if any of the TDS examined are detected with a leak.
Seal integrity: Transdermal system seals should be stress tested to ensure that the
application of pressure does not force seals to open, thereby leading to leakage.
1. A specified number of TDS, defined on the basis of batch size, should be randomly
examined.
2. Each sampled TDS should be thoroughly visually inspected for leakage.
3. Each sampled TDS is placed on a hard, flat surface and overlaid with a weight so that it
is subjected to 13.6 kg. The weight should be left in place for 2 min. Upon removal of
the weight, the TDS should be visually inspected for leakage.
4. The product fails if the number of TDS detected with a leak is greater than the
acceptable limit established by the manufacturer.
Packaged product testing: TDS may leak after they have been individually placed in the
primary packaging material as a result of the packaging operation itself or by user opening of
the packaging. Therefore, TDS should be tested for leakage after they have been
manufactured and packaged in their primary packaging material.
1. A specified number of TDS, defined on the basis of batch size, should be randomly
tested after they have been placed in their primary packaging material.
2. The sampled TDS should be removed from their packaging and thoroughly visually
inspected for leakage.
3. Each sampled TDS should then be uniformly wiped with a solvent-moistened swab. Both
the backing side and the release liner side of the TDS should be wiped. The inside
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surface of the pouch should also be wiped. The swab(s) is (are) then extracted and
assayed for the drug.
4. The product fails if the total amount of drug from the TDS, and the corresponding
pouch, exceed the acceptable limit established by the manufacturer.
BRIEFING
232 Elemental Impurities—Limits, USP 37 page 162. The proposed revisions to this
chapter convey USP's review of and subsequent partial alignment with the International
Conference on Harmonization (ICH) Q3D Step 2 limits. USP's proposed limits reflect a review of
published toxicological data and studies, as well as expert review by toxicologists serving on
the Elemental Impurities Expert Panel. This expert review has continued over time (see
Standards-Setting Record) to adjust the limits in

232

to accommodate ICH decision making.

Despite this consideration, some divergence remains, as reflected in the tables provided in
232 . USP has notified ICH via a comment letter on the Q3D Step 2 document of these
divergences (available at http://www.usp.org/usp-nf/key-issues/elemental-impurities). The
General Chapters Chemical Analysis Expert Committee encourages comments only on the
highlighted text in the proposed revision to

232 . Comments made to other sections of

232

will be considered for future revisions. Following review of public comments on the highlighted
text, USP expects the revisions to 232 (and Elemental Impurities—Procedures 233 ,
published elsewhere in this issue of PF) to become official on August 1, 2015. As approved by
the USP Council of Experts in December 2013, the General Notices provision making 232
applicable to USP–NF drug product monographs, section 5.60.30, will have an official date of
December 1, 2015. This date reflects a delay of approximately 18 months from the date
originally proposed in PF 39(1) [Jan.–Feb. 2013], which was deferred pending further
deliberations by the Council at its September 2013 meeting. As part of the implementation of
232 (and 233 ), USP will remove all references to general chapter Heavy Metals 231
from monographs and general chapters in the USP–NF through its omission process. This
omission is also scheduled for December 1, 2015, to align with the date of applicability of

232

(and Elemental Contaminants in Dietary Supplements 2232 ) under the General Notices
provision. USP maintains a web page that provides further information on this important
standard available at http://www.usp.org/usp-nf/key-issues/elemental-impurities.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCCA: K. Zaidi.)
Correspondence Number—C139067

Comment deadline: May 31, 2014
232
Official February 1, 2013
Change to read:

ELEMENTAL IMPURITIES—LIMITS
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INTRODUCTION
This general chapter specifies limits for the amounts of elemental impurities in drug products.
Elemental impurities include catalysts and environmental contaminants that may be present in
drug substances, excipients, or drug products. These impurities may occur naturally, be added
intentionally, or be introduced inadvertently (e.g., by interactions with processing equipment
and the container closure system). 1S (USP38)
When elemental impurities are known to be present, have been added, or have the potential for
introduction, assurance of compliance to the specified levels is required. A risk-based control
strategy may be appropriate when analysts determine how to assure compliance with this
standard. Due to the ubiquitous nature of arsenic, cadmium, lead, and mercury, they (at the
minimum) must be considered in the risk-based control strategy. Regardless of the approach
used, compliance with the limits specified is required for all drug products
unless otherwise specified in an individual monograph or excluded in paragraph three of this
introduction. 1S (USP38)
The limits presented in this chapter do not apply to excipients and drug substances, except
where specified in this chapter or in the individual monographs. However, elemental impurity
levels present in drug substances and excipients must be known, and reported
documented, and made available upon request. 1S (USP38)
The limits indicated in this chapter are not required for articles intended only for veterinary use
and conventional vaccines.
Requirements listed in this chapter also do not apply to total parenteral nutritions (TPNs) and
dialysates. 1S (USP38)
Dietary supplements and their ingredients are addressed in Elemental Contaminants in Dietary
Supplements

2232 .
SPECIATION

The determination of the oxidation state, organic complex, or combination is termed speciation.
Each of the elemental impurities has the potential to be present in differing oxidation or
complexation states. However, arsenic and mercury are of particular concern because of the
differing toxicities of their inorganic and complexed organic forms.
The arsenic limits are based on the inorganic (most toxic) form. Arsenic can be measured using
a total-arsenic procedure under the assumption that all arsenic contained in the material under
test is in the inorganic form. Where the limit is exceeded using a total-arsenic procedure, it
may be possible to show via a procedure that quantifies the different forms that the inorganic
form meets the specification.
The mercury limits are based upon the inorganic (2+) oxidation state. The methyl mercury form
(most toxic) is rarely an issue for pharmaceuticals. Thus, the limit was established assuming the
most common (mercuric) inorganic form. Limits for articles that have the potential to contain
methyl mercury (e.g., materials derived from fish) are to be provided in the monograph.
Change to read:
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ROUTES OF EXPOSURE
The toxicity of an elemental impurity is related to its extent of exposure (bioavailability). The
extent of exposure has been determined for each of the elemental impurities of interest for
three routes of administration: oral, parenteral, and inhalational. These limits are based on
chronic exposure. The other two routes of administration, mucosal and topical, are considered
to be the same as oral for the purpose of this standard, and the PDEs described in would apply
to these productsTable 1.
To account for the potential application of topical products to injured or broken skin, topical
product permissible daily exposures (PDEs) will be the same as oral Table 1, except as indicated
in the individual monograph. Mucosal will also use oral PDEs, except where otherwise stated in
the individual monograph. 1S (USP38)
[Note—The routes of administration of drug products are defined in general chapter
Pharmaceutical Dosage Forms

1151 .]

Change to read:
DRUG PRODUCTS
The limits described in the second through fourth columns of Table 1 are the base daily dose
PDEs of the elemental impurities of interest for a drug product taken by the patient according
to indicated routes of administration. Parenterals with an intended maximum dose of greater
than 10 mL and NMT 100 mL must use the Summation Option.
Large-Volume Parenterals
When the daily dose of an injection is greater than 100 mL [large-volume parenteral (LVP)], the
amount of elemental impurities present in the drug product must
may 1S (USP38)
be controlled through the individual components used to produce the product
component option. 1S (USP38)
The amounts of elemental impurities present in each component used in an LVP are less than
the values included in the fifth column of Table 1.

Element
Cadmium
Lead
Inorganic
arsenic b
Inorganic
mercuryb
Iridium
Osmium

Table 1. Elemental Impurities for Drug Products
Parenteral
Inhalational
Oral Daily
Daily
Daily
Dose PDEa
Dose PDE
Dose PDE
(µg/day)
(µg/day)
(µg/day)
25
1.5
5.0 1S (USP38)
2.5
3.4 1S (USP38)
5
5
5
5.0 1S (USP38)
5.0 1S (USP38)
5.0 1S (USP38)
1.5
1.5
1.5
15 1S (USP38)
15 1S (USP38)
1.9 1S (USP38)
1.5
15
1.5
1.2 1S (USP38)
100
10
1.5
100
10
1.5

LVP
Component
Limit
(µg/g)
0.25
0.5
0.15
1.5

1S (USP38)

0.15
1.0
1.0
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1.5
Palladium
Platinum
Rhodium
Ruthenium

100
100
100
100

10
10
10
10

Chromium

—c

—c

Molybdenum
Nickel
Vanadium

100
180

1.0

1.5
1.5
1.5
25
2.9

1S (USP38)

7.6

1S (USP38)

10

1S (USP38)

500
600
100
120

1S (USP38)

60

1S (USP38)

12

1S (USP38)

1.0
9.0

1.5
6.0

1S (USP38)

1.2

1S (USP38)

10

1S (USP38)

—c

10

90

50

1S (USP38)

1.0
1.0
1.0
1.0

1S (USP38)

1S (USP38)

5.0
6.0

30

1S (USP38)

1.0
1.2

1S (USP38)

1000
1300

100
100
10
Copper
130
13
13
1S
(USP38)
1S
(USP38)
1S
(USP38)
1S (USP38)
a PDE = Permissible daily exposure based on a 50-kg person.
The weight adjustment assumes an arbitrary adult human body weight for either sex of 50
kilograms (kg). This relatively low weight provides an additional safety factor against the
standard weights of 60 or 70 kg that are often used in this type of calculation. It is recognized
that some adult patients weigh less than 50 kg; these patients are considered to be
accommodated by the built-in safety factors used to determine a PDE. If the metal was
present in a formulation specifically intended for pediatric use, an adjustment for a lower body
weight would be appropriate. 1S (USP38)
b See Speciation section.
c Not a safety concern.
Will be included in a future informational chapter. 1S (USP38)
Options for Demonstrating Compliance
DRUG PRODUCT ANALYSIS OPTION
The results obtained from the analysis of a typical dosage unit, scaled to a maximum daily
dose, are compared to the Daily Dose PDE.
Daily Dose PDE

measured value (µg/g) × maximum daily dose (g/day)

The measured amount of each impurity is NMT the Daily Dose PDE, unless otherwise stated in
the individual monograph.
SUMMATION OPTION
Separately add the amounts of each elemental impurity (in µg/g) present in each of the
components of the drug product:
Daily Dose PDE

[SM1(CM × WM)] × DD

M = each ingredient used to manufacture a dosage unit
CM = element concentration in component (drug substance or excipient) (µg/g)
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WM = weight of component in a dosage unit (g/dosage unit)
DD = number of units in the maximum daily dose (unit/day)
The result of the summation of each impurity is NMT the Daily Dose PDE, unless otherwise
stated in the individual monograph. Before products can be evaluated using this option,
the manufacturer must ensure (ERR 1-O ct-2013)
that additional elemental impurities cannot be inadvertently added through the manufacturing
process
or via the container closure system over the shelf life of the product. 1S (USP38)
INDIVIDUAL COMPONENT OPTION
The Individual Component Option is available to LVP products only. An LVP may meet the
requirements when each drug substance and excipient meets the limits provided in the LVP
Component Limit column (Table 1). If all drug substances and excipients in a formulation meet
the limits shown, then these components may be used in any proportion. No further calculation
is necessary. While elemental impurities derived from the manufacturing process or the
container closure system are not specifically provided for in the Individual Component Option, it
is expected that the drug product manufacturer will ensure that these sources do not
contribute significantly to the total content of elemental impurities. 1S (USP38)
Change to read:
DRUG SUBSTANCE AND EXCIPIENTS
The presence
concentration 1S (USP38)
of elemental impurities in drug substances and excipients must be controlled and, where
present, reported
documented. 1S (USP38)
The acceptable levels for these impurities depend on the material's ultimate use. Therefore,
drug product manufacturers must determine the acceptable level of elemental impurities in the
drug substances and excipients used to produce their products.
The values provided in Table 2 represent concentration limits for components (drug substances
and excipients) of drug products dosed at a maximum daily dose of 10 g/day. These values
serve as default concentration limits to aid discussions between drug product manufacturers
and the suppliers of the components of their drug products. [Note—Individual components may
need to be limited at levels different from those in the table depending on monograph-specific
mitigating factors.]
Table 2. Default Concentration Limits for Drug Substances and Excipients
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Element
Cadmium
Lead
Inorganic arsenic
Inorganic
mercury
Iridium
Osmium

71

Concentration
Limits
(µg/g) for
Oral Drug
Products with a
Maximum
Daily Dose
of 10 g/day
2.5
0.5 1S (USP38)
0.5
0.15
1.5 1S (USP38)

Concentration
Limits
(µg/g) for
Parenteral
Drug Products with
a
Maximum
Daily Dose
of 10 g/day
0.25
0.5
0.15
1.5

1S (USP38)

1.5
10
10

0.15
1.0
1.0

Palladium
Platinum
Rhodium
Ruthenium

10
10
10
10

1.0
1.0
1.0
1.0

Chromium

—a

—a

10
Molybdenum

18

1.0

1S (USP38)

9.0

50
Nickel

60

5.0

1S (USP38)

6.0

10
Vanadium

12

1S (USP38)
1S (USP38)

1.0

1S (USP38)

1.2

1S (USP38)

100

10
Copper
130 1S (USP38)
13 1S (USP38)
a Not a safety concern.
Will be included in a future informational chapter. 1S (USP38)

Concentration
Limits
(µg/g) for
Inhalational
Drug Products with
a
Maximum
Daily Dose
of 10 g/day
0.15
0.34 1S (USP38)
0.5
0.15
0.19 1S (USP38)
0.15
0.12 1S (USP38)
0.15
0.15
0.15
0.1 1S (USP38)
0.15
0.15
0.15
2.5
0.29 1S (USP38)
1.0
0.76 1S (USP38)
0.15
0.60 1S (USP38)
3.0
0.12 1S (USP38)
10
1.3 1S (USP38)

Change to read:
ANALYTICAL TESTING
If, by process monitoring and supply-chain control, (ERR 1-O ct-2013)
manufacturers can demonstrate the absence of impurities, then further testing is
may 1S (USP38)
not be needed. When testing is done to demonstrate compliance, proceed as directed in
general chapter Elemental Impurities—Procedures 233 and minimally include arsenic,
cadmium, lead, and mercury in the Target Element evaluation.
BRIEFING
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233 Elemental Impurities—Procedures, USP 37 page 164. On the basis of comments
received, this general test chapter, Elemental Impurities—Procedures 233 , is being revised
for clarity. Proposed changes include a revision to the Sample Preparation section to allow an
additional sample preparation option. The General Chapters Chemical Analysis Expert Committee
encourages comments on the highlighted text in the proposed revision to 233 only.
Comments made to other sections of the current chapter will be considered for future revisions
of the chapter. For other important information, please also see the Briefing under general
chapter Elemental Impurities—Limits 232 which appears elsewhere in this issue of PF. USP
maintains a web page that provides further information on this important standard, available at
http://www.usp.org/usp-nf/key-issues/elemental-impurities.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCCA: K. Zaidi.)
Correspondence Number—C140098

Comment deadline: May 31, 2014
233

ELEMENTAL IMPURITIES—PROCEDURES

Official February 1, 2013
Change to read:
INTRODUCTION
This chapter describes two analytical procedures (Procedures 1 and 2) for the evaluation of
the levels of the elemental impurities. The chapter also describes criteria for acceptable
alternative procedures. Alternative procedures that meet the validation requirements described
herein may be considered equivalent to Procedures 1 and 2 for the purposes of this test. In
addition, system standardization and suitability evaluation using applicable reference materials
should be performed on the day of analysis. The requirement for an elemental impurity test is
specified in General Notices and Requirements or in the individual monograph.
1S (USP38)

By means of verification
validation 1S (USP38)
studies, analysts will confirm that the analytical procedures described herein, as well as
alternative analytical procedures,
1S (USP38)

are suitable for use on specified material.
Use of Alternative Procedures
The chapter also describes criteria for acceptable alternative procedures. Alternative
procedures that meet the validation requirements herein may be used in accordance with
General Notices and Requirements 6.30, Alternative and Harmonized Methods and Procedures.
Information on the Requirements for Alternative Procedure Validation is provided later in this
chapter. 1S (USP38)
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Speciation
The determination of the oxidation state, organic complex, or combination is termed speciation.
Analytical procedures for speciation are not included in this chapter, but examples may be
found elsewhere in USP–NF and in the literature.
Change to read:
COMPENDIAL PROCEDURES 1 AND 2
System standardization and suitability evaluation using applicable reference materials should
be performed on the day of analysis. 1S (USP38)
Procedure and Detection Technique
Procedure 1 can be used for elemental impurities generally amenable to detection by inductively
coupled plasma–atomic (optical) emission spectroscopy (ICP–AES or ICP–OES). Procedure 2
can be used for elemental impurities generally amenable to detection by ICP–MS. Before initial
use, the analyst should verify that the procedure is appropriate for the instrument and sample
used (procedural verification) by meeting the Alternative Procedure Validation requirements
below.
Sample Preparation
Forms of sample preparation include Neat, Direct aqueous solution, Direct organic solution, and
Indirect solution. The selection of the appropriate sample preparation depends on the material
under test and is the responsibility of the analyst. When a sample preparation is not indicated
in the monograph, an analyst may use any of the following appropriately verified preparation
procedures. In cases where spiking of a material under test is necessary to provide an
acceptable signal intensity, the blank should be spiked with the same Target elements, and
where possible, using the same spiking solution. Standard solutions may contain multiple Target
elements. [Note—All liquid samples should be weighed.]
Neat: Used for liquids or alternative procedures that allow the examination of unsolvated
samples.
Direct aqueous solution: Used when the sample is soluble in an aqueous solvent.
Direct organic solution: Used where the sample is soluble in an organic solvent.
Indirect solution: Used when a material is not directly soluble in aqueous or organic solvents.
Total metal extraction is the preferred sample preparation approach to obtain an indirect
solution. 1S (USP38)
Digest the sample using a
the 1S (USP38)
Closed vessel digestion procedure
provided below or one 1S (USP38)
similar to the procedure provided below
it. 1S (USP38)
The sample preparation scheme should yield sufficient sample to allow quantification of each
element at the limit specified in the corresponding monograph or chapter.
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Closed vessel digestion: This sample preparation procedure is designed for samples that must
be digested in a Concentrated acid using a closed vessel digestion apparatus. Closed vessel
digestion minimizes the loss of volatile impurities. The choice of a Concentrated acid depends
on the sample matrix. The use of any of the Concentrated acids may be appropriate, but each
introduces inherent safety risks. Therefore, appropriate safety precautions should be used at all
times. [Note—Weights and volumes provided may be adjusted to meet the requirements of the
digestion apparatus used.]
An example procedure that has been shown to have broad applicability is the following.
Dehydrate and predigest 0.5 g of primary sample in 5 mL of freshly prepared Concentrated acid.
Allow to sit loosely covered for 30 min in a fume hood. Add an additional 10 mL of Concentrated
acid, and digest, using a closed vessel technique, until digestion or extraction is complete.
Repeat, if necessary, by adding an additional 5 mL of Concentrated acid. [Note—Where closed
vessel digestion is necessary, follow the manufacturer’s recommended procedures to ensure
safe use.]
Alternatively, leachate extraction may be appropriate with justification following scientifically
validated metal disposition studies, which may include animal studies, speciation, or other
means of studying disposition of the specific metal in the drug product.
1S (USP38)

Reagents: All reagents used for the preparation of sample and standard solutions should be
free of elemental impurities, in accordance with general chapter Plasma Spectrochemistry
730 .
Procedure 1: ICP–AES
Standardization solution 1: 2J of the Target element(s) in a Matched matrix
Standardization solution 2: 0.5J of the Target element(s) in a Matched matrix
Sample stock solution: Proceed as directed in Sample Preparation above. Allow the sample to
cool, if necessary. For mercury determination, add an appropriate stabilizer.
Sample solution: Dilute the Sample stock solution with an appropriate solvent to obtain a final
concentration of the Target elements at NMT 2J.
Blank: Matched matrix
Elemental spectrometric system
(See Plasma Spectrochemistry

730 .)

Mode: ICP
Detector: Optical detection system
Rinse: Diluent used
Standardization: Standardization solution 1, Standardization solution 2, and Blank
System suitability
Sample: Standardization solution 1
Suitability requirements
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Drift: Compare results obtained from Standardization solution 1 before and after the analysis of
the Sample solutions.
Suitability criteria: NMT 20% for each Target element. [Note—If samples are high in mineral
content, rinse system well (60 s) before introducing the Sample in order to minimize carryover.]
Analysis: Analyze according to the manufacturer's suggestions for program and wavelength.
Calculate and report results on the basis of the original sample size. [Note—Appropriate
measures must be taken to correct for matrix-induced interferences (e.g., wavelength
overlaps).]
Procedure 2: ICP–MS
Standardization solution 1: 2J of the Target element(s) in a Matched matrix
Standardization solution 2: 0.5J of the Target element(s) in a Matched matrix
Sample stock solution: Proceed as directed for Sample Preparation above. Allow the sample
to cool, if necessary. For mercury determination, add an appropriate stabilizer.
Sample solution: Dilute the Sample stock solution with an appropriate solvent to obtain a final
concentration of the Target elements at NMT 2J.
Blank: Matched matrix
Elemental spectrometric system
(See Plasma Spectrochemistry

730 .)

Mode: ICP. [Note—An instrument with a cooled spray chamber is recommended. (A collision cell
or reaction cell may also be beneficial.)]
Detector: Mass spectrometer
Rinse: Diluent used
Standardization: Standardization solution 1, Standardization solution 2, and Blank
System suitability
Sample: Standardization solution 1
Suitability requirements
Drift: Compare results obtained from Standardization solution 1 before and after the analysis of
the Sample solutions.
Suitability criteria: Drift NMT 20% for each Target element. [Note—If samples are high in
mineral content, rinse system well (60 s) before introducing the Sample in order to minimize
carryover.]
Analysis: Analyze according to the manufacturer's suggestions for program and m/z. Calculate
and report results based on the original sample size. [Note—Appropriate measures must be
taken to correct for matrix-induced interferences (e.g., argon chloride interference with arsenic
determinations).]
Change to read:
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REQUIREMENTS FOR 1S (USP38)
ALTERNATE PROCEDURE VALIDATION
If a specified compendial procedure does not meet the needs of a specific application, an
alternative procedure may be used (see General Notices 6.30). Alternative procedures must be
validated and must be acceptable and therefore equivalent to the compendial procedures for
the purposes of the test. The principles of validation are provided in general chapter Validation
of Compendial Procedures 1225
If the specified compendial procedures do not meet the needs of a specific application, an
alternative procedure may be developed (see General Notices and Requirements 6.30,
Alternative and Harmonized Methods and Procedures). Alternative procedures must be
validated and shown to be acceptable, in accordance with the validation requirements for
alternative procedures as described below. 1S (USP38)
The level of validation necessary to ensure that an alternative procedure is acceptable
depends on whether a limit test or a quantitative determination is necessary
specified in the monograph. 1S (USP38)
The requirements for the validation of an elemental impurities procedure for either
each 1S (USP38)
type of determination are described below. Where this information differs from that presented in
Validation of Compendial Procedures 1225 , the parameters and acceptance criteria
presented in this chapter take precedence. Any alternative procedure that has been validated
and meets the acceptance criteria that follow is considered to be equivalent to the compendial
procedures for the purposes of this test.
Any alternative procedure that has been validated and meets the acceptance criteria that
follow is considered to be suitable for use. 1S (USP38)
Change to read:
LIMIT PROCEDURES
The following section defines the validation parameters for the acceptability of alternative limit
procedures. Meeting these requirements must be demonstrated experimentally using an
appropriate system suitability procedure and reference material. Meeting these requirements
demonstrates that the procedure is equivalent to the compendial procedure as a limit procedure
for the Target Element.
1S (USP38)

The suitability of the method must be determined by conducting studies with the material or
mixture under test supplemented with known concentrations of each Target element of
interest at the appropriate acceptance limit concentration. The material or mixture under test
must be spiked before any sample preparation steps are performed.
Detectability
Standard solution: A preparation of reference materials for the Target element(s) at the
Target concentrations.
Spiked sample solution 1: Prepare a solution of sample under test, spiked with appropriate
reference materials for the Target elements at the Target concentration, solubilized or
digested as described in Sample Preparation.
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Spiked sample solution 2: Prepare a solution of the sample under test, spiked with
appropriate reference materials at 80% of the Target concentration for the Target elements,
solubilized or digested as described in Sample Preparation.
Unspiked sample solution: A sample of material under test, solubilized or digested in the same
manner as the Sample solutions.
Acceptance criteria
Non-instrumental procedures: Spiked sample solution 1 provides a signal or intensity
equivalent to or greater than that of the Standard solution. Spiked sample solution 2 must
provide a signal or intensity less than that of the Spiked sample solution 1. [Note—The signal
from each Spiked sample solution is NLT the Unspiked sample solution determination.]
Instrumental procedures: The average value of the three replicate measurements of Spiked
sample solution 1 is within ±15% of the average value obtained for the replicate measurements
of the Standard solution. The average value of the replicate measurements of Spiked sample
solution 2 must provide a signal intensity or value less than that of the Standard solution.
[Note—Correct the values obtained for each of the spiked solutions using the Unspiked sample
solution.]
Precision for Instrumental Methods (Repeatability)
[Note—Non-instrumental precision is demonstrated by meeting the Detectability requirement
above.]
Sample solutions: Six independent samples of the material under test, spiked with appropriate
reference materials for the Target elements at the Target concentration.
Acceptance criteria
Relative standard deviation: NMT 20% for each Target element
Specificity
The procedure must be able to unequivocally assess (see general chapter Validation of
Compendial Procedures 1225 ) each Target element in the presence of components that
may be expected to be present, including other Target elements, and matrix components.
Change to read:
QUANTITATIVE PROCEDURES
The following section defines the validation parameters for the acceptability of alternative
quantitative procedures. Meeting these requirements must be demonstrated experimentally,
using an appropriate system suitability procedure and reference materials. Meeting these
requirements demonstrates that the procedure is equivalent to the compendial procedure for
the purpose of quantifying the Target elements.
Accuracy
Standard solutions: Prepare solutions containing the Target elements at concentrations
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ranging from 50% to 150
200 1S (USP38)
% of J, using appropriate reference materials.
Test samples: Prepare samples of the material under test spiked with appropriate reference
materials before any sample preparation steps (digestion or solubilization) at concentrations
ranging from 50% to 150
200 1S (USP38)
% of J for each Target element.
Acceptance criteria
Spike recovery: 70%–150% for the mean of three replicate preparations at each
concentration
Precision
REPEATABILITY
Test samples: Six independent samples of material under test (taken from the same lot) spiked
with appropriate reference materials for the Target element(s) at the indicated level.
Acceptance criteria
Relative standard deviation: NMT 20% for each Target element
RUGGEDNESS
Perform the Repeatability analysis over three independent events using the following events or
combinations thereof:
1. on different days, or
2. with different instrumentation, or
3. with different analysts.
Acceptance criteria
Relative standard deviation: NMT 25%
(N = 12) 1S (USP38)
for each Target element
Specificity
The procedure must be able to unequivocally assess (see chapter 1225 ) each Target
element in the presence of components that may be expected to be present, including other
Target elements, and matrix components.
Limit of Quantitation, Range, and Linearity
Demonstrated by meeting the Accuracy requirement.
Change to read:
APPENDIX
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Concentrated acid: Concentrated ultra-pure nitric, sulfuric, hydrochloric, or hydrofluoric acids
or Aqua regia.
Aqua regia: Aqua regia is a mixture of concentrated hydrochloric and nitric acids, typically at
ratios of 3:1 or 4:1, respectively.
Matched matrix: Solutions having the same solvent composition as the Sample solution. In the
case of an aqueous solution, Matched matrix would indicate that the same acids, acid
concentrations, and mercury stabilizer are used in both preparations.
Target elements: Elements with the potential of being present in the material under test.
Include arsenic (As), cadmium (Cd), lead (Pb), and mercury (Hg) in the target element
evaluation when testing is done to demonstrate compliance. Target elements should also
include any elements that may be added through material processing or storage. , and any
elements whose presence may interfere with the operation of the analytical procedures
1S (USP38)

Target limit or Target concentration: The acceptance value for the elemental impurity being
evaluated. Exceeding the Target limit indicates that a material under test exceeds the
acceptable value. The determination of compliance is addressed in other chapters. [Note
—When applying this chapter to general chapters Elemental Impurities—Limits

232

and

Elemental Contaminants in Dietary Supplements 2232 , Target limits can be approximated
by dividing the Daily Dose PDEs by the maximum daily dose for the Drug Product Analysis Option
in chapter

232

or the Daily Serving PDE divided by the maximum daily serving size in chapter

2232 .]
J: The concentration (w/w) of the element(s) of interest at the Target limit, appropriately
diluted to the working range of the instrument. For example, if the target elements are lead and
arsenic for an analysis of an oral solid drug product with a daily dose of 10 g/day using an
inductively coupled plasma–mass spectrometry (ICP–MS), the target limit for these elements
would be 0.5 µg/g and 0.15
1.5 1S (USP38)
µg/g (see Table 2 in chapter 232 ). However, in this case, the linear dynamic range of the
ICP–MS is known to extend from 0.01 ng/mL to 0.1 µg/mL for these elements. Therefore, a
dilution factor of at least 1:10
1:100 1S (USP38)
is required to ensure that the analysis occurs in the linear dynamic range of the instrument. J
would thus equal 0.05µg/mL
5 ng 1S (USP38)
and 0.015 µg/mL for lead and arsenic, respectively, when the dilution factor is added.
Appropriate reference materials: Where Appropriate reference materials are specified in the
chapter, certified reference materials (CRM) from a national metrology institute (NMI), or
reference materials that are traceable to the CRM of an NMI should be used. An example of an
NMI in the United States is the National Institute of Standards and Technology.
BRIEFING
1083 Good Distribution Practices, PF 38(2) [Mar.–Apr. 2012]. A new series of
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informational chapters describing various aspects of the pharmaceutical supply chain replaces
that which appeared as an In-Process Revision in PF 38(2) but since then has been canceled.
USP is proposing this new series of Good Distribution Practices (GDP) general chapters, which
were developed based on a review of two existing general chapters, Good Storage and
Distribution Practices for Drug Products
Pharmaceutical Excipients

1079

and Good Distribution Practices for Bulk

1197 , and the previously proposed general chapter Good

Distribution Practices—Supply Chain Integrity 1083 . These three general chapters provide
information related to the storage, shipment, distribution, and transportation of pharmaceutical
components and products. The review showed overlapping and complementary items among
these general chapters and highlighted the need to revisit USP chapters on GDP from an
overarching perspective. These new general chapters will cover material flow beginning with
initial procurement and continuing throughout the supply chain to delivery to the end user for
pharmaceutical components and products, medical devices, and dietary supplements. The
chapters will address four main GDP topics—Quality Management System
Environmental Conditions Management

1083.1 ,

1083.2 , Good Importation and Exportation Practices

1083.3 , and Supply Chain Integrity and Security
principles.

1083.4 —highlighting best practices and

(GCPS: D. Hunt.)
Correspondence Number—C139771

Comment deadline: May 31, 2014
Add the following:
1083

GOOD DISTRIBUTION PRACTICES
INTRODUCTION

Sourcing and distribution are critical activities in an integrated supply chain covering packaging
materials, active pharmaceutical ingredients, excipients, and final products (including clinical
trial materials), such as pharmaceuticals, medical devices, combination products (e.g., drugeluting stents), and dietary supplements. With the globalization of the pharmaceutical industry,
various individuals and organizations from locations around the world are responsible for the
handling, storage, and distribution of such products. It is thus critical to have adequate control
over the entire supply chain from manufacture to delivery to the patient or customer. To
maintain the original quality of materials or products, every party involved in the supply chain
should understand and comply with the applicable requirements. Each activity in the distribution
of a material or product should be carried out according to the principles of good distribution
practices (GDP).
Four GDP topics covering quality management system, environmental conditions management,
importation and exportation management, and supply chain integrity and security will serve as
the foundation for the GDP chapters. Generally, they apply to all materials and products,
regardless of their regulatory category. These topics include the basic principles that provide
guidance on how to establish and maintain a quality management system that ensures the
quality, integrity, safety, and efficacy of materials and products during sourcing and distribution
(e.g., personnel, storage buildings, transportation vehicles, and others). Aspects related to
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temperature and humidity control during product holding and transportation are also addressed.
Information is provided on how to maintain supply chain integrity from importation and
exportation procedures to minimizing counterfeiting, cargo thefts, and diversion, and improving
traceability of individual products and shipments throughout the supply chain. The intent of the
chapters is to be aligned with global directives where possible.
SCOPE
GDPs apply to all organizations and individuals involved in the storage and distribution of
packaging materials, active pharmaceutical ingredients, excipients, and final products, such as
pharmaceuticals, medical devices, and dietary supplements, including but not limited to the
following:
Manufacturers of active pharmaceutical ingredients, excipients, packaging material, drug
products, radiopharmaceuticals, medical devices, dietary supplements, biological and
biotechnological products, and cell and gene therapy products
Packaging operations by the manufacturer or a designated contractor for the
application holder or marketing authorization holder
Repackaging operations in which the product may be owned by an organization other
than the primary manufacturer
Laboratory operations at the manufacturer's site or at the contractor's site
Physician, dentistry, and veterinary offices
Pharmacies including but not limited to retail, compounding, specialty, mail order,
hospital, and nursing home and hospice
Importers and exporters
Wholesale distributors
Distribution organizations involved in road, rail, sea, and/or air services
Third-party logistics providers, brokers, freight forwarders, and consolidators
Health care professionals storing medicinal products prior to dispensing or administering
to patients
Mail distributors that offer expedited or controlled temperature shipping services
Technical assistance providers for medical devices
The information contained in the subsequent chapters is intended to apply to all supply chain
partners regardless of the product's environmental storage or distribution requirements;
however, it does not supersede or supplant any applicable national or international storage and
distribution requirements. The chapters are divided into those that contain general information
(Quality Management System

1083.1 , Environmental Conditions Management

Good Importation and Exportation Practices

1083.2 ,

1083.3 , and Supply Chain Integrity and

Security 1083.4 ) generally applicable to all materials and products, and chapters containing
specific information deemed important for certain materials and products as shown in Figure 1.
It is recognized that there may be special cases, and alternative means of fulfilling the intent of
this chapter. If applicable, such means should be scientifically justified.
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Figure 1. Structure of GDP overarching chapter.
1S (USP38)

BRIEFING
1083.1 Quality Management System. USP is proposing a new series of Good
Distribution Practices (GDP) general chapters, which were developed as a result of reviewing
two existing general chapters, Good Storage and Distribution Practices for Drug Products
1079

and Good Distribution Practices for Bulk Pharmaceutical Excipients

1197 , and the

previously proposed Good Distribution Practices—Supply Chain Integrity 1083 that appeared
in PF 38(2) [Mar.–Apr. 2012] but was subsequently canceled. These three general chapters
provide information related to the storage, shipment, distribution, and transportation of
pharmaceutical components and products. The review showed overlapping and complementary
items among these general chapters and highlighted the need to revisit USP chapters on GDP
from an overarching perspective. These new general chapters will cover material flow beginning
with initial procurement and continuing throughout the supply chain to delivery of
pharmaceutical components and products, medical devices, and dietary supplements to the end
user. The chapters will address four main GDP topics—Quality Management System
Environmental Conditions Management

1083.2 , Good Importation and Exportation Practices

1083.3 , and Supply Chain Integrity and Security
practices and principles.

1083.4 —each highlighting best

(GCPS: D.G. Hunt.)
Correspondence Number—C139772

Comment deadline: May 31, 2014
Add the following:
1083.1

1083.1 ,

QUALITY MANAGEMENT SYSTEM
INTRODUCTION
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A Quality Management System (QMS) is defined as a set of interrelated or interacting elements
such as policies, objectives, procedures, processes, and resources that are established
individually or collectively to guide an organization. In the context of this chapter, organizations
engaged in the storage and distribution of materials and products should establish, implement,
monitor, and maintain a QMS that allows the delivery of materials, products, and services with
the requisite quality and safety. This includes ensuring the availability of resources needed to
be in compliance. For this reason, each organization should define the scope of its QMS and
present it in the form of a quality manual.
It is not intended for this chapter to cover all national or international requirements, but rather
to provide a QMS framework for all supply chain partners that can be integrated into other
management systems (e.g., environmental, occupational health, and safety).
The chapter is structured in eight sections as shown in Figure 1.

Figure 1. Quality management system–chapter structure.
MANAGEMENT RESPONSIBILITY
Senior management is responsible for assigning a management representative to develop and
maintain the QMS, acting as representative in all issues concerning quality. Conflicts of interest
should be avoided, and the management representative shall be given sufficient authority. The
necessary resources shall be available to the management representative, and the
responsibilities placed on any one individual shall not be so extensive as to present any risk to
product quality.
Senior management should ensure:
The QMS takes into account all applicable guidelines and regulations
Management reviews are performed on a regular basis
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The quality manual, quality policies, and quality objectives are all in place
Job descriptions, responsibilities, and authorities are clearly understood within the
organization
All necessary resources are provided
Communication flows are timely within the organization and the supply chain
Quality Management System Planning
The organization should take into account applicable regulatory requirements, the size of the
company, the complexity of materials and products, and other critical activities when
developing the QMS structure. The QMS should be designed to maintain its robustness, even
when changes occur.
The quality policy, quality objectives, and quality risk management are essential in developing a
QMS and should be defined by senior management.
An appropriate QMS should include, but is not limited to:
An organizational structure capable of supporting the elements of the quality policy and
quality objectives
Written policies, procedures, records, and agreements that can demonstrate how
materials, products, and services will meet established quality specifications
Qualification monitoring and review of outsourced activities
Competence development of personnel through training and promoting awareness of
individual job impact on quality
Deviations and complaints handling
Continuous improvement through corrective action and preventative action (CAPA),
audits, and management reviews, and QMS planning and commitment
Communication
The organization should establish communication channels that ensure the timely flow of
information within the organization and to supply chain partners. Customers should be notified
of any changes in packaging, handling, storage, transportation, or documentation (e.g.,
material safety data sheets or labels). Communication within the supply chain should be
coordinated to determine proper timing of transported and received products, taking into
account holiday schedules, weekends, and other interruptions.
DOCUMENTATION
The organization should have in place a system to control documents and data that are part of
the QMS. Since documentation is an essential element of any QMS, having written instructions
regarding processes and evidence that activities were completed is essential. The written
instructions should be well-structured and clear in order to facilitate understanding and
compliance. Electronic documentation should meet the requirements stated under the Control
of Documents section and the electronic document control system should be validated.
Control of Documents
The goal is to ensure that all documents in use are updated, approved in a timely manner, and
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that the current version is in use. These practices prevent obsolete or nonapproved documents
from being used, which could lead to error. The organization should have a written procedure
for controlling documents and establishing formal control regarding identification, revision,
approval, distribution, and withdrawal of obsolete copies. All documents should be approved
and training should be performed prior to their use. All documents that relate to product quality
and the QMS should be reviewed on a regular basis. The management representative, or a
properly qualified designee, should approve these documents. Controlled documents should
include a unique identifier, date of issue and revision, and the parties responsible for preparing,
approving, and revising the documents.
Employees should have free and timely access to all quality documents that impact their work.
The documents should be written in straightforward language that allows full understanding.
Documents should be retained for a period required by national and international regulatory
bodies (see Control of Records). At least one obsolete copy should be retained for history after
the first revision. External documents such as pharmacopeias, ISO standards, and regulatory
acts and guidelines should also be controlled within the QMS.
Documentation Categories
Categories include, but are not limited to:
QUALITY MANUAL
The organization should prepare a quality manual or equivalent documentation, such as a site
master file, describing at least:
Brief information on the organization (name, contact information) and its relation to
other companies
Activities as licensed by the competent authorities, if applicable
Types of materials, products, and services handled
Scope of the QMS
Overview of the QMS showing the constitutive elements of the system and the
structure of documentation used
Quality policy
Quality objectives
Identification of the processes and their sequences, linkages, and interdependences
Organizational chart
Matrix of key personnel responsibilities
Reference to supporting procedures and documents, such as a validation master plan
List of standard operating procedures (SOPs)
QUALITY POLICY
Senior management should establish, authorize, and communicate a quality policy. The policy
should be suitable for the organization and describe the overall intentions of the organization
regarding quality. The quality policy should be subject to periodic management review in order
to maintain its appropriateness. Personnel within the organization should understand the quality
policy and how their work impacts it.
QUALITY OBJECTIVES
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Senior management should ensure that quality objectives are established within the
organization. Objectives should be measurable and aligned with the quality policy, and they
should be used as input for management reviews.
RISK MANAGEMENT
Risk management should not be handled as an isolated element of the QMS. The QMS should
incorporate appropriate risk-management principles. All documents, actions, and organizational
activities should be prepared or undertaken using a risk-based approach. Written documents
should take into account health and safety risks for a given process and should be understood
by personnel. Details on quality risk management are provided by the International Conference
on Harmonisation (ICH Q9).
VALIDATION MASTER PLAN
This document contains the strategy and the rationale for the validation efforts. It should
provide details on:
Scope
Methods, procedures, processes, and software that should be validated
Responsibilities
Brief description of the processes to be validated
Equipment, facilities, vehicles, and utilities to be commissioned and qualified and to
what extent [installation qualification (IQ), operation qualification (OQ), and
performance qualification (PQ)]
Templates for the protocols and reports
Requalification and revalidation triggers
Change control
STANDARD OPERATING PROCEDURES (SOPS)
Written procedures should ensure that materials and products are held in accordance with their
labeling instructions and associated regulatory requirements. The written procedures should
provide all the steps needed to complete a process and ensure consistency and standard
outcomes.
Organizations should establish written procedures for all processes within the organization
relating to product or material handling and the QMS, including but not limited to:
How the material or product is stored, and the controls necessary to ensure the
appropriateness of the storage conditions
How and when a material or product should be moved from one transport container or
vehicle to another
How materials and products are handled when equipment malfunctions or when there
are delays in distribution due to customs holds, weather, etc.
How to communicate to necessary supply chain partners
PRODUCT SPECIFICATION AND MATERIAL SAFETY DATA SHEET (MSDS)
The organization should have written specifications for incoming materials and outgoing finished
materials or products. Specifications can be used for procuring, selling, and quality-control
analysis. An MSDS should be prepared according to national or international requirements and
should be provided with the shipment for transportation, importation, or export. For more
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information, see Good Importation and Exportation Practices

1083.3 .

PROTOCOLS
Protocols are applicable for commissioning, qualification, and validation studies. They should be
approved by the management representative or an authorized designee.
SCHEDULES
Organizations should have approved schedules for preventive maintenance, calibration, training,
and requalification or revalidation studies.
FORMS
Forms required for the operation of the QMS and the provision of the material, product, or
service should be part of the document control system.
LABELS
Labels are fundamental to material identification. For this reason, any label change should be
communicated to down-stream supply chain partners. Label-generating systems and processes
should be secure, controlled, documented, and validated. Suitable verification records should
be maintained and each container should be appropriately identified and labeled. Labels applied,
even to small containers, should be clear, indelible, unambiguous, and permanently fixed in the
format established by the manufacturer, packager, or repackager. The label should include
wording or icons to emphasize storage and transportation conditions, handling requirements,
and hazards. The use of symbols that are recognized by international organizations is strongly
recommended.
LABELING
In the context of GDP, labeling is not limited to manufacturing information but may also include
shipping and exporting information added to product tertiary packaging.
Control of Records
Records are special kinds of documents that provide evidence of activities performed. For this
reason, they should be legible, clear, indelible, identifiable, traceable, and established
immediately after performing an activity. The organization should have a written procedure for
the control of records. These procedures should establish ways for identifying, storing, and
protecting records, in order to avoid deterioration and damage. Electronic records and
automated data-capture systems should meet the requirements for the control of records and
should be validated.
Records should be signed and dated by the person who performed the activity. Corrections to
entries should be signed and dated, leaving the original entry legible with an explanation for the
change, if applicable, especially if this may not be obvious to subsequent reviewers. Examples
of records include: shipment receipts, invoices, packing or repacking batch records,
temperature and relative humidity monitoring logs, etc. Records should be retained for
purchases and sales. They should show the date of purchase or supply, the material, product
identification (name, batch or serial number, if applicable), product amount, the name and
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address of the supplier or consignee, and the name and address of the carrier.
RESOURCES MANAGEMENT
Senior management should provide appropriate resources (personnel, facilities, equipment,
material, and time) to implement and remain in compliance with GDPs.
Personnel
RESPONSIBILITIES AND AUTHORITIES
The organization should have an organizational chart showing the organizational structure.
There should be an appropriate number of personnel to avoid excessive duties being placed on
one individual, which can compromise quality. Third parties may be contracted, but they should
be audited for competency in executing the duties for which they are to be contracted.
The organization should establish job descriptions, with clearly defined responsibilities and
authorities, that are clearly understood by personnel. Personnel should not be subjected to
conflicts of interest that can adversely affect the quality of products within the supply chain.
TRAINING
The organization should establish written procedures for training. These procedures should
describe at least the following: who can be a trainer, competencies of a trainer, how training
needs are identified, types of training practices (e.g., self-instructional, classes, on-the-job
training, web-based training), and how training effectiveness will be evaluated.
Initial and ongoing training should be given based on an approved training schedule. Training
needs should be identified and linked to job description, complexity of duties and types of
material handled (e.g., narcotics, radiopharmaceuticals), management reviews, and any kind of
human resources program for competence development. Basic training on GDP should be given
to all employees, with the goal of developing awareness outside of related job functions.
Records of all training should be kept, and effectiveness of training should be assessed.
HYGIENE, OCCUPATIONAL HEALTH, AND SAFETY
Written procedures related to hygiene and apparel should be provided, and their use should be
enforced. Appropriate apparel should be provided to personnel in order to avoid contamination
of both product and personnel. The organization should be responsible for apparel cleaning.
Personal protective equipment should be provided and training in its use given.
Any source of product contamination or occupational hazard should be prohibited, including but
not limited to: jewelry, food, medicines, or tobacco products. These can be sources of
contamination and occupational hazards, and they should be prohibited in product storage and
handling areas.
Premises and Equipment
Premises should be designed to maintain the quality and integrity of the materials and products
stored. Buildings should be constructed in such a way that they are appropriate for the
intended operations, taking into account:
Security and safety
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Product characteristics
Ease of cleaning and maintenance
Logical flow of personnel and material
Means of preventing mix-ups and cross-contamination
Ergonomic measures
Any local, national, or international requirements
Necessary environmental controls
Facilities should be of adequate size for their intended use to prevent overcrowding. Storage
should be orderly and provide segregation of quarantined, approved, rejected, returned,
recalled, and adulterated products. Receiving, sampling, and shipping areas should be
segregated. Facilities should protect products and materials from inclement weather as
necessary.
Products with special-handling authorization, such as narcotics, should be segregated and
locked in a secure area. Radiopharmaceuticals and radiolabeled materials should be contained in
dedicated locked storage areas. Products with fire or explosion risks should also be kept in
dedicated areas specially constructed for this purpose. Products that require special storage
conditions with regard to temperature and humidity should also be segregated (see
Environmental Conditions Management 1083.2 ).
Restrooms, lunchrooms, and social amenities for employees should be separated from the
storage and shipping areas. Smoking, eating, and drinking should not be allowed in any storage
or shipping area. Access control systems should be in place to prevent unauthorized access to
storage areas. Alarm systems should also be in place. Adequate precautions should be taken to
prevent theft and diversion of products.
Facilities should have controls and contingency plans to mitigate risks of fire, water, explosion,
and terrorism. Written procedures should be established for cleaning, sanitation, pest control,
receiving, storing, and shipping activities. Cleaning and sanitation procedures should indicate
the frequency of cleaning as well as the materials and methods used. Pest control procedures
should ensure the prevention of contamination as well as the safe use of pesticides. Records
should be kept.
All equipment and monitoring devices used to hold and move products within the supply chain
should be appropriate for their intended use. Written procedures on how to operate the
equipment should be established and approved.
Organizations should establish written procedures for calibration, repair, and preventive
maintenance, taking into account at least the following:
Responsibilities of the in-house staff and third parties, if applicable
Calibration and maintenance agreements
Change control, requalification, or recalibration needs
Calibration and preventive maintenance schedules
Spare parts, equipment, and monitoring device management
Actions to be taken if equipment or monitoring devices are found out of specification
prior to recalibration
Protections against damage during handling, calibration, and maintenance
Forms for recording calibration, repair, and preventive maintenance activities
If any change is made to the equipment after repair, the organization should evaluate whether
a requalification or recalibration is necessary. Calibration should be performed against traceable
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standards (national or international) and according to an approved schedule. Monitoring devices
should be safeguarded from actions that can invalidate the calibration. Risk assessment should
be used to determine the frequency of calibration. (See Monitoring Devices—Time,
Temperature, and Humidity 1118 .) Commissioning and qualification should also be
completed. The extent of these efforts should be determined in the validation master plan.
Work Environment
Organizations should ensure that appropriate work environments and conditions are provided for
the products to be handled and for the personnel handling them. A written procedure should be
established by the organization determining the requirements for cleanliness, luminosity,
temperature, relative humidity, pest control, personal garments, and health. Temperature and
relative humidity requirements are discussed in 1083.2 .
Any contaminated or potentially contaminated product (e.g., complaint samples, returns, used
medical devices sent for repair) should be carefully handled to avoid contamination of other
products and personnel.
Material
All material handled within the supply chain or used to ensure the quality and integrity along
the supply chain (e.g., reagents, growth media, transport vehicles, lubricants, HVAC spare
parts) should have a written specification, which should be used for purchasing, selling, and
quality control, where applicable. A written procedure for identification and storage of all
material should be in place.
Quality control analysis for incoming materials should be performed (e.g., imported materials and
products). Written procedures should be in place for sampling, analysis, and disposition of the
products, and records kept.
Quality control laboratories, where applicable, should be constructed for this purpose and based
on national or international requirements. Written procedures should be established for handling
controlled drug substances and drug products prior to, during, and after analysis. Obsolete
materials should be destroyed according to written procedures and documented.
Transport Vehicles
All vehicles used in supply chain activities, such as semitrailer trucks, vans, trucks, tanker
trucks, trains, airplanes, sea vessels, mail delivery vehicles, motorcycles, emergency medical
services, and industry representatives' automobiles, should be suitable for their intended
purpose. They can be considered in-transit storage and require the precautions needed to
maintain product quality and integrity. Dedicated temperature-controlled transport vehicles
should be qualified. For other vehicles, shipment monitoring is required as appropriate to
demonstrate the protection of the drug product or material of any storage area (see 1083.2
).
Organizations owning or leasing their transportation vehicles should have a written plan for the
purchase, maintenance, and replacement of vehicles used to transport products. They should
also have a transport vehicle log listing at least: vehicle identification, chassis, age, condition,
mileage, operational status, and insurance policy number, if applicable.
Vehicle cleaning procedures should be written and records kept. Preventive maintenance and
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pest control should be done according to approved schedules, and written procedures and
records kept. Cleaning validation should be performed if the product is in contact with the
transportation vehicle (e.g., tanker trucks for excipients).
If there are problems with vehicles during the transportation process (e.g., breakdowns,
accidents, loss of fuel), cargo should be protected against environmental factors, thefts, and
diversions, and a nonconformance report should be opened. Such provisions should be included
in the service level agreement.
OPERATIONS
Procurement
Organizations should establish written procedures for procurement, taking into account at
least:
Purchase based on material and product specification
Supplier qualification
Responsibilities
Purchase approvals
Purchase forms and records
All intended activities and services should also comply with all local laws and regulations. The
organization should establish a written procedure for how suppliers are selected and evaluated,
and the criteria for qualification. Supplier qualification audits should be handled as established in
the Audits section. Records should be kept. A list of all qualified suppliers should be in place.
Shipping and Receiving
Organizations should establish a written procedure for receiving goods and determining the
appropriate checks for this process. A checklist can be utilized as a reminder of what to inspect
and what to record, taking into account: purchase order, material or product name, amount
ordered, amount received, batches or serial numbers received, expiry date, manufacturer name,
marketing authorization holder name, carrier name, date and hour of receiving, cargo
conditions, appearance, and whether the supplier or carrier is licensed to handle the material or
product. If computerized systems are used to control orders, materials, products in stock,
supplier and customer files, and carriers, the organization should record material or product item
codes and internal lot numbers, if applicable.
Where appropriate, the transport vehicle should be inspected before unloading to verify that
adequate protection from contamination was maintained during transit. Deliveries should be
verified at receipt in order to check that containers were not damaged and that the
consignment corresponds to the order.
Appropriate delivery records (e.g., transport vehicle movement documents, receiving and
delivery records, data logging records, temperature records and similar devices, bills of lading,
house air waybills, master air waybills) should be reviewed by each receiving organization in the
supply chain to determine if the product has been subjected to any transportation delays or
other events that could have exposed the product to undesirable conditions. Each supply chain
partner should ensure that its respective service level agreements and supporting documents
cover delivery and receiving responsibilities of the transactional parties.
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All incoming materials and products should be quarantined. After disposition is confirmed,
products should be transferred to their respective storage areas, according to their
classification and storage specification. When products arrive at warehouse loading docks and
other arrival areas, they should be transferred as quickly as possible to a designated storage
area within a time period that is consistent with the risk assessment in place (see

1083.2 ).

Sampling
Sampling should be performed if analytical control is required on incoming materials. The
organization should establish a written procedure for sampling, including at least: sample
identification, quantity, protection and safety procedures for the sample and remaining product,
method for communicating results, and changes in product status and location.
Storage
Organizations should establish a written procedure for material and product storage. Each
material and product should have a storage specification regarding temperature, relative
humidity, and other special requirements (e.g., controlled substances and drug products and
radiopharmaceuticals). No material or product should be stored directly on the floor. Pallets
should be used to hold material and products and should not cause contamination. If wood
pallets or packages are used, they should comply with international requirements (e.g.,
International Standards for Phytosanitary Measures).
Storage areas should be qualified and a temperature mapping and monitoring program should be
in place (see 1083.2 ). Organizations should establish a written procedure for inventory
control, which should be checked periodically. If any inventory deviation is found, a
nonconformance report should be opened and the appropriate authorities informed, if applicable
(e.g., controlled products and radiopharmaceuticals). Products beyond their expiry date should
be removed from the saleable stock and assigned “rejected” status while awaiting destruction
(see

1083.2 ).
Sales

Organizations should establish a written procedure for sale and customer qualification. This is
applicable only for business-to-business partners. Regulatory authorizations for all intended
activities or services (e.g., wholesale, transport) are mandatory except brokering. Copies of
authorizations should be requested periodically to ensure that the “qualified” status is
maintained. Lists of qualified suppliers and customers should be maintained.
Product Selection and Packaging
A written procedure should be established by the organization ensuring that the correct
product was selected, properly packaged, and dispatched. Products should be selected on a
first-expired, first-out basis. Appropriate packages should be in place ensuring that the product
will be preserved throughout storage and distribution. Package qualification tests should be
performed according to approved protocols.
Transportation
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Products and materials should be transported in such a way that any specified conditions are
maintained and nothing impacts the quality and integrity of the product or material. A written
procedure should be established by the organization, including at least: responsibilities,
approvals for subcontracting, methods for defining transportation routes, capacities and
limitations of transportation systems, loading patterns (e.g., first-out, last-in), and insurance
needs. Carriers should record, at least: product name, amount, batches or serial numbers,
sender name, recipient name, carrier route, receiving and delivery date and hour, duration and
condition of transport, vehicle identification, mileage, and operator name.
Transportation vehicles should be qualified and maintained. Transportation should be planned in
a way that promotes a rational use of resources (e.g., transportation vehicles, fuels) and
provides better logistics to avoid delays and product stress. Only licensed drivers, pilots, and
operators can conduct transportation vehicles. All national and international (if applicable)
regulations should be followed. A global positioning system (GPS) should be used to aid delivery
and to track the transportation vehicle (see

1083.2 ).

Outsourcing Activities
A written agreement should be developed and signed for all outsourced activities related to the
procurement of materials and services. The suitability and competence of the parties to carry
out their responsibilities should be investigated (see 1083.2 ). All duties, information, and
responsibilities required for both the service supplier and the customer should be clearly
described. Audits should be performed to assess the appropriateness of the contractor.
Subcontractors may be used but only with formal agreements among all parties, such as the
service supplier, customer, and the subcontractor. Organizations should establish written
procedures to regulate any prospective outsourced activities and the related agreements. The
performance of contractors should be monitored on a regular basis, and improvements should
be identified and implemented.
COMPLAINTS, DEVIATIONS, RETURNS, RECALLS, COUNTERFEITS, AND REPROCESS AND
REWORK PRODUCTS
Complaints
A written procedure for complaint handling should be in place, including at least:
Instructions for receiving complaints and communication channels available to the
complainant
Complaint log
Complaint investigation form with basic information about the complainant (e.g., name,
address, country, contact person, phone number, e-mail), the product or service
complaint (e.g., product name, batch number, expiry date, detailed description of
complaint, amount of product with alleged problem, order number, carrier name and
route, shipping and storage conditions, date of complaint), results of investigation, and
conclusion (confirmed, non-confirmed, or adulterated product). Each complaint
investigation form should have a unique identification number.
Instructions for recommending CAPA. The criteria for choosing appropriate CAPA
depends on the nature and the frequency of the complaint.
Description of how customer complaints are addressed and resolved, and which types of
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complaint warrant notification of regulatory authorities
Monthly reports and trend analyses, including times for complaint handling
A complaint officer with comprehensive knowledge of the supply chain should be assigned since
this person will be responsible for choosing the most applicable investigation approach. The
complaint officer also acts as a link among other areas within the organization, such as
marketing, operations, quality, maintenance, regulatory, and legal affairs. Legal affairs should
be notified if a suspicious or counterfeit product is identified or a breach of contract is
suspected.
Records should be kept for each complaint. Monthly reports should be compiled in order to allow
the evaluation of the number and the nature of complaints received. A trend analysis of
complaints should be performed and used as input for management review.
Deviations
A written procedure for handling deviations should be in place. If any deviation occurs, a
nonconformance report should be opened and a unique identification number assigned. The
investigation should include at least the following:
Complete description of the deviation
Where, when, and how the deviation was found
Actions taken to prevent nonauthorized use of the nonconforming product or
nonconforming service
Frequency of deviation
Description of how the deviation impacts quality
Necessity to trigger a corrective action
The management representative should approve all decisions concerning products or services
with deviations. Records should be kept.
Returns
A written procedure for handling returns should be in place. A return form should be opened for
each product that is sent back to the organization. A risk-based evaluation should be
performed to determine if the product will be accepted for restocking and resale or if it will be
destroyed. Restocking should be accepted only once, with the exception of medical devices.
During the evaluation, returned products should be kept in a segregated area specifically for
returns until final disposition. Each return form should have a unique identification number. The
evaluation should take into account at least the following:
Reasons for return
Appearance and integrity of the original packaging
Evidence of conditions in which the cargo was transported and stored throughout the
entire time
Duration of time between the original shipment and its return
Authenticity of the product
Representative sampling for quality control analysis
Expiry date and batch number
Information from any track-and-trace system in place
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The QMS management representative should approve all decisions concerning returns prior to
disposition of the returned goods (e.g., restocking or destruction). Records should be kept, and
the product should be labeled according to its returned status. The organization should inform
customers if there is a returned product included in their order, prior to shipment.
Recalls
All supply chain partners are responsible for the quality and integrity of products under their
control. Any time a deviation is found that affects the integrity of a marketed material or
product, a recall should be promptly initiated. The organization should have a written procedure
establishing the steps for recalling products, including at least:
Responsibilities for the recall operation
Instructions for tracking the delivery information on recalled products
Recall communications, such as customer letters and their approval
Frequency of recall inventory queries and regulatory updates
Necessary documentation (e.g., distribution records with names, addresses, phone or
fax numbers, contact persons, e-mail addresses, batch or serial numbers, quantities)
Identification and segregation of recalled products
Time frames for recall
Forms for recording the recall progress and the final report
Any other national or international regulatory requirements
The QMS management representative is responsible for the entire recall process applicable to
the organization, including the communication within the organization and with other supply
chain partners, regulatory authorities, and certification bodies.
Regulatory and legal affairs departments should be aware of the recalling progress. Recalled
products should be kept segregated and labeled with their recalled status. Disposition of
recalled products should be recorded. Effectiveness assessment of the recall procedure should
be done periodically.
Adulterated Materials and Products
The organization should have a written procedure for handling and notifying authorities if an
adulterated or suspected adulterated material or product is identified within the supply chain.
The marketing authorization holder or the manufacturer, if different, should also be notified.
Adulterated materials and products should be kept segregated and labeled with their
adulterated status. Disposition of these products should be recorded and records kept.
Counterfeit Products
The term "counterfeit drug" means “a drug which, or the container or labeling of which, without
authorization, bears the trademark, trade name, or other identifying mark, imprint, or device, or
any likeness thereof, of a drug manufacturer, processor, packer, or distributor other than the
person or persons who in fact manufactured, processed, packed, or distributed such drug and
which thereby falsely purports or is represented to be the product of, or to have been packed
or distributed by, such other drug manufacturer, processor, packer, or distributor” [21 U.S.C.
§321(g)(2) (2004)]. This is comparable to the term “falsified medicinal product” used in the EU.
Reprocess and Rework Products
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Organizations should have a written procedure for handling reprocess and rework products. A
change control should be opened prior to rework and records kept. [Note—This item applies to
packagers and repackagers.]
MONITORING AND IMPROVEMENTS
Product or Service Quality Reviews (PSQR)
Product quality reviews are required of manufacturers. However, service providers are also
responsible for product quality while the product is within their control. For this reason, a
product or service quality review should be done by distributors, freight providers, importers,
and exporters.
PSQRs should be performed at least annually, and summary reports on each material, product,
or transportation route should be available for regulatory inspections, audits, and management
reviews. A written SOP should have at least the following, as applicable:
Period of the review
Product name and dosage form
Batch numbers and quantities per batch handled
Carrier routes
Deviations or complaints found per product, batch, and carrier route
Audits
Audits are a valuable tool for evaluating QMS effectiveness, along with regulatory inspections.
It is necessary to verify if a supply chain partner complies with QMS planning and with GDP
requirements. Internal audits are conducted by or on behalf of the organization itself. External
audits are performed by, or on behalf of, organizations that might have an interest in partnering
with another organization (e.g., customer for supplier qualification).
The audit criteria, scope, and objective should be clearly defined. Auditors should not be
subjected to conflicts of interest that may adversely affect the audit, and for this reason
auditors should not audit their own work. The organization should have a written SOP
establishing the rationale for audits, which should include at least the following:
Responsibilities for the audit program
Description of who can be an auditor
Competencies of an auditor
Auditor training
Frequency of audits
Instructions for planning an audit (e.g., audit feasibility, criteria, scope, objective,
expected duration, auditor team, travel arrangements, translators, necessary clothes
and protective equipment, matters related to confidentiality)
Instructions for conducting on-site audit activities (e.g., opening and closing meetings;
collecting and verifying information methods, such as interviews, document reviews,
observation activities)
Audit reports and follow-up
Audits should be performed at least once a year according to a schedule and discussed
during management reviews.
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Management Reviews
The QMS should be reviewed periodically (e.g., in each quarter of the year) in order to assess
problems, trends, corrections, preventions, regulatory updates, and concerns. Inputs for the
management reviews should include but are not limited to:
Previous management review reports
Audit and regulatory inspection reports and actions in place
Complaints, nonconformances, returns, and recalls
Detected or potential counterfeiting
Status and effectiveness of the CAPA system
New or updated regulatory requirements
Quality policy
Quality objectives metrics as key performance indicators
Change control reports
Quality manual
The outputs of the management reviews are:
Recommendations for improvement of the system, processes, products, or services
Demand for resources
Corrective Action and Preventive Action (CAPA)
Organizations should have a written SOP establishing the provisions for corrective and
preventive actions as well as instructions for how they should be handled within the
organization. Root cause analysis should be performed to identify the cause of a critical
deviation in order to implement corrective action. The use of quality tools for this investigation
(e.g., Ishikawa diagram) is recommended. Confirmed complaints, critical deviations, and audits
can trigger an investigation. Trend analyses, frequent nonconfirmed complaints, and audits can
trigger a preventive action. The effectiveness of the corrective or preventive action should be
evaluated.
Continuous Improvement
Organizations should implement a systematic approach for performing QMS improvements.
Management reviews, audits, regulatory inspections, and QMS planning initiatives are potential
triggers for continuous improvement activities and should be followed up by senior
management.
VALIDATION
Validation efforts should be established in the validation master plan and should be based on
risk assessment.
Commissioning and Qualification
Commissioning (site acceptance test or factory acceptance test), installation qualification (IQ),
operation qualification (OQ), and performance qualification (PQ) should be performed to provide
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written documentation that equipment, warehouse facilities, and vehicles are installed
correctly, operate as expected, and perform as required to ensure product and service quality.
Qualification and validation studies should be performed after instruments are calibrated.
As appropriate, commissioning includes, but is not limited to, air-handling units, water systems,
boilers, chillers, generators and emergency power systems, access control and alarm systems,
safety and security systems, and repackaging equipment. Commissioning efforts do not
differentiate between occupational risk and risk to the product. Commissioning documents and
reports can be incorporated into the qualification as part of IQ and OQ efforts. After
commissioning and qualification, periodic tests should be performed in order to ensure that
utilities, equipment, and systems are working properly. Any modification should be done
according to change control procedures, and records should be kept.
Analytical Methods, Cleaning Validation, and Process Validation
Analytical methods used to perform the quality control of products, especially for imported
products, should be verified or validated according to approved protocol (see Validation of
Compendial Procedures 1225 , Verification of Compendial Procedures 1226 , and national
or international requirements).
Cleaning validation should be performed on equipment and utensils if any packaging or
repackaging operation exposes them to the product. Process validation should also be done for
all critical operations that have the potential to compromise the quality and integrity of the
product or service. Challenges to the process should simulate regular storage and
transportation conditions as well as out-of-specification conditions. Performance qualification
can substitute for process validation. After validation, any modification should be done
according to change control procedures, and records should be kept.
Computerized Systems
Computerized systems should be validated according to approved protocols prior to their use.
Systems already in place should also be validated. The extent of validation depends on the risk
to or impact of the software on product or service quality. Validation is not applied to software
that has no impact on quality. An inventory of computerized systems should be done
periodically, including at least:
Software identification (name, version)
Software supplier
Processes where software is used
Process owner
Risk assessment
Status (validated, not validated, validation in progress, not applicable)
A multidisciplinary team with representatives from information technology, quality, and
operations should be responsible for protocols and report approvals. Responsibilities for the
tests should be assigned in the protocols. Software validation tests should cover:
Security (e.g., access levels, profiles, responsibilities inclusion, exclusion, or changing
profiles)
Data validity (e.g., challenge the software with entries above and below specification
and with entry value errors)
Documentation (e.g., software design in accordance with user requirements and other

PF 40(2): Mar.-Apr. 2014

99

documents)
Functionality (e.g., calculations, operations). [Note—Most of the functionality tests for
embedded software are covered during equipment qualification (installation, operation,
and performance qualifications).]
Data integrity (e.g., changes, traceability, backup, recovery, protection)
After validation, any modification to the system should be done according to change control
procedures. Records should be kept.
CHANGE CONTROL
Improvements, management reviews, complaints and deviation handling, and other monitoring
systems can trigger change. The organization should have a written procedure describing the
steps for change control. It should include: responsibilities, an impact assessment of the
change based on risk, necessary validation, documentation review, regulatory impact, and the
necessity to have planned activities for the change. The organization should have a team of
experts to evaluate the change, including representatives from operations, quality, regulatory
and legal affairs, and logistics and maintenance.
The QMS management representative should approve all changes prior to implementation. An
effectiveness assessment should be carried out to confirm that QMS integrity after
implementation has not changed.
Customers and regulatory bodies should be notified of any changes in packaging, handling,
storage, transportation, or documentation (e.g., MSDS or labels).
REGULATORY AFFAIRS
Supply chain partners should apply for all required licenses and authorizations for their
activities. These documents should be readily available for regulatory inspections and supplier
and customer audits upon request. This also applies to subcontractors. Only drug products
holding marketing authorizations can be distributed within the commercial supply chain, except
for investigational drug products. A written procedure for this kind of product should be
established by the organization, determining all precautions needed to ensure integrity through
the supply chain.
A written procedure for controlled drug substances, drug products, and radiopharmaceuticals
inventory should be in place, and records should be available for audit by competent
authorities.
Senior management should assign a person to be in charge of all regulatory updates,
applications, and issues regarding storage and distribution of materials and products handled
within the organization. This person should also work to increase the regulatory awareness
within the organization.
APPENDIX
In the context of this chapter, the following definitions are used:
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Adulteration: A drug or device shall be deemed to be adulterated, if “(2)(A) it has been
prepared, packed, or held under insanitary conditions whereby it may have been contaminated
with filth, or whereby it may have been rendered injurious to health; or (B) ...the methods
used in, or the facilities or controls used for, its manufacture, processing, packing, or holding
do not conform to or are not operated or administered in conformity with current good
manufacturing practice to assure that such drug meets the requirements of this [Act] as to
safety and has the identity and strength, and meets the quality and purity characteristics,
which it purports or is represented to possess” (FDA, Food, Drug, and Cosmetic Act, Sec.
501, §351).
Audit: Systematic, independent, and documented process for obtaining audit evidence and
evaluating it objectively to determine the extent to which audit criteria are fulfilled.
Competence: A set of knowledge, skills, and attitudes that can be developed in the
personnel.
Complaint: Any written, electronic, or oral communication that alleges deficiencies related to
the identity, quality, durability, reliability, safety, effectiveness, or performance of a product
after it is released for distribution.
Corrective action and preventive action (CAPA): A system established to perform actions
to eliminate the cause of a detected nonconformity or other untoward situation in order to
prevent reoccurrence (corrective action) and actions to eliminate the cause of a potential
nonconformity or other untoward potential situation to prevent occurrence (preventive
action).
Counterfeit drug: “A drug which, or the container or labeling of which, without authorization,
bears the trademark, trade name, or other identifying mark, imprint, or device, or any likeness
thereof, of a drug manufacturer, processor, packer, or distributor other than the person or
persons who in fact manufactured, processed, packed, or distributed such drug and which
thereby falsely purports or is represented to be the product of, or to have been packed or
distributed by, such other drug manufacturer, processor, packer, or distributor” [21 U.S.C.
§321(g)(2) (2004)]. This is comparable to a falsified medicinal product in the EU.1
Critical deviation: Any deviation that is life-threatening, can cause permanent damage to
health, or is found frequently.
Installation qualification (IQ): The documented verification that the facilities, systems, and
equipments, as installed, comply with the approved design and recommendations of the
manufacturer.
Management review: Review by senior management of the suitability and effectiveness of
the quality management system at defined intervals and with sufficient frequency according
to established procedures to ensure that the system satisfies the requirements of the FDA
and the manufacturer's established quality policy and objectives.
Material: A general term used to denote raw materials (starting materials, reagents, and
solvents), process aids, intermediates, excipients, packaging, and labeling materials.
Operation qualification (OQ): The documented verification that the facilities, systems, and
equipment, as installed, operate within the ranges established by the manufacturer.
Outsourced activities: Activities conducted by a contract acceptor under a written
agreement with a contract giver.
Performance qualification (PQ): The documented verification that the facilities, systems,
and equipments, as installed, operate for a long time with robustness and reproducibility
within the specification established by the organization.
Quality management system (QMS): In the context of this chapter, minimally a set of
policies, processes, and procedures that enable the identification, measurement, control, and
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improvement of the distribution and storage of a drug product. It is the management system
used to direct and control a company with regard to quality. (See the ICH Q10 model,
Pharmaceutical Quality System—Fundamentals and Vocabulary, ISO Standard 9000:2005.)
Qualification: Activities undertaken to demonstrate that utilities, equipment, and methods or
modes used for distribution of bulk active ingredients, excipients, and/or finished
pharmaceutical products are suitable for their intended use and perform properly.
Quality manual: Document specifying the quality management system of an organization.
Quality objectives: A means to translate the quality policy and strategies into measurable
activities.
Quality planning: Part of quality management focused on setting quality objectives and
specifying necessary operational processes and related resources to fulfill the quality
objectives.
Quality policy: A formal statement by executive management of an organization's
commitment to and objectives for quality. The quality policy is understood, implemented, and
maintained at all levels of the organization.
Quality risk management: A systematic process for the assessment, control,
communication, and review of risks to the quality of a drug (medicinal) product across the
product life cycle.
Resources: Adequate resources provided by manufacturers, including the assignment of
trained personnel for management, performance of work, and assessment activities, including
internal quality audits.
Scope: The extent and boundaries of a quality management system, validation programs,
audits, etc.
Senior management: Person(s) who direct and control a company or site at the highest
levels with the authority and responsibility to mobilize resources within the company or site.
Service level agreement: An agreement defining the relationship between a service provider
and the business customer.
Service provider: Any organization engaged in the holding and movement of materials and
products that are not manufactured by itself (e.g., wholesale distributors, carriers, brokers,
pharmacies, health care offices).
Specification: List of tests, references to analytical procedures, and appropriate acceptance
criteria that are numerical limits, ranges, or other criteria for the tests described for a
material.
Supply chain: The continuum of partners spanning from the supplier of starting material
[e.g., active pharmaceutical ingredient (API), excipients, and packaging material] through the
manufacturer of finished products (e.g., drug products, medical devices, and dietary
supplements) to the end user.
Validation: A documented program that provides a high degree of assurance that a specific
process, method, or system will consistently produce a result meeting predetermined
acceptance criteria.
Validation master plan: A document that summarizes an organization's overall intentions,
philosophy, and approach for establishing performance adequacy. 1S (USP38)

1 U.S. definition for counterfeit drugs at the time of publication.

BRIEFING
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1083.2 Environmental Conditions Management. USP is proposing a new series of
Good Distribution Practices (GDP) general chapters, which were developed as a result of
reviewing two existing general chapters, Good Storage and Distribution Practices for Drug
Products

1079

and Good Distribution Practices for Bulk Pharmaceutical Excipients

1197 ,

and the previously proposed Good Distribution Practices—Supply Chain Integrity 1083 that
appeared in PF 38(2) [Mar.–Apr. 2012] but was subsequently canceled. These three general
chapters provide information related to the storage, shipment, distribution, and transportation
of pharmaceutical components and products. The review showed overlapping and
complementary items among these general chapters and highlighted the need to revisit USP
chapters on GDP from an overarching perspective. The new general chapters will cover material
flow beginning with initial procurement and continuing throughout the supply chain to delivery
of pharmaceutical components and products, medical devices, and dietary supplements to the
end user. The chapters will address four main GDP topics—Quality Management System
1083.1 , Environmental Conditions Management

1083.2 , Good Importation and Exportation

Practices 1083.3 , and Supply Chain Integrity and Security
best practices and principles.

1083.4 —each highlighting

(GCPS: D.G. Hunt.)
Correspondence Number—C139773

Comment deadline: May 31, 2014
Add the following:
1083.2

ENVIRONMENTAL CONDITIONS MANAGEMENT
INTRODUCTION

Environmental Conditions Management is a system put in place to control environmental
conditions (e.g., temperature, relative humidity, light, oxygen, shock, vibration, and other
conditions) that can affect the quality of materials and products in the supply chain.
During storage and distribution, the following two approaches can be used to keep the product
within its required labeled specifications:
Controlling the environmental conditions in equipment, storage rooms, and
transportation vehicles, where applicable, by means of devices such as a heating,
ventilation, and air-conditioning (HVAC) system, refrigerator, or (de)humidifier
Using packaging materials that allow the control of environmental conditions (e.g.,
insulated containers, thermal blankets, temperature stabilizers, desiccants, lightresistant material)
Whichever approach is used, the system should be qualified or monitored for validation or both.
The scope of this chapter provides general guidance on key aspects of the control of
environmental conditions during the distribution of products. It is not intended that this chapter
establish temperature ranges and relative humidity control or other environmental conditions to
maintain the integrity of the material or product during distribution. (See Packaging and Storage
Requirements

659

for temperature-related definitions.)
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The chapter is structured in five sections as shown in Figure 1.

Figure 1. Environmental conditions management–chapter structure.
ENVIRONMENTAL CONTROLLED FACILITIES, EQUIPMENT, AND VEHICLES
General requirements for storage facilities, equipment, and dedicated transportation vehicles
are provided in Quality Management System 1083.1 , Resources Management. In this
chapter, facilities, equipment, and transportation vehicles are emphasized as systems
functioning to control environmental conditions in accordance with product specifications.
The organization should have a written procedure for the storage and transportation of
materials or products, taking into account the following as appropriate:
Material or product category (narcotics, medical devices, prescription pharmaceuticals,
temperature sensitive, hazardous products, and others)
Layout (e.g., floor-standing pallets, pallet racking, boxes inside the refrigerators, and
others)
Volume of stored product (including peaks of storage)
Air circulation and environmental conditions (e.g., temperature, relative humidity,
pressure, and other conditions)
Contingency plan for outages and breakdowns
The procedure should be written on the basis of a risk assessment of factors that can impact
material or product quality during storage.
All facilities, equipment, and dedicated temperature-controlled transportation vehicles should be
challenged under a performance qualification protocol.
PACKAGING FOR SHIPPING
The organization should have a written procedure for the passive packaging system used for
shipping. The procedure should be written on the basis of an assessment of risk factors that
can impact material or product quality during shipping, including but not limited to the following:
Protection required for the material or product
Environmental conditions (e.g., temperature and relative humidity) at which the material
or product can be transported and temporarily stored (e.g., receiving, shipping, customs
areas)
Packaging system selection and auxiliary packaging materials used for shipping, with
selection based on the specified storage conditions for the material or product and the
transportation mode, lanes, and duration
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Package configuration for shipping, based on qualification studies (e.g., how many gel
pack layers, location of gel packs, and other factors)
Monitoring device requirements: quantity, type, and position within the package system
(see Monitoring Devices—Time, Temperature, and Humidity 1118 )
Tamper-evident closure systems for the packaging system
Forms or records or both to register data during shipping and temporary storage
Documentation necessary for shipping (e.g., labeling, tamper-evident seals, courier
documents, and others)
Labeling should provide all the information necessary to comply with national and international
guidelines on GDPs, environmental conditions during distribution, and compliance with any other
national or international rules and regulations.
PERFORMANCE QUALIFICATION
Performance Qualification (PQ) should be carried out to evaluate if the equipment, warehouse
facilities, utilities, shipping containers, and dedicated temperature-controlled vehicles perform
as required.
Performance qualification can be any of the following:
Prospective: When documented evidence for PQ is generated before the start-up of
the operation or system (e.g., using laboratory simulations for shipping containers or
transportation modes)
Concurrent: When documented evidence for PQ is generated during the actual
operation of the system (e.g., real-time monitoring of an actual shipping container or
storage area)
Retrospective: When documented evidence for PQ is generated using historical data
for systems (e.g., temperature/humidity monitoring logs)
PQ for transport systems (shipping container and dedicated vehicles) should reflect actual load
configurations and expected environmental conditions.
Testing should be performed on both active and passive thermal packaging systems.
Organizations should perform a prospective PQ (simulating the distribution environment to
perform challenge tests) when appropriate, and then a concurrent qualification when products
are monitored in their shipping environment.
For organizations that are shipping products without a prospective or concurrent PQ, each
cargo should be monitored and a retrospective PQ done using historical data and a risk
assessment to justify the method used.
Spot checks using calibrated monitoring systems should be done periodically to ensure
maintenance of the shipping qualification status (for transportation methods not using
monitoring for each shipment) and to support risk assessment.
For shipping container PQ, several standards are available for evaluating performance of
packaging systems during transportation. Organizations with standard test methods for this
purpose include the American Society for Testing and Materials (ASTM) and the International
Safe Transit Association (ISTA).
PQ protocols should be approved prior to execution. Thermal PQ protocols should be written to
ensure that shipping containers, dedicated vehicles, and storage facilities can maintain the
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temperature range specified for the product, even when faced with extreme outside
temperatures. The protocol should take into account, where applicable, at least the following:
Responsibilities, including third parties
Material or product storage requirements as established by means of stability studies
(temperature and relative humidity ranges allowed during storage and transportation)
Description of the storage room or payload compartment, including dimensions, layouts,
active environmental controls (coolers, heaters, mechanical stabilizers for minimizing
vibration, and others), temperature stabilizers, and power systems (electrical, battery,
and others)
Location and volume of the material or product inside the storage room or shipping
container
Packaging material
Environmental conditions during storage and transportation
Transportation mode, route, and duration
Monitoring devices and alarms (warning systems) in place
Frequency of data logging
Location and number of monitoring devices for temperature and humidity (where
applicable)
Temperature mapping to show whether temperatures are evenly distributed or if there
are hot or cold spots in storage areas and dedicated vehicles
Acceptance criteria and approvals
Audible or visible alarms or both should be in place if temperature or relative humidity or
both are out of specification. These alarms should be qualified and also periodically
challenged.
DATA MONITORING
All storage facilities and dedicated vehicles should be monitored for environmental conditions.
All monitoring devices should be calibrated according to their intended use, and at least
annually. For more information, see chapter 1118 . The organization should have written
SOPs for the operation of the device, calibration frequency, monitoring interval, data recording,
data interpretation (including alarms), and contact information for responsible personnel who
will assess any excursions during storage, transport, or upon receipt.
Data loggers or sensors placed inside shipping containers for temperature, relative humidity, or
shock and vibration monitoring should be checked and data downloaded (where applicable)
upon receipt of the cargo. Environmental Condition & Delivery Time charts (e.g., temperature
vs. time or relative humidity vs. time) are useful tools to check the environmental exposure
profile of the cargo during the shipping, transport, and delivery to the customer, and to allow
the evaluation of any excursions.
SHORT-TERM EXCURSIONS
Short-term excursions can occur during distribution. Any excursion should be documented and
handled as a nonconformance or deviation report. Product disposition should be established on
the basis of an assessment of the excursion (e.g., the temperature or relative humidity to
which the material or product was exposed, and for how long), the stability data obtained from
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traditional stability studies (under accelerated and long-term conditions and performed in
accordance with International Conference on Harmonisation (ICH) guidelines), and distribution
stability studies (e.g., extremes of temperature, temperature-cycling, and freeze-thaw studies,
as appropriate). Combining stability data from long-term and accelerated studies, mean kinetic
temperature calculations, temperature excursion studies, and temperature cycling studies
should provide the information necessary to evaluate the effect of excursions on material or
drug product quality that may occur during the storage and transportation process.
Systematic excursions, however, should be handled as corrective and preventive actions
(CAPAs) (see

1083.1 ).
APPENDIX

In the context of this chapter, the following definitions are used.
Active packaging container: Actively powered systems that use electricity or other energy
to maintain a specific temperature range inside an insulated container or enclosure.
Auxiliary packaging material: Loose packaging material (e.g., strong cardboard, dunnage,
pieces of polystyrene, air bags, bubble wrap) used to protect the material or product from
damage during transport.
Distribution hazards: All environmental factors to which a material or product can be
exposed during distribution, such as vibration, pressure, stacking load, temperature, and
relative humidity.
Mean kinetic temperature (MKT): The single calculated temperature at which the total
amount of degradation over a particular period is equal to the sum of the individual
degradations that would occur at various temperatures. It is not a simple arithmetic mean.
MKT may be considered as an isothermal storage temperature that simulates the
nonisothermal effects of storage temperature variation.
Passive packaging container: Systems that maintain a controlled environment inside an
insulated container or enclosure without an external source of energy.
Performance qualification (PQ): The documented verification that facilities, systems, and
equipment, as installed, operate robustly and reproducibly within the specification established
by the organization. For the purpose of this chapter, performance qualification means all tests
designed and executed to determine if the storage rooms and areas, equipment, dedicated
temperature-controlled transport vehicles, and shipping containers are suitable for their
intended use.
Temperature stabilizer: A material or combination of materials that stores and releases
thermal energy in an effort to maintain a specified temperature range within an active or
passive packaging system (e.g., water-, chemical-, or oil-based phase change material, such
as carbon dioxide, solid/dry ice, and liquid nitrogen). 1S (USP38)
BRIEFING
1083.3 Good Importation and Exportation Practices. A new series of general
informational chapters describing various aspects of the pharmaceutical supply chain replaces
Good Distribution Practices 1083 , which appeared as an In-Process Revision in PF 38(2) but
since then has been canceled. USP is proposing a new series of Good Distribution Practices
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(GDP) General Chapters, which were developed based on a review of three existing general
chapters covering storage, shipment, distribution, and transportation of pharmaceutical
components and products: Good Storage and Distribution Practices for Drug Products
Good Distribution Practices

1079 ,

1083 , and Good Distribution Practices for Bulk Pharmaceutical

Excipients 1197 . A review of these chapters showed overlapping and complementary items,
highlighting the need for an overarching perspective. The series of new general chapters will
cover pharmaceutical components and products, medical devices, and dietary supplements
beginning with material flow at initial procurement and continuing throughout the supply chain
through delivery to the end user. The suite of chapters—Quality Management System
, Environmental Conditions Management

1083.1

1083.2 , Good Importation and Exportation

Practices 1083.3 , and Supply Chain Integrity and Security
main GDP topics, highlighting best practices and principles.

1083.4 — will address four

(GCPS: D.G. Hunt.)
Correspondence Number—C139774

Comment deadline: May 31, 2014
Add the following:
1083.3

GOOD IMPORTATION AND EXPORTATION PRACTICES
INTRODUCTION

Importation and Exportation Management (IEM) is a set of basic principles that should be
followed to ensure the quality, safety, and security of imported and exported materials and
products. Organizations involved in the importation and exportation of materials or products or
both should be aware of local, national, and international regulations; risks associated with
material or product handling; and have controls in place to mitigate the likelihood that the
material or product quality, safety, or security is compromised.
This chapter does not cover importation or exportation laws and customs procedures, because
they are country specific. Instead, this chapter covers business-to-business (B2B) and
business-to-government (B2G) importation and exportation processes.
Importation and exportation are the international procurement and sales of materials or
products or both. These processes are discussed in the Operations section in general chapter
Quality Management System 1083.1 . International donations of samples or products for
health programs are also within the scope of importation and exportation and should also follow
these basic principles.
This chapter is structured in three sections, as shown in Figure 1.
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Figure 1. Chapter structure of

1083.3 .

GENERAL REQUIREMENTS
Organizations dealing with importation or exportation of materials and products should have the
appropriate licensing and authorizations. Hence, their quality management system (see
1083.1 ) should include the provisions/protocols to support international procurement, sales,
and distribution. All regulatory and legal requirements for importation and exportation should be
followed for the particular material or product and for the country or countries that the
organization is dealing with. Organizations should have knowledge of the country’s customs
policies and procedures and international conventions before importation and exportation,
because they are country specific. The organization should comply with relevant intellectual
property laws and regulations, such as patent and trademark registration.
The organization should perform a risk assessment, taking into account:
The material or product
Supply chain partners (including brokers, agents, carriers, and customs authorities)
involved in the importation or exportation or both and their licensing, authorizations, and
certifications, such as International Standards Organization (ISO) and U.S. CustomsTrade Partnership Against Terrorism (C-TPAT)
Physical modes of transportation (air, sea, rail, or truck)
Transactional mode of ownership
Transportation routes and country-specific regulations
Listed below are general criteria for conducting this risk assessment.
Identifying the business partners involved and mapping a product's cargo movement
throughout the supply chain
Conducting both a quality and security threat audit or assessment to identify potential
gaps
Developing an action plan to address potential gaps
With respect to ensuring material and product quality, all necessary environmental conditions
and other vulnerability should be accounted for during material and product importation and
exportation (see Environmental Conditions Management 1083.2 ), which includes storage in
bonded warehouses and during transportation (in-transit storage). Delays in port clearance can
potentially lead to deterioration in material or product quality or both.
Organizations should have written procedures for importation and exportation, for all processes,
including but not limited to (see 1083.1 ):
Responsibilities
Communication between the supply chain partners and within an organization, such as
quality, regulatory, legal affairs, and security
Operations (order; pro forma or invoice issue; and port and customs clearance, storage,
and transportation)
Origin, authentication, and quality control of imported materials and products
Applicable documentation, forms, and records (e.g., manifest, air waybill, bill of lading,
certifications, batch record, certificate of analysis, and others)
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Identifying forbidden, restricted, controlled, or hazardous materials and products
Traceability and security of material and product (see general information chapter
Supply Chain Integrity and Security

1083.4 )

MATERIAL OR PRODUCT KNOWLEDGE
Organizations importing or exporting should have adequate knowledge of the material or
product, including but not limited to:
Product or material identification and characteristics: international identification name
(if available), code and brand and any other classification intended to identify the
material or product (e.g., dosage form for medicines), regulatory classification, and
presentation (primary and secondary packaging)
Intended use of the material and product, including the country in which it will be sold
and used
Storage conditions (e.g., for temperature- and time-sensitive materials or products
such as vaccines, cell therapy products, and others)
Potential hazards: the organization should be aware of both environmental hazards and
hazards to personnel (e.g., hormones, cytotoxic drugs, radiopharmaceuticals, and
radiolabeled materials, and others)
Potential risks: e.g., due to the likelihood of cargo theft; materials and products with
high potential for abuse; and likelihood of counterfeiting, tampering, adulteration, and
diversion
Source of material or product
Contractual agreements in place to ensure quality, safety, and security of the material
and product
GLOBAL SOURCING KNOWLEDGE
Importation and exportation are the international procurement and sales of materials and
products, generally involving supplier, customer, freight forwarders and carriers, and customs.
The basic steps for importation and exportation could be summarized as:
1. Business requirements, involving the negotiation between the stakeholders (e.g.,
supplier, customer, banks, brokers), which includes financial requirements and the flow
of information
2. Material or product holding and transportation, taking into consideration all of the
environmental factors that can have an affect on the material or product being
distributed
3. Customs clearance and, regarding documentation, duties and ports authorities charges
necessary to deliver the order from the port warehouses to the customers' receiving
sites
Organizations should be aware that business or financial transactions related to importation and
exportation could be different from the physical movement of material or product being
imported or exported, and these transactions may affect the accountability of the material's or
product's quality, safety, and security.
Supplier, service provider, and customer requirements should be established to meet business
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needs and be monitored to ensure an acceptable level of performance and compliance with
importation and exportation regulations (see 1083.1 ). Organizations should develop a list of
approved/not approved suppliers, service providers, and customers. For those approved
suppliers, service providers, and customers, their performance should be measured and
assessed on an ongoing basis.
Organizations should have agreed-upon responsibilities and contractual terms between the
freight forwarder, carrier, supplier (e.g., exporter), and customer (e.g., importer) to handle the
inland freight, temporary storage, and overseas shipment; import/export documentation (e.g.,
licenses, certificates, letter of credit, and others); customs clearance arrangements; and cargo
insurance. Depending on the mode of transportation used, additional information and documents
may be required (e.g., importer security filing for vessels).
If a contract for port and customs clearance is in place, the organization should define in
writing the scope of work and service requirements (e.g., arranging clearance, documentation
to be provided by the supplier and by the consignee, security, deviation remediation, and
others).
Organizations should have written procedures for port clearances, including the actions the
organization or that third-parties should take, including but not limited to communication of
expected arrival date of shipments and obtaining the documents necessary for clearance and
warehousing (see 1083.2 ). Re-exportation should not happen, and the organization should
require a warranty against this (e.g., statement of non-re-export of product).
Any computer system used for placing orders, order processing, supplier and customer
registration, information tracking regarding licenses, product information, regulatory status,
denied countries, controlled substances (names and allowed amount), and others should be
validated. Procedures should be in place to identify suspicious orders, including but not limited
to whether contact information is different from that filed with the authorities, whether unusual
instructions for payment or delivery are included, whether unusually large amounts of controlled
substances are involved, and other similar situations. The organization's legal affairs or security
department should be notified of any suspicious orders, and the health authority or law
enforcement agency or both should be notified as appropriate.
APPENDIX
In the context of this chapter, the following definitions are used.
Air waybill: The shipping document used for the transportation of air freight that includes
conditions, limitations of liability, shipping instructions, and description of the material or
product being shipped.
Bill of lading: A document that establishes the term of a contract between a shipper and a
transportation company under which freight is to be moved between specific points for a
specific charge. Because it is usually prepared by the authorized agent on forms issued by the
carrier, the bill of lading serves as a document of title, a contract of carriage, and a receipt for
product.
Bonded warehouse: An approved private warehouse used for the storage of products until
duties and taxes are paid and the goods are properly released by the competent customs
authorities.
Exportation: The act of sending or transporting materials or products out of a country.
Importation: The act of bringing materials or products into a country.
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Manifest: A collection of documents, including forms such as the cargo declaration and
annotated bills of lading, that lists and describes the cargo contents of a bulk transport,
container, or warehouse.
Re-exportation: The act of bringing materials or products into a country and then sending or
transporting them outside that country. 1S (USP38)
BRIEFING
1083.4 Supply Chain Integrity and Security. A new series of general informational
chapters describing various aspects of the pharmaceutical supply chain replaces Good
Distribution Practices—Supply Chain Integrity 1083 , which appeared as an In-Process
Revision in PF 38(2) but since then has been canceled. USP is proposing a new series of Good
Distribution Practices (GDP) General Chapters, which were developed based on a review of
three existing general chapters, Good Storage and Distribution Practices for Drug Products
1079 , Good Distribution Practices

1083 , and Good Distribution Practices for Bulk

Pharmaceutical Excipients 1197 . These three existing general chapters provide information
related to the storage, shipment, distribution, and transportation of pharmaceutical
components and products. The review showed overlapping and complementary items among
these general chapters and highlighted the need to revisit USP chapters on GDP from an
overarching perspective. These new general chapters will cover material flow beginning with
initial procurement and continuing throughout the supply chain to delivery to the end user for
pharmaceutical components and products, medical devices, and dietary supplements. The
chapters will address four main GDP topics—Quality Management System
Environmental Conditions Management

1083.1 ,

1083.2 , Good Importation and Exportation Practices

1083.3 , and Supply Chain Integrity and Security
principles.

1083.4 —highlighting best practices and

(GCPS: D.G. Hunt.)
Correspondence Number—C139775

Comment deadline: May 31, 2014
Add the following:
1083.4

SUPPLY CHAIN INTEGRITY AND SECURITY
INTRODUCTION

Supply Chain Integrity and Security (SCIS) is defined as a set of policies, procedures, and
technologies used to provide visibility and traceability of products within the supply chain. This
is done to minimize the end-user's exposure to adulterated, economically motivated
adulteration, counterfeit, falsified, or misbranded products or materials, or those which have
been stolen or diverted. This is minimized by implementing procedures to control both the
forward and the reverse supply chains.
SCIS involves reducing risks that arise anywhere along the supply chain, from sourcing
materials and products to their manufacture and distribution. Importation and exportation are
discussed under Operations in Quality Management System

1083.1

and in Good Importation
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and Exportation Practices 1083.3 . The ultimate goal is to detect adulterated, falsified, or
counterfeit products and prevent them from entering the supply chain.
The chapter is structured in three sections as shown in Figure 1.

Figure 1.

1083.4

Supply chain integrity and security chapter structure.
SUPPLY CHAIN INTEGRITY

Supply chain integrity should be ensured to provide quality and safe products to the end-user.
Risks to the integrity of products entering the supply chain can include:
Adulteration of the material or product
Counterfeit or falsified material or product
Misbranded products containing unlabeled ingredients
Expired products that are relabeled and sold to end-users
Materials or products meant for destruction that are diverted for sale
Materials and products that are not effectively recalled
Materials and products that are not transported and stored according to the
environmental conditions stated on the label
The risks and strategies to combat a threat will vary depending on the area of the supply chain
being addressed. In-depth guidance is presented in subsequent chapters. The organization
should have in place a Supply Chain Management System integrated with the Quality
Management System (chapter 1083.1 ). This system should be designed and implemented to
identify and control risks within the supply chain and provide a response when adulterated or
counterfeit products are detected or a deviation is observed from label environmental
conditions during transportation and/or storage.
Organization should conduct a risk-based assessment of their supply chains to identify risks,
estimate the likelihood of them occurring (probability), and their consequences (severity). For
this assessment, at least the following factors should be taken into account, but not limited to:
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Attractiveness of certain materials and products for adulteration or counterfeiting (e.g.,
products with high value, widely sold products, or those in short supply)
Complexity and degree of control of the supply chain in obtaining materials and products
from overseas suppliers
The ability to maintain the product within specified labeled environmental conditions,
especially during transportation
Based on the risk assessment, a plan should be designed and implemented to maintain supply
chain integrity and formulate a response when an integrity breach is discovered containing, but
not limited to, the following steps:
Identification of the product description, product lot(s), and quantity
Promptly reporting the adulteration or counterfeiting occurrence to the regulatory
authorities
Preparation of a public notification in the form of a press release and/or posting on the
company's website
Reviewing the company's security procedures in response to the breach
Investigating the deviation from the labeled environmental conditions as to the extent
of the deviation, the time period of its occurrence, and the reason(s) for the breach
Determining the effect of the breach of the environmental conditions on the product's
safety and effectiveness
Reviewing the company's transportation or storage procedures in response to the
breach
SUPPLY CHAIN SECURITY
Procedures should be in place to mitigate security risks to the supply chain, such as theft
during storage and transportation and product diversion.
Product Theft
Thefts of cargo during transportation or from warehouses can occur at any point in the supply
chain. Legitimate packaging and labeling materials can also be stolen or diverted in order to
form counterfeited products. Thefts can be targeted to specific products, for example those of
high value, or opportunistic where the cargo contents are unknown to the perpetrators at the
time of the theft but do contain medical supplies. Procedures should be in place to evaluate the
risk of theft and to establish procedures to respond to a theft when it occurs.
The organization should have in place a Security Management System integrated with the
Quality Management System (chapter 1083.1 ). This system should be designed and
implemented to identify and control risks within the supply chain, and how to respond to a theft
when it occurs. A security policy should be established.
Organizations should conduct a risk-based assessment of their supply chains to identify risks,
estimate the likelihood of them occurring (probability), and their consequences (severity). For
this assessment, at least the following factors should be taken into account, but not limited to:
Attractiveness of certain products for theft (e.g., products with high value or widely
sold, products with potential for abuse, or those in short supply)
Transportation routes and location, and design of storage facilities
Security threats (known criminal index) associated with transportation mode, shipping
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routes, and/or storage locations
The duration of shipments or time that the shipment is to be held at a particular
location
The country of origin and destination
Based on the risk assessment, a security plan should be designed and implemented. Legal,
statutory, and other regulatory requirements should be observed.
All security incidents should be recorded and periodically reviewed. If the security
incident was a consequence of a failure in a system or procedure already in place, the
incident should also be handled as a nonconformance.
Organizations should perform security audits periodically to verify the level of
compliance with the security plan and its efficiency.
Historical data should be evaluated to address new security measures or maintain
existing ones.
Organizations should have layered defenses against cargo theft, which include but are
not limited to procedures, technology for security and monitoring, high security locks
and seals, intelligence and information analysis, well trained personnel, and others.
Organizations should have incident management procedures in place to respond to a theft
which should contain, but is not limited to, the following steps:
Identification of the product(s) involved and source, including quantity, lot number(s),
and/or any other unique identifier(s) used to control the product or shipment
Date and location of incident occurrence
Promptly reporting the theft to both law enforcement and regulatory authorities in the
country of origin and where the theft occurred
Communicating with the intended customer(s) of the shipment(s)
Preparation of a public notification in the form of a press release and posting on the
company's website in the case of drug products, dietary supplements, and medical
devices
Reviewing the company's security procedures in response to the theft
Incidents should be investigated, tracked, and trended and the results used to
formulate continuous improvement to security systems
Product Diversion
Products can be diverted from the legitimate supply chains and re-introduced back into legal or
illegal markets. The examples of security breaches of a supply chain include, but are not limited
to, the following:
Products sent for destruction are diverted
Products are obtained from black-market prescriptions and resold
Products purchased from patients or unlicensed sources are resold
Product samples are diverted and/or repackaged
The diversion and resale of drugs intended for use by non-profit organizations
Donated product that is diverted
Expired product diverted, relabeled with a new expiration date, and resold
Products are illegally imported from another country through internet purchases either
by medical professionals or by patients

PF 40(2): Mar.-Apr. 2014

115

Organizations should have procedures in place to address the risk of product diversion and to
respond when it occurs. The procedures should contain, but not be limited to, the following
steps:
Investigation of unusually high levels of dispensing activities by medical professionals for
products with the potential for abuse and/or high street value
Investigation of product offered below normal market value
APPENDIX
In the context of this chapter, the following definitions are used.
Adulteration: A drug or device shall be deemed to be adulterated, if “(2)(A) it has been
prepared, packed, or held under insanitary conditions whereby it may have been contaminated
with filth, or whereby it may have been rendered injurious to health; or (B) ...the methods
used in, or the facilities or controls used for, its manufacture, processing, packing, or holding
do not conform to or are not operated or administered in conformity with current good
manufacturing practice to assure that such drug meets the requirements of this [Act] as to
safety and has the identify and strength, and meets the quality and purity characteristics,
which it purports or is represented to possess” (FDA, Food, Drug, and Cosmetic Act, Sec.
501, §351).
Counterfeit drug: “A drug which, or the container or labeling of which, without authorization,
bears the trademark, trade name, or other identifying mark, imprint, or device, or any likeness
thereof, of a drug manufacturer, processor, packer, or distributor other than the person or
persons who in fact manufactured, processed, packed, or distributed such drug and which
thereby falsely purports or is represented to be the product of, or to have been packed or
distributed by, such other drug manufacturer, processor, packer, or distributor” [21 U.S.C.
§321(g)(2) (2004)]. This is comparable to Falsified Medicinal Product in the EU.a
Criminal indices: Comprehensive databases maintained at the local, state, and federal level
(National Crime Information Center) that provide detailed statistics of criminal offenses and
offenders.
Diversion: The unlawful redirection of pharmaceutical products, components, or devices from
the authorized distribution system and subsequent distribution to legal and illegal markets.
The diversion can occur anywhere in the chain of distribution from the pharmaceutical
manufacturer, drug packager, transporter, or wholesaler, to the institutions where the
product is dispensed, i.e., retail pharmacies, clinics and hospitals, or the patient.
Economically motivated adulteration: The fraudulent, intentional substitution or addition
of a substance in a product for the purpose of increasing the apparent value of the product
or reducing the cost of its production, i.e., for economic gain.
Falsified medical product: Any medicinal product with a false representation of its identity,
including its packaging and labeling, its name, or its composition as regards any of the
ingredients including excipients and the strength of those ingredients; its source, including its
manufacturer, its country of manufacturing, its country of origin, or its marketing
authorization holder; or its history, including the records and documents relating to the
distribution channels used.
Forward supply chain: Refers to the movement and holding of materials or products from the
manufacturer to the customers.
Integrity: Ensuring the identity and authenticity of a material or product by a set of

PF 40(2): Mar.-Apr. 2014

116

procedures.
Reverse supply chain: Refers to the movement and holding of materials or products from the
customers to the previous supply chain partner, e.g., the pharmacy, the distributor, the
manufacturer. Examples of a reverse supply chain are: returns, recalls, remanufacturing, and
refurbishment.
Supply chain integrity: An unbroken chain of custody beginning with sourcing of materials,
through manufacture and distribution, ending in the receipt of the product by the intended
end-user.
Supply chain security: Mitigation of security risks to the supply chain such as theft during
storage and transportation, and diversion.
Supply chain security management: Establishment, implementation, and maintenance of
processes and procedures to mitigate security risks in the supply chain. 1S (USP38)

a U.S. definition for counterfeit drugs at the time of publication.

BRIEFING
1130 Nucleic Acid-Based Techniques—Approaches for Detecting Trace Nucleic
Acids (Residual DNA Testing), USP 37 page 1000. During manufacture of biopharmaceuticals
produced by cells, it is important to reduce, as much as possible, the quantity of residual host
cell DNA, thereby maximizing product purity, safety, and quality. This revision proposal
modernizes the official chapter to reflect current methodology and expectations for residual
DNA procedures. Specifically, the hybridization approach is no longer included and additional
options for polymerase chain reaction-based methods are introduced. The chapter also
proposes a wider acceptance range of 50%–150% for sample recovery based on current
methods approved by regulators. The chapter is also referenced by the following official USP–NF
chapters:
Gene Therapy Products

1047

Nucleic Acid-Based Techniques—General

1125

Nucleic Acid-Based Techniques—Extraction, Detection, and Sequencing
Nucleic Acid-Based Techniques—Microarray

1128

Vaccines for Human Use—General Considerations
Vaccines for Human Use—Bacterial Vaccines

1126

1235

1238

Growth Factors and Cytokines Used in Cell Therapy Manufacturing
These links will remain as written when this chapter moves to official.

92

Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCBA: M. Kibbey.)
Correspondence Number—C135856

Comment deadline: May 31, 2014
1130

NUCLEIC ACID-BASED TECHNIQUES—APPROACHES FOR DETECTING TRACE
NUCLEIC ACIDS (RESIDUAL DNA TESTING)
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Change to read:
INTRODUCTION
The basic principles of nucleic acid amplification
1S (USP38)

technologies (NAT) and definitions of the various techniques are covered in Nucleic Acid-Based
Techniques—General 1125 . This chapter covers the analytical procedure used to quantify
residual DNA in biopharmaceuticals.
Quantification of
Process characterization and largely theoretical safety concerns with process-related
impurities highlight the need for 1S (USP38)
residual DNA impurities
testing 1S (USP38)
in biopharmaceuticals is based on safety concerns
biopharmaceutical products. 1S (USP38)
The
ability of a manufacturing process to remove residual DNA from a biopharmaceutical product is
an indicator of the quality and consistency of the process. Additionally, the 1S (USP38)
cells used to produce biopharmaceuticals
a biopharmaceutical 1S (USP38)
can be sources of a range of complex, heterogeneous, and potentially unsafe impurities, and
with 1S (USP38)
host cell DNA is among these. Much of
among these impurities. Historically, 1S (USP38)
the safety concern associated with residual DNA in biopharmaceuticals lies in the possibility
that host cell DNA, particularly continuous-cell-line DNA, may result in tumors or adverse
reactions. Cells used to produce biopharmaceuticals may possibly
also 1S (USP38)
carry viruses or harbor harmful nucleic acid. and the residual DNA in a given biopharmaceutical
product may be infectious.
1S (USP38)

Although animal testing has shown that extraneous DNA can cause tumors or infections, no
reports to date have demonstrated this risk in humans. Therefore, some regulatory agencies
have allowed a target of 100 pg or less of residual DNA per dose in biopharmaceuticals, and
levels up to 10 ng of residual DNA per dose may be considered, depending on the source of the
residual DNA and the product's route of administration.
One can address residual DNA in biopharmaceutical processes in two ways: by validating
clearance during process validation or by monitoring residual DNA levels by
through 1S (USP38)
routine testing of the drug substance. The level of concern regarding residual DNA can be tied
to the potential source of the residual DNA
its source 1S (USP38)
(e.g., infectious viral DNA) and the route of administration, so the residual DNA specification
and procedure for monitoring DNA clearance for a given product should be developed in
consultation with regulatory agencies. Regardless of whether routine testing of a drug product
substance 1S (USP38)
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is used to determine residual DNA content or whether DNA clearance is demonstrated by
process validation, analytical procedures for the quantification of residual DNA are required. The
analytical procedures used to determine the residual DNA content of biopharmaceuticals can
include hybridization, instrumentation based on DNA-binding protein, quantitative PCR (q-PCR),
or other DNA amplification methods
most often utilize a form of DNA amplification such as quantitative PCR (qPCR) testing due to
the superior sensitivity and unique advantages of this form of analytical procedure.
Occasionally, a commercially available assay based on single-stranded DNA binding protein is
used for residual DNA testing in drug substances of biological origin. 1S (USP38)
The expectation is that the analytical procedure used to quantify residual DNA in
biopharmaceuticals has a detection limit approximating 10 pg per dose. The assays based on
hybridization, DNA-binding protein, and q-PCR are typically the techniques of choice because
they can meet the sensitivity expectation
well below the DNA level allowed by regulators for biopharmaceuticals (often 10 ng/dose).
1S (USP38)

Change to read:
SAMPLE PRETREATMENT
Analysis of residual DNA requires accurate quantification of pg levels of DNA in mg (or larger)
quantities of product.
Analysis of residual DNA requires accurate quantification of extremely low levels of DNA in
comparatively large quantities of test material, typically drug substance. 1S (USP38)
The sample itself, whether it is a protein or other chemical entity,
various contents of the test material 1S (USP38)
can create sample matrix effects that must be overcome in order to yield a useful assay.
Protein samples may require only digestion with proteinase (e.g., Proteinase K, Pronase) to
allow the analytical method to quantitatively recover the residual DNA. Treating the sample
with a detergent may be required to dissociate the residual DNA from the sample matrix.
Traditionally, extraction methods based on phenol and chloroform, followed by ethanol
precipitation, have been applied to the purification of DNA in molecular biology research. The
phenol/chloroform extraction technique may be a useful pretreatment for residual DNA samples
prior to analysis. Because of the typically low levels of residual DNA present in samples,
quantitative DNA recovery with ethanol precipitation may be difficult. For this reason, a carrier
molecule (e.g., glycogen) may be necessary to aid in DNA recovery if this technique is used.
A commercial kit is available1
Commercial kits are available 1S (USP38)
and has
have 1S (USP38)
been used successfully for pretreatment of residual DNA samples. The commercial kit uses
For example, some kits use 1S (USP38)
a chaotrope (sodium iodide) and a detergent (sodium N-lauroyl sarcosinate) to disrupt the
association of the DNA with the sample. The DNA is then co-precipitated using glycogen as the
carrier molecule in the presence of isopropanol.
Each of these pretreatment techniques may yield acceptable results, or analysts may combine
the techniques to obtain acceptable recovery of the residual DNA from the sample. Sample
extraction is an extra handling step that may cause the incomplete
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inefficient 1S (USP38)
recovery of the residual DNA or may introduce environmental DNA into the sample, so great
care must be taken during any sample manipulations. Addition of DNA-spiked samples in the
residual DNA assay is a common practice. A recovery of 80% to 120%
50% –150% 1S (USP38)
of the spiked DNA is an acceptance criterion often applied to residual DNA assays to ensure
that the assay yields acceptable results. When sample characteristics (e.g., matrix effects,
sample preparation method) make achieving a recovery acceptance criterion of 80–120%
50%–150% 1S (USP38)
impractical, then correcting the observed DNA concentration by the load recovery percentage
is also an acceptable approach. During the qualification of a residual DNA assay, some
scientists treat the samples with DNase I to degrade the DNA in the sample in order to
demonstrate that the assay response was due to DNA and not some other sample component.
Delete the following:
HYBRIDIZATION-BASED RESIDUAL DNA ASSAY
The first residual DNA assays were based on DNA hybridization, wherein a DNA probe created
from host cell DNA detects and quantifies the amount of complementary DNA present in the
product under assay. Double-stranded host cell DNA consists of two complementary strands of
DNA that are held together by hydrogen bonding. The double-stranded DNA in the test sample
is denatured to single strands and immobilized to a membrane, typically a nitrocellulose or nylon
membrane. The sample is probed using host cell DNA that has been denatured and labeled. The
host cell DNA probe is not a specific sequence but is prepared by a random labeling procedure
during which a radioactive or fluorescent label is introduced into the host cell DNA to produce
the probe. When the denatured labeled DNA probe is brought into contact with the membraneimmobilized DNA, the probe will bind to complementary sequences of the host cell DNA. If the
probe is radioactive, the membrane is placed against autoradiography film for a sufficient length
of time, the film is developed, and a dark spot will be observed where the test DNA was
immobilized. If the probe has a fluorescent label, the intensity of the spots is determined using
a phosphor-or fluorescence-imaging system. The intensity of the spot is proportional to the
amount of probe that was hybridized to the test DNA and therefore is proportional to the
amount of residual DNA in the sample. The intensity of the spot can be compared visually with
the intensity of spots that correspond to a standard curve yielding semi-quantitative results
(i.e., visual quantitation), or the intensity can be determined using an instrument (e.g.,
densitometer) to create a quantitative value that is compared with the values obtained from
the standard curve. 1S (USP38)
DNA-BINDING PROTEIN-BASED RESIDUAL DNA ASSAY
Instrumentation is commercially available for the quantitation of residual DNA in
biopharmaceuticals. The instrumentation requires reagents that use DNA-binding protein and
antibodies targeted for DNA in a four-step analytical procedure. The first step requires that the
DNA be denatured into single-stranded DNA by sample heating. The denatured DNA is mixed
with a single reagent that contains DNA-binding protein that is conjugated with streptavidin
and a monoclonal anti-DNA antibody that is conjugated to urease. The DNA-binding protein and
the monoclonal antibody are specific for single-stranded DNA but do not have any sequence
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specificity. This liquid phase facilitates the formation of reaction complexes that contain DNA,
streptavidin, and urease. During the second step the sample is filtered through a biotinylated
membrane that binds to the streptavidin and captures the complexes on the membrane, which
is washed to remove any reagents that are not bound to the membrane. During the third step
the membrane is inserted into a sensor on the instrument, where the urease in the DNA
complex reacts with a urea solution in the sensor, producing ammonia and a change in pH that
is detected using a light-addressable potentiometric sensor (LAPS). The change in pH directly
correlates with the amount of DNA in the sample. In the fourth step the raw data from the
instrument are analyzed using the appropriate software to determine the residual DNA content
of the sample.
Change to read:
QUANTITATIVE PCR-BASED RESIDUAL DNA ASSAY
POLYMERASE CHAIN REACTION TECHNIQUES 1S (USP38)
Real-time q-PCR
qPCR 1S (USP38)
is a procedure that is well-adapted to fast sample throughput and has applications in many
areas of biopharmaceutical manufacture (e.g., copy number detection, virus detection). The
technique can quantify the amount of a nucleic acid target sequence in DNA from a variety of
samples. The DNA probe
and primers 1S (USP38)
used in the analysis are the key to the procedure. The
most common qPCR method for detection of this amplification is referred to as the 5¢ nuclease
assay. In this format, the 1S (USP38)
probe has a reporter dye attached to one end and a quencher dye attached to the other end.
A
pair of 1S (USP38)
DNA primer
primers 1S (USP38)
is also added to the reaction. During the amplification reaction, DNA polymerase I attaches
where the DNA primer binds to the single-stranded sample (template) DNA and moves along the
sample DNA synthesizing new complementary DNA. While following the template DNA, DNA
polymerase I cleaves any complementary DNA in the path. If DNA polymerase I encounters the
labeled DNA probe, it will cleave the reporter dye from the probe. The reporter dye is released
into solution and, in the absence of the quencher dye, can be quantitated as a fluorescent
measurement. Repeating the reaction cycle results in an amplification of the fluorescent signal.
The number of cycles required for the fluorescent measurement to exceed a threshold value
correlates to the amount of starting residual DNA in the sample. By comparing with a standard
curve the fluorescence obtained from a sample, analysts can quantify the residual DNA in the
sample.
Alternative Detection Strategies
A number of innovative detection strategies have been developed and commercialized beyond
that described above. A few of the most common are as follows.
1. Intercalating cyanine dyes fluoresce following binding to double-stranded DNA. The
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amount of dye incorporated is proportional to the amount of target amplicon generated.
These dyes are inexpensive and easy to use. The disadvantage of this technique is the
lack of specific probe to confer sequence specificity beyond that afforded by the
primers, and the dye will also bind somewhat to single-stranded DNA and RNA molecules.
Consequently, primer dimers or nonspecific products may affect the quantification.
However, it is possible to check for the specificity of the system by running a melting
curve at the end of the PCR run based on the principle that every product has a
different dissociation temperature, depending on the size and base content.
2. Other sensitive probes exist that contain a stem-loop structure with a fluorophore and a
quencher at their 5¢ and 3¢ ends, respectively. The stem is usually 6 bases long mainly
consisting of C’s and G’s, and holds the probe in the hairpin configuration. The “stem”
sequence keeps the fluorophore and the quencher in close proximity, but only in the
absence of a sequence complementary to the “loop” sequence. In the presence of a
complementary sequence, the probe unfolds and hybridizes to the target, leading to
separation between the fluorophore and the quencher, and the probe fluoresces. The
amount of signal is proportional to the amount of target amplicon sequence. The
increase in fluorescence that occurs is reversible as there is no cleavage of the probe.
It is also possible to design the stem structure to add specificity to this type of probe.
However, these probes are often expensive, and the signal can be weak due to the
limited possible physical separation between the fluorophore and the quencher.
3. Another variety of the second example above uses a single-stranded nucleic acid
sequence containing the specific PCR primers, the specific probe with a stem-loop tail
separating a fluorophore and a quencher, and a blocking group. The stem-loop tail is
separated from the PCR primer sequence by a “PCR blocker”, a chemical modification
that prevents the polymerase from copying the stem loop sequence of the primer. After
extension of the primer during PCR amplification, the specific probe sequence is able to
bind to its complement within the same strand of DNA. This hybridization event opens
the hairpin loop so that fluorescence is no longer quenched and an increase in signal is
observed. Covalent attachment of the probe to the target amplicon ensures that each
probe has a target in close proximity. Enzymatic cleavage is not required, nor a
separate probe hybridization step, thereby reducing the time needed for signaling. This
can result in stronger signals and lower background with faster cycling; however, these
probes can be quite expensive and complicated to design.
4. Fluorogenic minor groove binder probes are short linear probes that have a minor groove
binder with a non-fluorescent quencher on the 5¢ end and a fluorophore on the 3¢ end.
The minor groove binder prevents the exonuclease activity of the DNA polymerase from
cleaving the probe. Quenching occurs when the random coiling of the probe in the free
form brings the quencher and the fluorophore close together. The probe is elongated
when bound to its target and quenching is decreased, leading to an increase in
fluorescent signal proportional to the amount of accumulated amplicon. These probes
are also expensive and can produce a low signal-to-noise ratio.
Quantitative Multiplex PCR-Based Residual DNA Assay
An evolution of qPCR is quantitative multiplex PCR where several pairs of primers are introduced
in the reaction medium to simultaneously detect multiple targets. Benefits include higher
throughput and better control of false negative, whereas disadvantages come from
amplification and detection interferences as outlined in Nucleic Acid-Based Techniques—
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Amplification 1127 . One of the applications of this technique is a duplex qPCR where the
introduction of an exogenous DNA called internal positive control (IPC) enhances confidence in
the accuracy of the analysis when appropriately amplified. Multiplex qPCR is not used as often
as single target qPCR to assay host cell residual DNA in biopharmaceuticals. 1S (USP38)
Change to read:
PRACTICAL APPLICATIONS OF RESIDUAL DNA TESTING
RESIDUAL DNA TESTING POINTS TO CONSIDER 1S (USP38)
Analysts choosing hybridization, DNA-binding protein, or q-PCR
DNA-binding protein or qPCR 1S (USP38)
techniques for residual DNA analysis should consider how the assay will be used, the structure
of the DNA available (e.g., fragment length), and regulatory issues. The cost of analysis can be
significant and should be considered when evaluating an assay format. Traditionally,
hybridization assays were performed using 32P-labeled DNA and autoradiography. Because 32P
decays quickly, probes prepared with 32P have a limited shelf life, and the precautions
necessary for handling radioactive material can be cumbersome.
These issues with 32P labeling may make fluorescence labeling of the hybridization probe a more
desirable option. If the hybridization assay is assessed visually, this represents a
semiquantitative assay, but if the intensity of the spots is determined using a densitometer or
other image system, the results can be quantitative.
1S (USP38)

DNA-binding protein assays and q-PCR
qPCR 1S (USP38)
give quantitative results. Quantitative assays are typically preferred instead of semiquantitative
assays
(e.g., older hybridization-based methods), 1S (USP38)
because the results are considered more accurate and precise, which allows better process
monitoring and control.
Due to sample
matrix 1S (USP38)
interference, a sample pretreatment step is often required to obtain accurate and reproducible
results. Pretreatment steps can influence the recovery of DNA, so it is often necessary to
design the assay with a spike-recovery control and an acceptance criterion to ensure assay
performance. Commercial sources of host cell and vector DNA are typically not available to
prepare in-house controls.
1S (USP38)

In-house controls are usually prepared in the laboratory and quantified by UV spectroscopy,
using standard techniques employed in molecular biology, to determine the DNA content and
purity. Additionally, it is a good practice to evaluate in-house residual DNA controls by agarose
gel electrophoresis to demonstrate that the DNA is of a proper size for the assay employed and
has not degraded.
The hybridization assay uses genomic and/or vector DNA, labeled randomly throughout the
DNA, as the hybridization probe reagent. For this reason the hybridization assay is specific for
the source of DNA but is not specific for a given sequence. A synthesized probe, specific for a
specific sequence, can be prepared and used in the hybridization assay if this level of
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specificity is desirable.
1S (USP38)

The DNA-binding protein residual DNA assay is not sequence-specific and hence not specific for
the host DNA. Therefore, laboratory personnel should avoid contaminating samples for this
assay with environmental DNA before denaturing the DNA; otherwise the DNA result may be
falsely elevated. The q-PCR
qPCR 1S (USP38)
probe is sequence-specific, which creates some special challenges for development of a q-PCR
qPCR 1S (USP38)
residual DNA assay. The q-PCR-specific
qPCR-specific 1S (USP38)
sequence must be a stable sequence within a highly conserved region of DNA. The recovery of
the probe target sequence must consistently represent the recovery of all the residual DNA. As
a guideline, for a DNA fragment to be detected by hybridization, q-PCR, and DNA-binding
protein assays, it must have no fewer than 50, 150, and 600 base pairs, respectively. A
bioprocess
Biopharmaceutical manufacturing processes 1S (USP38)
typically may have operations that shear DNA into smaller fragments, and this must be taken
into consideration when selecting an assay. Procedures exist to determine whether the DNA
fragments in a sample are too small for adequate residual DNA recovery with a given assay. As
noted, residual DNA assays are extremely sensitive. Detection limits as low as <1, 3, and 6 pg
of DNA per sample have been reported for q-PCR, DNA-binding protein, and hybridization
assays, respectively.
When bridging from one DNA assay technique to another, a thorough understanding of the
DNA analyte is critical. Some assays can detect both single-stranded and double-stranded
DNA, whereas some can only detect double-stranded DNA (e.g., some fluorescent dye binding
assays). There are assays that are not sequence specific, and those assays that are sequence
specific can be influenced by the copy number of the target sequence present in the DNA.
There are assays that require two or more antibody molecules to bind to the DNA fragment
(e.g., DNA-binding protein-based residual DNA assay), and if the DNA fragments are too small
and present in sufficient quantity, they can saturate the reagents and inhibit the assay (hook
effect). DNA fragments smaller than the qPCR product cannot be quantitated in the qPCR
assay. These and other aspects of the analyte must be considered when choosing a residual
DNA assay or when bridging from one assay platform to another. 1S (USP38)
Although safety concerns regarding residual DNA impurities are not as prominent as they once
were, the levels of residual DNA in any bioprocess remain a key quality attribute and help define
the process.
1 DNA Extractor Kit, Wako C hemicals.
1S (USP38)

BRIEFING
1228 Depyrogenation. As part of the revisions to USP general information chapter
Sterilization and Sterility Assurance of Compendial Articles

1211

and the genesis of the

1229 series of chapters, the USP Microbiology Expert Committee decided to separate
information on sterilization from depyrogenation. This new chapter provides an overview of
depyrogenation and introduces different means of depyrogenation and factors to consider in
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the selection of an appropriate method, validation of a depyrogenation method, and routine
depyrogenation process control.
(GCM: R. Tirumalai.)
Correspondence Number—C139770

Comment deadline: May 31, 2014
Add the following:
1228

DEPYROGENATION

INTRODUCTION
The production of parenteral products requires not only that products be sterile, but that they
are also free from harmful levels of pyrogens. Depyrogenation is defined as the direct and
validated destruction or removal of pyrogens. For the purposes of this chapter, the term
depyrogenation refers to the destruction or removal of bacterial endotoxins, the most prevalent
and quantifiable pyrogen.
Bacterial endotoxin is a component of the outer cell membrane of Gram-negative bacteria.
Purified endotoxin is chemically defined as a lipopolysaccharide, or LPS. LPS consists of three
distinct regions:
1. The hydrophobic lipid A portion of the molecule is highly conserved among Gramnegative bacteria, and is largely responsible for most, if not all, of the biological activity
of endotoxin.
2. A core oligosaccharide links the lipid A to the hydrophilic O-specific side chain or Oantigen.
3. The hydrophilic O-antigen is a highly variable region that confers serological specificity
to the organism and is often used to distinguish strains of Gram-negative bacteria.
Due to the amphipathic nature of the LPS molecule [i.e., having both a polar (hydrophilic) end
and a nonpolar (hydrophobic) end], it tends to form bilayers or micelles when in solution, and it
may adsorb, or “stick”, to surfaces, making it difficult to extract and detect. The degree of
“stickiness” or aggregation of the purified molecule is affected by a host of matrix attributes
such as temperature, pH, salt concentration, divalent cation concentration, and chelating
agents.
When parenteral products are contaminated with endotoxin, the contaminant is not purified
LPS, but rather whole cells or cell wall fragments where the LPS is bound to other cell wall
components. Purified LPS and native endotoxin are dissimilar in many respects. Because the LPS
molecule in natural endotoxin is embedded in cell wall components, it is much less prone to
aggregation and stickiness that may cause recovery problems and variability in depyrogenation
studies. The use of a “natural” endotoxin in depyrogenation studies is often a better alternative
compared to standard endotoxin preparations because it overcomes many of the recovery
issues seen with purified LPS. However, because there are no standard methods for these
preparations, they are prone to their own variability including the species and strain of organism
used, the method of preparation, and storage (see Endotoxin Indicators for Use in
Depyrogenation

1228.5 ).
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Depyrogenation and sterilization are often thought of as linked processes. While dry heat
depyrogenation will also sterilize, other forms of depyrogenation such as rinsing or filtration may
not sterilize. Conversely, moist heat will sterilize but not depyrogenate. Another distinction in
the biological indicators used for validation of sterilization processes is that bacterial spores
from well-studied standard strains are natural entities with well-established resistance to
sterilization processes, whereas the indicator generally used for depyrogenation, a highly
purified control standard endotoxin, is an unnatural form. For a further discussion of sterilization
processes, see the

1229

series of chapters, listed in Sterilization of Compendial Articles

1229 .
The primary procedure used for the measurement of bacterial endotoxin is the Bacterial
Endotoxins Test 85 (BET). Although this test provides a very sensitive and reproducible
measure of endotoxin activity, the measurements are limited by the current analytics, which
can only ensure an endotoxin content that does not exceed the level of detection of the
chosen test method. A well-controlled BET assay can provide assurance of low levels of native
endotoxin in raw materials, critical control points in the manufacturing process, and finished
products.
There are many variables in study structure and test method that can affect the outcome of a
depyrogenation study. Development of a test method will depend on the material under test,
the identification of an appropriate endotoxin preparation, and the extraction method. Once a
test system is developed that includes the identification of endotoxin preparations and
extraction methods, it is recommended that subsequent tests should use the same conditions
to ensure the comparability of test results. Points to consider when constructing a
depyrogenation study include the following:
1. The type of endotoxin used. Consider the source of the endotoxin (purified or natural).
When using purified LPS, choose a preparation with no fillers, because the presence of
these fillers can add to the variability of the assay. Once an endotoxin preparation is
chosen, it is recommended that the laboratory continue to use endotoxin from the same
source in subsequent studies to reduce variability.
2. How much endotoxin do you need to execute the study? The current industry standard
is to add enough endotoxin to the system so that at least 1000 EU can be recovered
prior to depyrogenation. However, depending on the test system, 1000 EU may be
excessive. For example, when designing a study for the depyrogenation of a product
stream that normally contains <1 EU/mL of endotoxin, a spike of 1000 EU/mL of a
control standard endotoxin may be excessive, and, depending on the formulation matrix,
it may add considerable variability to the outcome of the study. If a reduction study is
required, it may be more appropriate to add an amount of naturally occurring endotoxin
to the product consistent with the maximum expected endotoxin load, based on known
endotoxin contributors (e.g., raw materials) and process capability to demonstrate
reduction to safe levels. Whatever the procedure, the logic and methodology for
endotoxin reduction studies should be justified and documented.
3. It is important to understand the characteristics of the material being tested. Plastics
may adsorb endotoxin, and although two objects may be made of the same plastic,
surface area and conformation differences may affect extraction efficiency and
endotoxin recovery. Formulation matrices may affect aggregation of purified LPS in that
pH, salt concentration, chelating agents, and the presence of divalent cations may all
have an impact on recovery of the endotoxin spike.
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4. Although there are standard methods for the recovery of endotoxin from medical
devices, there is no standard method for the recovery of endotoxin dried onto solid
surfaces that are used as indicators in depyrogenation studies. Although it is most
convenient to adopt the standard extraction methods described in Transfusion and
Infusion Assemblies and Similar Medical Devices 161 and ANSI/AAMI ST72:2011,1 a
laboratory may choose to develop and validate a method that better suits the material
under test. The percentage recovery for any extraction method is less important than
the consistency in recovery between studies. Whatever method a laboratory chooses,
it is important that subsequent studies use the same method to ensure comparability in
test results.
5. The method that is used to affix endotoxin to the surface of materials may affect its
recovery. Air drying endotoxin is the most convenient method of affixing endotoxin, but
freeze drying and vacuum drying have also been used. The efficiency of the recovery of
endotoxin will depend on the material under test, the composition of the endotoxin
preparation, the concentration of the endotoxin, and the method of drying.
6. The assay chosen to measure endotoxin may add to variability. Lysate formulations
differ, and they may be subject to different interferences such as leachables, chelators,
and salts. If interferences are encountered during method development, consider trying
another test method (e.g., gel clot, kinetic chromogenic, kinetic turbidimetric, endpoint
chromogenic) or a different source of reagent.
7. Variability in the depyrogenation treatment may impact recovery. Treatments vary in
depyrogenation efficiency, both between treatment types (e.g., dry heat destruction
and removal by filtration or another separation technology) and even between
processes using the same treatment.
The efficiency of a depyrogenation process has been measured in terms of a logarthimic (log)
reduction of a large “spike” or bolus of purified endotoxin that is added to or dried onto a
material subjected to treatment. Although log reduction is a convenient measurement
benchmark, the more relevant and pragmatic indicator of depyrogenation efficiency is the
reduction of natural levels of contaminating endotoxin to safe levels as defined by reference to
calculated endotoxin limits for the material.
Although a 3-log reduction has been recommended, this may be inappropriate in certain
circumstances. For example, materials with a high level of native endotoxin could require more
than a 3-log reduction to reach a safe level, whereas materials with a low level of native
endotoxin will require substantially less than a 3-log reduction. The appropriate endotoxin log
reduction for the process should be determined by the user based on input levels and output
(product- or process-specific) endotoxin requirements. Effective process control requires
knowledge of input, in-process (where appropriate), and output endotoxin levels. Under these
circumstances, with appropriate process development, endotoxin challenges may not be
necessary.
Three categories of control may be exercised by parenteral manufacturers to keep the
endotoxin content in drug products at safe levels. The first is input control, which is comprised
of a series of preventive measures that control the potential endotoxin contribution by
formulation components (e.g., raw materials, APIs, excipients), water, primary packaging
components, equipment, and the manufacturing environment, including personnel.
The second category is process control, in which endotoxin is monitored at critical control
points during processing to ensure that there is no increase in endotoxin. Many of these
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process control elements are subject to validation or qualification.
The third category is direct control, or the direct destruction or removal of endotoxins from
product streams, equipment, and primary packaging materials. As with controls on processing,
direct measures of endotoxin destruction or removal must be validated.
INPUT CONTROL
Reducing opportunities for microbial proliferation at any stage of manufacturing will reduce the
likelihood of endotoxin contamination in the following ways:
Exercising control over the endotoxin content of incoming materials, particularly
materials derived from natural sources or those with high water activity, will reduce the
opportunity for organism proliferation and therefore reduce or eliminate the need for
endotoxin removal downstream. A robust and well-controlled quality control testing
program for incoming raw materials and primary packaging materials based on the risk to
product and patient is an essential element of input control of endotoxins.
Endotoxin control should be a component of a vendor audit and supplier qualification
program for formulation materials that could potentially contribute endotoxin to
parenteral products.
Water is the most ubiquitous raw material in the manufacturing of parenteral products,
but unless the generation and distribution of high-quality water is properly validated and
controlled, the system will be prone to contamination by Gram-negative bacteria and
the establishment of biofilms that can contribute significantly to the endotoxin load of
the product (see Water for Pharmaceutical Purposes 1231 for a discussion of the
types of waters used in pharmaceutical manufacturing and guidance for validation,
maintenance, sampling, and testing of systems).
Due to their manufacturing processes, glass and plastic containers as well as
elastomeric closures are often received with very low or undetectable levels of
endotoxin. Qualification of primary packaging vendors should include an audit that
examines the supplier’s control over and testing for endotoxin.
PROCESS CONTROL
Control of manufacturing practices is essential to endotoxin control. Endotoxin control
should be a part of validated cleaning procedures. The use of product contact materials
for which endotoxin control cannot be established should be avoided. Clean productcontact equipment should be stored dry to avoid bioburden and Gram-negative bacterial
proliferation.
Hold times during manufacturing, particularly for nonsterile bulk in-process materials and
drug product, should be validated to ensure that the hold conditions do not support
microbial proliferation and therefore potential endotoxin production by Gram-negative
bacteria.
Environmental control, including good manufacturing practices (aseptic, as appropriate),
is essential to process management of endotoxin. Operators should be properly garbed
and trained. Housekeeping and disinfecting practices should be established to reduce
the possibility of microbial proliferation in critical areas. Cleaning regimens should
emphasize that standing water be removed at the end of the cleaning process.

PF 40(2): Mar.-Apr. 2014

128

Endotoxin control and monitoring are covered in general information chapter

1228.6 .

DIRECT CONTROL
These processes require validation to ensure that endotoxins are removed or reduced to safe
levels. Direct control may be accomplished by a variety of methods and processes that may be
combined to ensure endotoxin reduction to a safe level. The most commonly used
depyrogenation processes and the associated control measures are the subject of the following
series of chapters:
Depyrogenation by Dry Heat

1228.1

Depyrogenation by Chemical Inactivation
Depyrogenation by Filtration

1228.2

1228.3

Depyrogenation by Physical Means

1228.4

Endotoxin Indicators for Use in Depyrogenation
Endotoxin Control and Monitoring

1228.5

1228.6

Other Endotoxin Reduction Methods

1228.7

SELECTION OF AN APPROPRIATE DEPYROGENATION METHOD
The basic principles for the control and validation of a depyrogenation process using a life cycle
approach include:
Assessment of manufacturing processes to identify materials and process components
that are essential to the control of endotoxin;
Focused depyrogenation process development that is consistent with the material to be
depyrogenated, the endotoxin content of the material to be depyrogenated, and the
level of endotoxin required for the finished article;
Adequate validation studies;
Ongoing monitoring of process controls to ensure continued efficacy of the
depyrogenation process; and
Identifying and documenting changes (a change control program) to the depyrogenation
processes over time.
Known or anticipated levels of endotoxin can be determined so that appropriate indirect or
direct measures of control, consistent with the product or materials of construction, will ensure
that endotoxin is eliminated or reduced to levels that ensure product and patient safety.
Should direct methods of depyrogenation be required for the control of endotoxin in or on the
article, an important consideration during manufacturing process development is the selection
of an appropriate method from the possible alternatives: dry heat, chemical, filtration, or
physical removal. In some instances this selection is limited by the potential effects of the
depyrogenation treatment on the materials. The choice of the appropriate process for a given
item requires knowledge of depyrogenation techniques and information concerning effects of
the process on the material being processed. The selection of a particular treatment (and the
details of its execution) often represents a compromise between those conditions required to
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destroy the endotoxin or remove it to the desired level and the effect of the process on the
materials. Depyrogenation processes should be no more aggressive than required for effective
process control to avoid adverse consequences to material quality attributes.
VALIDATION OF A DEPYROGENATION METHOD
The validation program comprises several formally documented stages to establish that the
depyrogenation process is capable of operating within prescribed parameters for process
equipment, that independent measurements of critical parameters are possible and accurate,
and that acceptance criteria for endotoxin removal or destruction are met.
The development stage investigates and establishes the operating parameters that
define the controls to be used for the depyrogenation process.
The installation qualification (IQ) stage establishes that equipment controls and other
instrumentation needed to execute depyrogenation processes and measure the results
of the depyrogenation process are properly designed and calibrated. Documentation
should be available to demonstrate the acceptability of any required utilities such as
steam, water, and air.
The operational qualification (OQ) stage confirms that the equipment and other
processes components function within the defined depyrogenation parameters.
The performance qualification (PQ) stage of the validation program directly evaluates
the depyrogenation of materials or articles. Wherever possible, these studies should
employ or simulate the actual conditions of use, including the use of real or simulated
product material. Endotoxin challenges are utilized to validate the depyrogenation
process (see 1228.5 ). Perform sufficient replicate studies to demonstrate the
capability and efficiency of the depyrogenation process, including the validation of
operational ranges of any equipment used in such processes. At the end of the PQ, a
report is written to establish operating parameters.
ROUTINE PROCESS CONTROL
Once a depyrogenation process has been validated it must be maintained in that state to
ensure the continued acceptability of its operation. This is accomplished through a number of
related practices essential for continued use of the process.
Physical measurements—Data reported by the equipment sensors and recorders must
be verified after the completion of each depyrogenation cycle.
Calibration—Any equipment used in the control or quantitative assessment of
parameters required for a depyrogenation process must have its measurement accuracy
verified against a traceable standard on a periodic basis.
Preventive maintenance—There should be a defined maintenance schedule for each
piece of process or testing equipment required for depyrogenation that is consistent
with the manufacturer’s written recommendation.
Ongoing process control verification—Depending on the specifics of the particular
depyrogenation process, there may be additional requirements for ongoing confirmation
of process efficacy. These can include the testing of raw materials, water supplies, and
in-process sampling. These performance parameters are monitored against assigned
limits designed to ensure that finished products meet acceptable endotoxin levels.
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Monitoring of operating parameters and controls plays an important role in maintaining
the depyrogenation process in a validated state.
Periodic reassessment—It is expected that the effectiveness of depyrogenation
processes be reconfirmed on a periodic basis. A reassessment schedule should be
formalized to assess the potential impact of de minimis or undetected changes to
maintain the process in a validated state.
Change control—In order to remain in a validated state, the various material, procedure,
and equipment elements impacting the depyrogenation process should be carefully
monitored to ensure that changes are properly evaluated for their potential impact on
the process. The scope of the change control program must include materials being
processed, process equipment, processing parameters, and process holding time limits.
The extent of the effort required to support a change will vary with the potential impact
of the change on the process outcome.
Training—Depyrogenation processes rely heavily on scientific principles for the effective
destruction or removal of endotoxins. Scientists and engineers well grounded in the
principles of endotoxin removal and testing develop processes to ensure effective
depyrogenation. Individuals involved in the development of depyrogenation processes
require a background in microbiology, physics, chemistry, and engineering, and they
must be familiar with good manufacturing principles and regulations. Depyrogenation is
an interdisciplinary activity where the combined knowledge of a group of individuals is
generally required for the establishment of a reliable process. In addition to the
depyrogenation process development team, individuals responsible for the maintenance
and operation of depyrogenation processes must also be trained appropriately to ensure
that their actions contribute to success. The operators are often the first to identify
changes in process performance because of their intimate involvement with it. Effective
training programs should be established and documented. Training programs should
emphasize depyrogenation principles, adherence to established processes and
procedures, and the importance of documenting deviations from normal operations.
1S (USP38)

1 ANSI/AAMI ST72:2011. Bacterial endotoxins—Test methods, routine monitoring, and alternatives to batch
testing, AAMI, Arlington, VA.

BRIEFING
1229.11 Vapor Phase Sterilization. The USP General Chapters—Microbiology Expert
Committee has proposed separating current general information chapter Sterilization and
Sterility Assurance of Compendial Articles

1211

into several individual chapters [see the

Stimuli article entitled “An Outline of Planned Changes to USP 1229 Sterilization and Sterility
Assurance of Compendial Articles” in PF 38(2)]. Vapor sterilization systems are well suited for
surface sterilization of heat sensitive materials. This chapter will provide an overview of vapor
phase sterilization and its validation.
(GCM: R. Tirumalai.)
Correspondence Number—C139769

Comment deadline: May 31, 2014
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Add the following:
1229.11

VAPOR PHASE STERILIZATION
INTRODUCTION

Sterilization can be accomplished using sporicidal agents suspended in air (i.e., vapor).
Sterilizing agents that operate in this fashion include hydrogen peroxide (H2 O2 ), peracetic acid
(CH3 CO3 CH), formaldehyde (CH2 O), and glutaraldehyde [CH2 (CH2 CHO)2 ] in aqueous solution. At
room temperature these are liquids or solids that can be vaporized for introduction into a
vessel. They differ from sterilizing gases and liquids in that there are multiple phases within the
vessel during sterilization. Vapor sterilization systems are well suited for heat-sensitive
materials and surface sterilization. Items exposed to the process should have their surfaces
exposed to the greatest extent possible. Vapor sterilization processes require appropriate
sterilant concentration, temperature, and relative humidity, all of which may be variable during
the exposure period. Because the agent is ordinarily supplied as an aqueous solution, moisture
is introduced with the agent. The consequences of variation in these parameters may be
localized differences in relative humidity, agent concentration, and condensation rates on the
surfaces to be treated, resulting in variations in process lethality. The parameters to be
established include sterilant amount (usually derived from injection quantities), relative
humidity, and temperature. There is no demonstrated correlation between gas phase
conditions, surface conditions, and microbial kill. For this reason, online monitoring of vapor
phase concentration is not widely utilized as a control parameter. Efforts to develop a
standardized biological indicator for vapor systems have been hampered by the multiphasic
nature of these sterilants. Only under well-defined, specific conditions (e.g., agent
concentration, humidity level, temperature, substrate, and phase) can a reliable D-value be
established (for a definition of D-value, see Sterilization of Compendial Articles 1229 ).
This chapter will briefly review hydrogen peroxide and peracetic acid sterilization systems,
because they are more widely used than other vapor phase sterilizing agents in the
pharmaceutical and medical device industries.
HYDROGEN PEROXIDE
The efficacy of hydrogen peroxide as a liquid sterilant has been long established.1 There are
several effective approaches to H2 O2 injection, including continuous, intermittent, or all at
once. Some of the systems utilize an evacuation or drying step prior to introduction of the
H2 O2 to allow for increased concentration without excess condensation. Alternatively, H2 O2
can be introduced as a liquid, followed by target heating. Following the exposure period, the
chamber or target is aerated to a predetermined safe level prior to opening and removing the
sterilized article.
PERACETIC ACID
Peracetic acid (CH3 CO3 CH), alone or mixed with hydrogen peroxide, is a sporicidal agent that
has been proven effective.1 Peracetic acid is introduced as a liquid through an atomizer,
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resulting in the presence of liquid and vapor phases within the chamber. After the process dwell
period, it is removed by evaporation.
VALIDATION OF VAPOR STERILIZATION
There are no standardized biological indicators (BIs) with D-values that may be used for
conventional predictive analysis of kill rates due to the range of multiple variables for vapor
sterilization processes. In the absence of BI D-values, and due to the variation in vapor
sterilization cycle parameters, an empirical approach must be used. The kill rates in the gas and
liquid phases that constitute the vapor may be substantially different (liquid kill rates are
considered greater than gaseous kill rates). Destruction of BIs distributed across the system or
load demonstrates lethality regardless of which phase effects the kill. Sterilization process
parameters (usually time) that do not kill the BIs may be adjusted until a complete kill is
achieved. This establishes the minimum conditions necessary for a complete kill. Vapor
sterilization may be validated using a half-cycle, bracketing, or other suitable approach as
defined in 1229 .
The half-cycle validation method requires the destruction of a suitable concentration of a
resistant microorganism under defined, minimum conditions for a complete kill. Then, in routine
operation, the minimum lethal time period is arbitrarily doubled, which supports a theoretical
reduction of the bioburden to a probability of a nonsterile unit (PNSU) of 10 6 (for a definition
of PNSU, see 1229 ).
A bracketing approach, which better supports process operating ranges for the critical
parameters than does the half-cycle method, also can be employed. In the bracketing method,
one evaluates conditions that bracket the defined process condition in order to establish
parameters for the minimum and maximum effects on the materials and bioburden. The minimum
lethal process dwell time establishes the worst case for microbial kill. Incremental increases in
process dwell time beyond the minimum lethal time period are used to establish the maximum
exposure periods, which impart the greatest effect on materials. In addition, adjustments to
the quantity of agent introduced and relative humidity are utilized to further enhance the
bracketing approach. By this method, the routine process conditions may be established
between the minimum and maximum process conditions to ensure complete microbial kill while
maintaining the integrity of the materials.
The following activities are defined for a batch process, and therefore appropriate adaptation is
necessary when they are applied to intermittent or continuous sterilization processes.
Equipment qualification—The equipment qualification for vapor sterilization mimics that
of other sterilization processes in order to confirm that the equipment has been properly
installed and operates as intended.
Empty chamber parameter distribution—Although multipoint measurement is possible, it
lacks correlation to surface microbial kill. Humidity and temperature measurements,
along with chemical indicators, can provide a limited indication of sterilant distribution.
BIs are not required in the evaluation of the empty chamber.
Component mapping—For surface sterilization, internal mapping of load items is not
required. Although vapors are primarily used as surface sterilants, when they are used
for packaged articles with internal surfaces and volumes that need to be sterilized,
internal mapping should be performed, with BIs placed in difficult-to-penetrate locations
to confirm process lethality.
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Load mapping—Humidity and temperature measurements, along with chemical
indicators, can provide a limited indication of sterilant distribution on component
surfaces. BIs are not required. Effects of load size and patterns should be assessed.
Biological indicators—The use of multiple BIs at each test location is recommended to
more adequately support the process lethality. Details of BI preparation and use are
described in Biological Indicators for Sterilization 1229.5 .
Process confirmation and microbiological challenge—The core of the validation activity
is the confirmation of acceptable process parameters and inactivation of the microbial
challenge. Proof of cycle efficacy is provided in replicate studies in which the BIs are
killed and chemical or physical measurements are utilized.
ROUTINE PROCESS CONTROL
Vapor sterilization is subject to controls that maintain a validated state over time. The
practices outlined in 1229 describe the general requirements appropriate for all sterilization
systems. The essential practices required to maintain validated status include calibration,
physical measurements, use of BIs, physical or chemical integrators and indicators, ongoing
process control, change control, preventive maintenance, periodic reassessment, and training.
1S (USP38)

1 Block SS, editor. Disinfection, sterilization, and preservation. 5th ed. Philadelphia: Lippincott Williams &
Wilkins; c2001. C hapter 9, Peroxygen compounds; p. 185–204.

BRIEFING
Fuchsin, Basic, USP 37 page 1401. It is proposed to correct the molecular formula of this
reagent.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C141027

Comment deadline: May 31, 2014
Change to read:
Fuchsin, Basic (Basic Red 9, Parafuchsin Hydrochloride), C19 H17 N3
C19 H17 N3 ·HCl 1S (USP38)
—323.82 [569-61-9]—Use a suitable grade.
BRIEFING
4-Nitrobenzoic Acid. It is proposed to add this new reagent used in the test for Organic
Impurities in the monograph for Aminobenzoic Acid.
(HDQ: M. Marques.)

Correspondence Number—C140171

Comment deadline: May 31, 2014
Add the following:
4-Nitrobenzoic Acid (p-Nitrobenzoic Acid), C7 H5 NO4 —167.12 [62-23-7]—Use a suitable
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grade with a content of NLT 98%.

1S (USP38)

BRIEFING
1-Pentadecanol. It is proposed to add this new reagent used in the Assay and the test for
Limit of Related Fatty Alcohols in the monograph modernization for Cetyl Alcohol, published in PF
40(1) [Jan.–Feb. 2014].
(HDQ: M. Marques.)

Correspondence Number—C141475

Comment deadline: May 31, 2014
Add the following:
1-Pentadecanol (Pentadecyl Alcohol, n-Pentadecanol), C15 H32 O—228.41 [629-76-5]—Use
a suitable grade with a content of NLT 98%. 1S (USP38)
BRIEFING
Lithium Methoxide, Tenth-Normal (0.1 N) in Chlorobenzene, USP 37 page 1457. It is
proposed to correct the formula for the calculation of the normality of this volumetric solution.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C138653

Comment deadline: May 31, 2014
Change to read:
Lithium Methoxide, Tenth-Normal (0.1 N) in Chlorobenzene
CH3 OLi, 37.97
3.798 g in 1000 mL
Dissolve 700 mg of freshly cut lithium metal in 150 mL of methanol, cooling the flask during
addition of the metal. When the reaction is complete, add 850 mL of chlorobenzene. If
cloudiness or precipitation occurs, add sufficient methanol to clarify the solution. Store
preferably in the reservoir of an automatic delivery buret suitably protected from carbon dioxide
and moisture. Standardize the solution by titration against benzoic acid as described under
Sodium Methoxide, Tenth-Normal (0.1 N) in Toluene.
[Note—Restandardize the solution frequently.]

1S (USP38)

BRIEFING
Lithium Methoxide, Tenth-Normal (0.1 N) in Methanol,USP 37 page 1457. It is proposed
to correct the formula for the calculation of the normality of this volumetric solution.

PF 40(2): Mar.-Apr. 2014

135

Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C138654

Comment deadline: May 31, 2014
Change to read:
Lithium Methoxide, Tenth-Normal (0.1 N) in Methanol
CH3 OLi, 37.97
3.798 g in 1000 mL
Dissolve 700 mg of freshly cut lithium metal in 150 mL of methanol, cooling the flask during
addition of the metal. When the reaction is complete, add 850 mL of methanol. If cloudiness or
precipitation occurs, add sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from carbon dioxide and moisture.
Standardize the solution by titration against benzoic acid as described under Sodium
Methoxide, Tenth-Normal (0.1 N) in Toluene.
[Note—Restandardize the solution frequently.]

1S (USP38)

BRIEFING
Lithium Methoxide, Tenth-Normal (0.1 N) in Toluene,USP 37 page 1457. It is proposed
to correct the formula for the calculation of the normality of this volumetric solution.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C138655

Comment deadline: May 31, 2014
Change to read:
Lithium Methoxide, Tenth-Normal (0.1 N) in Toluene
CH3 OLi, 37.97
3.798 g in 1000 mL
Dissolve 700 mg of freshly cut lithium metal in 150 mL of methanol, cooling the flask during
addition of the metal. When reaction is complete, add 850 mL of toluene. If cloudiness or
precipitation occurs, add sufficient methanol to clarify the solution. Store preferably in the
reservoir of an automatic delivery buret suitably protected from carbon dioxide and moisture.
Standardize the solution by titration against benzoic acid as described under Sodium
Methoxide, Tenth-Normal (0.1 N) in Toluene.
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[Note—Restandardize the solution frequently.]

1S (USP38)

BRIEFING
L86.It is proposed to add this new column.
(HDQ: M. Marques.)

Correspondence Number—C141137

Comment deadline: May 31, 2014
Add the following:
L86—A 5-µm fused core particle with a highly polar ligand possessing 5 hydroxyl groups
tethered to the silica gel outer layer. [Note—A suitable column is Supelco Ascentis Express OH5
from www.sigma-aldrich.com.] 1S (USP38)
CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, USP 37 page 1467.
(HDQ.)
Correspondence Number—C101448; C101932; C106503; C121378; C126450; C126519;
C127570; C140099
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Add the following:
Amlodipine, Valsartan, and Hydrochlorothiazide Tablets
Add the following:
Amlodipine and Valsartan Tablets

T

1S (USP38)
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1S (USP38)

Add the following:
Atazanavir Capsules
T 1S (USP38)
Add the following:
Diclofenac Sodium and Misoprostol Delayed-Release Tablets
T 1S (USP38)
Add the following:
Galantamine Extended-Release Capsules
T, LR 1S (USP38)
Add the following:
Levocetirizine Dihydrochloride Tablets
W 1S (USP38)
Add the following:
Menaquinone-7 Capsules
T, LR 1S (USP38)
Add the following:
Menaquinone-7 Tablets
T, LR 1S (USP38)
BRIEFING
Description and Relative Solubility of USP and NF Articles, USP 37 page 1477.
(HDQ.)
Correspondence Number—C102259; C117186; C119454; C121619; C125076; C134202
Add the following:
Aminolevulinic Acid Hydrochloride:
White to off-white, odorless, crystalline solid. Very soluble in water; slightly soluble in methanol
and in ethanol; practically insoluble in chloroform, in hexane, and in mineral oil. 1S (USP38)
Add the following:
Atazanavir Sulfate:
White to pale yellow, crystalline powder. Soluble in methanol and in ethyl alcohol; slightly
soluble in water. 1S (USP38)
Change to read:
Donepezil Hydrochloride: White, crystalline powder.
Some polymorphic forms are very hygroscopic. 1S (USP38)
Freely soluble in chloroform; soluble in water and in glacial acetic acid; slightly soluble in alcohol
and in acetonitrile; practically insoluble in ethyl acetate and in n-hexane.
Add the following:
Levocetirizine Dihydrochloride:
White to almost white powder. Freely soluble in water and in methanol.
Add the following:
Rosuvastatin Calcium:

1S (USP38)
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White, amorphous powder. Sparingly soluble in water and in methanol; slightly soluble in
ethanol. 1S (USP38)
Add the following:
Tolterodine Tartrate:
White or almost white, crystalline powder. Sparingly soluble in water; slightly soluble in
anhydrous ethanol; practically insoluble in heptane. 1S (USP38)
BRIEFING
5-Hydroxy-l-tryptophan. Because there is no existing USP monograph for this dietary
ingredient, a new monograph is being proposed. The liquid chromatographic procedure in the
test for Organic Impurities is based on analyses performed with the HiChrom/Mac-Mod
Ultrasphere 5 ODS brand of L1 column. Typical retention times observed for 5-hydroxy-ltrytophan and l-tryptophan are 8.7 and 13.8 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C131245

Comment deadline: May 31, 2014
Add the following:
5-Hydroxy-l-tryptophan

C11 H12 N2 O3

220.23

(S)-2-Amino-3-(5-hydroxy-1H-indol-3-yl)propanoic acid

[4350-09-8].

DEFINITION
5-Hydroxy-l-tryptophan contains NLT 98.5% and NMT 101.5% of 5-hydroxy-l-tryptophan
(C11 H12 N2 O3 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
ASSAY
• Procedure
Sample: 200 mg of 5-Hydroxy-l-tryptophan
Blank: Mix 3 mL of formic acid and 50 mL of glacial acetic acid.
Titrimetric system
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(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis
Samples: Sample and Blank
Dissolve the Sample in a mixture of 3 mL of formic acid and 50 mL of glacial acetic acid,
and titrate with the Titrant. Perform a Blank titration, and make any necessary correction.
Calculate the percentage of 5-hydroxy-l-tryptophan (C11 H12 N2 O3 ) in the Sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 220.2 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 98.5%–101.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Chloride and Sulfate, Chloride 221
Standard solution: 0.50 mL of 0.020 N hydrochloric acid
Sample: 0.73 g of 5-Hydroxy-l-tryptophan
Acceptance criteria: NMT 0.05%
• Chloride and Sulfate, Sulfate 221
Standard solution: 0.10 mL of 0.020 N sulfuric acid
Sample: 0.33 g of 5-Hydroxy-l-tryptophan
Acceptance criteria: NMT 0.03%
• Heavy Metals, Method II 231 : NMT 10 µg/g
• Organic Impurities
Solution A: 1 mL/L of trifluoroacetic acid in water
Solution B: 1 mL/L of trifluoroacetic acid in a mixture of acetonitrile and water (80:20)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
2
95
5
37
35
65
42
0
100
47
0
100
50
95
5
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60
95
5
Standard solution: 1.0 µg/mL of USP 5-Hydroxy-l-tryptophan RS and 50 µg/mL of USP lTryptophan RS in water
Sample solution: 10.0 mg/mL of 5-Hydroxy-l-tryptophan in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 5-hydroxy-l-tryptophan and l-tryptophan are 1.0
and 1.6, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0% for 5-hydroxy-l-tryptophan and l-tryptophan
peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each unspecified impurity in the portion of 5-Hydroxy-ltryptophan taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of 5-hydroxy-l-tryptophan from the Standard solution
C=
S concentration of USP 5-Hydroxy-l-tryptophan RS in the Standard solution (µg/mL)
C=
U concentration of 5-Hydroxy-l-tryptophan in the Sample solution (µg/mL)
Calculate the percentage of tryptophan in the portion of 5-Hydroxy-l-tryptophan taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of tryptophan from the Sample solution
rS= peak response of tryptophan from the Standard solution
C=
S concentration of USP l-Tryptophan RS in the Standard solution (µg/mL)
C=
U concentration of 5-Hydroxy-l-tryptophan in the Sample solution (µg/mL)
Acceptance criteria
Total impurities 1: NMT 0.01% of the total impurities eluting prior to the 5-hydroxy-ltryptophan peak
Total impurities 2: NMT 0.03% of the total impurities eluting after the 5-hydroxy-ltryptophan peak. [Note—Exclude the peak for tryptophan.]
Tryptophan: NMT 0.5%
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SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in water
Acceptance criteria:

30.0 to

38.0

• pH 791
Sample solution: 10 mg/mL in water
Acceptance criteria: 4.0–6.0
• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP 5-Hydroxy-l-tryptophan RS
USP l-Tryptophan RS
1S (USP38)

BRIEFING
Menaquinone-7 Capsules. Because there is no existing USP monograph for this dosage form,
a new monograph is proposed. The liquid chromatographic procedure in the test for Content
of Menaquinone-7, Method 1 is based on analyses performed with the Phenomenex Synergi
Max-RP column. The typical retention time for menaquinone-7 is 12 min. The liquid
chromatographic procedure in the test for Content of Menaquinone-7, Method 2 is based on
analyses performed with the Phenomenex Kinetex C18 100A brand of L1 column. The typical
retention time for menaquinone-7 is 4.7–5 min.
(DS: N. Davydova.)
Correspondence Number—C127570

Comment deadline: May 31, 2014
Add the following:
Menaquinone-7 Capsules
DEFINITION
Menaquinone-7 Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of
Menaquinone-7 (C46 H64 O2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in Method 1 or Method 2 of the test for Content of
Menaquinone-7.
STRENGTH
• Content of Menaquinone-7, Method 1
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[Note—Menaquinone-7 is extremely light sensitive. Protect samples from light.]
Diluent: 0.1 mg/mL of butylated hydroxytoluene in hexane
Mobile phase: Methanol and ethyl acetate. See Table 1 for gradient.
Table 1
Time
Flow Rate Methanol Ethyl Acetate
(min)
(mL/min)
(%)
(%)
0
1.00
94
6
5.5
1.00
94
6
6.5
1.25
80
20
13
1.25
80
20
14
1.25
94
6
15
1.00
94
6
25
1.00
94
6
Standard stock solution: Transfer 20 mg of USP Menaquinone-7 RS into a 50-mL
volumetric flask, dilute with hexane to volume, and mix well. [Note—The solution can be
kept in the freezer for 1 month. ]
Standard solution: Transfer 1.0 mL of the Standard stock solution into a 10-mL volumetric
flask, dilute with Diluent to volume, and mix well.
Sample solution A (for hard shell capsules): Empty and mix thoroughly the contents of
NLT 30 Capsules. Transfer a portion of the powder, nominally equivalent to about 1.0 mg
of menaquinone-7, to a 25-mL volumetric flask. Add 10 mL of Diluent, and shake for 2 min.
Dilute with Diluent to volume, mix, and pass through a membrane filter of 0.45-µm pore
size.
Sample solution B (for soft shell capsules): Weigh NLT 30 Capsules. With a sharp blade
carefully open the Capsules, without loss of the shell material, and transfer as much as
possible of the combined Capsule contents to a suitable container. Remove any adhering
substances from the emptied Capsules and shell remains by washing with several small
portions of hexane. Discard the washings, and allow the empty Capsules and shell remains
to dry in a current of dry air until the odor of hexane is no longer perceptible. Weigh the
empty Capsules and shell remains, and calculate the average net weight per Capsule by
difference. Transfer accurately weighed combined Capsule contents equivalent to about
1.0 mg of menaquinone-7, to a 25-mL volumetric flask, add 10 mL of Diluent, and mix on a
vortex mixer for 15 s. Dilute with Diluent to volume, mix, and pass through a membrane
filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 25-cm; 4-µm packing L##. [Note—A suitable column is Synergy MaxRP from www.phenomenex.com.]
Column temperature: 35
Flow rate: See Table 1.
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
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Relative standard deviation: NMT 3.0% for six sequential injections
Retention time: NMT 0.5 min difference between the first and last injection for a total
of six injections
Analysis
Samples: Standard solution and appropriate Sample solution
Calculate the percentage of the labeled amount of menaquinone-7 (C46 H64 O2 ) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of menaquinone-7 from the Sample solution
rS= peak response of menaquinone-7 from the Standard solution
C=
S concentration of USP Menaquinone-7 RS in the Standard solution (µg/mL)
C=
U nominal concentration of menaquinone-7 in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
• Content of Menaquinone-7, Method 2
[Note—Menaquinone-7 is extremely light sensitive. Protect samples from light, and inject
immediately after preparation.]
Mobile phase: Ethanol and water (97:3)
Standard stock solution: Transfer 25 mg of USP Menaquinone-7 RS into a 50-mL
volumetric flask, and add 1 mL of tetrahydrofuran. Dilute with dehydrated alcohol to
volume, and mix well. [Note—The solution can be kept in the freezer for 1 month.]
Standard solution: 10 µg/mL of Menaquinone-7 in dehydrated alcohol from the Standard
stock solution
Sample solution: Treat Capsules as directed for Sample solution A or Sample solution B in
Method 1. Transfer accurately weighed Capsule contents equivalent to about 0.25 mg of
menaquinone-7, to a 25-mL volumetric flask, and add 2 mL of tetrahydrofuran. Dilute with
dehydrated alcohol to volume, shake for 2 min, and pass through a membrane filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
Column temperature: 25
Flow rate: 0.7 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0% for six replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of menaquinone-7 (C46 H64 O2 ) in the
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portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of menaquinone-7 from the Sample solution
rS= peak response of menaquinone-7 from the Standard solution
C=
S concentration of USP Menaquinone-7 RS in the Standard solution (µg/mL)
C=
U nominal concentration of menaquinone-7 in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration and Dissolution 2040 : Meet the requirements for Disintegration
• Weight Variation 2091 : Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the total combined molds and yeasts count does not exceed 3 × 102
cfu/g.
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tight, light-resistant containers, in a cool, dry place.
• Labeling: The label states the content of menaquinone-7 in µg/Capsule. It also states the
assay method used if Method 1 is not used.
• USP Reference Standards
USP Menaquinone-7 RS

11

1S (USP38)

BRIEFING
Menaquinone-7 Tablets. Because there is no existing USP monograph for this dosage form, a
new monograph is proposed. The liquid chromatographic procedure in the test for Content of
Menaquinone-7, Method 1 is based on analyses performed with the Phenomenex Synergi
Max-RP column. The typical retention time for menaquinone-7 is 12 min. The liquid
chromatographic procedure in the test for Content of Menaquinone-7, Method 2 is based on
analyses performed with the Phenomenex Kinetex C18 100A brand of L1 column. The typical
retention time for menaquinone-7 is 4.7–5 min.
(DS: N. Davydova.)
Correspondence Number—C140099

Comment deadline: May 31, 2014
Add the following:
Menaquinone-7 Tablets
DEFINITION
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Menaquinone-7 Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
menaquinone-7 (C46 H64 O2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in Method 1 or Method 2 of the test for Content of
Menaquinone-7.
STRENGTH
• Content of Menaquinone-7, Method 1
[Note—Menaquinone-7 is extremely light sensitive. Protect samples from light.]
Diluent: 0.1 mg/mL of 2,6-di-tert-butyl-4methyl-phenol (BHT) in hexane
Mobile phase: Methanol and ethyl acetate. See Table 1 for gradient.
Table 1
Time
Flow Rate Methanol Ethyl Acetate
(min)
(mL/min)
(%)
(%)
0
1.00
94
6
5.5
1.00
94
6
6.5
1.25
80
20
13
1.25
80
20
14
1.25
94
6
15
1.00
94
6
25
1.00
94
6
Standard stock solution: Transfer 20 mg of USP Menaquinone-7 RS into a 50-mL
volumetric flask, dilute with hexane to volume, and mix well. [Note—The solution can be
kept in the freezer for 1 month.]
Standard solution: Transfer 1.0 mL of the Standard stock solution into a 10-mL volumetric
flask, dilute with Diluent to volume, and mix well.
Sample solution: Transfer a portion from NLT 30 finely powdered Tablets, nominally
equivalent to about 1.0 mg of menaquinone-7, to a 25-mL volumetric flask, add 10 mL of
Diluent, and shake for 2 min. Dilute with Diluent to volume, mix, and pass through a
membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 25-cm; 4-µm packing L##. [Note—A suitable column is Synergy MaxRP from www.phenomenex.com.]
Column temperature: 35
Flow rate: See Table 1.
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0% for six replicate injections
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Retention time: NMT 0.5 min difference between the first and last injection for a total
of six injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of menaquinone-7 (C46 H64 O2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of menaquinone-7 from the Sample solution
rS= peak response of menaquinone-7 from the Standard solution
C=
S concentration of USP Menaquinone-7 RS in the Standard solution (µg/mL)
C=
U nominal concentration of menaquinone-7 in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
• Content of Menaquinone-7, Method 2
[Note—Menaquinone-7 is extremely light sensitive. Protect samples from light, inject
immediately after preparation, and inject only once.]
Mobile phase: Ethanol and water (97:3)
Standard stock solution: Transfer 25 mg of USP Menaquinone-7 RS into a 50-mL
volumetric flask, add 0.5 mL of tetrahydrofuran, dilute with dehydrated alcohol to volume,
and mix well. [Note—The solution can be kept in the freezer for 1 month.]
Standard solution: 10 µg/mL of menaquinone-7 in dehydrated alcohol from the Standard
stock solution
Sample solution: Transfer a portion from NLT 20 finely powdered Tablets, nominally
equivalent to about 0.25 mg of menaquinone-7, to a 25-mL volumetric flask, add 2 mL of
tetrahydrofuran, and dilute with dehydrated alcohol to volume. Shake for 2 min, and pass
through a membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: UPLC
Detector: UV 268 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
Column temperature: 25
Flow rate: 0.7 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0% for six replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of menaquinone-7 (C46 H64 O2 ) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of menaquinone-7 from the Sample solution
rS= peak response of menaquinone-7 from the Standard solution
C=
S concentration of USP Menaquinone-7 RS in the Standard solution (µg/mL)
C=
U nominal concentration of menaquinone-7 in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration and Dissolution 2040 : Meet the requirements for Disintegration
• Weight Variation 2091 : Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
103 cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tight, light-resistant containers, in a cool, dry place.
• Labeling: The label states the content of menaquinone-7 in µg/Capsule. It also states the
assay method used if Method 1 is not used.
• USP Reference Standards
USP Menaquinone-7 RS

11

1S (USP38)

BRIEFING
Northern Schisandra Fruit. Because there is no existing USP monograph for this dietary
supplement, a new monograph is being proposed. The liquid chromatographic procedure in
the test for Content of of Lignans is based on analyses performed with the Acquity UPLC®
HSS T3 brand of L1 column with 1.8-µm packing. The typical retention times observed for
schisandrin, schisandrol B, deoxyschizandrin, and
and 3.31 min, respectively.

-schisandrin are about 1.00, 1.29, 2.90,

(DS: C. Okunji.)
Correspondence Number— C129168

Comment deadline: May 31, 2014
Add the following:
Northern Schisandra Fruit
DEFINITION
Northern Schisandra Fruit consists of the dried ripe fruits of Schisandra chinensis (Turcz.) Baill.
(Fam. Schisandraceae) collected in the fall. It contains NLT 0.95% of lignans, calculated on the
dried basis as the sum of schisandrin, schisandrol B, deoxyschizandrin, and

-schisandrin.
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IDENTIFICATION
• A. Botanic Characteristics: Meets the requirements in Specific Tests for Botanic
Characteristics
• B. Thin-Layer Chromatography
Standard solution A: 1.0 mg/mL of USP Schisandrin RS in ethanol
Standard solution B: Sonicate 500 mg of USP Schisandra chinensis Fruit Dry Extract RS in
10 mL of alcohol for 10 min. Centrifuge, and use the supernatant.
Sample solution: Sonicate 1.0 g of Northern Schisandra Fruit, finely powdered, in 10.0 mL
of alcohol for 10 min. Centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 3 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: Toluene, ethyl acetate, and glacial acetic acid (23:6:1)
Developing distance: 6 cm
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop the
chromatograms in a saturated chamber, remove the plate from the chamber, dry, and
examine under UV light at 254 nm.
System suitability: Under UV light at 254 nm, the chromatogram of Standard solution B
exhibits seven bands in the lower-third section; the most intense band corresponds in RF
to the band due to schisandrin in the chromatogram of Standard solution A. Standard
solution B also exhibits three bands in the middle-third section of the chromatogram, the
most intense band with the highest RF due to deoxyschisandrin, and two intense bands
and one faint band in the upper-third section, the most intense band corresponding to schisandrin.
Acceptance criteria: Under UV light at 254 nm, the Sample solution chromatogram exhibits
an intense band at an RF corresponding to the band due to schisandrin in the
chromatogram of Standard solution A. The Sample solution exhibits additional bands
corresponding to similar bands in the chromatogram of Standard solution B. These include
six bands in the lower-third section, three bands in the middle-third section, and two
intense bands and one faint band in the upper-third section.
• C. HPLC
Analysis: Proceed as directed in Content of Lignans.
Acceptance criteria: The retention times of the peaks of the Sample solution correspond
to those of the peaks due to schisandrin, schisandrol B, deoxyschizandrin, and
schisandrin of the Standard solution.
COMPOSITION
• Content of Lignans
Solution A: Water

-
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Solution B: Acetonitrile and methanol (1:1) (v/v)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
47
53
30
20
80
Solvent: Methanol and water (7:3)
Standard solution A: 0.06 mg/mL of USP Schisandrin RS in methanol
Standard solution B: 10 mg/mL of USP Schisandra chinensis Fruit Dry Extract RS in
methanol. Before injection, pass through a polytetrafluoroethylene filter of 0.2-µm pore
size, and discard the first portion of the filtrate.
Sample solution: Transfer about 250 mg of Northern Schisandra Fruit, moderately
powdered and accurately weighed, to a 50-mL centrifuge tube. Add 10.0 mL of methanol,
and sonicate for 10 min (140 W, 42 kHz). Centrifuge, and transfer this solution to a 25-mL
volumetric flask. Repeat this extraction one more time. Combine the extracts in the 25-mL
volumetric flask. Adjust with methanol to volume, and mix. Before injection, pass through
a polytetrafluoroethylene filter of 0.2-µm pore size, and discard the first portion of the
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: HPLC
Detector: UV 251 nm
Column: 2.1-mm × 15-cm;1.8-µm packing L1
Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 3 µL
System suitability
Samples: Standard solution A and Standard solution B
[Note—The relative retention times of the peaks for schisandrin, schisandrol B,
deoxyschizandrin, and -schisandrin are 1.00, 1.29, 2.90, and 3.31, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Schisandra chinensis Fruit Dry
Extract RS being used.
Tailing factor: NMT 2.0 for the schisandrin peak, Standard solution A
Relative standard deviation: NMT 2.0 %, determined from the schisandrin peak in
repeated injections, Standard solution A
Resolution: NLT 1.5 between the schisandrol B peak and its following peak, Standard
solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Northern Schisandra Fruit Powder RS being
used, identify the retention times of the peaks corresponding to different lignans in the
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Sample solution chromatogram.
Calculate the percentages of schisandrin, schisandrol B, deoxyschizandrin, and
schisandrin in the portion of Northern Schisandra Fruit taken:

-

Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of schisandrin from Standard solution A
C=
S concentration of USP Schisandrin RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Northern Schisandra Fruit taken to prepare the Sample solution (mg)
F= conversion factor for analytes (1.00 for schisandrin, 1.21 for schisandrol B, 1.00 for
deoxyschizandrin, and 1.23 for -schisandrin)
Calculate the content of lignans as the sum of the percentages of schisandrin, schisandrol
B, deoxyschizandrin, and

-schisandrin.

Acceptance criteria: NLT 0.95% on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 2.0 µg/g
Cadmium: NMT 0.3 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.2 µg/g

233

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli
• Articles of Botanical Origin, Aflatoxins

561 : Meets the requirements

SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: Irregularly spheroidal or compressed-spheroidal, 5–8 mm in diameter;
externally red, purplish-red or dull red, shrunken, oily, with soft pulp, sometimes externally
blackish-red or covered with “white frost”. One or two seeds: reniform, externally
brownish-yellow, shiny; testa, thin and fragile. Pulp: odor, slight; taste, sour. Seeds:
odor, aromatic on crushing; taste, pungent and slightly bitter.
Microscopic
Transverse section: Epidermal cells of pericarp: polygonal in surface view, anticlinal
walls slightly beaded, with cuticle striations (unlike Schisandra sphenanthera, where
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anticlinal walls are not beaded) oil cells in the mesocarp are infrequent or absent
(numerous in S. sphenanthera); mesocarp consisting of 10 or more layers of
parenchymatous cells containing starch granules, small collateral vascular bundles
present and scattered; endocarp consisting of one layer of square parenchymatous
cells; most outer layer of testa consisting of radially elongated stone cells, thick-walled,
with fine and close pit canals; beneath showing several layers of stone cells,
subrounded, triangular or polygonal with larger pits; a few layers of parenchymatous
cells, inner layer of testa consisting of small, slightly thick-wall cells; endospern cells
containing oil droplets and aleurone grains. Raphe has vascular bundles; oil cell layer
consists of one layer of rectangular oil cells containing yellowish-brown oil, with 3–5
layers of small cells lying below.
Calcium oxalate are absent in the mesocarp (unlike Schisandra sphenanthera, where
they are present or may also be absent on both).
• Loss on Drying 731
Sample: 2 g of Northern Schisandra Fruit, finely powdered
Analysis: Dry the Sample at 105 for 5 h.
Acceptance criteria: NMT 16%
• Articles of Botanical Origin, Total Ash 561
Analysis: 2 g of Northern Schisandra Fruit, finely powdered
Acceptance criteria: NMT 7%
• Articles of Botanical Origin, Water-Soluble Extractives
Analysis: Cold extraction method
Acceptance criteria: NMT 39.0%

561

• Articles of Botanical Origin, Alcohol-Soluble Extractives
Analysis: Cold extraction method
Acceptance criteria: NMT 40.0%
• Articles of Botanical Origin, Foreign Organic Matter

561

561 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official names, the part of
the plant contained in the article.
• USP Reference Standards 11
USP Schisandra chinensis Fruit Dry Extract RS
USP Schisandrin RS
1S (USP38)

BRIEFING
Northern Schisandra Fruit Powder. Because there is no existing USP monograph for this
dietary supplement, a new monograph is being proposed. The liquid chromatographic
procedure in the test for Content of Lignans is based on analyses performed with the
Acquity UPLC® HSS T3 brand of L1 column with 1.8-µm packing . The typical retention times
observed for schisandrin, schisandrol B, deoxyschizandrin, and
1.29, 2.90 and 3.31 min, respectively.

-schisandrin are about 1.00,
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(DS: C. Okunji.)
Correspondence Number—C139388

Comment deadline: May 31, 2014
Add the following:
Northern Schisandra Fruit Powder
DEFINITION
Northern Schisandra Fruit Powder consists of dried ripe fruits of Schisandra chinensis (Turcz.)
Baill. (Fam. Schisandraceae) reduced to a powder or very fine powder. It contains NLT 0.95%
of lignans, calculated on the dry basis as the sum of schisandrin, schisandrol B,
deoxyschizandrin, and

-schisandrin.

IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution A: 1.0 mg/mL of USP Schisandrin RS in ethanol
Standard solution B: Sonicate 500 mg of USP Schisandra chinensis Fruit Dry Extract RS in
10 mL of alcohol for 10 min. Centrifuge, and use the supernatant.
Sample solution: Sonicate 1.0 g of Powder in 10.0 mL of alcohol for 10 min. Centrifuge,
and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 3 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: Toluene, ethyl acetate, and glacial acetic acid (23:6:1)
Developing distance: 6 cm
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop the
chromatograms in a saturated chamber, remove the plate from the chamber, dry, and
examine under UV light at 254 nm.
System suitability: Under UV light at 254 nm, the chromatogram of Standard solution B
exhibits seven bands in the lower-third section; the most intense band corresponds in RF
to the band due to schisandrin in the chromatogram of Standard solution A. Standard
solution B also exhibits three bands in the middle-third section of the chromatogram, the
most intense band with the highest RF due to deoxyschisandrin, and two intense bands
and one faint band in the upper-third section, the most intense band corresponding to schisandrin.
Acceptance criteria: Under UV light at 254 nm, the Sample solution chromatogram exhibits
an intense band at an RF corresponding to the band due to schisandrin in the
chromatogram of Standard solution A. The Sample solution exhibits additional bands
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corresponding to similar bands in the chromatogram of Standard solution B. These include
six bands in the lower-third section, three bands in the middle-third section, and two
intense bands and one faint band in the upper-third section.
• B. HPLC
Analysis: Proceed as directed in Content of Lignans.
Acceptance criteria: The retention times of the peaks of the Sample solution correspond
to those of the peaks due to schisandrin, schisandrol B, deoxyschizandrin, and
schisandrin of the Standard solution.

-

COMPOSITION
• Content of Lignans
Solution A: Water
Solution B: Acetonitrile and methanol (1:1) (v/v)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
47
53
30
20
80
Solvent: Methanol and water (7:3)
Standard solution A: 0.06 mg/mL of USP Schisandrin RS in methanol
Standard solution B: 10 mg/mL of USP Schisandra chinensis Fruit Dry Extract RS in
methanol. Before injection, pass through a polytetrafluoroethylene filter of 0.2-µm pore
size, and discard the first portion of the filtrate.
Sample solution: Transfer about 250 mg of Powder, accurately weighed, to a 50-mL
centrifuge tube. Add 10.0 mL of methanol, and sonicate for 10 min (140 W, 42 kHz).
Centrifuge, and transfer this solution to a 25-mL volumetric flask. Repeat this extraction
one more time. Combine the extracts in the 25-mL volumetric flask. Adjust with methanol
to volume, and mix. Before injection, pass through a polytetrafluoroethylene filter of 0.2µm pore size, and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: UPLC
Detector: UV 251 nm
Column: 2.1-mm × 15-cm;1.8-µm packing L1
Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 3 µL
System suitability
Samples: Standard solution A and Standard solution B
[Note—The relative retention times of the peaks for schisandrin, schisandrol B,
deoxyschizandrin, and -schisandrin are about 1.00, 1.29, 2.90, 3.31, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Northern Schisandra Fruit
Powder RS being used.

PF 40(2): Mar.-Apr. 2014

154

Tailing factor: NMT 2.0 for the schisandrin peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the schisandrin peak in
repeated injections, Standard solution A
Resolution: NLT 1.5 between the schisandrol B peak and its following peak, Standard
solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Northern Schisandra Fruit Powder RS being
used, identify the retention times of the peaks corresponding to different lignans in the
Sample solution chromatogram.
Calculate the percentages of schisandrin, schisandrol B, deoxyschizandrin, and
schisandrin in the portion of Powder taken:

-

Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of schisandrin from Standard solution A
C=
S concentration of USP Schisandrin RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powder taken to prepare the Sample solution (mg)
F= conversion factor for analytes (1.00 for schisandrin, 1.21 for schisandrol B, 1.00 for
deoxyschizandrin, and 1.23 for -schisandrin)
Calculate the content of lignans as the sum of the percentages of schisandrin, schisandrol
B, deoxyschizandrin, and

-schisandrin.

Acceptance criteria: NLT 0.95% on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 2.0 µg/g
Cadmium: NMT 0.3 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.2 µg/g

233

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli
• Articles of Botanical Origin, Test for Aflatoxins

561 : Meets the requirements
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SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: Dark purple in color
Microscopic: Stone cells of epidermis of testa polygonal or elongated-polygonal in surface
view, 18–50 µm in diameter, walls thickened with very fine and close pit canals, lumina
containing dark brown contents. Stone cells of the inner layers of testa polygonal,
subrounded or irregular, NMT 83 µm in diameter, walls slightly thickened, with relatively
large pits. Epidermal cells of pericarp: polygonal in surface view, anticlinal walls slightly
beaded, with cuticle striations (unlike Schisandra sphenanthera, where anticlinal walls are
not beaded); oil cells in the mesocarp are infrequent or absent (but frequent in S.
sphenanthera). Cells of the mesocarp are shriveled, containing dark brown contents and
starch granules. Calcium oxalate are absent in the mesocarp (unlike S. sphenanthera,
where they may be present or may also be absent on both).
• Loss on Drying 731
Sample: 2 g of Powder, finely powdered
Analysis: Dry the Sample at 105 for 5 h.
Acceptance criteria: NMT 16%
• Articles of Botanical Origin, Total Ash 561
Analysis: 2 g of Powder, finely powdered
Acceptance criteria: NMT 7%
• Articles of Botanical Origin, Water-Soluble Extractives
Analysis: Cold extraction method
Acceptance criteria: NMT 39.0%
• Articles of Botanical Origin, Alcohol-Soluble Extractives
Analysis: Cold extraction method
Acceptance criteria: NMT 40.0%

561

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official names, the part of
the plant from which the article was derived.
• USP Reference Standards 11
USP Schisandra chinensis Fruit Dry Extract RS
USP Schisandrin RS
1S (USP38)

BRIEFING
Tienchi Ginseng Root and Rhizome. Because there is no existing USP monograph for this
dietary supplement, a new monograph is being proposed. The liquid chromatographic
procedure in the test for Content of Saponins is based on analyses performed with the
Agilent Zorbax SB-Aq brand of column containing 3.5-µm packing L##. The typical retention
times for notoginsenoside R1, ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and
ginsenoside Rd are about 4.5, 5.3, 5.8, 14.5, and 16.6 min, respectively.
(DS: C. Okunji.)
Correspondence Number—C125678
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Comment deadline: May 31, 2014
Add the following:
Tienchi Ginseng Root and Rhizome
DEFINITION
Tienchi Ginseng Root and Rhizome consists of the dried roots and rhizomes of Panax
notoginseng (Burkill) F.H. Chen ex C.Y. Wu & K.M. Feng (Fam. Araliaceae) collected before
flowering in autumn. It contains NLT 5.0% of saponins calculated on the dried basis as the sum
of notoginsenoside R1 (C47 H80 O18 ), ginsenoside Rg1 (C42 H72 O14 ), ginsenoside Re (C48 H82 O18 ),
ginsenoside Rb1 (C54 H92 O23 ), and ginsenoside Rd (C48 H82 O18 ).
IDENTIFICATION
• A. It meets the requirements in Specific Tests for Botanic Characteristics.
• B. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 10 mg/mL of USP Panax notoginseng Dry Extract RS in methanol.
Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate about 0.2 g of Tienchi Ginseng Root and Rhizome, finely
powdered, in 5 mL of methanol for 20 min. Centrifuge, and use the supernatant. [Note
—The Sample solution is stable for 6 h at room temperature.]
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 4 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of dichloromethane, dehydrated alcohol, and
water (70: 45: 6.5)
Developing distance: 6–8 cm
Derivatization reagent: A solution of 10% sulfuric acid in alcohol. Prepare fresh. Keep
alcohol cold over ice. Carefully and gradually add sulfuric acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop the
chromatograms in a saturated chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 105 for 5–10 min, and examine immediately
under visible light and UV light at 366 nm.
System suitability
Under visible light: The chromatogram of Standard solution B exhibits five main reddishviolet bands in the following order with increasing RF: a band in the lower-third section
of the chromatogram due to ginsenoside Rb1; three less intense bands clearly separated
in the middle-third section of the chromatogram—the lower due to ginsenoside Rd, the
middle due to ginsenoside Re, and the upper due to notoginsenoside R1; and a band at
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an RF corresponding to the ginsenoside Rg1 band in the chromatogram of Standard
solution A. The two most intense bands in the chromatogram are those of ginsenoside
Rb1 and ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of Standard solution B exhibits bands in
the following order with increasing RF: a blue fluorescent band in the lower-third section
of the chromatogram due to ginsenoside Rb1; three less intense bands clearly separated
in the middle-third section of the chromatogram—the lower due to ginsenoside Rd, the
middle due to ginsenoside Re, and the upper due to notoginsenoside R1 (the band due to
ginsenoside Rd is blue fluorescent, while the other two bands are pinkish-violet); and a
pinkish-violet band at an RF corresponding to the ginsenoside Rg1 band in the
chromatogram of Standard solution A. The two most intense bands in the chromatogram
are those of ginsenoside Rb1 and ginsenoside Rg1.
Acceptance criteria
Under visible light: The chromatogram of the Sample solution exhibits five main reddishviolet bands corresponding in RF to similar bands in the chromatogram of Standard
solution B. These bands appear in the following order of increasing RF: a band in the
lower-third section of the chromatogram due to ginsenoside Rb1; three less intense
bands clearly separated in the middle-third section of the chromatogram due to
ginsenoside Rd, ginsenoside Re, and notoginsenoside R1, respectively; and a band at an
RF corresponding to the ginsenoside Rg1 band in the chromatogram of Standard solution
A. The two most intense bands in the chromatogram are those of ginsenoside Rb1 and
ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of the Sample solution exhibits the
following bands, with increasing RF, corresponding to similar bands in the chromatogram
of Standard solution B: a blue fluorescent band in the lower-third section of the
chromatogram due to ginsenoside Rb1; three less intense bands clearly separated in the
middle-third section of the chromatogram due to ginsenoside Rd, ginsenoside Re, and
notoginsenoside R1, respectively (the band due to ginsenoside Rd is blue fluorescent,
while the other two bands are pinkish-violet); and a pinkish-violet band at an RF
corresponding to the ginsenoside Rg1 band in the chromatogram of Standard solution A.
The two most intense bands in the chromatogram are those of ginsenoside Rb1 and
ginsenoside Rg1.
• C. HPLC
Analysis: Proceed as directed in Content of Saponins.
Acceptance criteria: The retention times of the peaks of the Sample solution correspond
to those of the peaks due to notoginsenoside R1, ginsenoside Rg1, ginsenoside Re,
ginsenoside Rb1, and ginsenoside Rd of Standard solution B. Ginsenoside Rg1 is the most
abundant ginsenoside, followed by ginsenoside Rb1 and then notoginsenoside R1.
COMPOSITION
• Content of Saponins
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
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0
84
16
20
64
36
20.1
0
100
25
0
100
Solvent: Methanol and water (7:3)
Standard solution A: 0.04 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 3.0 mg/mL of USP Panax notoginseng Dry Extract RS in Solvent.
Sonicate for about 10 min, centrifuge, and use the supernatant. Before injection, pass
through a PTFE filter of 0.2-µm pore size, and discard the first portion of the filtrate.
Sample solution: Transfer about 0.3 g of Tienchi Ginseng Root and Rhizome (capable of
passing through a 250-µm sieve), accurately weighed, to a 50-mL centrifuge tube. Add 10
mL of Solvent, and sonicate for 10 min. Centrifuge, and transfer the supernatant to a 25mL volumetric flask. Repeat this extraction two more times, each with 5 mL of Solvent.
Combine the extracts in a volumetric flask, dilute with Solvent to volume, and mix. Before
injection, pass through a PTFE filter of 0.2-µm pore size, and discard the first portion of
the filtrate. [Note—The Sample solution is stable for 24 h at room temperature.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: HPLC
Detector: UV 203 nm
Column: 4.6-mm × 50-mm; 3.5-µm packing L##1
Column temperature: 30 ± 1
Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Panax notoginseng Dry Extract
RS being used.
Tailing factor: NMT 2.0 for the ginsenoside Rg1 peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the ginsenoside Rg1 peak in
repeated injections, Standard solution A
Resolution: NLT 1.5 between the ginsenoside Rg1 and ginsenoside Re peaks, Standard
solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Panax notoginseng Dry Extract RS being used,
identify the retention times of the peaks corresponding to relevant saponins in the Sample
solution.
Separately calculate the percentage of each of the saponins in the portion of Tienchi
Ginseng Root and Rhizome taken:
Result = (rU/rS) × CS × (V/W) × F × 100
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rU= peak area of the relevant analyte from the Sample solution
rS= peak area of ginsenoside Rg1 from Standard solution A
C=
S concentration of USP Ginsenoside Rg1 RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Tienchi Ginseng Root and Rhizome taken to prepare the Sample solution (mg)
F= conversion factor for analytes (see Table 2)
Table 2
Conversion
Analyte
Factor
Notoginsenoside R1
1.09
Ginsenoside Rg1
1.00
Ginsenoside Re
1.02
Ginsenoside Rb1
1.26
Ginsenoside Rd
1.03
Calculate the content of saponins as the sum of the percentages of notoginsenoside R1,
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd.
Acceptance criteria: NLT 5.0% on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 3.0 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.2 µg/g

233

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
• Articles of Botanical Origin, Test for Aflatoxins

561 : Meets the requirements

SPECIFIC TESTS
• Botanic Characteristics
Macroscopic
Root: Subconical or cylindrical; 1–6 cm long, 1–4 cm in diameter; externally grayishbrown or grayish-yellow; showing interrupted longitudinal wrinkles, scars of rootlets, and
scar of the stem at the apex surrounded by irregular-shaped protrusions; texture heavy
and compact, fracture grayish-green, yellowish-green or grayish-white
Rootlets: Cylindrical or conical, 2–6 cm long, the upper end 0.8 cm in diameter, the lower
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end 0.3 cm in diameter
Rhizomes: Irregular lumps; showing several stem scars and annulations; fracture
grayish-green or grayish-white in the center and deep green or gray at the margin
Microscopic
Transverse section: Cork consisting of several rows of radially arranged, thin-walled
cells; phelloderm narrow; layers of parenchyma cells, cluster crystals of calcium oxalate
rare and mostly distributed in parenchyma close to cork; phloem parenchyma showing
resin canals containing yellow-brown masses; cambium in a ring sometimes undulant;
and xylem broad, vessels 1–2 rows in groups, arranged radially
Acceptance criteria: Meets the requirements
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2
• Articles of Botanical Origin, Water-Soluble Extractives, Method 2

561 : NLT 16.0%
561 : NLT 26.0%

• Loss on Drying 731
Sample: 1.0 g of Tienchi Ginseng Root and Rhizome, finely powdered
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 14%
• Articles of Botanical Origin, Total Ash 561
Analysis: 4.0 g of Tienchi Ginseng Root and Rhizome, finely powdered
Acceptance criteria: NMT 6%
• Articles of Botanical Origin, Acid-Insoluble Ash 561
Analysis: 4.0 g of Tienchi Ginseng Root and Rhizome, finely powdered
Acceptance criteria: NMT 3.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant from which the article was derived.
• USP Reference Standards 11
USP Aflatoxins RS
USP Ginsenoside Rg1 RS
USP Panax notoginseng Dry Extract RS
1S (USP38)

1 A suitable column is Agilent Zorbax SB-Aq brand containing 3.5-µm packing from www.Agilent.com.

BRIEFING
Tienchi Ginseng Root and Rhizome Dry Extract. Because there is no existing USP monograph
for this dietary supplement, a new monograph is being proposed. The liquid chromatographic
procedure in the test for Content of Saponins is based on analyses performed with the
Agilent Zorbax SB-Aq brand of column containing 3.5-µm packing L##. The typical retention
times for notoginsenoside R1, ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and
ginsenoside Rd are about 4.5, 5.3, 5.8, 14.5, and 16.6 min, respectively.
(DS: C. Okunji.)
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Correspondence Number—C138607

Comment deadline: May 31, 2014
Add the following:
Tienchi Ginseng Root and Rhizome Dry Extract
DEFINITION
Tienchi Ginseng Root and Rhizome Dry Extract is prepared from the dried roots and rhizomes of
Panax notoginseng (Burkill) F.H. Chen ex C.Y. Wu & K.M. Feng (Fam. Araliaceae), collected
before flowering in autumn, by extraction with hydroalcoholic mixtures. It contains NLT 90.0%–
110.0% of the labeled amount of saponins calculated on the dried basis as the sum of
notoginsenoside R1 (C47 H80 O18 ), ginsenoside Rg1 (C42 H72 O14 ), ginsenoside Re (C48 H82 O18 ),
ginsenoside Rb1 (C54 H92 O23 ), and ginsenoside Rd (C48 H82 O18 ).
IDENTIFICATION
• A. It meets the requirements in Specific Tests for Botanic Characteristics.
• B. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 10 mg/mL of USP Panax notoginseng Dry Extract RS in methanol.
Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate about 50 mg of Dry Extract, finely powdered, in 5 mL of
methanol for 10 min. Centrifuge, and use the supernatant. [Note—The Sample solution is
stable for 6 h at room temperature.]
Chromatographic system
(See Thin-Layer Chromatography 621 .)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 4 µL, as 8-mm bands.
Relative Humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of dichloromethane, dehydrated alcohol, and
water (70: 45: 6.5)
Developing distance: 6–8 cm
Derivatization reagent: A solution of 10% sulfuric acid in alcohol. Prepare fresh. Keep
alcohol cold over ice. Carefully and gradually add sulfuric acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop the
chromatograms in a saturated chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 105 for 5–10 min, and examine immediately
under visible light and UV light at 366 nm.
System suitability
Under visible light: The chromatogram of Standard solution B exhibits five main reddishviolet bands in the following order with increasing RF: a band in the lower-third section
of the chromatogram due to ginsenoside Rb1; three less intense bands clearly separated
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in the middle-third section of the chromatogram—the lower due to ginsenoside Rd, the
middle due to ginsenoside Re, and the upper due to notoginsenoside R1; and a band at
an RF corresponding to the ginsenoside Rg1 band in the chromatogram of Standard
solution A. The two most intense bands in the chromatogram are those of ginsenoside
Rb1 and ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of Standard solution B exhibits bands in
the following order with increasing RF: a blue fluorescent band in the lower-third section
of the chromatogram due to ginsenoside Rb1; three less intense bands clearly separated
in the middle-third section of the chromatogram—the lower due to ginsenoside Rd, the
middle due to ginsenoside Re, and the upper due to notoginsenoside R1 (the band due to
ginsenoside Rd is blue fluorescent, while the other two bands are pinkish-violet); and a
pinkish-violet band at an RF corresponding to the ginsenoside Rg1 band in the
chromatogram of Standard solution A. The two most intense bands in the chromatogram
are those of ginsenoside Rb1 and ginsenoside Rg1.
Acceptance criteria
Under visible light: The chromatogram of the Sample solution exhibits five main reddishviolet bands corresponding in RF to similar bands in the chromatogram of Standard
solution B. These bands appear in the following order of increasing RF: a band in the
lower-third section of the chromatogram due to ginsenoside Rb1; three less intense
bands clearly separated in the middle-third section of the chromatogram due to
ginsenoside Rd, ginsenoside Re, and notoginsenoside R1, respectively; and a band at an
RF corresponding to the ginsenoside Rg1 band in the chromatogram of Standard solution
A. The two most intense bands in the chromatogram are those of ginsenoside Rb1 and
ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of the Sample solution exhibits the
following bands, with increasing RF, corresponding to similar bands in the chromatogram
of Standard solution B: a blue fluorescent band in the lower-third section of the
chromatogram due to ginsenoside Rb1; three less intense bands clearly separated in the
middle-third section of the chromatogram due to ginsenoside Rd, ginsenoside Re, and
notoginsenoside R1, respectively (the band due to ginsenoside Rd is blue fluorescent,
while the other two bands are pinkish-violet); and a pinkish-violet band at an RF
corresponding to the ginsenoside Rg1 band in the chromatogram of Standard solution A.
The two most intense bands in the chromatogram are those of ginsenoside Rb1 and
ginsenoside Rg1.
• C. HPLC
Analysis: Proceed as directed in Content of Saponins.
Acceptance criteria: The retention times of the peaks of the Sample solution correspond
to those of the peaks due to notoginsenoside R1, ginsenoside Rg1, ginsenoside Re,
ginsenoside Rb1, and ginsenoside Rd of Standard solution B. Ginsenoside Rg1 is the most
abundant ginsenoside, followed by ginsenoside Rb1 and then notoginsenoside R1.
COMPOSITION
• Content of Saponins
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B
(min)
(%)
(%)
0
84
16
20
64
36
20.1
0
100
25
0
100
Solvent: Methanol and water (7:3)
Standard solution A: 0.04 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 3.0 mg/mL of USP Panax notoginseng Dry Extract RS in Solvent.
Sonicate for about 10 min, centrifuge, and use the supernatant. Before injection, pass
through a PTFE filter of 0.2-µm pore size, and discard the first portion of the filtrate.
Sample solution: Transfer about 75 mg of Dry Extract (capable of passing through a 250µm sieve), accurately weighed, to a 50-mL centrifuge tube. Add 10 mL of Solvent, and
sonicate for 10 min. Centrifuge, and transfer the supernatant to a 25-mL volumetric flask.
Repeat this extraction two more times, each with 5 mL of Solvent. Combine the extracts
in the volumetric flask, dilute with Solvent to volume, and mix. Before injection, pass
through a PTFE filter of 0.2-µm pore size, and discard the first portion of the filtrate.
[Note—Sample solution is stable for 24 h at room temperature.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: UHPLC
Detector: UV 203 nm
Column: 4.6-mm × 50-mm; 3.5-µm packing L##1
Column temperature: 30 ± 1
Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Panax notoginseng Dry Extract
RS being used.
Tailing factor: NMT 2.0 for the ginsenoside Rg1 peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the ginsenoside Rg1 peak in
repeated injections, Standard solution A
Resolution: NLT 1.5 between the ginsenoside Rg1 and ginsenoside Re peaks, Standard
solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Panax notoginseng Dry Extract RS being used,
identify the retention times of the peaks corresponding to relevant saponins in the Sample
solution chromatogram.
Separately calculate the percentage of each of the saponins in the portion of Dry Extract
taken:
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Result = (rU/rS) × ( CS/ CU) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of ginsenoside Rg1 from Standard solution A
C=
S concentration of USP Ginsenoside Rg1 RS in Standard solution A (mg/mL)
C=
U concentration of Dry Extract in the Sample solution (mg/mL)
F= conversion factor for analytes (see Table 2)
Table 2
Conversion
Analyte
Factor
Notoginsenoside R1
1.09
Ginsenoside Rg1
1.00
Ginsenoside Re
1.02
Ginsenoside Rb1
1.26
Ginsenoside Rd
1.03
Calculate the content of saponins as the sum of the percentages of notoginsenoside R1,
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd.
Calculate the percentage of the labeled amount of saponins in the portion of Dry Extract
taken:
Result = (P/L) ×100
P= content of saponins as determined above (%)
L= labeled amount of saponins (%)
Acceptance criteria: 90.0%–110.0% of the labeled amount of saponins calculated on the
dried basis
CONTAMINANTS
• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
• Articles of Botanical Origin, Test for Aflatoxins
SPECIFIC TESTS
• Loss on Drying 731
Sample: 1.0 g of Dry Extract, finely powdered
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 5%

561 : Meets the requirements

PF 40(2): Mar.-Apr. 2014

165

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant from which the article was prepared.
• USP Reference Standards 11
USP Aflatoxins RS
USP Ginsenoside Rg1 RS
USP Panax notoginseng Dry Extract RS
1S (USP38)

1 A suitable column is Agilent Zorbax SB-Aq brand containing 3.5-µm packing from www.Agilent.com.

BRIEFING
Tienchi Ginseng Root and Rhizome Powder. Because there is no existing USP monograph for
this dietary supplement, a new monograph is being proposed. The liquid chromatographic
procedure in the test for Content of Saponins is based on analyses performed with the
Agilent Zorbax SB-Aq brand of column containing 3.5-µm packing L##. The typical retention
times for notoginsenoside R1, ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and
ginsenoside Rd are about 4.5, 5.3, 5.8, 14.5, and 16.6 min, respectively.
(DS: C. Okunji.)
Correspondence Number—C131044

Comment deadline: May 31, 2014
Add the following:
Tienchi Ginseng Root and Rhizome Powder
DEFINITION
Tienchi Ginseng Root and Rhizome Powder consists of the dried roots and rhizomes of Panax
notoginseng (Burkill) F.H. Chen ex C.Y. Wu & K.M. Feng (Fam. Araliaceae) collected before
flowering in autumn and reduced to a powder. It contains NLT 5.0% of saponins calculated on
the dried basis as the sum of notoginsenoside R1 (C47 H80 O18 ), ginsenoside Rg1 (C42 H72 O14 ),
ginsenoside Re (C48 H82 O18 ), ginsenoside Rb1 (C54 H92 O23 ), and ginsenoside Rd (C48 H82 O18 ).
IDENTIFICATION
• A. It meets the requirements in Specific Tests for Botanic Characteristics.
• B. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 10 mg/mL of USP Panax notoginseng Dry Extract RS in methanol.
Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate about 0.2 g of Powder, finely powdered, in 5 mL of methanol
for 20 min. Centrifuge, and use the supernatant. [Note—The Sample solution is stable for
6 h at room temperature.]
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
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(HPTLC plates)
Application volume: 4 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of dichloromethane, dehydrated alcohol, and
water (70: 45: 6.5)
Developing distance: 6–8 cm
Derivatization reagent: A solution of 10% sulfuric acid in alcohol. Prepare fresh. Keep
alcohol cold over ice. Carefully and gradually add sulfuric acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop the
chromatograms in a saturated chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 105 for 5–10 min, and examine immediately
under visible light and UV light at 366 nm.
System suitability
Under visible light: The chromatogram of Standard solution B exhibits five main reddishviolet bands in the following order with increasing RF: a band in the lower-third section
of the chromatogram due to ginsenoside Rb1; three less intense bands clearly separated
in the middle-third section of the chromatogram—the lower due to ginsenoside Rd, the
middle due to ginsenoside Re, and the upper due to notoginsenoside R1; and a band at
an RF corresponding to the ginsenoside Rg1 band in the chromatogram of Standard
solution A. The two most intense bands in the chromatogram are those of ginsenoside
Rb1 and ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of Standard solution B exhibits bands in
the following order with increasing RF: a blue fluorescent band in the lower-third section
of the chromatogram due to ginsenoside Rb1; three less intense bands clearly separated
in the middle-third section of the chromatogram—the lower due to ginsenoside Rd, the
middle due to ginsenoside Re, and the upper due to notoginsenoside R1 (the band due to
ginsenoside Rd is blue fluorescent, while the other two bands are pinkish-violet); and a
pinkish-violet band at an RF corresponding to the ginsenoside Rg1 band in the
chromatogram of Standard solution A. The two most intense bands in the chromatogram
are those of ginsenoside Rb1 and ginsenoside Rg1.
Acceptance criteria
Under visible light: The chromatogram of the Sample solution exhibits five main reddishviolet bands corresponding in RF to similar bands in the chromatogram of Standard
solution B. These bands appear in the following order of increasing RF: a band in the
lower-third section of the chromatogram due to ginsenoside Rb1; three less intense
bands clearly separated in the middle-third section of the chromatogram due to
ginsenoside Rd, ginsenoside Re, and notoginsenoside R1, respectively; and a band at an
RF corresponding to the ginsenoside Rg1 band in the chromatogram of Standard solution
A. The two most intense bands in the chromatogram are those of ginsenoside Rb1 and
ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of the Sample solution exhibits the
following bands, with increasing RF, corresponding to similar bands in the chromatogram
of Standard solution B: a blue fluorescent band in the lower-third section of the
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chromatogram due to ginsenoside Rb1; three less intense bands clearly separated in the
middle-third section of the chromatogram due to ginsenoside Rd, ginsenoside Re, and
notoginsenoside R1, respectively (the band due to ginsenoside Rd is blue fluorescent,
while the other two bands are pinkish-violet); and a pinkish-violet band at an RF
corresponding to the ginsenoside Rg1 band in the chromatogram of Standard solution A.
The two most intense bands in the chromatogram are those of ginsenoside Rb1 and
ginsenoside Rg1.
• C. HPLC
Analysis: Proceed as directed in Content of Saponins.
Acceptance criteria: The retention times of the peaks of the Sample solution correspond
to those of the peaks due to notoginsenoside R1, ginsenoside Rg1, ginsenoside Re,
ginsenoside Rb1, and ginsenoside Rd of Standard solution B. Ginsenoside Rg1 is the most
abundant ginsenoside, followed by ginsenoside Rb1 and then notoginsenoside R1.
COMPOSITION
• Content of Saponins
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
84
16
20
64
36
20.1
0
100
25
0
100
Solvent: Methanol and water (7:3)
Standard solution A: 0.04 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 3.0 mg/mL of USP Panax notoginseng Dry Extract RS in Solvent.
Sonicate for about 10 min, centrifuge, and use the supernatant. Before injection, pass
through a PTFE filter of 0.2-µm pore size, and discard the first portion of the filtrate.
Sample solution: Transfer about 0.3 g of Powder (capable of passing through a 250-µm
sieve), accurately weighed, to a 50-mL centrifuge tube. Add 10 mL of Solvent, and
sonicate for 10 min. Centrifuge, and transfer the supernatant to a 25-mL volumetric flask.
Repeat this extraction two more times, each with 5 mL of Solvent. Combine the extracts
in a volumetric flask, dilute with Solvent to volume, and mix. Before injection, pass through
a PTFE filter of 0.2-µm pore size, and discard the first portion of the filtrate. [Note—The
Sample solution is stable for 24 h at room temperature.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: HPLC
Detector: UV 203 nm
Column: 4.6-mm × 50-mm; 3.5-µm packing L##1
Column temperature: 30 ± 1
Flow rate: 0.8 mL/min
Injection volume: 5 µL
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System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Panax notoginseng Dry Extract
RS being used.
Tailing factor: NMT 2.0 for the ginsenoside Rg1 peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the ginsenoside Rg1 peak in
repeated injections, Standard solution A
Resolution: NLT 1.5 between the ginsenoside Rg1 and ginsenoside Re peaks, Standard
solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Panax notoginseng Dry Extract RS being used,
identify the retention times of the peaks corresponding to relevant saponins in the Sample
solution.
Separately calculate the percentage of each of the saponins in the portion of Powder
taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of ginsenoside Rg1 from Standard solution A
C=
S concentration of USP Ginsenoside Rg1 RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powder taken to prepare the Sample solution (mg)
F= conversion factor for analytes (see Table 2)
Table 2
Conversion
Analyte
Factor
Notoginsenoside R1
1.09
Ginsenoside Rg1
1.00
Ginsenoside Re
1.02
Ginsenoside Rb1
1.26
Ginsenoside Rd
1.03
Calculate the content of saponins as the sum of the percentages of notoginsenoside R1,
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd.
Acceptance criteria: NLT 5.0% on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 3.0 µg/g

233
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Cadmium: NMT 1.0 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.2 µg/g
• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
• Articles of Botanical Origin, Test for Aflatoxins

561 : Meets the requirements

SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: Grayish-yellow in color
Microscopic: Fragments of cork cells; fragments of parenchyma cells, crystals of calcium
oxalate clusters rare; fragments of secretory ducts containing yellow secretions; vessels,
scalariform, reticulated and spiral, 15–55 µm in diameter; starch granules fairly abundant,
simple granules spherical, semispherical or round-polygonal, 5–40 µm in diameter;
compound granules of 2–10 or more components; showing a black, cross shape when
examined under a polarizing microscope
Acceptance criteria: Meets the requirements
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2
• Articles of Botanical Origin, Water-Soluble Extractives, Method 2

561 : NLT 16.0%
561 : NLT 26.0%

• Loss on Drying 731
Sample: 1.0 g of Powder, finely powdered
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 14%
• Articles of Botanical Origin, Total Ash 561
Analysis: 4.0 g of Powder, finely powdered
Acceptance criteria: NMT 6%
• Articles of Botanical Origin, Acid-Insoluble Ash
Analysis: 4.0 g of Powder, finely powdered
Acceptance criteria: NMT 3.0%

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards
USP Aflatoxins RS

11
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USP Ginsenoside Rg1 RS
USP Panax notoginseng Dry Extract RS
1S (USP38)

1 A suitable column is Agilent Zorbax SB-Aq brand containing 3.5-µm packing from www.Agilent.com.

BRIEFING
Butylated Hydroxytoluene, NF 32 page 5882. The Butylated Hydroxytoluene monograph was
identified by the FDA Modernization Task Group to be at an elevated risk of adulteration
because of a lack of specificity of the Identification test. As part of the USP monograph
modernization effort, it is proposed to make the following changes:
1.
In the Definition, revise the Acceptance criteria from “NLT 99.0%” to “NLT 99.0% and
NMT 101.5%”. The upper limit of the Acceptance criteria range in the Assay is
established on the basis of performance of the HPLC method used in the Assay.
2.
Add Identification test B based on the identification by retention time as obtained in the
Assay.
3.
Add an Assay that uses an HPLC method based on an analysis performed with the
Phenomenex Luna C18 brand of L1 column. The proposed method separates and
detects 13 potential butylated hydroxytoluene impurities and oxidation products. In
addition, the method distinguishes between two highly used antioxidants, butylated
hydroxyanisole and butylated hydroxytoluene. The retention times for butylated
hydroxyanisole and butylated hydroxytoluene are approximately 2.0 and 10.8 min,
respectively.
4.
Replace the thin-layer chromatographic method in the test for Organic Impurities with
the HPLC method used in the Assay. Introduce new Acceptance criteria for the
Individual impurity at NMT 0.1% and for Total impurities at NMT 0.7%.
5.
Delete the Congealing Temperature test in Specific Tests because the content of
butylated hydroxytoluene is proposed to be determined using the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: G. Holloway.)
Correspondence Number—C122595

Comment deadline: May 31, 2014
Butylated Hydroxytoluene

C15 H24 O

220.35
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Phenol, 2,6-bis(1,1-dimethylethyl)-4-methyl-;
2,6-Di-tert-butyl-p-cresol
[128-37-0].
DEFINITION
Change to read:
Butylated Hydroxytoluene contains NLT 99.0%
and NMT 101.5% of butylated hydroxytoluene
(C15 H24 O).

1S (NF33)

IDENTIFICATION
• A. Infrared Absorption 197K : Undried sample
Add the following:
• B. The retention time of the butylated hydroxytoluene peak of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay. The
chromatographic profile of the Sample solution should exhibit only one major peak
corresponding to the main compound. 1S (NF33)
ASSAY
Add the following:
• Procedure
Solution A: 5% acetic acid, prepared by diluting 50 mL of glacial acetic acid in a 1-L flask
with water to volume.
Mobile phase: Acetonitrile and Solution A (65:35)
Standard solution: 0.5 mg/mL of USP Butylated Hydroxytoluene RS in Mobile phase
Sample solution: 0.5 mg/mL of Butylated Hydroxytoluene in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 3.0-mm × 15-cm; 3-µm packing L1
Column temperature: 40
Flow rate: 0.75 mL/min
Injection volume: 10 µL
Run time: 15 min
System suitability
Sample: Standard solution
[Note—The retention time of butylated hydroxytoluene is about 10.8 min.]
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of butylated hydroxytoluene in the portion of Butylated
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Hydroxytoluene taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of butylated hydroxytoluene from the Sample solution
rS= peak area of butylated hydroxytoluene from the Standard solution
C=
S concentration of butylated hydroxytoluene in the Standard solution
C=
U concentration of Butylated Hydroxytoluene in the Sample solution
Acceptance criteria: 99.0%–101.5%

1S (NF33)

IMPURITIES
• Residue on Ignition 281
Analysis: Transfer 50 g to a tared crucible, ignite until thoroughly charred, and cool.
Moisten the ash with 1 mL of sulfuric acid, and complete the ignition by heating at 800 ±
25 for 15-min periods to constant weight.
Acceptance criteria: NMT 0.002%
• Heavy Metals, Method II

231 : NMT 10 µg/g

Change to read:
• Organic Impurities
Solution A: 50 mg/mL of potassium ferricyanide
Solution B: 105 mg/mL of ferric chloride
Sample solution: 20 mg/mL of Butylated Hydroxytoluene in methanol
Standard solution: 0.1 mg/mL of Butylated Hydroxytoluene from the Sample solution
diluted with methanol
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Absorbent: 0.25-mm layer of chromatographic silica gel mixture
Developing solvent system: Methylene chloride
Application volume: 10 µL
Spray reagent: Solution A, Solution B, and water (1:2:7), freshly prepared
Analysis
Samples: Sample solution and Standard solution
Apply the Samples, and allow to dry. Place the plate in the chromatographic chamber, and
develop until the solvent front has moved three-fourths of the length of the plate.
Remove the plate, and allow the plate to dry. Spray the plate with Spray reagent.
Acceptance criteria: Any spot from the Sample solution, apart from the principal spot, is
not more intense than the spot from the Standard solution (NMT 0.5%).
Mobile phase, and Chromatographic system: Proceed as directed in the Assay,
except extend the Run time to 20 min.
Standard solution: 2 µg/mL in Mobile phase
Sample solution: 2.0 mg/mL in Mobile phase
System suitability
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Sample: Standard solution
[Note—The retention time of butylated hydroxytoluene is about 10.8 min.]
Suitability requirements
Signal-to-noise ratio: NLT 40
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria
Individual impurity: NMT 0.1%; the peak area of each impurity in the Sample
solution, divided by the relative response factor in Table 1 to correct for the
calculation of content, is NMT the area of the principal peak in the Standard solution.
Total impurities: NMT 0.7%
Table 1
Relative
Retention
Time
0.12
0.19
0.20

Relative
Response
Factor
1.9
1.1
3.6

Name
p-Cresol or m-cresola
3-tert-Butyl-4-hydroxyanisole (BHA)
3,5-Di-tert-butyl-4-hydroxybenzoic acid
2-tert-Butyl-4-methylphenol or 2-tertbutyl-5-methylphenolb
0.27
1.7
3,5-Di-tert-butyl-4-hydroxybenzaldehyde
0.37
6.6
4,6-Di-tert-butyl-m-cresol
0.66
1.1
2,6-Di-tert-butyl-phenol
0.77
0.9
Any unspecified impurity
—
1.0
a The p-cresol and m-cresol peaks are not separated under the method conditions.
b The 2-tert-butyl-4-methylphenol and 2-tert-butyl-5-methylphenol peaks are not
separated under the method conditions.
1S (NF33)

SPECIFIC TESTS
Delete the following:
• Congealing Temperature

651 : NLT 69.2 , corresponding to NLT 99.0% of C15 H24 O

1S (NF33)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP Butylated Hydroxytoluene RS
BRIEFING
Cetostearyl Alcohol, NF 32 page 5925. As part of the USP monograph modernization effort, it
is proposed to make the following changes:
1.
Add chemical structure and CAS number.
2.
Revise the monograph Definition by adding an upper limit of 102.0% for the sum of the
stearyl alcohol content and the cetyl alcohol content and by including material origin
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of vegetable, animal, or synthetic source. Correspondingly, add a Labeling
requirement to indicate the material source.
3.
Change the current Identification test A by adding a test title and reformatting to
reflect the current monograph style.
4.
Replace the current Assay using a packed GC column with an Assay based on a GC
method of analysis performed with the Restek Rtx-225 or Agilent DB-225 brand of G7
column. The typical retention times for 1-pentadecanol (internal standard), cetyl
alcohol, stearyl alcohol, and oleyl alcohol are 7.5, 8.2, 9.4, and 9.6 min, respectively.
The Assay specification is changed to “90.0%–102.0%” for the sum of the stearyl
alcohol content and the cetyl alcohol content.
5.
Add a Residue on Ignition test.
6.
Add a test for Limit of Related Fatty Alcohols, which is based on a GC method of
analysis performed with the Restek Rtx-225 or Agilent DB-225 brand of G7 column.
The typical retention times for lauryl alcohol, myristyl alcohol, 1-pentadecanol, cetyl
alcohol, stearyl alcohol, oleyl alcohol, linolenyl alcohol, and arachidyl alcohol are 5.9,
7.0, 7.5, 8.2, 9.4, 9.6, 10.2, and 10.8 min, respectively.
7.
Delete the Melting Range or Temperature test.
8.
Hydroxyl Value in the general test chapter Fats and Fixed Oils 401 is referenced and
performed for this material.
9.
Add a Water Determination test.
10.
Add USP Lauryl Alcohol RS, USP Myristyl Alcohol RS, USP Oleyl Alcohol RS, USP Linolenyl
Alcohol RS, and USP Arachidyl Alcohol RS to the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C111750

Comment deadline: May 31, 2014
Cetostearyl Alcohol
Add the following:

Cetylstearyl alcohol

[67762-27-0].

1S (NF33)

DEFINITION
Change to read:
Cetostearyl Alcohol contains NLT 40.0% of stearyl alcohol (C18 H38 O), and the sum of the
stearyl alcohol content and the cetyl alcohol (C16 H34 O) content is NLT 90.0%
and NMT 102.0%. It is obtained from sources of vegetable, animal, or synthetic origin.
1S (NF33)

PF 40(2): Mar.-Apr. 2014

175

IDENTIFICATION
Change to read:
• A.
Chromatographic Identity 1S (NF33)
The retention times of the major peaks of the Sample solution correspond to those of the
System suitability solution, as obtained in the Assay.
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention times of the major peaks of the Sample solution,
excluding the solvent and internal standard peaks, correspond to the cetyl alcohol and
stearyl alcohol peaks of the System suitability solution. 1S (NF33)
ASSAY
Change to read:
• Procedure
System suitability solution: 5 mg/mL each of USP Cetyl Alcohol RS and USP Stearyl
Alcohol RS, in alcohol
Sample solution: 10 mg/mL of Cetostearyl Alcohol, in dehydrated alcohol
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 3-mm × 2-m; 10% liquid phase G2, support S1A
Temperatures
Column: 205
Injection port: 275
Detector: 250
Carrier gas: Helium
Injection volume: 2 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 4.0 between cetyl alcohol and stearyl alcohol
Relative standard deviation: NMT 1.5% for the percentages of cetyl alcohol
(C16 H34 O) and stearyl alcohol (C18 H38 O)
Analysis: Sample solution
Calculate the percentages of cetyl alcohol (C16 H34 O) and stearyl alcohol (C18 H38 O) in the
portion of sample taken:
Result = (rU/rT) × 100
r=
U peak area of cetyl alcohol or stearyl alcohol
r=
T sum of all the peak areas, except that for the solvent
Internal standard solution: 1 mg/mL of 1-pentadecanol (internal standard) in ethanol
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System suitability solution: Prepare 1 mg/mL each of USP Cetyl Alcohol RS, USP Stearyl
Alcohol RS, and USP Oleyl Alcohol RS in Internal standard solution. Heat the solution in a
sealed container in a 50 water bath until all fatty alcohols are dissolved. Allow the
solution to cool to room temperature, and mix well.
Standard solution: To match the cetyl alcohol and stearyl alcohol ratio in the test
sample, prepare the sum of 2.0 mg/mL of USP Cetyl Alcohol RS and USP Stearyl Alcohol
RS in Internal standard solution. Heat the solution in a sealed container in a 50 water
bath until cetyl alcohol and stearyl alcohol are dissolved. Allow the solution to cool to
room temperature, and mix well.
Sample solution: Prepare 2.0 mg/mL of Cetostearyl Alcohol in Internal standard solution,
and heat the solution in a sealed container in a 50 water bath until cetostearyl alcohol
is dissolved. Allow the solution to cool to room temperature, and mix well.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused silica capillary; coated with a 0.25-µm layer of phase
G7
Temperatures
Detector: 280
Injection port: 270
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
60
20
180
180
10
220
Carrier gas: Hydrogen
Flow rate: 2.0 mL/min, constant flow mode
Injection volume: 1 µL
Injection type: Split injection; split ratio is 100:1
Liner: Single taper, low pressure drop liner with deactivated wool
Run time: 15 min
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Table 2
Relative
Retention
Component
Time
1-Pentadecanol (internal standard)
1.00
Cetyl alcohol
1.09
Stearyl alcohol
1.25

—
5
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Oleyl alcohol
1.28
Suitability requirements
Resolution: NLT 30 between the cetyl alcohol and stearyl alcohol peaks; NLT 2.0
between the stearyl alcohol and oleyl alcohol peaks, System suitability solution
Tailing factor: 0.8–1.8 for the stearyl alcohol and 1-pentadecanol peaks, Standard
solution
Relative standard deviation: NMT 1%, using the area ratio of stearyl alcohol to 1pentadecanol, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of cetyl alcohol (C16 H34 O) or stearyl alcohol (C18 H38 O) in the
portion of Cetostearyl Alcohol taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of cetyl alcohol (or stearyl alcohol) to the internal standard [peak
response of cetyl alcohol (or stearyl alcohol)/peak response of the internal standard]
from the Sample solution
RS= peak response ratio of cetyl alcohol (or stearyl alcohol) to the internal standard [peak
response of cetyl alcohol (or stearyl alcohol)/peak response of the internal standard]
from the Standard solution
CS= concentration of USP Cetyl Alcohol RS (or USP Stearyl Alcohol RS) in the Standard
solution (mg/mL)
CU= concentration of Cetostearyl Alcohol in the Sample solution (mg/mL)
1S (NF33)

Acceptance criteria
Stearyl alcohol (C 18H38O): NLT 40.0%
Sum of stearyl alcohol (C 18H38O) and cetyl alcohol (C 16H34O): NLT 90.0%
90.0%–102.0% 1S (NF33)
IMPURITIES
Add the following:
• Residue on Ignition 281 : NMT 0.1%, determined on 2 g

1S (NF33)

Add the following:
• Limit of Related Fatty Alcohols
Solution A: 1 mg/mL of 1-pentadecanol in ethanol
Resolution solution: Prepare 1 mg/mL each of USP Lauryl Alcohol RS, USP Myristyl Alcohol
RS, USP Cetyl Alcohol RS, USP Stearyl Alcohol RS, USP Oleyl Alcohol RS, USP Linolenyl
Alcohol RS, and USP Arachidyl Alcohol RS in Solution A. Heat the solution in a sealed
container in a 50 water bath until all fatty alcohols are dissolved. Allow the solution to
cool to room temperature, and mix well. Dilute the solution with ethanol to obtain a
solution containing 0.05 mg/mL each of USP Lauryl Alcohol RS, USP Myristyl Alcohol RS,
USP Cetyl Alcohol RS, 1-pentadecanol, USP Stearyl Alcohol RS, USP Oleyl Alcohol RS, USP
Linolenyl Alcohol RS, and USP Arachidyl Alcohol RS.
Sample solution: 1 mg/mL of Cetostearyl Alcohol in ethanol. Heat the solution in a sealed
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container in a 50 water bath until cetostearyl alcohol is dissolved. Allow the solution to
cool to room temperature, and mix well.
Chromatographic system: Proceed as directed in the Assay, except use split injection
with a split ratio of 5:1.
System suitability
Sample: Resolution solution
[Note—See Table 3 for the relative retention times.]
Table 3
Relative
Retention
Component
Time
Lauryl alcohol
0.79
Myristyl alcohol
0.93
1-Pentadecanol
1.00
Cetyl alcohol
1.09
Stearyl alcohol
1.25
Oleyl alcohol
1.28
Linolenyl alcohol
1.36
Arachidyl alcohol
1.44
Suitability requirements
Resolution: NLT 15 between the myristyl alcohol and 1-pentadecanol peaks; NLT 30
between the cetyl alcohol and stearyl alcohol peaks; NLT 2.0 between the stearyl and
oleyl alcohol peaks
Analysis
Samples: Resolution solution and Sample solution
Identify each related fatty alcohol peak in the Sample solution based on that in the
Resolution solution.
Calculate the percentage of each related fatty alcohol or any unspecified impurity in the
portion of Cetostearyl Alcohol taken:
Result = (rU/rT) × 100
r=
U peak response of each related fatty alcohol (or any unspecified impurity) from the
Sample solution
r=
T sum of all the peak responses excluding peak responses due to solvent from the Sample
solution
Acceptance criteria: Disregard peaks that are less than 0.05% for any unspecified
impurities, and any peaks due to solvent.
Sum of unspecified impurities: NMT 1%
Sum of related fatty alcohols and unspecified impurities: NMT 10.0%
1S (NF33)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 48 –55

1S (NF33)
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• Fats and Fixed Oils, Acid Value

401 : NMT 2

Change to read:
• Fats and Fixed Oils, Hydroxyl Value 401 :
208–228 1S (NF33)
Sample: 2 g
Blank: Proceed as directed in Analysis, excluding the Sample.
Titrimetric system
Mode:
Residual titration (ERR 1-O ct-2013)
Titrant: 1 N sodium hydroxide VS
Endpoint detection: Visual
Analysis: Place the Sample in a dry, glass-stoppered, 250-mL flask, add 2 mL of pyridine,
then add 10 mL of toluene. To the mixture add 10.0 mL of a solution of acetyl chloride
prepared by mixing 10 mL of acetyl chloride with 90 mL of toluene. Insert the stopper in
the flask, and immerse in a water bath heated at 60 –65 for 20 min. Add 25 mL of
water, again insert the stopper in the flask, and shake vigorously for several min to
decompose the excess acetyl chloride. Add 0.5 mL of phenolphthalein TS. Titrate with
Titrant to a permanent pink endpoint, shaking the flask vigorously toward the end of the
titration to maintain the contents in an emulsified condition. Perform a blank
determination. Calculate the hydroxyl value in the Sample taken:
Result = [(VB VS) × N × Mr]/W
VB= Titrant volume consumed by the Blank (mL)
VS= Titrant volume consumed by the Sample (mL)
N= actual normality of 1 N sodium hydroxide (mEq/mL)
M=
r molecular weight of potassium hydroxide, 56.11
(ERR 1-O ct-2013)

W= Sample weight (g)
Acceptance criteria: 208–228
1S (NF33)

• Fats and Fixed Oils, Iodine Value

401 : NMT 4

Add the following:
• Water Determination, Method I

921 : NMT 0.5%

1S (NF33)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Add the following:
• Labeling: Label it to indicate whether it is derived from vegetable, animal, or synthetic
sources. 1S (NF33)
Change to read:
• USP Reference Standards

11
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USP Arachidyl Alcohol RS
USP Cetyl Alcohol RS
USP Lauryl Alcohol RS
USP Linolenyl Alcohol RS
USP Myristyl Alcohol RS
USP Oleyl Alcohol RS
USP Stearyl Alcohol RS

1S (NF33)

1S (NF33)

BRIEFING
Methyl Salicylate, NF 32 page 6070. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
In the Assay, replace the current, nonspecific titrimetric test with a chromatographic
procedure. The newly developed and validated procedure is based on an HPLC
method of analysis performed with the Agilent Zorbax Eclipse Plus C8 or Waters
SunFire C8 brand of L7 column that contains a 3.5-µm packing. The same procedure
is being used in the test for Limit of Salicylic Acid and Dimethyl 4Hydroxyisophthalate. The typical retention times for salicylic acid, methyl salicylate,
and dimethyl 4-hydroxyisophthalate are about 2.3, 3.9, and 4.7 min, respectively.
2.
Add Identification test B for Chromatographic Identity, which is based on the HPLC
peak agreement using USP Methyl Salicylate RS in the newly proposed Assay.
3.
Add an impurity test in the test for Limit of Salicylic Acid and Dimethyl 4Hydroxyisophthalate.
4.
Add USP Salicylic Acid RS and USP Methyl Salicylate Related Compound A RS to the USP
Reference Standards section.
5.
Delete the specification test for Refractive Index.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C112671

Comment deadline: May 31, 2014
Methyl Salicylate

C8 H8 O3

152.15

Benzoic acid, 2-hydroxy-, methyl ester;
Methyl salicylate
[119-36-8].
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DEFINITION
Methyl Salicylate is produced synthetically or is obtained by maceration and subsequent
distillation with steam from the leaves of Gaultheria procumbens L. (Fam. Ericaceae) or from
the bark of Betula lenta L. (Fam. Betulaceae). It contains NLT 98.0% and NMT 100.5% of
methyl salicylate (C8 H8 O3 ).
IDENTIFICATION
• A. Infrared Absorption 197F
Add the following:
• B. Chromatographic Identity
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to that of the Standard solution. 1S (NF33)
ASSAY
Change to read:
• Procedure
Sample: 2 g of Methyl Salicylate
Titrimetric system
(See Titrimetry

541 .)

Mode: Residual titration
Titrant: 1 N sodium hydroxide VS
Back-titrant: 1 N sulfuric acid VS
Endpoint detection: Colorimetric
Analysis: Place the Sample in a flask, and add 40.0 mL of Titrant. Boil gently under a
reflux condenser for 2 h. Cool, rinse the condenser and the sides of the flask with a few
mL of water, and add phenolphthalein TS. Titrate the excess alkali with Back-titrant.
Perform a blank determination. Each mL of 1 N sodium hydroxide VS corresponds to 152.2
mg of methyl salicylate (C8 H8 O3 ).
Mobile phase: Methanol and 0.1% phosphoric acid (55:45)
Diluent: Methanol
System suitability solution: 150 µg/mL of USP Methyl Salicylate RS and 3 µg/mL of
USP Methyl Salicylate Related Compound A RS in Diluent
Standard solution: 150 µg/mL of USP Methyl Salicylate RS in Diluent
Sample solution: 150 µg/mL of Methyl Salicylate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 237 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm packing L7
Column temperature: Ambient
Flow rate: 1.0 mL/min
Injection volume: 10 µL
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Run time: 7 min
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for methyl salicylate and dimethyl 4hydroxyisophthalate are 1.0 and 1.2, respectively.]
Suitability requirements
Resolution: NLT 1.5 between methyl salicylate and dimethyl 4-hydroxyisophthalate,
System suitability solution
Tailing factor: NMT 1.5 for the methyl salicylate peak, Standard solution
Relative standard deviation: NMT 0.5% for the methyl salicylate peak, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methyl salicylate in the portion of Methyl Salicylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Methyl Salicylate RS in the Standard solution (µg/mL)
CU= concentration of Methyl Salicylate in the Sample solution (µg/mL)
1S (NF33)

Acceptance criteria: 98.0%–100.5%
IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 µg/g

Add the following:
• Limit of Salicylic Acid and Dimethyl 4-Hydroxyisophthalate
Mobile phase, Diluent, Sample solution, and Chromatographic system: Proceed as
directed in the Assay.
Standard solution: 0.15 µg/mL of USP Salicylic Acid RS, 0.15 µg/mL of USP Methyl
Salicylate RS, and 0.75 µg/mL of USP Methyl Salicylate Related Compound A RS in Diluent
System suitability
Sample: Standard solution
[Note—The relative retention times for salicylic acid, methyl salicylate, and dimethyl 4hydroxyisophthalate are 0.6, 1.0, and 1.2, respectively.]
Suitability requirements
Resolution: NLT 4 between salicylic acid and methyl salicylate; NLT 2 between methyl
salicylate and dimethyl 4-hydroxyisophthalate
Relative standard deviation: NMT 3% for all three peaks
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each individual impurity in the portion of Methyl Salicylate
taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of salicylic acid or dimethyl 4-hydroxyisophthalate from the Sample
solution
rS= peak response of salicylic acid or dimethyl 4-hydroxyisophthalate from the Standard
solution
C=
S concentration of USP Salicylic Acid RS or USP Methyl Salicylate Related Compound A RS
in the Standard solution (µg/mL)
C=
U concentration of Methyl Salicylate in the Sample solution (µg/mL)
Acceptance criteria
Salicylic acid: NMT 0.1%
Dimethyl 4-hydroxyisophthalate: NMT 0.5%
1S (NF33)

SPECIFIC TESTS
• Solubility in 70% Alcohol: One volume of synthetic Methyl Salicylate dissolves in seven
volumes of 70% alcohol. One volume of natural Methyl Salicylate dissolves in seven
volumes of 70% alcohol, the solution shows NMT a slight cloudiness.
• Specific Gravity
variety

841 : 1.180–1.185 for the synthetic variety; 1.176–1.182 for the natural

• Optical Rotation, Angular Rotation 781A : Synthetic Methyl Salicylate and that from
Betula lenta are optically inactive. Methyl Salicylate from Gaultheria procumbens is slightly
levorotatory, the angular rotation not exceeding

1.5 in a 100-mm tube.

Delete the following:
• Refractive Index

831 : 1.535–1.538 at 20

1S (NF33)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label it to indicate whether it was made synthetically or distilled from either of the
plants of Gaultheria procumbens or Betula lenta.
Change to read:
• USP Reference Standards 11
USP Methyl Salicylate RS
USP Methyl Salicylate Related Compound A RS
Dimethyl 4-hydroxyisophthalate.
C10 H10 O5
210.18
USP Salicylic Acid RS

1S (NF33)

BRIEFING
Octyldodecanol, NF 32 page 6085. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Add chemical names, chemical structure, chemical formula, and molecular weight.
2.
Revise the monograph Definition by adding an upper limit of 102.0% for the
octyldodecanol content and by including material origin of the natural or synthetic
route. Correspondingly, add a Labeling requirement to indicate the material source.
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3.
Change the current Identification test A by adding a test title and reformatting to
reflect current monograph style.
4.
Replace the current Assay using a packed GC column with an Assay based on a GC
method of analysis performed with the Restek Rtx-225 or Agilent DB-225 brand of G7
column. The typical retention times for 1-pentadecanol (internal standard), cetyl
alcohol, stearyl alcohol, oleyl alcohol, and 2-octyldodecanol are 7.5, 8.1, 9.4, 9.5,
and 9.9 min, respectively. The Assay specification is changed to “90.0%–102.0%”.
5.
Add a test for Residue on Ignition.
6.
Add a test for Limit of Related Fatty Alcohols, which is based on a GC method of
analysis performed with the Restek Rtx-225 or Agilent DB-225 brand of G7 column.
The typical retention times for capric alcohol, cetyl alcohol, stearyl alcohol, oleyl
alcohol, linoleyl alcohol, and 2-octyldodecanol are 4.8, 8.1, 9.4, 9.5, 9.8, and 9.9
min, respectively.
7.
Add a test for Peroxide Value.
8.
Delete the test for Saponification Value.
9.
Add a test for Water Determination.
10.
Add USP Capric Alcohol RS, USP Cetyl Alcohol RS, USP Linoleyl Alcohol RS, and USP
Oleyl Alcohol RS to the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C111750

Comment deadline: May 31, 2014
Octyldodecanol
Add the following:

C20 H42 O

298.55

1-Dodecanol, 2-octyl-;
2-Octyl-1-dodecanol;
2-Octyldodecane-1-ol;
2-Octyldodecyl alcohol
[5333-42-6].
DEFINITION
Change to read:

1S (NF33)

PF 40(2): Mar.-Apr. 2014

185

Octyldodecanol contains NLT 90.0%
and NMT 102.0% 1S (NF33)
of 2-octyldodecanol, the remainder consisting chiefly of related alcohols.
It is obtained from sources of vegetable, animal, or synthetic origin. 1S (NF33)
IDENTIFICATION
Change to read:
• A.
Chromatographic Identity 1S (NF33)
The retention time of the major peak of the Sample solution corresponds to that of the major
peak of the System suitability solution, as obtained in the Assay.
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak of the Sample solution,
excluding the solvent and internal standard peaks, corresponds to the 2octyldodecanol peak of the Standard solution. 1S (NF33)
ASSAY
Change to read:
• Procedure
System suitability solution: 9 mg/mL of USP Octyldodecanol RS and 1 mg/mL of USP
Stearyl Alcohol RS in alcohol
Sample solution: 9 mg/mL of Octyldodecanol in alcohol
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 2-mm × 2-m; packed with 3% liquid phase G2 on support S1A
Temperatures
Injection port: 280
Detector: 280
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
(min)
( )
( /min)
( )
80
6
300
—
Carrier gas: Nitrogen
Injection volume: 2 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 4.0 between octyldodecanol and stearyl alcohol
Relative standard deviation: NMT 1.5%
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Analysis
Sample: Sample solution
Calculate the percentage of 2-octyldodecanol in the portion of Octyldodecanol taken:
Result = (rU/rT) × 100
r=
U peak response for octyldodecanol from the Sample solution
r=
T sum of the responses of all the peaks except the solvent peak
Internal standard solution: 1 mg/mL of 1-pentadecanol (internal standard) in ethanol
System suitability solution: Prepare 1 mg/mL of USP Cetyl Alcohol RS, 1 mg/mL of USP
Stearyl Alcohol RS, and 1 mg/mL of USP Oleyl Alcohol RS in Internal standard solution,
and heat the solution in a sealed container in a 50 water bath until all fatty alcohols are
dissolved. Allow the solution to cool to room temperature, and mix well.
Standard solution: Prepare 1.0 mg/mL of USP Octyldodecanol RS in Internal standard
solution, and heat the solution in a sealed container in a 50 water bath until
octyldodecanol is dissolved. Allow the solution to cool to room temperature, and mix well.
Sample solution: Prepare 1.0 mg/mL of Octyldodecanol in Internal standard solution, and
heat the solution in a sealed container in a 50 water bath until octyldodecanol is
dissolved. Allow the solution to cool to room temperature, and mix well.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused silica capillary, coated with a 0.25-µm layer of phase
G7
Temperatures
Detector: 280
Injection port: 270
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
60
20
180
180
10
220
Carrier gas: Hydrogen
Flow rate: 2.0 mL/min, constant flow mode
Injection volume: 1 µL
Injection type: Split injection; split ratio is 100:1
Liner: Single taper, low pressure drop liner with deactivated wool
Run time: 15 min
System suitability
Samples: System suitability solution and Standard solution

—
5
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[Note—See Table 2 for the relative retention times.]
Table 2
Component
Relative Retention Time
1-Pentadecanol (internal standard)
1.00
Cetyl alcohol
1.08
Stearyl alcohol
1.25
Oleyl alcohol
1.27
2-Octyldodecanol
1.32
Suitability requirements
Resolution: NLT 30 between the cetyl alcohol and stearyl alcohol peaks; NLT 2.0
between the stearyl alcohol and oleyl alcohol peaks, System suitability solution
Tailing factor: 0.8–1.8 for the 2-octyldodecanol and 1-pentadecanol peaks, Standard
solution
Relative standard deviation: NMT 1%, using the area ratio of 2-octyldodecanol to 1pentadecanol, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 2-octyldodecanol (C20 H42 O) in the portion of Octyldodecanol
taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of 2-octyldodecanol to the internal standard (peak response of 2octyldodecanol/peak response of the internal standard) from the Sample solution
RS= peak response ratio of 2-octyldodecanol to the internal standard (peak response of 2octyldodecanol/peak response of the internal standard) from the Standard solution
CS= concentration of USP Octyldodecanol RS in the Standard solution (mg/mL)
CU= concentration of Octyldodecanol in the Sample solution (mg/mL)
1S (NF33)

Acceptance criteria: NLT 90.0%
90.0%–102.0% 1S (NF33)
of 2-octyldodecanol
IMPURITIES
Add the following:
• Residue on Ignition 281 : NMT 0.1%, determined on 2 g

1S (NF33)

Add the following:
• Limit of Related Fatty Alcohols
System suitability solution: Prepare 1 mg/mL of USP Capric Alcohol RS, 1 mg/mL of USP
Cetyl Alcohol RS, 1 mg/mL of USP Stearyl Alcohol RS, 1 mg/mL of USP Oleyl Alcohol RS, 1
mg/mL of USP Linoleyl Alcohol RS, and 1 mg/mL of USP Octyldodecanol RS in ethanol. Heat
the solution in a sealed container in a 50 water bath until all fatty alcohols are dissolved.
Allow the solution to cool to room temperature, and mix well. Dilute the solution with
ethanol to obtain a solution containing 0.05 mg/mL each of USP Capric Alcohol RS, USP
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Cetyl Alcohol RS, USP Stearyl Alcohol RS, USP Oleyl Alcohol RS, USP Linoleyl Alcohol RS,
and USP Octyldodecanol RS.
Sample solution: 1 mg/mL of Octyldodecanol in ethanol
Chromatographic system: Proceed as directed in the Assay, except use split injection
with a split ratio of 5:1.
System suitability
Sample: System suitability solution
[Note—See Table 3 for the relative retention times.]
Table 3
Component Relative Retention Time
Capric alcohol
0.48
Cetyl alcohol
0.82
Stearyl alcohol
0.95
Oleyl alcohol
0.96
Linoleyl alcohol
0.99
2-Octyldodecanol
1.00
Suitability requirements
Resolution: NLT 30 between the cetyl alcohol and stearyl alcohol peaks; NLT 2.0
between the stearyl alcohol and oleyl alcohol peaks; NLT 2.0 between the linoleyl
alcohol and 2-octyldodecanol peaks
Analysis
Samples: System suitability solution and Sample solution
Identify each related fatty alcohol peak in the Sample solution based on that in the
System suitability solution.
Observe some unspecified impurities at the relative retention time with reference to 2octyldodecanol, ranging from 0.63 to 0.66. Those peaks may be due to branched fatty
alcohols.
Calculate the percentage of each related fatty alcohol or any unspecified impurity in the
portion of Octyldodecanol taken:
Result = (rU/rT) × 100
r=
U peak response of each related fatty alcohol (or any unspecified impurity) from the
Sample solution
r=
T sum of all the peak responses excluding peak responses due to solvent from the
Sample solution
Acceptance criteria
Disregard peaks that are less than 0.05% for any unspecified impurities, and any peaks
due to solvent.
Sum of unspecified impurities: NMT 1%
Sum of related fatty alcohols and unspecified impurities: NMT 10.0%
1S (NF33)

SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : NMT 0.5

• Fats and Fixed Oils, Hydroxyl Value

401 : 175–190
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• Fats and Fixed Oils, Iodine Value

401 : NMT 8

Add the following:
• Fats and Fixed Oils, Peroxide Value

401 : NMT 5.0

1S (NF33)

Delete the following:
• Fats and Fixed Oils, Saponification Value 401 : NMT 5

1S (NF33)

Add the following:
• Water Determination, Method I

921 : NMT 0.5%

1S (NF33)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Add the following:
• Labeling: Label it to indicate whether it is derived from vegetable, animal, or synthetic
sources. 1S (NF33)
Change to read:
• USP Reference Standards
USP Capric Alcohol RS
USP Cetyl Alcohol RS
USP Linoleyl Alcohol RS
USP Octyldodecanol RS
USP Oleyl Alcohol RS
USP Stearyl Alcohol RS

11

1S (NF33)

1S (NF33)

BRIEFING
Oleyl Alcohol, NF 32 page 6088. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Revise the monograph Definition by defining the oleyl alcohol content and by including
the material origin of natural or synthetic route as well as antioxidant(s).
Correspondingly, add a Labeling requirement to indicate the material source and
antioxidant(s).
2.
Add an Identification test A based on the Assay.
3.
Add an Assay based on a GC method of analysis performed with the Restek Rtx-225 or
Agilent DB-225 brand of G7 column. The typical retention times for 1-pentadecanol
(internal standard), cetyl alcohol, stearyl alcohol, and oleyl alcohol are 7.5, 8.1, 9.4,
and 9.5 min, respectively.
4.
Add a test for Residue on Ignition.
5.
Add a test for Limit of Related Fatty Alcohols, which is based on a GC method of
analysis performed with the Restek Rtx-225 or Agilent DB-225 brand of G7 column.
The typical retention times for cetyl alcohol, stearyl alcohol, oleyl alcohol, linoleyl
alcohol, linolenyl alcohol, and arachidyl alcohol are 8.1, 9.4, 9.5, 9.8, 10.1, and 10.8
min, respectively.
6.
Delete the test for Cloud Point.
7.
Delete the test for Refractive Index.
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8.
Delete the test for Iodine Value.
9.
Add a test for Peroxide Value.
10.
Add a test for Water Determination.
11.
Add a USP Reference Standards section containing USP Arachidyl Alcohol RS, USP Cetyl
Alcohol RS, USP Linolenyl Alcohol RS, USP Linoleyl Alcohol RS, USP Oleyl Alcohol RS,
and USP Stearyl Alcohol RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C111750; C58628

Comment deadline: May 31, 2014
Oleyl Alcohol

C18 H36 O

268.48

9-Octadecen-1-ol, (Z)-;
(Z)-9-Octadecen-1-ol
[143-28-2].
DEFINITION
Change to read:
Oleyl Alcohol is a mixture of unsaturated and saturated high molecular weight fatty alcohols
consisting chiefly of
of 80.0%–102.0% of 1S (NF33)
oleyl alcohol (C18 H36 O)
and its isomers. It is obtained from sources of vegetable, animal, or synthetic origin. It may
contain suitable stabilizers. 1S (NF33)
IDENTIFICATION
Add the following:
• A. Chromatographic Identity
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak of the Sample solution,
excluding the solvent and internal standard peaks, corresponds to the oleyl alcohol peak
of the System suitability solution. 1S (NF33)
ASSAY
Add the following:
• Procedure
Internal standard solution: 1 mg/mL of 1-pentadecanol (internal standard) in ethanol
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System suitability solution: Prepare 1 mg/mL each of USP Cetyl Alcohol RS, USP Stearyl
Alcohol RS, and USP Oleyl Alcohol RS in Internal standard solution, and heat the solution
in a sealed container in a 50 water bath until all fatty alcohols are dissolved. Allow the
solution to cool to room temperature, and mix well.
Standard solution: Prepare 1.0 mg/mL of USP Oleyl Alcohol RS in Internal standard
solution, and heat the solution in a sealed container in a 50 water bath until oleyl alcohol
is dissolved. Allow the solution to cool to room temperature, and mix well.
Sample solution: Prepare 1.0 mg/mL of Oleyl Alcohol in Internal standard solution, and
heat the solution in a sealed container in a 50 water bath until oleyl alcohol is dissolved.
Allow the solution to cool to room temperature, and mix well.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused silica capillary; coated with a 0.25-µm layer of phase G7
Temperatures
Detector: 280
Injection port: 270
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
60
20
180
180
10
220
Carrier gas: Hydrogen
Flow rate: 2.0 mL/min, constant flow mode
Injection volume: 1 µL
Injection type: Split injection; split ratio is 100:1
Liner: Single taper, low pressure drop liner with deactivated wool
Run time: 15 min
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]

—
5

Table 2
Component
Relative Retention Time
1-Pentadecanol (internal standard)
1.00
Cetyl alcohol
1.08
Stearyl alcohol
1.25
Oleyl alcohol
1.27
Suitability requirements
Resolution: NLT 30 between the cetyl alcohol and stearyl alcohol peaks; NLT 2.0
between the stearyl and oleyl alcohol peaks, System suitability solution
Tailing factor: 0.8–1.8 for the oleyl alcohol and 1-pentadecanol peaks, Standard
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solution
Relative standard deviation: NMT 1%, using the area ratio of oleyl alcohol to 1pentadecanol, Standard solution
Analysis
Samples: Standard solution and Sample solution
The peak of elaidyl alcohol, which is an isomer of oleyl alcohol, can be resolved from the
oleyl alcohol peak with a resolution of about 1, and with a relative retention time with
reference to oleyl alcohol of 0.995. An additional small peak that may be observed on the
peak tail of oleyl alcohol can be assigned to another oleyl alcohol isomer. If elaidyl alcohol
is observed, a combination of both peaks of elaidyl alcohol and oleyl alcohol is used to
determine oleyl alcohol content.
Calculate the percentage of oleyl alcohol (C18 H36 O) or its isomers in the portion of Oleyl
Alcohol taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of oleyl alcohol (or elaidyl alcohol) to the internal standard (peak
response of oleyl alcohol (or elaidyl alcohol)/peak response of the internal standard)
from the Sample solution
RS= peak response ratio of oleyl alcohol to the internal standard (peak response of oleyl
alcohol/peak response of the internal standard) from the Standard solution
C=
S concentration of USP Oleyl Alcohol RS in the Standard solution (mg/mL)
C=
U concentration of Oleyl Alcohol in the Sample solution (mg/mL)
Acceptance criteria: 80.0%–102.0% for oleyl alcohol and its isomers

1S (NF33)

IMPURITIES
Add the following:
• Residue on Ignition 281 : NMT 0.1%, determined on 2 g

1S (NF33)

Add the following:
• Limit of Related Fatty Alcohols
Resolution solution: Prepare 1 mg/mL each of USP Cetyl Alcohol RS, USP Stearyl Alcohol
RS, USP Oleyl Alcohol RS, USP Linoleyl Alcohol RS, USP Linolenyl Alcohol RS, and USP
Arachidyl Alcohol RS in ethanol. Heat the solution in a sealed container in a 50 water
bath until all fatty alcohols are dissolved. Allow the solution to cool to room temperature,
and mix well. Dilute the solution with ethanol to obtain a solution containing 0.05 mg/mL
each of USP Cetyl Alcohol RS, USP Stearyl Alcohol RS, USP Oleyl Alcohol RS, USP Linoleyl
Alcohol RS, USP Linolenyl Alcohol RS, and USP Arachidyl Alcohol RS.
Sample solution: 1 mg/mL of Oleyl Alcohol in ethanol
Chromatographic system: Proceed as directed in the Assay, except use split injection
with a split ratio of 5:1.
System suitability
Sample: Resolution solution
[Note—See Table 3 for the relative retention times.]
Table 3
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Component Relative Retention Time
Cetyl alcohol
0.85
Stearyl alcohol
0.99
Oleyl alcohol
1.00
Linoleyl alcohol
1.03
Linolenyl alcohol
1.06
Arachidyl alcohol
1.14
Suitability requirements
Resolution: NLT 30 between the cetyl alcohol and stearyl alcohol peaks; NLT 2.0
between the stearyl and oleyl alcohol peaks; NLT 6.0 between the oleyl alcohol and
linoleyl alcohol peaks
Analysis
Samples: Resolution solution and Sample solution
Identify each related fatty alcohol peak in the Sample solution based on that in the
Resolution solution.
Calculate the percentage of each related fatty alcohol in the portion of Oleyl Alcohol
taken:
Result = (rU/rT) × 100
r=
U peak response of each related fatty alcohol from the Sample solution
r=
T sum of all the peak responses excluding peak responses due to solvent from the
Sample solution
Acceptance criteria: See Table 4. Disregard peaks that are less than 0.05% for any
unspecified impurities, and any peaks due to solvent.
Table 4
Acceptance
Criteria,
Component
NMT (%)
Cetyl alcohol
8.0
Stearyl alcohol
5.0
Linoleyl alcohol
3.0
Linolenyl alcohol
0.5
Arachidyl alcohol
0.3
1S (NF33)

SPECIFIC TESTS
Delete the following:
•
Cloud Point
Analysis: Place 60 g in a 150-mL beaker, heat to 30 , cool, and immerse the beaker in an
ice-water bath with the surfaces of the water and the test specimen at the same level.
Insert a thermometer, and, using it as a stirring rod, begin stirring rapidly and steadily
when the temperature falls below 20 . Keep the thermometer immersed throughout the
test, remove and inspect the beaker containing the test specimen at regular intervals,
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and record the temperature at which the immersed portion of the thermometer, positioned
vertically in the center of the beaker, is no longer visible when viewed horizontally through
the beaker and test specimen.
Acceptance criteria: The cloud point is not above 10 .

1S (NF33)

Delete the following:
• Refractive Index

831 : 1.458–1.460

• Fats and Fixed Oils, Acid Value

1S (NF33)

401 : NMT 1

• Fats and Fixed Oils, Hydroxyl Value

401 : 205–215

Delete the following:
• Fats and Fixed Oils, Iodine Value

401 : 85–95

1S (NF33)

Add the following:
• Fats and Fixed Oils, Peroxide Value

401 : NMT 5.0

1S (NF33)

Add the following:
• Water Determination, Method I

921 : NMT 0.5%

1S (NF33)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-filled, tight containers, and store at controlled
room temperature.
Add the following:
• Labeling: Label it to indicate whether it is derived from vegetable, animal, or synthetic
sources. Indicate the names and amounts of any added stabilizers. 1S (NF33)
Add the following:
• USP Reference Standards
USP Arachidyl Alcohol RS
USP Cetyl Alcohol RS
USP Linolenyl Alcohol RS
USP Linoleyl Alcohol RS
USP Oleyl Alcohol RS
USP Stearyl Alcohol RS

11

1S (NF33)

BRIEFING
Potassium Metaphosphate, NF 32 page 6146. On the basis of comments received and to
reflect changes in Viscosity—Capillary Viscometer Methods
the following revisions:

911 , it is proposed to make

1.
Update the chemical formula to reflect that potassium metaphosphate is a polymer.
2.
Delete the molecular weight because it does not account for the polymer nature of
potassium metaphosphate.
3.
Add Potassium polymetaphosphate to the list of chemical names.
4.
Delete the reference to Rotational Rheometer Methods 912 as an option for
measuring viscosity because potassium metaphosphate viscosity is typically
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911

.
5.
Include the viscometer operating temperature.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: G. Holloway.)
Correspondence Number—C138914

Comment deadline: May 31, 2014
Potassium Metaphosphate
Change to read:
KPO3
118.07
(KPO3 )n 1S (NF33)
Metaphosphoric acid (HPO3 ), potassium salt;
Potassium metaphosphate;
Potassium polymetaphosphate
1S (NF33)

[7790-53-6].
DEFINITION
Potassium Metaphosphate is a straight-chain polyphosphate, having a high degree of
polymerization. It contains the equivalent of NLT 59.0% and NMT 61.0% of phosphorus
pentoxide (P2 O5 ).
IDENTIFICATION
• A.
Sample: 1 g, finely powdered
Analysis: Add the Sample, slowly and with vigorous stirring, to 100 mL of sodium chloride
solution (20 mg/mL).
Acceptance criteria: A gelatinous mass is formed.
• B. Identification Tests—General, Potassium 191
Sample: 0.5 g
Analysis: Boil a mixture of the Sample, 10 mL of nitric acid, and 50 mL of water for 30 min,
and cool.
Acceptance criteria: Meets the requirements
• C. Identification Tests—General, Phosphate 191
Sample: 0.5 g
Analysis: Boil a mixture of the Sample, 10 mL of nitric acid, and 50 mL of water for 30 min,
and cool.
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
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Sample: 200 mg
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
Titrant: 1 N sodium hydroxide VS
Back-titrant: 1 N sulfuric acid VS
Endpoint detection: Visual
Analysis: Mix the Sample with 15 mL of nitric acid and 30 mL of water. Boil for 30 min,
cool, and dilute with water to 100 mL. Heat to 60 , add an excess of ammonium
molybdate TS, and heat at 50 for 30 min. Filter, and wash the precipitate, first with 0.5
N nitric acid, and then with 10 mg/mL of potassium nitrate until the filtrate is no longer
acid to litmus. Add 25 mL of water to the precipitate, dissolve it in 50.0 mL of Titrant, and
add phenolphthalein TS. Titrate the excess sodium hydroxide with Back-titrant. Each mL
of Titrant is equivalent to 3.086 mg of phosphorus pentoxide (P2 O5 ).
Acceptance criteria: 59.0%–61.0%
IMPURITIES
• Lead 251
Sample solution: 1 g of Potassium Metaphosphate in 10 mL of 3 N hydrochloric acid
Acceptance criteria: The Sample solution contains NMT 5 µg of lead (corresponding to
NMT 5 ppm of Pb).
• Heavy Metals, Method I 231
Sample: Warm 1 g of Potassium Metaphosphate with 10 mL of 3 N hydrochloric acid until
no more dissolves. Add 15 mL of water, mix, and filter.
Acceptance criteria: NMT 20 µg/g
• Limit of Fluoride
Control: Water
Sample solution: Place 5.0 g of Potassium Metaphosphate, 25 mL of water, 50 mL of
perchloric acid, 5 drops of 500 mg/mL silver nitrate, and a few glass beads in a 250-mL
distilling flask connected with a condenser and carrying a thermometer and a capillary
tube, both of which extend into the liquid. Connect a small dropping funnel, filled with
water, or a steam generator to the capillary tube. Support the flask on a distillation shield
with a hole that exposes one-third of the bottom of the flask to the flame. Distill into a
250-mL volumetric flask until the temperature reaches 135 . Add water from the funnel or
introduce steam through the capillary to maintain the temperature between 135 and 140
. Continue the distillation until 225–240 mL has been collected, then dilute with water to
volume.
Analysis: Transfer 50.0 mL of the Sample solution to a 100-mL color-comparison tube, and
transfer 50.0 mL of the Control to a similar tube. Add to each tube 0.1 mL of a filtered
solution of sodium alizarin–sulfonate TS and 1 mL of freshly prepared 0.25 mg/mL
hydroxylamine hydrochloride. Add, dropwise and with stirring, 0.05 N sodium hydroxide to
the tube containing the distillate until its color just matches that of the Control, which is
faintly pink. Then add to each tube 1.0 mL of 0.1 N hydrochloric acid. From a buret,
graduated in 0.05-mL increments, add slowly to the tube containing the distillate, enough
0.25-mg/mL thorium nitrate solution so that, after mixing, the color of the liquid just
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changes to a faint pink. Note the volume of the solution added, add the same volume to
the Control, and mix. Then add sodium fluoride TS (10 µg/mL of F) to the Control from a
buret to make the colors of the two tubes match after dilution to the same volume. Mix,
and allow all air bubbles to escape before making the final color comparison. Check the
endpoint by adding 1 or 2 drops of sodium fluoride TS to the Control. A distinct change in
color appears.
Acceptance criteria: 10 µg/g; the volume of sodium fluoride TS required for the Control is
NMT 1.0 mL.
SPECIFIC TESTS
Change to read:
• Viscosity—Capillary Viscometer Methods
or (ERR 1-O ct-2013)
Rotational Rheometer Methods

911

912

1S (NF33)

Sample solution: Mix 300 mg with 200 mL of 3.5 mg/mL sodium pyrophosphate, using a
magnetic stirrer.
Analysis:
Using an Ostwald-Fenske viscometer maintained at 25 , 1S (NF33)
determine the viscosity of the clear solution obtained, or of the liquid phase of the mixture
obtained after 30 min of continuous stirring.
Acceptance criteria: 6.5–15 mPa·s
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
BRIEFING
Stearyl Alcohol, NF 32 page 6230. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Add chemical formula and molecular weight.
2.
Revise the monograph Definition by adding an upper limit of 102.0% for the stearyl
alcohol content and by including the material origin of vegetable, animal, or synthetic
source. Correspondingly, add a Labeling requirement to indicate the material source.
3.
Change the current Identification test A by adding a test title and reformatting to
reflect the current monograph style.
4.
Replace the current Assay using a packed GC column with an Assay based on a GC
method of analysis performed with the Restek Rtx-225 or Agilent DB-225 brand of G7
column. The typical retention times for 1-pentadecanol (internal standard), cetyl
alcohol, stearyl alcohol, and oleyl alcohol are 7.5, 8.2, 9.4, and 9.6 min, respectively.
The Assay specification is changed to “90.0%–102.0%”.
5.
Add a Residue on Ignition test.
6.
Add a test for Limit of Related Fatty Alcohols, which is based on a GC method of
analysis performed with the Restek Rtx-225 or Agilent DB-225 brand of G7 column.
The typical retention times for lauryl alcohol, myristyl alcohol, 1-pentadecanol, cetyl
alcohol, stearyl alcohol, oleyl alcohol, linolenyl alcohol, and arachidyl alcohol are 5.9,
7.0, 7.5, 8.2, 9.4, 9.6, 10.2, and 10.8 min, respectively.
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7.
Hydroxyl Value in the general test chapter Fats and Fixed Oils 401 is referenced and
performed for this material.
8.
Delete the Melting Range or Temperature test.
9.
Add a test for Water Determination.
10.
Add USP Lauryl Alcohol RS, USP Myristyl Alcohol RS, USP Oleyl Alcohol RS, USP Linolenyl
Alcohol RS, and USP Arachidyl Alcohol RS to the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C111750

Comment deadline: May 31, 2014
Stearyl Alcohol
Change to read:

C18 H38 O

1-Octadecanol;
Octadecan-1-ol

270.49

1S (NF33)

[112-92-5].

DEFINITION
Change to read:
Stearyl Alcohol contains NLT 90.0%
and NMT 102.0% 1S (NF33)
of stearyl alcohol (C18 H38 O), the remainder consisting chiefly of related alcohols.
It is obtained from sources of vegetable, animal, or synthetic origin. 1S (NF33)
IDENTIFICATION
Change to read:
• A.
Chromatographic Identity 1S (NF33)
The retention time of the major peak of the Sample solution corresponds to that of the System
suitability solution, as obtained in the Assay.
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak of the Sample solution,
excluding the solvent and internal standard peaks, corresponds to the stearyl alcohol
peak of the System suitability solution. 1S (NF33)
ASSAY
Change to read:
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• Procedure
System suitability solution: 9 mg/mL of USP Stearyl Alcohol RS and 1 mg/mL of USP
Cetyl Alcohol RS in dehydrated alcohol
Sample solution: 10 mg/mL of Stearyl Alcohol in dehydrated alcohol
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 3-mm × 2-m; packed with 10% liquid phase G2 on support S1A
Carrier gas: Helium
Temperatures
Injection port: 275
Detector: 250
Column: 205
Injection volume: 2 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the cetyl alcohol and stearyl alcohol peaks
Relative standard deviation: NMT 1.5% for the area ratio of stearyl alcohol to cetyl
alcohol
Analysis
Sample: Sample solution
Calculate the percentage of stearyl alcohol (C18 H38 O) in the portion of Stearyl Alcohol
taken:
Result = (rU/rT) × 100
r=
U peak area for stearyl alcohol from the Sample solution
r=
T sum of the areas of all the peaks except the solvent peak from the Sample solution
Internal standard solution: 1 mg/mL of 1-pentadecanol (internal standard) in ethanol
System suitability solution: Prepare 1 mg/mL each of USP Cetyl Alcohol RS, USP Stearyl
Alcohol RS, and USP Oleyl Alcohol RS in Internal standard solution. Heat the solution in a
sealed container in a 50 water bath until all fatty alcohols are dissolved. Allow the
solution to cool to room temperature, and mix well.
Standard solution: Prepare 1.0 mg/mL of USP Stearyl Alcohol RS in Internal standard
solution, and heat the solution in a sealed container in a 50 water bath until stearyl
alcohol is dissolved. Allow the solution to cool to room temperature, and mix well.
Sample solution: Prepare 1.0 mg/mL of Stearyl Alcohol in Internal standard solution. Heat
the solution in a sealed container in a 50 water bath until stearyl alcohol is dissolved.
Allow the solution to cool to room temperature, and mix well.
Chromatographic system

PF 40(2): Mar.-Apr. 2014

200

(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused silica capillary; coated with a 0.25-µm layer of phase
G7
Temperatures
Detector: 280
Injection port: 270
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
60
20
180
180
10
220
Carrier gas: Hydrogen
Flow rate: 2.0 mL/min, constant flow mode
Injection volume: 1 µL
Injection type: Split injection; split ratio is 100:1
Liner: Single taper, low pressure drop liner with deactivated wool
Run time: 15 min
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]

—
5

Table 2
Component
Relative Retention Time
1-Pentadecanol (internal standard)
1.00
Cetyl alcohol
1.09
Stearyl alcohol
1.25
Oleyl alcohol
1.28
Suitability requirements
Resolution: NLT 30 between the cetyl alcohol and stearyl alcohol peaks; NLT 2.0
between the stearyl and oleyl alcohol peaks, System suitability solution
Tailing factor: 0.8–1.8 for the stearyl alcohol and1-pentadecanol peaks, Standard
solution
Relative standard deviation: NMT 1%, using the area ratio of stearyl alcohol to 1pentadecanol, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of stearyl alcohol (C18 H38 O) in the portion of Stearyl Alcohol
taken:
Result = (RU/RS) × (CS/CU) × 100
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RU= peak response ratio of stearyl alcohol to the internal standard (peak response of
stearyl alcohol/peak response of the internal standard) from the Sample solution
RS= peak response ratio of stearyl alcohol to the internal standard (peak response of
stearyl alcohol/peak response of the internal standard) from the Standard solution
CS= concentration of USP Stearyl Alcohol RS in the Standard solution (mg/mL)
CU= concentration of Stearyl Alcohol in the Sample solution (mg/mL)
1S (NF33)

Acceptance criteria: NLT 90.0%
90.0%–102.0% 1S (NF33)
IMPURITIES
Add the following:
• Residue on Ignition 281 : NMT 0.1%, determined on 2 g

1S (NF33)

Add the following:
• Limit of Related Fatty Alcohols
Solution A: 1 mg/mL of 1-pentadecanol in ethanol
Resolution solution: Prepare 1 mg/mL each of USP Lauryl Alcohol RS, USP Myristyl Alcohol
RS, USP Cetyl Alcohol RS, USP Stearyl Alcohol RS, USP Oleyl Alcohol RS, USP Linolenyl
Alcohol RS, and USP Arachidyl Alcohol RS in Solution A. Heat the solution in a sealed
container in a 50 water bath until all fatty alcohols are dissolved. Allow the solution to
cool to room temperature, and mix well. Dilute the solution with ethanol to obtain a
solution containing 0.05 mg/mL each of USP Lauryl Alcohol RS, USP Myristyl Alcohol RS,
USP Cetyl Alcohol RS, 1-pentadecanol, USP Stearyl Alcohol RS, USP Oleyl Alcohol RS, USP
Linolenyl Alcohol RS, and USP Arachidyl Alcohol RS.
Sample solution: 1 mg/mL of Stearyl Alcohol in ethanol. Heat the solution in a sealed
container in a 50 water bath until stearyl alcohol is dissolved. Allow the solution to cool
to room temperature, and mix well.
Chromatographic system: Proceed as directed in the Assay, except use split injection
with a split ratio of 5:1.
System suitability
Sample: Resolution solution
[Note—See Table 3 for the relative retention times.]
Table 3
Component Relative Retention Time
Lauryl alcohol
0.79
Myristyl alcohol
0.93
1-Pentadecanol
1.00
Cetyl alcohol
1.09
Stearyl alcohol
1.25
Oleyl alcohol
1.28
Linolenyl alcohol
1.36
Arachidyl alcohol
1.44
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Suitability requirements
Resolution: NLT 15 between myristyl alcohol and 1-pentadecanol peaks; NLT 30
between the cetyl alcohol and stearyl alcohol peaks; NLT 2.0 between the stearyl and
oleyl alcohol peaks
Analysis
Samples: Resolution solution and Sample solution
Identify each related fatty alcohol peak in the Sample solution based on that in the
Resolution solution.
Calculate the percentage of each related fatty alcohol or any unspecified impurity in the
portion of Stearyl Alcohol taken:
Result = (rU/rT) × 100
r=
U peak response of each related fatty alcohol (or any unspecified impurity) from the
Sample solution
r=
T sum of all the peak responses excluding peak responses due to solvent from the
Sample solution
Acceptance criteria: Disregard peaks that are less than 0.05% for any unspecified
impurities, and any peaks due to solvent.
Sum of unspecified impurities: NMT 1%
Sum of related fatty alcohols and unspecified impurities: NMT 10.0%
1S (NF33)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 55 –60

• Fats and Fixed Oils, Acid Value (Free Fatty Acids)

1S (NF33)

401 : NMT 2

Change to read:
• Fats and Fixed Oils, Hydroxyl Value 401 :
195–220 1S (NF33)
Sample solution: Add 2 g of Stearyl Alcohol in a dry, glass-stoppered, 250-mL flask, and
add 2 mL of pyridine followed by 10 mL of toluene.
Analysis: To the Sample solution add 10.0 mL of a solution of acetyl chloride, prepared by
mixing 10 mL of acetyl chloride with 90 mL of toluene. Insert the stopper in the flask, and
immerse in a water bath heated at 60 –65 for 20 min. Add 25 mL of water, insert the
stopper in the flask, and shake vigorously for several min to decompose the excess
acetyl chloride. Add 0.5 mL of phenolphthalein TS, and titrate to a permanent pink
endpoint with 1 N sodium hydroxide VS, shaking the flask vigorously toward the end of
the titration to maintain the contents in an emulsified condition. Perform a blank test
with the same quantities of the same reagents and in the same manner.
Result =
[(VB VS) × N × Mr]/W
V=
B volume of 1 N sodium hydroxide consumed by the blank test (mL)
V=
S volume of 1 N sodium hydroxide consumed by the sample (mL)
(ERR 1-O ct-2013)
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N= actual normality of 1 N sodium hydroxide (mEq/mL)
Mr
= molecular weight of potassium hydroxide, 56.11
(ERR 1-O ct-2013)

W= weight of Stearyl Alcohol (g)
Acceptance criteria: 195–220
1S (NF33)

• Fats and Fixed Oils, Iodine Value

401 : NMT 2

Add the following:
• Water Determination, Method I

921 : NMT 0.5%

1S (NF33)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Add the following:
• Labeling: Label it to indicate whether it is derived from vegetable, animal, or synthetic
sources. 1S (NF33)
Change to read:
• USP Reference Standards 11
USP Arachidyl Alcohol RS
USP Cetyl Alcohol RS
USP Lauryl Alcohol RS
USP Linolenyl Alcohol RS
USP Myristyl Alcohol RS
USP Oleyl Alcohol RS
USP Stearyl Alcohol RS

1S (NF33)

1S (NF33)

BRIEFING
Alanine, USP 37 page 1625. As part of the USP monograph modernization effort, it is proposed
to replace the TLC test for Organic Impurities with an HPLC test for Related Compounds to
better characterize the organic impurities. The liquid chromatographic procedure in the test
for Related Compounds is based on analyses performed with the Biorad Aminex HPX-87H
brand of L17 column. Typical retention times observed for maleic acid, malic acid, and
fumaric acid are 7.9, 9.2, and 14.8 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: H. Dinh.)
Correspondence Number—C135103

Comment deadline: May 31, 2014
Alanine
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89.09
[56-41-7].

DEFINITION
Alanine contains NLT 98.5% and NMT 101.5% of l-alanine (C3 H7 NO2 ), calculated on the dried
basis.
IDENTIFICATION
• A. Infrared Absorption 197K
ASSAY
• Procedure
Sample: 80 mg of Alanine
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Blank: 3 mL of formic acid in 50 mL of glacial acetic acid
Analysis: Dissolve the Sample in a mixture of 3 mL of formic acid and 50 mL of glacial
acetic acid, and titrate with Titrant.
Calculate the percentage of l-alanine (C3 H7 NO2 ) in the portion of Alanine taken:
Result = [(VS

VB) × N × F × 100]/W

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 89.09 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 98.5%–101.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.15%
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• Chloride and Sulfate, Chloride 221
Standard solution: 0.70 mL of 0.020 N hydrochloric acid
Sample: 1.0 g of Alanine
Acceptance criteria: NMT 0.05%
• Chloride and Sulfate, Sulfate 221
Standard solution: 0.30 mL of 0.020 N sulfuric acid
Sample: 1.0 g of Alanine
Acceptance criteria: NMT 0.03%
• Iron 241 : NMT 30 ppm
• Heavy Metals, Method I

231 : NMT 15 ppm

Delete the following:
•
Organic Impurities
Procedure
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Standard solution: 0.05 mg/mL of USP l-Alanine RS. [Note—This solution has a
concentration equivalent to 0.5% of that of the Sample solution. ]
System suitability solution: 0.4 mg/mL each of USP l-Alanine RS and USP Glycine RS
Sample solution: 10 mg/mL of Alanine
Spray reagent: 2 mg/mL of ninhydrin in a mixture of butyl alcohol and 2 N acetic acid
(95:5)
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (60:20:20)
Application volume: 5 µL
Analysis
Samples: Standard solution, System suitability solution, and Sample solution
Proceed as directed for Chromatography 621 , Thin-Layer Chromatography. After airdrying the plate, repeat the development process. After air-drying a second time, spray
with Spray reagent, and heat to 100 –105 for 15 min. Examine the plate under white
light. The chromatogram obtained from the System suitability solution exhibits two
clearly separated spots.
Acceptance criteria
Individual impurities: Any secondary spot of the Sample solution is not larger or more
intense than the principal spot of the Standard solution, NMT 0.5%
Total impurities: NMT 2.0%
1S (USP38)

Add the following:
• Related Compounds
Mobile phase: 0.008 N sulfuric acid solution
System suitability solution: A mixture of 0.05 mg/mL of USP Fumaric Acid RS, 0.05
mg/mL of USP Maleic Acid RS, and 3 mg/mL of USP Malic Acid RS in water
Alanine standard solution: 0.1 mg/mL of USP l-Alanine RS in water
Maleic acid standard solution: 0.05 mg/mL of USP Maleic Acid RS in water
Malic acid standard solution: 3 mg/mL of USP Malic Acid RS in water
Fumaric acid standard solution: 0.05 mg/mL of USP Fumaric Acid RS in water
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Sample solution: 100 mg/mL of Alanine in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 7.8-mm × 30-cm; 9-µm packing L17
Column temperature: 30
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between maleic acid and malic acid
Relative standard deviation: NMT 10.0% for each of fumaric acid, maleic acid, and
malic acid
Analysis
Samples: Standard solutions and Sample solution
Calculate the percentage of each specified amino acid in the portion of Alanine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of maleic acid, malic acid, or fumaric acid from the Sample solution
rS= peak response of maleic acid, malic acid, or fumaric acid from the corresponding
Standard solution
C=
S concentration of USP Maleic Acid RS, USP Malic Acid RS, or USP Fumaric Acid RS in the
corresponding Standard solution (mg/mL)
C=
U concentration of Alanine in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of Alanine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of alanine from the Alanine standard solution
C=
S concentration of USP l-Alanine RS in the Alanine standard solution (mg/mL)
C=
U concentration of Alanine in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Maleic acid
0.5
0.05
Malic acid
0.6
0.05
Fumaric acid
1.0
0.05
Any unspecified impurity
—
0.05
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Total unspecified impurities

—

0.20

1S (USP38)

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 100 mg/mL in 6 N hydrochloric acid
Acceptance criteria: +13.7 to +15.1
• pH

791 : 5.5–7.0, in a solution (1 in 20)

• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 0.2%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
Change to read:
• USP Reference Standards
USP l-Alanine RS
USP l-Glycine RS
USP Fumaric Acid RS
USP Maleic Acid RS
USP Malic Acid RS

11

1S (USP38)

BRIEFING
Aminolevulinic Acid Hydrochloride. Because there is no existing USP monograph for this drug
substance, a new monograph, based on validated methods of analysis, is being proposed.
The liquid chromatographic procedures in the Assay and in the test for Organic Impurities
are based on analyses performed with the Waters Acquity UPLC BEH Shield RP18 brand of L1
column. The typical retention time for aminolevulinic acid is about 0.6 min.
(SM3: F. Mao.)
Correspondence Number—C134202

Comment deadline: May 31, 2014
Add the following:
Aminolevulinic Acid Hydrochloride
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167.59

5-Aminolevulinic acid hydrochloride;
5-Amino-4-oxopentanoic acid hydrochloride

[5451-09-2].

DEFINITION
Aminolevulinic Acid Hydrochloride contains NLT 98.0% and NMT 102.0% of aminolevulinic acid
hydrochloride (C5 H9 NO3 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption, 197K or 197A
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Solution A: Water adjusted with 2 M sulfuric acid to a pH of 2.2
Mobile phase: See Table 1.
Table 1
Time
Solution A Methanol
(min)
(%)
(%)
0
95
5
2
95
5
6
60
40
8
60
40
9
95
5
23
95
5
Diluent: Methanol and Solution A (1:3)
Standard solution: 4 mg/mL of USP Aminolevulinic Acid Hydrochloride RS in Diluent
Sample solution: 4 mg/mL of Aminolevulinic Acid Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Flow rate: 0.4 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.6
Relative standard deviation: NMT 0.73%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of aminolevulinic acid hydrochloride (C5 H9 NO3 ·HCl) in the
portion of Aminolevulinic Acid Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response from the Sample solution
r=
S peak response from the Standard solution
C=
S concentration of USP Aminolevulinic Acid Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of Aminolevulinic Acid Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.3%
• Organic Impurities
Mobile phase, Diluent, and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.04 mg/mL each of USP Aminolevulinic Acid Hydrochloride RS, USP
Aminolevulinic Acid Related Compound A RS, and USP Aminolevulinic Acid Related
Compound B RS in Diluent
Sample solution: 40 mg/mL of Aminolevulinic Acid Hydrochloride in Diluent
System suitability
Sample: Standard solution
Suitability requirements:
Relative standard deviation: NMT 10%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aminolevulinic acid related compound A or aminolevulinic acid
related compound B in the portion of Aminolevulinic Acid Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response of each impurity from the Sample solution
r=
S peak response of the corresponding USP Reference Standard from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U concentration of Aminolevulinic Acid Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity eluting before aminolevulinic acid
related compound A in the portion of Aminolevulinic Acid Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response of any unspecified impurity eluting before aminolevulinic acid related
compound A from the Sample solution
r=
S peak response of aminolevulinic acid from the Standard solution
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C=
S concentration of USP Aminolevulinic Acid Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of Aminolevulinic Acid Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity eluting after aminolevulinic acid
related compound A in the portion of Aminolevulinic Acid Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response of any unspecified impurity eluting after aminolevulinic acid related
compound A from the Sample solution
r=
S peak response of aminolevulinic acid related compound A from the Standard solution
C=
S concentration of USP Aminolevulinic Acid Related Compound A RS in the Standard
solution (mg/mL)
C=
U concentration of Aminolevulinic Acid Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
Table 2
Relative Acceptance
Retention Criteria,
Name
Time
NMT (%)
Aminolevulinic acid
1.0
—
Aminolevulinic acid related compound A 7.8
0.15
Aminolevulinic acid related compound B 12.0
0.15
Any individual unspecified impurity
—
0.10
Total impurities
—
0.5
SPECIFIC TESTS
• pH 791
Sample solution: 10 mg/mL in carbon dioxide-free water
Acceptance criteria: 2.5–2.9
• Loss On Drying 731
Sample: 1 g
Analysis: Dry the Sample over phosphorous pentoxide under vacuum at 100 –105 for 5 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at room temperature.
• USP Reference Standards 11
USP Aminolevulinic Acid Hydrochloride RS
USP Aminolevulinic Acid Related Compound A RS
3,3’-(Pyrazine-2,5-diyl)dipropionic acid.
(C10 H12 N2 O4
224.22)
USP Aminolevulinic Acid Related Compound B RS
Methyl 5-(1,3-dioxoisoindolin-2-yl)-4-oxopentanoate.
(C14 H13 NO5
275.26)
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1S (USP38)

BRIEFING
Amlodipine and Valsartan Tablets. Because there is no existing USP monograph for this drug
product, a new monograph based on validated test methods is proposed.
1.
The stability-indicating liquid chromatographic procedures in the Assay and in the test
for Organic Impurities are based on analyses performed with the Symmetry C18
brand of L1 column. The typical retention times for amlodipine and valsartan are
about 7 and 12 min, respectively.
2.
The liquid chromatographic procedure in the test for Dissolution is based on analysis
performed with the Synergi Polar-RP brand of L11 column. The typical retention times
for amlodipine and valsartan are about 2.5 and 4 min, respectively.
3.
The liquid chromatographic procedure in the test for Uniformity of Dosage Units is based
on analysis performed with the Symmetry C18 brand of L1 column. The typical
retention times for amlodipine and valsartan are about 1 and 3 min, respectively.
(SM2: H. Cai, S. Ramakrishna.)
Correspondence Number—C101448

Comment deadline: May 31, 2014
Add the following:
Amlodipine and Valsartan Tablets
DEFINITION
Amlodipine and Valsartan Tablets contain NLT 95.0% and NMT 105.0% of the labeled amounts
of amlodipine (C20 H25 ClN2 O5 ) and valsartan (C24 H29 N5 O3 ).
IDENTIFICATION
• A. The UV absorption spectra of the major peaks of Sample solution A and Sample solution B
and those of the Standard solution exhibit maxima and minima at the same wavelengths, as
obtained in the Assay.
• B. The retention times of the major peaks of Sample solution A and Sample solution B
correspond to those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Water and triethylamine (1000:10). Adjust with phosphoric acid to a pH of 2.8.
Solution B: Methanol and acetonitrile (700:300)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
50
50
3
50
50
15
30
70
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20
30
70
20.1
50
50
25
50
50
Diluent: Solution A and Solution B (50:50)
Standard solution: 0.14 mg/mL of USP Amlodipine Besylate RS and 0.16 mg/mL of USP
Valsartan RS. Add methanol to 5% of the final volume to dissolve, and dilute with Diluent
to volume.
Sample stock solution: Transfer NLT 10 Tablets into a suitable volumetric flask. Initially
add water to 10% of the final volume, and sonicate to disperse as needed. Add Diluent,
using about 70% of the final volume, and shake for up to 45 min to disperse. Following
dispersion, sonicate for 15 min, and shake for 30 min. Dilute with Diluent to volume to
obtain a solution containing known nominal concentrations of 0.1–0.2 mg/mL of amlodipine
and 1.6–6.4 mg/mL of valsartan. Centrifuge the solution for about 10 min at 3000 rpm.
Sample solution A: Nominally equivalent to 0.1 mg/mL of amlodipine in Diluent from Sample
stock solution
Sample solution B: Nominally equivalent to 0.16 mg/mL of valsartan in Diluent from Sample
stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector
Assay: 237 nm
Identification test A: Diode array
Column: 3.9-mm × 15-cm; 5-µm packing L1
Temperatures
Column: 30
Autosampler: 10
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for both amlodipine and valsartan
Relative standard deviation: NMT 2.0% for amlodipine and valsartan
Analysis
Samples: Standard solution, Sample solution A, and Sample solution B
Calculate the percentage of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of amlodipine from Sample solution A
rS= peak response of amlodipine from the Standard solution
CS= concentration of USP Amlodipine Besylate RS in the Standard solution (mg/mL)
CU= nominal concentration of amlodipine in Sample solution A (mg/mL)
Mr1
= molecular weight of amlodipine, 408.88
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Mr2
= molecular weight of amlodipine besylate, 567.05
Calculate the percentage of the labeled amount of valsartan (C24 H29 N5 O3 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of valsartan from Sample solution B
rS= peak response of valsartan from the Standard solution
C=
S concentration of USP Valsartan RS in the Standard solution (mg/mL)
C=
U nominal concentration of valsartan in Sample solution B (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Buffer: Dissolve 6.805 g of monobasic potassium phosphate and 0.896 g of sodium
hydroxide in water, and dilute with water to 1000 mL. Adjust with 0.2 N sodium hydroxide
or 1 M phosphoric acid to a pH of 6.8.
Medium: Buffer; 1000 mL
Apparatus 2: 75 rpm
Time: 30 min
Mobile phase: Acetonitrile, water, and trifluroacetic acid (500:500:2)
Diluent: 1 mg/mL of polysorbate 80 in Buffer
System suitability solution: 0.4 mg/mL each of USP Amlodipine Besylate RS and USP
Valsartan RS prepared as follows. Initially dissolve in methanol to 40% of the total volume,
and dilute with Buffer to volume.
Standard stock solution A: 0.072 mg/mL of USP Amlodipine Besylate RS prepared as
follows. Initially dissolve in methanol to 4% of the final volume, and dilute with Diluent to
volume.
Standard stock solution B: 2.2 mg/mL of USP Valsartan RS in methanol
Standard solution: (L1/1000) mg/mL of amlodipine and (L2/1000) mg/mL of valsartan in
Diluent from Standard stock solution A and Standard stock solution B, where L1 is the label
claim of amlodipine in mg/Tablet, and L2 is the label claim of valsartan in mg/Tablet.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Discard the first 10 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 4-µm packing L11
Column temperature: 40
Flow rate: 1.2 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of amlodipine
System suitability
Samples: System suitability solution and Standard solution
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Suitability requirements
Resolution: NLT 2.0 between amlodipine and valsartan, System suitability solution
Tailing factor: NMT 2.0 for amlodipine and valsartan, Standard solution
Relative standard deviation: NMT 2.0% for amlodipine and valsartan, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) dissolved:
Result = (rU/rS) × CS × V × (Mr1/Mr2) × (1/L1) × 100
rU= peak response of amlodipine from the Sample solution
rS= peak response of amlodipine from the Standard solution
CS= concentration of USP Amlodipine Besylate RS in the Standard solution (mg/mL)
V = volume of Medium, 1000 mL
Mr1
= molecular weight of amlodipine, 408.88
Mr2
= molecular weight of amlodipine besylate, 567.05
L1= label claim for amlodipine (mg/Tablet)
Calculate the percentage of the labeled amount of valsartan (C24 H29 N5 O3 ) dissolved:
Result = (rU/rS) × CS × V × (1/L2) × 100
rU= peak response of valsartan from the Sample solution
rS= peak response of valsartan from the Standard solution
C=
S concentration of USP Valsartan RS in the Standard solution (mg/mL)
V= volume of Medium, 1000 mL
L2= label claim for valsartan (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) and
valsartan (C24 H29 N5 O3 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Mobile phase, Diluent, Sample solution A, Sample solution B, and Chromatographic
system: Proceed as directed in the Assay.
Standard stock solution A: Proceed as directed for the Standard solution in the Assay.
System suitability solution: Dissolve a suitable quantity of USP Valsartan Related
Compound B RS in Standard stock solution A to obtain a solution containing 0.08 mg/mL of
USP Valsartan Related Compound B RS, 0.14 mg/mL of USP Amlodipine Besylate RS, and
0.16 mg/mL of USP Valsartan RS.
Sensitivity solution: 0.14 µg/mL of USP Amlodipine Besylate RS and 0.16 µg/mL of USP
Valsartan RS in Diluent from Standard stock solution A
Standard stock solution B: 0.1 mg/mL of USP Amlodipine Related Compound A RS as free
base prepared as follows. Add methanol to 5% of the final volume to dissolve, and dilute
with Diluent to volume.
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Standard solution: 0.0005 mg/mL of USP Amlodipine Related Compound A RS as free base,
and 0.0003 mg/mL each of USP Amlodipine Besylate RS and USP Valsartan RS in Diluent
from Standard stock solution A and Standard stock solution B, respectively
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Signal-to-noise ratio: NLT 10 for amlodipine and valsartan, Sensitivity solution
Resolution: More than 4.0 between amlodipine and valsartan related compound B and
more than 4.0 between valsartan related compound B and valsartan; System
suitability solution
Relative standard deviation: NMT 5.0% for amlodipine related compound A,
amlodipine, and valsartan, Standard solution
Analysis
Samples: Sample solution A, Sample solution B, and Standard solution
Calculate the percentage of amlodipine related compound A free base in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of amlodipine related compound A from Sample solution A
rS= peak response of amlodipine related compound A from the Standard solution
CS= concentration of USP Amlodipine Related Compound A RS in the Standard solution
(mg/mL)
CU= nominal concentration of amlodipine in Sample solution A (mg/mL)
Mr1
= molecular weight of amlodipine related compound A free base, 406.86
Mr2
= molecular weight of amlodipine related compound A fumarate, 522.93
Calculate the percentage of valsartan related degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response of valsartan related degradation product from Sample solution B
r=
S peak response of valsartan from the Standard solution
C=S concentration of USP Valsartan RS in the Standard solution (mg/mL)
C=U nominal concentration of valsartan in Sample solution B (mg/mL)
Calculate the percentage of each unspecified degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
r=
U peak response of each unspecified degradation product from Sample solution A
r=
S peak response of amlodipine from the Standard solution
C=S concentration of USP Amlodipine Besylate RS in the Standard solution (mg/mL)
C=U nominal concentration of amlodipine in Sample solution A (mg/mL)
M=r1molecular weight of amlodipine, 408.88
M=r2molecular weight of amlodipine besylate, 567.05
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Acceptance criteria: See Table 2. Disregard valsartan related compound B, the
benzenesulfonic acid peak at relative retention time 0.19, and any peaks below 0.1%.
Table 2
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

Devaleryl valsartana
0.24
0.2
Amlodipine related compound Ab
0.50
0.5
c
Valsartan related degradation product 1
0.54
0.2
c
Valsartan related degradation product 2
0.81
0.2
Amlodipine
1.00
—
—
Valsartan related compound Bd
1.34
Valsartan related degradation product 3c
1.44
0.2
Valsartan
1.74
—
c
Valsartan related degradation product 4
2.06
0.2
Valsartan ethyl estere
2.32
0.2
Any other unspecified degradation product
—
0.2
Total degradation products
—
0.8
a N-{[2'-(1H-Tetrazole-5-yl)biphenyl-4-yl]methyl}-l-valine.
b 3-Ethyl, 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-6-methyl-3,5pyridinedicarboxylate.
c These are specified unidentified degradation products. No information is available about
chemical structures or chemical names for these impurities.
d (S)-N-Butyryl-N-{[2'-(1-H-tetrazole-5-yl)-biphenyl-4-yl]-methyl}-valine.
e N-Valeryl-N-{[2'-(1H-tetrazole-5-yl)biphenyl-4-yl]methyl}-l-valine ethyl ester.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature, in tight containers, and in a
dry place.
• USP Reference Standards 11
USP Amlodipine Besylate RS
USP Amlodipine Related Compound A RS
3-Ethyl, 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-6-methyl-3,5pyridinedicarboxylate] fumarate.
C20 H23 ClN2 O5 ·C4 H4 O4
522.93
USP Valsartan RS
USP Valsartan Related Compound B RS
N-Butyryl-N-{[2'-(1H-tetrazole-5-yl)biphenyl-4-yl]methyl}-l-valine.
C23 H27 N5 O3
421.49
1S (USP38)

BRIEFING
Amlodipine, Valsartan, and Hydrochlorothiazide Tablets. Because there is no existing USP
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monograph for this drug product, a new monograph based on validated test methods is being
proposed.
1.
The stability-indicating liquid chromatographic procedure in the Assay and in the test for
Organic Impurities is based on analysis performed with the ACE C18 brand of L1
column. The typical retention times for amlodipine, valsartan, and hydrochlorothiazide
are about 4.5, 6.1, and 2.9 min, respectively.
2.
The liquid chromatographic procedure in the test for Dissolution is based on analysis
performed with the ACE C18 brand of L1 column. The typical retention times for
amlodipine, valsartan, and hydrochlorothiazide are about 1.3, 2.2, and 0.6 min,
respectively.
3.
The liquid chromatographic procedure in the test for Uniformity of Dosage Units is based
on analysis performed with the ACE C18 brand of L1 column. The typical retention
times for amlodipine, valsartan, and hydrochlorothiazide are about 2.4, 3.5, and 1.4
min, respectively.
(SM2: H. Cai, S. Ramakrishna.)
Correspondence Number—C101932

Comment deadline: May 31, 2014
Add the following:
Amlodipine, Valsartan, and Hydrochlorothiazide Tablets
DEFINITION
Amlodipine, Valsartan, and Hydrochlorothiazide Tablets contain NLT 95.0% and NMT 105.0%
each of the labeled amounts of amlodipine (C20 H25 ClN2 O5 ), valsartan (C24 H29 N5 O3 ), and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ).
IDENTIFICATION
• A. The UV absorption spectra of the amlodipine, valsartan, and hydrochlorothiazide peaks of
Sample solution A, Sample solution B, and Sample solution C and those of the Standard
solution exhibit maxima and minima at the same wavelengths, as obtained in the Assay.
• B. The retention times of the amlodipine, valsartan, and hydrochlorothiazide peaks of Sample
solution A, Sample solution B, and Sample solution C correspond to those of the Standard
solution, as obtained in the Assay.
ASSAY
• Procedure: Use amber glassware for all solutions containing drug substances.
Solution A: Acetonitrile, water, and phosphoric acid (50:950:1)
Solution B: Acetonitrile, water, and phosphoric acid (950:50:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
3
50
50
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6
40
60
10
5
95
10.1
95
5
15
95
5
Diluent: Acetonitrile and water (500:500)
0.1% Phosphoric acid: Water and phosphoric acid (1000:1)
Standard solution: 0.14 mg/mL of USP Amlodipine Besylate RS, 0.064 mg/mL of USP
Valsartan RS, and 0.025 mg/mL of USP Hydrochlorothiazide RS in Diluent
Sample stock solution: Transfer NLT 10 Tablets into a suitable volumetric flask. Add 0.1%
Phosphoric acid to 4% of the total volume to disperse the Tablets. Sonicate for 10 min.
Add 4% of the total volume of acetonitrile, swirl to mix, and add 60% of the total volume
of Diluent. Sonicate for 20 min. Dilute with Diluent to volume to obtain solutions of nominal
concentrations stated in Table 2. Centrifuge, and use the clear supernatant.
Table 2
Nominal
Nominal
Tablet Strength
Concentration
Concentration
Amlodipine/Valsartan/Hydrochlorothiazide
of Amlodipine
of Valsartan
(mg/mg/mg)
(mg/mL)
(mg/mL)
5/160/12.5
0.1
3.2
10/160/12.5
0.2
3.2
5/160/25
0.1
3.2
10/160/25
0.2
3.2
10/320/25
0.1
3.2
Sample solution A: Nominally equivalent to 0.1 mg/mL of amlodipine in Diluent from Sample
stock solution
Sample solution B: Nominally equivalent to 0.064 mg/mL of valsartan in Diluent from
Sample stock solution
Sample solution C: Nominally equivalent to 0.025 mg/mL of hydrochlorothiazide in Diluent
from Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector
Assay: 225 nm
Identification test A: Diode array
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the amlodipine, valsartan, and hydrochlorothiazide peaks
Relative standard deviation: NMT 2.0% for amlodipine, valsartan, and
hydrochlorothiazide
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Analysis
Samples: Standard solution, Sample solution A, Sample solution B, and Sample solution C
Calculate the percentage of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of amlodipine from Sample solution A
rS= peak response of amlodipine from the Standard solution
CS= concentration of USP Amlodipine Besylate RS in the Standard solution (mg/mL)
CU= nominal concentration of amlodipine in Sample solution A (mg/mL)
Mr1
= molecular weight of amlodipine, 408.88
Mr2
= molecular weight of amlodipine besylate, 567.05
Calculate the percentage of the labeled amount of valsartan (C24 H29 N5 O3 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of valsartan from Sample solution B
rS= peak response of valsartan from the Standard solution
C=
S concentration of USP Valsartan RS in the Standard solution (mg/mL)
C=
U nominal concentration of valsartan in Sample solution B (mg/mL)
Calculate the percentage of the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of hydrochlorothiazide from Sample solution C
rS= peak response of hydrochlorothiazide from the Standard solution
C=
S concentration of USP Hydrochlorothiazide RS in the Standard solution (mg/mL)
C=
U nominal concentration of hydrochlorothiazide in Sample solution C (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Buffer: Dissolve 6.805 g of monobasic potassium phosphate and 0.896 g of sodium
hydroxide in water and dilute with the same solvent to 1000 mL. Adjust with 0.2 N sodium
hydroxide or 1 M phosphoric acid to a pH of 6.8.
Medium: Buffer; 900 mL
Apparatus 2: 50 rpm for 5/160/12.5, 10/160/12.5, 5/160/25, and 10/160/25 (mg/mg/mg)
of Tablet strengths (amlodipine/valsartan/hydrochlorothiazide); 55 rpm for 10/320/25
(mg/mg/mg) of Tablet strengths (amlodipine/valsartan/hydrochlorothiazide)
Time: 30 min
Solution A: Acetonitrile, water, and phosphoric acid (50:950:1)
Solution B: Acetonitrile, water, and phosphoric acid (950:50:1)
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Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0.00
67
33
2.50
23
77
2.51
67
33
4.00
67
33
Diluent: 1 mg/mL of polysorbate 80 in Buffer
Standard stock solution A: 0.07 mg/mL of USP Amlodipine Besylate and 0.124 mg/mL of
USP Hydrochlorothiazide RS. Initially dissolve with 4% of the total volume of methanol, and
dilute with Diluent to volume.
Standard stock solution B: 3.2 mg/mL of USP Valsartan RS in methanol
Standard solution: 0.014 mg/mL of USP Amlodipine Besylate RS, 0.16 mg/mL of USP
Valsartan RS, and 0.0248 mg/mL of USP Hydrochlorothiazide RS in Diluent from Standard
stock solution A and Standard stock solution B, respectively
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Discard at least the first 10 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 5-cm; 3-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 5 µL for 10/320/25 (mg/mg/mg) of Tablet strengths
(amlodipine/valsartan/hydrochlorothiazide); 10 µL for 5/160/12.5, 10/160/12.5,
5/160/25, and 10/160/25 (mg/mg/mg) of Tablet strengths
(amlodipine/valsartan/hydrochlorothiazide)
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.0 between amlodipine and valsartan
Tailing factor: NMT 2.0 for amlodipine, valsartan, and hydrochlorothiazide
Relative standard deviation: NMT 2.0% for amlodipine, valsartan, and
hydrochlorothiazide
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) dissolved:
Result = (rU/rS) × CS × V × (Mr1/Mr2) × (1/L1) × 100
rU= peak response of amlodipine from the Sample solution
rS= peak response of amlodipine from the Standard solution
CS= concentration of USP Amlodipine Besylate RS in the Standard solution (mg/mL)
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V = volume of Medium, 900 mL
Mr1
= molecular weight of amlodipine, 408.88
Mr2
= molecular weight of amlodipine besylate, 567.05
L1= label claim for amlodipine (mg/Tablet)
Calculate the percentage of the labeled amount of valsartan (C24 H29 N5 O3 ) dissolved:
Result = (rU/rS) × CS × V × (1/L2) × 100
rU= peak response of valsartan from the Sample solution
rS= peak response of valsartan from the Standard solution
C=
S concentration of USP Valsartan RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L=
2 label claim for valsartan (mg/Tablet)
Calculate the percentage of the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2)
dissolved:
Result = (rU/rS) × CS × V × (1/L3) × 100
rU= peak response of hydrochlorothiazide from the Sample solution
rS= peak response of hydrochlorothiazide from the Standard solution
C=
S concentration of USP Hydrochlorothiazide RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L3= label claim for hydrochlorothiazide (mg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) is dissolved,
NLT 80% (Q) of the labeled amount of valsartan (C24 H29 N5 O3 ) is dissolved, and NLT 80%
(Q) of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities: Use amber glassware for all solutions containing drug substances.
Mobile phase, Diluent, Sample solution A, Sample solution B, Sample solution C, and
Chromatographic system: Proceed as directed in the Assay.
System suitability solution: 0.02 mg/mL each of USP Benzothiadiazine Related Compound
A RS and USP Valsartan Related Compound B RS, 0.005 mg/mL of USP Amlodipine Related
Compound A RS, 0.14 mg/mL of USP Amlodipine Besylate RS, 0.064 mg/mL of USP
Valsartan RS, and 0.025 mg/mL of USP Hydrochlorothiazide RS in Diluent
Sensitivity solution: 0.14 µg/mL of USP Amlodipine Besylate RS, 0.064 µg/mL of USP
Valsartan RS, and 0.025 µg/mL of USP Hydrochlorothiazide RS in Diluent
Standard solution: 0.0005 mg/mL of USP Amlodipine Related Compound A RS, 0.0001
mg/mL of USP Benzothiadiazine Related Compound A RS, 0.0003 mg/mL of USP Amlodipine
Besylate RS, 0.00015 mg/mL of USP Valsartan RS, and 0.00005 mg/mL of USP
Hydrochlorothiazide RS in Diluent
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution

PF 40(2): Mar.-Apr. 2014

222

Suitability requirements
Signal-to-noise ratio: NLT 10 for amlodipine, valsartan, and hydrochlorothiazide;
Sensitivity solution
Resolution: NLT 2.0 between any adjacent peaks of benzothiadiazine related compound
A, hydrochlorothiazide, amlodipine related compound A, amlodipine, valsartan related
compound B, and valsartan; System suitability solution
Relative standard deviation: NMT 5.0% for amlodipine related compound A,
benzothiadiazine related compound A, amlodipine, valsartan, and hydrochlorothiazide;
Standard solution
Analysis
Samples: Sample solution A, Sample solution B, Sample solution C, and Standard solution
Calculate the percentage of amlodipine related compound A in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of amlodipine related compound A from Sample solution A
rS= peak response of amlodipine related compound A in the Standard solution
CS= concentration of USP Amlodipine Related Compound A RS in the Standard solution
(mg/mL)
CU= nominal concentration of amlodipine in Sample solution A (mg/mL)
Mr1
= molecular weight of amlodipine related compound A free base, 406.86
Mr2
= molecular weight of amlodipine related compound A fumarate, 522.93
Calculate the percentage of any valsartan related degradation products in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any valsartan related degradation product from Sample solution B
rS= peak response of valsartan in the Standard solution
C=
S concentration of USP Valsartan RS in the Standard solution (mg/mL)
C=
U nominal concentration of valsartan in Sample solution B (mg/mL)
Calculate the percentage of benzothiadiazine related compound A in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of benzothiadiazine related compound A from Sample solution C
rS= peak response of benzothiadiazine related compound A in the Standard solution
C=
S concentration of USP Benzothiadiazine Related Compound A RS in the Standard solution
(mg/mL)
C=
U nominal concentration of hydrochlorothiazide in Sample solution C (mg/mL)
Calculate the percentage of any other hydrochlorothiazide related degradation product in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of any other hydrochlorothiazide related degradation product from
Sample solution C
rS= peak response of hydrochlorothiazide in the Standard solution
C=
S concentration of USP Hydrochlorothiazide RS in the Standard solution (mg/mL)
C=
U nominal concentration of hydrochlorothiazide in Sample solution C (mg/mL)
Calculate the percentage of each unspecified degradation product in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each unspecified degradation product from Sample solution A
rS= peak response of amlodipine in the Standard solution
CS= concentration of USP Amlodipine Besylate RS in the Standard solution (mg/mL)
CU= nominal concentration of amlodipine in Sample solution A (mg/mL)
Mr1
= molecular weight of amlodipine, 408.88
Mr2
= molecular weight of amlodipine besylate, 567.05
Acceptance criteria: See Table 4. Disregard amlodipine ethyl analog peak, valsartan
related compound B peak, and any peaks below 0.1%.
Table 4

Name
Benzothiadiazine related compound Aa
Hydrochlorothiazide related degradation product 1b
Hydrochlorothiazide
Devaleryl valsartanc
Hydrochlorothiazide related degradation product 2b
Amlodipine related compound Ad
Amlodipine
Valsartan related degradation product 1b
Amlodipine ethyl analoge
Valsartan related compound Bf
Valsartan related degradation product 2b
Valsartan
Valsartan related degradation product 3b
Valsartan related degradation product 4b
Any other unspecified degradation product g
Total degradation products

Relative
Retention
Time
0.60
0.62
0.64
0.71
0.89
0.96
1.00
1.04
1.08
1.22
1.27
1.36
1.51
1.62
—
—

Acceptance
Criteria,
NMT (%)
0.4
0.2
—
0.2
0.2
0.5
—
0.2
—
—
0.2
—
0.2
0.2
0.2
1.5
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a 4-Amino-6-chloro-1,3-benzenedisulfonamide.
b These are specified unidentified degradation products. No information is available about
chemical structures or chemical names for these impurities.
c N-{[2'-(1H-Tetrazole-5-yl)biphenyl-4-yl]methyl}-l-valine.
d 3-Ethyl, 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-6-methyl-3,5pyridinedicarboxylate.
e Diethyl 2-[(2-aminoethoxy)methyl]-4-(2-chlorophenyl)-6-methyl-1,4-dihydropyridine3,5-dicarboxylate.
f (S)-N-Butyryl-N-{[2'-(1-H-tetrazole-5-yl)-biphenyl-4-yl]-methyl}-valine.
g Benzenesulfonic acid is the counter ion to the amlodipine, and peaks at RRT of 0.33 and
0.42 are not considered as degradation products.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature in tight containers in a dry
place.
• USP Reference Standards 11
USP Amlodipine Besylate RS
USP Amlodipine Related Compound A RS
3-Ethyl, 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-6-methyl-3,5pyridinedicarboxylate] fumarate.
C20 H23 ClN2 O5 ·C4 H4 O4
522.93
USP Benzothiadiazine Related Compound A RS
4-Amino-6-chloro-1,3-benzenedisulfonamide.
C6 H8 ClN3 O4 S2
285.73
USP Hydrochlorothiazide RS
USP Valsartan RS
1S (USP38)

BRIEFING
Amobarbital Sodium for Injection, USP 37 page 1767. It is proposed to revise the monograph
as follows:
1.
Expand the Definition and Identification sections from their original brief crossreferences to the Amobarbital Sodium monograph to include the procedure details.
2.
Delete the cross-references to the Amobarbital Sodium monograph from the Other
Requirements section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Interested parties are encouraged to submit stability-indicating validated assay and impurity
procedures with supporting data to further improve this monograph and the Amobarbital
Sodium monograph.
(SM4: H. Joyce.)
Correspondence Number—C128419

Comment deadline: May 31, 2014
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Amobarbital Sodium for Injection
DEFINITION
Change to read:
Amobarbital Sodium for Injection is Amobarbital Sodium suitable for parenteral use.
It contains NLT 98.5% and NMT 100.5% of the labeled amount of amobarbital sodium
(C11 H17 N2 NaO3 ), calculated on the dried basis. 1S (USP38)
IDENTIFICATION
Add the following:
A. Infrared Absorption 197K
Sample: Residue obtained in the Assay
Acceptance criteria: Meets the requirements

1S (USP38)

Add the following:
B. Identification Tests—General, Sodium 191
Sample: Nominally 200 mg of amobarbital sodium from Amobarbital Sodium for Injection
Analysis: Ignite the Sample.
Acceptance criteria: The residue effervesces with acid and meets the requirements of the
tests. 1S (USP38)
ASSAY
• Procedure
Sample solution: Transfer nominally 500 mg of amobarbital sodium from Amobarbital
Sodium for Injection to a suitable separator, and dissolve in 15 mL of water. Add 2 mL of
hydrochloric acid, and shake. Completely extract the amobarbital with 25-mL portions of
chloroform. Combine the chloroform extractions, and pass through a glass filter funnel into
a tared beaker. Wash the separator and the filter with several small portions of
chloroform. Use the combined chloroform extractions and the washings.
Test for completeness of extraction: Extract the remaining solution in the separator
with an additional 10-mL portion of chloroform, and evaporate the solvent: NMT 0.5 mg
of residue remains.
Analysis: Evaporate the Sample solution on a steam bath with the aid of a current of air.
Dry the residue at 105 for 30 min, cool, and weigh.
Calculate the percentage of the labeled amount of amobarbital sodium (C11 H17 N2 NaO3 ) in
the portion of Amobarbital Sodium for Injection taken:
Result = (WR/WS) × (Mr1/Mr2) × 100
WR= weight of the residue from the Analysis (mg)
WS= nominal weight of amobarbital sodium in the Sample solution (mg)
Mr1
= molecular weight of amobarbital sodium, 248.25
Mr2
= molecular weight of amobarbital, 226.27
Acceptance criteria: 98.5%–100.5% on the dried basis
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PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
• Heavy Metals, Method II

231 : NMT 30 ppm

SPECIFIC TESTS
• Injections, Constituted Solutions

1 : At the time of use, it meets the requirements.

• Completeness of Solution 641
Sample solution: 1 g of amobarbital sodium from Amobarbital Sodium for Injection in 10 mL
of carbon dioxide-free water
Acceptance criteria: After 1 min, the solution is clear and free from undissolved solid.
• Loss on Drying 731
Sample: 1 g
Analysis: Dry the Sample at 105 for 4 h.
Acceptance criteria: NMT 1.0%
• pH 791
Sample solution: Nominally 100 mg/mL of amobarbital sodium from Amobarbital Sodium for
Injection in carbon dioxide-free water
Acceptance criteria: NMT 11.0
• Sterility Tests

71 : Meets the requirements

• Bacterial Endotoxins Test
amobarbital sodium.

85 : It contains NMT 0.4 USP Endotoxin Units/mg of

Change to read:
• Other Requirements: It conforms to the Definition and responds to the Identification tests
for Amobarbital Sodium.
1S (USP38)

It meets the requirements in Injections

1 , Labeling.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described in Injections
Solids.
• USP Reference Standards
USP Amobarbital RS
USP Endotoxin RS

1 , Containers for Sterile

11

BRIEFING
Atazanavir Sulfate. Because there is no existing USP monograph for this drug substance, a
new monograph, based on validated methods of analysis, is being proposed. The liquid
chromatographic procedures in the Assay and the tests for Organic Impurities and Limit of
Atazanavir Related Compound A are based on analyses performed with the YMC ODS-AQ
brand of L1 column. The typical retention times for atazanavir in the Assay and the tests for
Organic Impurities and Limit of Atazanavir Related Compound A are about 9.5, 33, and 11
min, respectively.
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(SM1: S. Shivaprasad.)
Correspondence Number—C121558

Comment deadline: May 31, 2014
Add the following:
Atazanavir Sulfate

C38 H52 N6 O7 · H2 SO4

802.93

2,5,6,10,13-Pentaazatetradecanedioic acid, 3-12-bis(1,1-dimethylethyl)-8-hydroxy-4,11-dioxo9-(phenylmethyl)-6-[[-4-(2-pyridinyl)phenyl]methyl]-, dimethyl ester, (3S,8S,9S,12S)-, sulfate
(1:1) (salt);
Dimethyl (3S,8S,9S,12S)-9-benzyl-3,12,di-tert-butyl-8-hydroxy-4,11-dioxo-6-(p-2pyridylbenzyl)-2,5,6,10,13-pentaazatetradecanedioate, sulfate (1:1) (salt)
[229975-97-7].
DEFINITION
Atazanavir Sulfate contains NLT 98% and NMT 102% of atazanavir sulfate (C38 H52 N6 O7 ·
H2 SO4 ), calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197A
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Sulfate

191 : Meets the requirements

ASSAY
• Procedure
Buffer: 2.7 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid to
a pH of 3.5.
Mobile phase: Acetonitrile and Buffer (1:1)
System suitability solution: 0.4 mg/mL of USP Atazanavir System Suitability Mixture RS in
Mobile phase. Sonicate, if necessary, to dissolve prior to final dilution.
Standard solution: 0.4 mg/mL of USP Atazanavir Sulfate RS in Mobile phase. Sonicate, if
necessary, to dissolve prior to final dilution.
Sample solution: 0.4 mg/mL of Atazanavir Sulfate in Mobile phase. Sonicate, if necessary,
to dissolve prior to final dilution.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for atazanavir R,S,S,S-diastereomer and atazanavir are
0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between atazanavir R,S,S,S-diastereomer and atazanavir, System
suitability solution
Relative standard deviation: NMT 0.73%, Standard solution
Tailing factor: 0.8–1.5 for atazanavir peak, System suitability solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of atazanavir sulfate (C38 H52 N6 O7 · H2 SO4 ) in the portion of
Atazanavir Sulfate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Atazanavir Sulfate RS in the Standard solution (mg/mL)
C=
U concentration of Atazanavir Sulfate in the Sample solution (mg/mL)
Acceptance criteria: 98%–102% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Organic Impurities
Buffer: 2.7 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid to
a pH of 3.5.
Solution A: Acetonitrile and Buffer (25:75)
Solution B: Acetonitrile and Buffer (75:25)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
5
100
0
45
0
100
50
100
0
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60
100
0
Diluent: Solution A and Solution B (1:1)
System suitability solution: 0.4 mg/mL of USP Atazanavir System Suitability Mixture RS in
Diluent. Sonicate, if necessary, to dissolve prior to final dilution.
Sample solution: 0.4 mg/mL of Atazanavir Sulfate in Diluent. Sonicate, if necessary, to
dissolve prior to final dilution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between atazanavir R,S,S,S-diastereomer and atazanavir
Tailing factor: 0.8–1.5 for atazanavir peak
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Atazanavir Sulfate taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard any peak less than 0.03%.

Name
1-Methyl-2-pyrrolidone
Atazanavir hydrazine analogb
Atazanavir related compound A
Pyridinyl benzoic acidd
Pyridinyl benzaldehydee
Dealkyl atazanavirf
Atazanavir benzylidenehydrazine analogg
Atazanavir S,R,S,S-diastereomerh
Atazanavir R,S,S,S-diastereomeri
Atazanavir
Atazanavir S,S,S,R-diastereomerj

Table 2
Relative
Retention
Time
0.06
0.10
0.17
0.30
0.55
0.66
0.76
0.97
0.99
1.0
1.03

Relative
Response
Factor
—

Acceptance
Criteria,
NMT (%)
—a

1.0
—

0.1
—c

1.6
2.3
0.59
1.5
1.0
1.0
—
1.0

0.1
0.1
0.1
0.1
0.1
0.1
—
0.1
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Atazanavir S,R,R,S-diastereomerk
1.06
1.0
0.1
Atazanavir benzylidenehydrazine carbamatel
1.3
1.5
0.1
m
Atazanavir di- tert -butyl analog
1.4
1.0
0.1
Any individual impurity
—
1.0
0.1
a For information only and disregard if not used in the process.
b (2S,3S)-3-Amino-4-phenyl-1-{1-[4-(pyridin-2-yl)benzyl]hydrazinyl}butan-2-ol
hydrochloride.
c This impurity is determined by the Limit of Atazanavir Related Compound A test.
d 4-(Pyridin-2-yl)benzoic acid.
e 4-(Pyridin-2-yl)benzaldehyde.
f Dimethyl (3S,8S,9S,12S)-9-benzyl-3,12,di-tert-butyl-8-hydroxy-4,11-dioxo-2,5,6,10,13pentaazatetradecanedioate.
g (2S,3S)-3-Amino-4-phenyl-1-{1-[4-(pyridin-2-yl)benzyl]-2-[4-(pyridin-2yl)benzylidene]hydrazinyl}butan-2-ol.
h Dimethyl (3S,8R,9S,12S)-9-benzyl-3,12,di-tert-butyl-8-hydroxy-4,11-dioxo-6-(p-2pyridylbenzyl)-2,5,6,10,13-pentaazatetradecanedioate.
i Dimethyl (3R,8S,9S,12S)-9-benzyl-3,12,di-tert-butyl-8-hydroxy-4,11-dioxo-6-(p-2pyridylbenzyl)-2,5,6,10,13-pentaazatetradecanedioate.
j Dimethyl (3S,8S,9S,12R)-9-benzyl-3,12,di-tert-butyl-8-hydroxy-4,11-dioxo-6-(p-2pyridylbenzyl)-2,5,6,10,13-pentaazatetradecanedioate.
k Dimethyl (3S,8R,9R,12S)-9-benzyl-3,12,di-tert-butyl-8-hydroxy-4,11-dioxo-6-(p-2pyridylbenzyl)-2,5,6,10,13-pentaazatetradecanedioate.
l Methyl [(S)-1-{[(2S,3S)-3-hydroxy-1-phenyl-4-{1-[4-(pyridin-2-yl)benzyl]-2-[4-(pyridin2-yl)benzylidene]hydrazinyl}butan-2-yl]amino}-3,3-dimethyl-1-oxobutan-2yl]carbamate.
m tert-Butyl 2-{(2S,3S)-3-[(tert-butoxycarbonyl)amino]-2-hydroxy-4-phenylbutyl}-2-[4(pyridin-2-yl)benzyl]hydrazinecarboxylate.
• Limit of Atazanavir Related Compound A
Buffer: 2.7 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid to
a pH of 3.5.
Solution A: Acetonitrile and Buffer (25:75)
Solution B: Acetonitrile and Buffer (75:25)
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
5
95
5
8
0
100
14
0
100
15
95
5
25
95
5
Diluent: Solution A and Solution B (1:1)
System suitability solution: 1.14 mg/mL of USP Atazanavir Sulfate RS and 1 µg/mL of
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USP Atazanavir Related Compound A RS in Diluent. Sonicate, if necessary, to dissolve prior
to final dilution.
Standard stock solution: 0.01 mg/mL of USP Atazanavir Related Compound A RS in Diluent
Standard solution: 1 µg/mL of USP Atazanavir Related Compound A RS in Diluent from
Standard stock solution. Store this solution at 5 .
Sample solution: 1.14 mg/mL of Atazanavir Sulfate in Diluent. Sonicate, if necessary, to
dissolve prior to final dilution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for atazanavir related compound A and atazanavir are
0.4 and 1.0, respectively.]
Suitability requirements
Tailing factor: 0.8–1.5 for atazanavir peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of atazanavir related compound A in the portion of Atazanavir
Sulfate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of atazanavir related compound A from the Sample solution
rS= peak response of atazanavir related compound A from the Standard solution
C=
S concentration of USP Atazanavir Related Compound A RS in the Standard solution
(mg/mL)
C=
U concentration of Atazanavir Sulfate in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.1%. Disregard atazanavir related compound A peak when less
than 0.04%, and do not include in Total impurities calculation.
Total impurities: The sum of all the impurities found in the tests for Limit of Atazanavir
Related Compound A and Organic Impurities is NMT 0.5%.
SPECIFIC TESTS
• Water Determination 921 : NMT 0.5%
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in methanol
Acceptance criteria:

40 to

ADDITIONAL REQUIREMENTS

44
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• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards 11
USP Atazanavir Related Compound A RS
(S)-2-[(Methoxycarbonyl)amino]-3,3-dimethylbutanoic acid.
C18 H15 NO4
189.21
USP Atazanavir Sulfate RS
USP Atazanavir System Suitability Mixture RS
A mixture of atazanavir sulfate and atazanavir R,S,S,S-diastereomer sulfate.
1S (USP38)

BRIEFING
Atazanavir Capsules. Because there is no existing USP monograph for this drug product, a
new monograph, based on validated methods of analysis, is being proposed. The liquid
chromatographic procedure in the Assay is based on analysis performed with the YMC J'
Sphere ODS-H80 brand of L1 column. The liquid chromatographic procedure in the test for
Organic Impurities is based on analysis performed with the YMC ODS-AQ, Zorbax Eclipse
XDB-C18, or YMC Pack Pro C18 brand of L1 column. The typical retention times of atazanavir
in the Assay and the test for Organic Impurities are about 9 and 29 min, respectively.
(SM1: S. Shivaprasad.)
Correspondence Number—C126450

Comment deadline: May 31, 2014
Add the following:
Atazanavir Capsules
DEFINITION
Atazanavir Capsules contain an amount of Atazanavir Sulfate equivalent to NLT 90.0% and NMT
110.0% of the labeled amount of atazanavir (C38 H52 N6 O7 ).
IDENTIFICATION
• A. Infrared Absorption 197A
Standard solution: 60 mg/mL of USP Atazanavir Sulfate RS in water
Standard: Pour the Standard solution into a watch glass or other suitable container and
allow it to dry. Scrape off about 1 mg of the residue and use for analysis.
Sample: Empty the contents of an appropriate number of Capsules into a suitable
container and grind, if necessary, for homogeneity. Use about 1 mg of the contents for
analysis.
Analysis: Record the spectra of the Standard and the Sample.
Acceptance criteria: The spectrum obtained from the Sample shows strong bands at
2956, 1702, 1511, and 854 cm 1, similar to the spectrum obtained from the Standard.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
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• Procedure
Mobile phase: Methanol, trifluoroacetic acid, and water (580:1:420)
Diluent: Methanol and water (1:1)
System suitability solution: 0.5 mg/mL of USP Atazanavir System Suitability Mixture RS in
Diluent. Sonicate, if necessary, to dissolve prior to final dilution.
Standard solution: 0.57 mg/mL of USP Atazanavir Sulfate RS in Diluent
Sample stock solution: Transfer NLT 5 Capsules, including shells, to a suitable volumetric
flask as indicated in Table 1. Dissolve in 0.02 N hydrochloric acid. Sonicate for about 15
min with intermittent swirling or gentle shaking to dissolve.
Table 1
Label Claim Volumetric Flask Size Sample Stock Concentration
(mg)
(mL)
(mg/mL)
50
250.0
1.0
100
500.0
1.0
150
1000.0
0.75
200
1000.0
1.0
300
1000.0
1.5
Sample solution: Nominally 0.5 mg/mL of atazanavir in Diluent from Sample stock solution.
Pass through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 300 nm
Column: 4.6-mm × 15-cm; 4-µm packing L1
Column temperature: 35
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for atazanavir R,S,S,S-diastereomer and atazanavir are
0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.2 between atazanavir R,S,S,S-diastereomer and atazanavir, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of atazanavir (C38 H52 N6 O7 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Atazanavir Sulfate RS in the Standard solution (mg/mL)

PF 40(2): Mar.-Apr. 2014

234

CU= nominal concentration of atazanavir in the Sample solution (mg/mL)
Mr1
= molecular weight of atazanavir, 704.86
Mr2
= molecular weight of atazanavir sulfate, 802.93
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.025 N hydrochloric acid; 1000 mL
Apparatus 2: 50 rpm, with sinker. [Note—A suitable sinker is available as catalog number
CAPWHT-02 for 50–200 mg capsules and CAPWHT-XL for 300 mg capsules from www.QLALLC.com.]
Time: 30 min
Standard solution: (L/900) mg/mL of USP Atazanavir Sulfate RS in Medium, where L is the
label claim in mg
Sample solution: A filtered portion of the solution under test, suitability diluted with
Medium to obtain a concentration similar to that of the Standard solution.
Instrumental conditions
Mode: UV
Analytical wavelength: 300 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of atazanavir (C38 H52 N6 O7 ) dissolved.
Tolerances: NLT 80% (Q) of the labeled amount of atazanavir is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Solution A: 0.63 g of ammonium formate in 1000 mL of acetonitrile and water (50:950)
Solution B: 0.63 g of ammonium formate in 1000 mL of acetonitrile and water (750:250)
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
5
100
0
20
40
60
30
20
80
35
0
100
40
0
100
45
100
0
55
100
0
Diluent: Methanol and water (1:1)
System suitability solution: 0.57 mg/mL of USP Atazanavir System Suitability Mixture RS
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in Diluent. Sonicate, if necessary, to dissolve.
Sample stock solution and Sample solution: Prepare as directed in the Assay.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 35
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.2 between atazanavir R,S,S,S-diastereomer and atazanavir
Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Capsules taken:
Result = (rU/{S[rU × (1/F)] + rT}) × (1/F) × 100
r=
U peak response of each individual impurity from the Sample solution
F= relative response factor for each individual impurity (see Table 3)
r=
T peak response of atazanavir from the Sample solution
Acceptance criteria: See Table 3. Disregard any impurity less than 0.05%.

Name
Atazanavir related compound Aa
Pyridinyl benzoic acidc
Pyridinyl benzaldehyde lactose acetald
Pyridinyl benzaldehydee
Dealkyl atazanavirf
Atazanavir S,R,S,S-diastereomerg
Atazanavir R,S,S,S-diastereomerh
Atazanavir sulfate
Atazanavir S,S,S,R-diastereomeri
Atazanavir S,R,R,S-diastereomerj
Atazanavir di-tert-butyl analogk
Any unspecified impurity
Total impurities

Table 3
Relative
Retention
Time
0.36
0.43
0.49
0.75
0.77
0.97
0.99
1.00
1.02
1.05
1.27
—
—

Relative
Response
Factor
—
2.2
1.0
2.2
0.48
—
—
1.0
—
—
—
1.0
—

Acceptance
Criteria,
NMT (%)
—b
0.2
0.2
0.2
0.4
—b
—b
—
—b
—b
—b
0.2
1.0
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a (S)-2-[(Methoxycarbonyl)amino]-3,3-dimethylbutanoic acid.
b Process related impurity monitored in the drug substance and not included in the total
impurities.
c 4-(Pyridin-2-yl)benzoic acid.
d 4-O-(4,6-O-{[4-(2-Pyridinyl)phenyl]methylene}- -d-galactopyranosyl)- -dglucopyranose.
e 4-(Pyridin-2-yl)benzaldehyde.
f Dimethyl (3S,8S,9S,12S)-9-benzyl-3,12,di-tert-butyl-8-hydroxy-4,11-dioxo-2,5,6,10,13pentaazatetradecanedioate.
g Dimethyl (3S,8R,9S,12S)-9-benzyl-3,12,di-tert-butyl-8-hydroxy-4,11-dioxo-6-(p-2pyridylbenzyl)-2,5,6,10,13-pentaazatetradecanedioate.
h Dimethyl (3R,8S,9S,12S)-9-benzyl-3,12,di-tert-butyl-8-hydroxy-4,11-dioxo-6-(p-2pyridylbenzyl)-2,5,6,10,13-pentaazatetradecanedioate.
i Dimethyl (3S,8S,9S,12R)-9-benzyl-3,12,di-tert-butyl-8-hydroxy-4,11-dioxo-6-(p-2pyridylbenzyl)-2,5,6,10,13-pentaazatetradecanedioate.
j Dimethyl (3S,8R,9R,12S)-9-benzyl-3,12,di-tert-butyl-8-hydroxy-4,11-dioxo-6-(p-2pyridylbenzyl)-2,5,6,10,13-pentaazatetradecanedioate.
k tert-Butyl 2-{(2S,3S)-3-[(tert-butoxycarbonyl)amino]-2-hydroxy-4-phenylbutyl}-2-[4(pyridin-2-yl)benzyl]hydrazinecarboxylate.

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 103 cfu/g. The total combined molds and yeasts count
is NMT 102 cfu/g. It meets the requirements of the tests for the absence of Escherichia
coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Atazanavir Sulfate RS
USP Atazanavir System Suitability Mixture RS
A mixture of atazanavir sulfate and atazanavir R,S,S,S-diastereomer sulfate.
1S (USP38)

BRIEFING
Benzocaine Ointment, USP 37 page 1935. As a part of USP monograph modernization efforts,
the following revisions are proposed:
1.
Replace the wet-chemistry based Identification tests A and B with a retention time
agreement and with the match of the UV spectrum of the main peak from the
proposed HPLC procedure in the Assay.
2.
Replace the titration procedure in the Assay with a stability-indicating HPLC procedure.
The liquid chromatographic procedure is performed using the Waters Symmetry Shield
RP8, 5-µm column containing L7 packing. The typical retention time of benzocaine is
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about 15 min.
3.
Add a stability-indicating HPLC procedure in the test for Organic Impurities using the
same chromatographic system as the Assay.
4.
Revise the Packaging and Storage requirements to be consistent with the product label.
5.
Add a USP Reference Standards section to include Reference Standards that are being
used in the proposed new procedures.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R.-H. Yeh.)
Correspondence Number—C132675

Comment deadline: May 31, 2014
Benzocaine Ointment
DEFINITION
Benzocaine Ointment contains NLT 90.0% and NMT 110.0% of the labeled amount of
benzocaine (C9 H11 NO2 ) in a suitable ointment base.
IDENTIFICATION
Delete the following:
•
A. Ointments Having Water-Soluble Bases
Analysis: Transfer a portion of Ointment, equivalent to 5 mg of benzocaine, to a small
beaker. Add 20 mL of 0.5 N hydrochloric acid, and warm gently to disperse the Ointment.
Cool, and filter if necessary. To 10 mL of the filtrate add 5 drops of a solution of sodium
nitrite (1 in 10) and 2 drops of methyl red TS, and neutralize with 1 N sodium hydroxide.
Add 2 mL of a solution of 100 mg of 2-naphthol in 5 mL of sodium hydroxide TS.
Acceptance criteria: An orange-red precipitate is formed. 1S (USP38)
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
Delete the following:
•
B. Ointments Having Water-Insoluble Bases
Analysis: Transfer a portion of Ointment, equivalent to 2.5 mg of benzocaine, to a small
separator, and dissolve in 20 mL of ether. Extract with 10 mL of 0.5 N hydrochloric acid,
and filter the aqueous phase through paper into a small beaker. Add 5 drops of a solution
of sodium nitrite (1 in 10) and 2 drops of methyl red TS, and neutralize with 1 N sodium
hydroxide. Add 2 mL of a solution of 100 mg of 2-naphthol in 5 mL of sodium hydroxide TS.
Acceptance criteria: An orange-red precipitate is formed. 1S (USP38)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
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ASSAY
Delete the following:
•
Ointments Having Water-Soluble Bases
Sample solution: Transfer a portion of Ointment, nominally equivalent to 200 mg of
benzocaine, into a tared 250-mL beaker. Add 50 mL of water and 5 mL of hydrochloric
acid, and stir by mechanical means until a solution is effected. Cool the solution in an ice
bath to about 10 .
Titrimetric system
Mode: Direct titration
Titrant: 0.1 M sodium nitrite VS
Electrode system: Calomel–platinum
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution slowly with Titrant. Perform a blank determination,
and make any necessary correction. Each mL of 0.1 M sodium nitrite is equivalent to 16.52
mg of benzocaine (C9 H11 NO2 ).
Acceptance criteria: 90.0%–110.0% 1S (USP38)
Delete the following:
•
Ointments Having Water-Insoluble Bases
Sample solution: Transfer a portion of Ointment, nominally equivalent to 200 mg of
benzocaine, to a 125-mL separator. Suspend the Ointment in 50 mL of ether by shaking,
and extract with three successive 25-mL portions of 1 N hydrochloric acid, filtering each
portion into a 250-mL beaker. Cool the solution in an ice bath to about 10 .
Titrimetric system
Mode: Direct titration
Titrant: 0.1 M sodium nitrite VS
Electrode system: Calomel–platinum
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution slowly with Titrant. Perform a blank determination,
and make any necessary correction. Each mL of 0.1 M sodium nitrite is equivalent to 16.52
mg of benzocaine (C9 H11 NO2 ).
Acceptance criteria: 90.0%–110.0% 1S (USP38)
Add the following:
• Procedure
Solution A: 0.1% trifluoroacetic acid, prepared by adding 1.0 mL of trifluoroacetic acid to 1
L of water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
34
50
50
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35
90
10
38
90
10
Diluent: Solution A and Solution B (1:1)
Standard solution: 0.1 mg/mL of USP Benzocaine RS in Diluent. Sonication may be needed
to aid in the dissolution.
Sample solution: Nominally 0.1 mg/mL of benzocaine in Diluent prepared as follows
Ointments having water-soluble bases: Transfer a portion of Ointment, equivalent to
10 mg of benzocaine, into a volumetric flask, and dissolve in Diluent.
Ointments having water-insoluble bases: Transfer a portion of Ointment, equivalent
to 10 mg of benzocaine, into a volumetric flask, and dissolve in tetrahydrofuran, using
about 2% of the final volume, then dilute with Diluent to volume. Pass through a suitable
filter of 0.45-µm pore size, discarding the first 2–3 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm or diode array. [Note—Use the diode array detector to perform
Identification test B.]
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzocaine (C9 H11 NO2 ) in the portion
of Ointment taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of benzocaine from the Sample solution
rS= peak response of benzocaine from the Standard solution
C=
S concentration of USP Benzocaine RS in the Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

1S (USP38)

IMPURITIES
Add the following:
• Organic Impurities
Solution A: 0.1% trifluoroacetic acid, prepared by adding 1.0 mL of trifluoroacetic acid to 1
L of water
Solution B: Acetonitrile
Mobile phase: See Table 1 in the Assay.
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Diluent: Solution A and Solution B (1:1)
System suitability solution: 0.2 mg/mL of USP Benzocaine RS and 0.01 mg/mL each of
USP Aminobenzoic Acid RS and USP Ethyl 4-Nitrobenzoate RS in Diluent
Standard solution: 1 µg/mL each of USP Benzocaine RS, USP Aminobenzoic Acid RS, and
USP Ethyl 4-Nitrobenzoate RS in Diluent
Sample solution: Nominally 1 mg/mL of benzocaine in Diluent prepared as follows
Ointments having water-soluble bases: Transfer a portion of Ointment, equivalent to
50 mg of benzocaine, into a volumetric flask, and dissolve in Diluent.
Ointments having water-insoluble bases: Transfer a portion of Ointment, equivalent
to 50 mg of benzocaine, into a volumetric flask, and dissolve in about 10% of final
volume of tetrahydrofuran, then dilute with Diluent to volume. Pass through a suitable
filter of 0.45-µm pore size, discarding the first 2–3 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 10 between aminobenzoic acid and benzocaine, and between
benzocaine and ethyl 4-nitrobenzoate, System suitability solution
Relative standard deviation: NMT 2.0% for each peak corresponding to benzocaine,
aminobenzoic acid, and ethyl 4-nitrobenzoate, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aminobenzoic acid and ethyl 4-nitrobenzoate in the portion of
Ointment taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of aminobenzoic acid or ethyl 4-nitrobenzoate from the Sample solution
rS= peak response of the corresponding Reference Standard from the Standard solution
C=
S concentration of USP Aminobenzoic Acid RS or USP Ethyl 4-Nitrobenzoate RS in the
Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
Calculate the percentage of any other individual unspecified impurity in the portion of
Ointment taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for any other individual unspecified impurity from the Sample solution
rS= peak response of benzocaine from the Standard solution
C=
S concentration of USP Benzocaine RS in the Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
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Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Aminobenzoic acid
0.29
0.10
Benzocaine
1.0
—
Ethyl 4-nitrobenzoate
2.1
0.10
Any other individual unspecified impurity
—
0.10
Total impurities
—
1.0
1S (USP38)

PERFORMANCE TESTS
• Minimum Fill 755 : Meets the requirements
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : It
meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, protected from light, and avoid
prolonged exposure to temperatures exceeding 30
and store at room temperature at 15 –25 .

1S (USP38)

Add the following:
• USP Reference Standards 11
USP Aminobenzoic Acid RS
Benzoic acid, 4-amino.
C7 H7 NO2
137.14
USP Benzocaine RS
USP Ethyl 4-Nitrobenzoate RS
Benzoic acid, 4-nitro-, ethyl ester.
C9 H9 NO4
195.17
1S (USP38)

BRIEFING
Buprenorphine Compounded Buccal Solution, Veterinary. Because there is currently no
USP monograph for this dosage form and no commercially available liquid formulation at a 3mg/mL concentration, a new compounded preparation monograph is proposed based on a
validated stability-indicating method used to assess stability. Buprenorphine is used as an
analgesic for mild to moderate pain in companion animals. It may be administered
parenterally or by buccal administration, but the high first pass effect prevents swallowed
doses from achieving effective blood levels. Buprenorphine is dosed at 0.01–0.03 mg/kg
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bucally in cats and horses, but due to the more acidic salivary pH of dogs, doses of 0.12
mg/kg are required. Buprenorphine injection is approved for humans and is available at a
concentration of 0.3 mg/mL, but this concentration precludes administration of volumes
small enough for buccal absorption that avoid swallowing. Due to the renal toxicity of
nonsterioidal anti-inflammatory drugs (NSAIDs) in cats, many clinicians consider
buprenorphine to be the analgesic of choice in this species.
The liquid chromatographic procedure in the Assay is based on analyses validated using the
Hypersil BDS C8 brand of L7 column. The typical retention time for buprenorphine is about
5.8 min.
(CMP: J. Sun.)
Correspondence Number—C138700

Comment deadline: May 31, 2014
Add the following:
Buprenorphine Compounded Buccal Solution, Veterinary
DEFINITION
Buprenorphine Compounded Buccal Solution, Veterinary, contains NLT 90.0% and NMT 110.0%
of the labeled amount of buprenorphine (C29 H41 NO4 ).
Prepare Buprenorphine Compounded Buccal Solution, Veterinary 3 mg/mL as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 795 ).
Buprenorphine (as hydrochloride)
30 mg (32.4 mg)
Dextrose
500 mg
Sodium Citrate (anhydrous)
20 mg
Citric Acid Monohydrate
25 mg
Purified Water, a sufficient quantity to make
10 mL
Dissolve the Dextrose, Sodium Citrate Anhydrous, and Citric Acid Monohydrate in 5 mL of
Purified Water in a suitable calibrated container. Add the Buprenorphine hydrochloride powder
into the mixture and add sufficient Purified Water to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Acetonitrile and 10 mM ammonium acetate (80:20)
Standard solution: 0.3 mg/mL of buprenorphine prepared from USP Buprenorphine
Hydrochloride RS in methanol
Sample solution: Transfer 1 mL of Buccal Solution, Veterinary into a 10-mL volumetric
flask, dilute with methanol to volume, and mix well.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 2.1-mm × 5-cm; 5-µm packing L7
Column temperature: 40
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Flow rate: 0.25 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for buprenorphine is about 5.8 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of buprenorphine (C29 H41 NO4 ) in the
portion of Buccal Solution, Veterinary taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of buprenorphine from the Sample solution
rS= peak response of buprenorphine from the Standard solution
C=
S concentration of buprenorphine in the Standard solution (mg/mL)
C=
U nominal concentration of buprenorphine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.5–4.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at 2 –8 .
• Labeling: Label it to indicate that it is for veterinary use only. Label to indicate that it is for
buccal administration, and to state the Beyond-Use Date.
• Beyond-Use Date: NMT 90 day after the date on which it was compounded when stored at
2 –8
• USP Reference Standards 11
USP Buprenorphine Hydrochloride RS
1S (USP38)

BRIEFING
Chlordiazepoxide Hydrochloride for Injection, USP 37 page 2290. It is proposed to revise
the monograph as follows:
1.
Clarify the Definition and Assay by replacing their original brief cross-references to the
Chlordiazepoxide monograph with the procedure and specification details.
2.
Expand the Identification tests from their original brief cross-reference to the
Chlordiazepoxide Hydrochloride monograph to include the procedure details.
3.
Delete the cross-references to the Chlordiazepoxide and Chlordiazepoxide Hydrochloride
monographs from the Assay and the Other Requirements section.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
Interested parties are encouraged to submit specific and validated impurity procedures with
supporting data to further improve this monograph and other monographs containing
chlordiazepoxide or chlordiazepoxide hydrochloride.
(SM4: H. Joyce.)
Correspondence Number—C140003

Comment deadline: May 31, 2014
Chlordiazepoxide Hydrochloride for Injection
DEFINITION
Change to read:
Chlordiazepoxide Hydrochloride for Injection is Chlordiazepoxide Hydrochloride suitable for
parenteral use.
It contains NLT 98.0% and NMT 102.0% of the labeled amount of chlordiazepoxide
hydrochloride (C16 H14 ClN3 O·HCl), calculated on the dried basis. 1S (USP38)
IDENTIFICATION
Add the following:
•
A. Infrared Absorption 197K
1S (USP38)

Add the following:
•
B.
The retention time of the Sample solution corresponds to that of the Standard solution, as
obtained in the Assay. 1S (USP38)
Add the following:
•
C.
Solution A: 1 mg/mL of sodium nitrite in water
Solution B: 5 mg/mL of ammonium sulfamate in water
Solution C: 1 mg/mL of N-(1-naphthyl)ethylenediamine dihydrochloride in water
Sample: 20 mg of chlordiazepoxide hydrochloride from Chlordiazepoxide Hydrochloride for
Injection
Analysis: Add 5 mL of hydrochloric acid and 10 mL of water to the Sample, and heat to
boiling to effect hydrolysis. Allow the solution to cool, and add 2 mL of Solution A, 1 mL of
Solution B, and 1 mL of Solution C.
Acceptance criteria: A reddish violet color is produced. 1S (USP38)
ASSAY
Change to read:
• Procedure Proceed with Chlordiazepoxide Hydrochloride for Injection as directed in the
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Assay under Chlordiazepoxide, except to use USP Chlordiazepoxide Hydrochloride RS to
prepare the Standard solution.
Use low-actinic glassware.
Mobile phase: Methanol and water (60:40)
Standard solution: 0.2 mg/mL of USP Chlordiazepoxide Hydrochloride RS in Mobile phase
Sample stock solution: Nominally 2 mg/mL of chlordiazepoxide hydrochloride from
Chlordiazepoxide Hydrochloride for Injection prepared as follows. Transfer a suitable
portion of Chlordiazepoxide Hydrochloride for Injection, equivalent to 100 mg of
chlordiazepoxide hydrochloride, to a 50-mL volumetric flask. Dissolve in Mobile phase,
sonicate for 5 min, and dilute with Mobile phase to volume. Pass the resulting solution
through a membrane filter with a pore size of NMT 0.5 µm. Use the filtrate.
Sample solution: Nominally 0.2 mg/mL of chlordiazepoxide hydrochloride from Sample
stock solution in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3600 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of chlordiazepoxide hydrochloride
(C16 H14 ClN3 O·HCl) in the portion of Chlordiazepoxide Hydrochloride for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Chlordiazepoxide Hydrochloride RS in the Standard solution
(mg/mL)
CU= nominal concentration of chlordiazepoxide hydrochloride in the Sample solution
(mg/mL)
Acceptance criteria: 98.0–102.0% on the dried basis

1S (USP38)

PERFORMANCE TESTS
• Uniformity of Dosage Units
IMPURITIES

905 : Meets the requirements

PF 40(2): Mar.-Apr. 2014

246

• Heavy Metals, Method II 231 : NMT 20 ppm
• Organic Impurities
Standard solution A: 100 µg/mL of USP Chlordiazepoxide Related Compound A RS in
acetone
Standard solution B: 10 µg/mL of USP 2-Amino-5-chlorobenzophenone RS in acetone
Sample solution: Transfer nominally 50.0 mg of chlordiazepoxide from Chlordiazepoxide
Hydrochloride for Injection to a 10-mL conical flask, add 2.5 mL of acetone, and shake.
Allow any undissolved particles to settle, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volumes
Standard solution A and Standard solution B: 10 µL
Sample solution: 50 µL
Developing solvent system: Ethyl acetate
Spray reagent A: 2 N sulfuric acid
Spray reagent B: 1 mg/mL of sodium nitrite in water
Spray reagent C: 5 mg/mL of ammonium sulfamate in water
Spray reagent D: 1 mg/mL of N-(1-naphthyl)ethylenediamine dihydrochloride in water
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatogram in a chromatographic chamber (not previously saturated with
the Developing solvent system) using the Developing solvent system until the solvent
front has moved about three-fourths of the length of the plate. Remove the plate from
the developing chamber, mark the solvent front, and allow the solvent to evaporate.
Locate the spots on the plate by lightly spraying with Spray reagent A, drying at 105 for
15 min, then spraying in succession with Spray reagent B, Spray reagent C, and Spray
reagent D.
Acceptance criteria: Any spots from the Sample solution are not greater in size or
intensity than the spots at the respective RF values produced by Standard solution A and
Standard solution B, corresponding to NMT 0.1% of chlordiazepoxide related compound A
and to NMT 0.01% of 2-amino-5-chlorobenzophenone.
SPECIFIC TESTS
• pH 791
Sample solution: Chlordiazepoxide Hydrochloride for Injection in water (1 in 100)
Acceptance criteria: 2.5–3.5
• Completeness of Solution 641 : It dissolves in the solvent and in the concentration
recommended in the labeling to yield a clear solution.
• Constituted Solution: At the time of use, it meets the requirements in Injections
Labels and Labeling and Constituted Solutions.
• Loss on Drying 731
Analysis: Dry under vacuum over phosphorus pentoxide at 60 for 4 h.

1 ,
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Acceptance criteria: NMT 0.5%
• Bacterial Endotoxins Test 85 : It contains NMT 3.57 USP Endotoxin Units/mg of
chlordiazepoxide hydrochloride.
• Sterility Tests

71 : Meets the requirements

Change to read:
• Other Requirements: It responds to the Identification tests under Chlordiazepoxide
Hydrochloride.
1S (USP38)

It meets the requirements in Injections

1 , Labels and Labeling.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in Containers for Sterile Solids, as described in Injections
1 , protected from light.
• USP Reference Standards 11
USP 2-Amino-5-chlorobenzophenone RS
C13 H10 ClNO
231.68
USP Chlordiazepoxide Hydrochloride RS
USP Chlordiazepoxide Related Compound A RS
7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one 4-oxide.
C15 H11 ClN2 O2
286.72
USP Endotoxin RS
BRIEFING
Diclofenac Sodium and Misoprostol Delayed-Release Tablets. Because there is no existing
USP monograph for this dosage form, a new monograph, based on validated methods of
analysis, is proposed.
1.
The liquid chromatographic procedure in the Assay and in the Dissolution test for
misoprostol is based on analyses performed with the Agilent Zorbax SB-CN brand of
L10 column. The typical retention times for misoprostol in the Assay and in the
Dissolution test are about 7 and 9 min, respectively. The liquid chromatographic
procedure in the test for Organic Impurities: Misoprostol is based on analyses
performed with the Thermo Fisher Hypersil BDS C8 brand of L7 column. The typical
retention times for misoprostol and B-type misoprostol are about 24 and 38 min,
respectively.
2.
The liquid chromatographic procedure in the Assay and in the test for Organic
Impurities: Diclofenac Sodium is based on analyses performed with the Agilent
Zorbax SB-C8 brand of L7 column. The typical retention time for diclofenac is about
9 min. The liquid chromatographic procedure in the Dissolution test for diclofenac
sodium is based on analyses performed with the Thermo Fisher Hypersil BDS C8 brand
of L7 column. The typical retention time for diclofenac is about 4 min.
(SM3: E. Gonikberg.)
Correspondence Number—C121378

Comment deadline: May 31, 2014
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Add the following:
Diclofenac Sodium and Misoprostol Delayed-Release Tablets
DEFINITION
Diclofenac Sodium and Misoprostol Delayed-Release Tablets contain NLT 90.0% and NMT
110.0% of the labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ) and NLT 90.0% and NMT
110.0% of the labeled amount of misoprostol (C22 H38 O5 ).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Misoprostol
Diluent: Methanol and water (4:1)
Standard solution: 16 µg/mL of USP Misoprostol RS in Diluent. [Note—If outer
misoprostol layers of the Tablets contain hypromellose, the Standard solution should also
contain hypromellose at the same concentration as in the Sample solution.]
Sample solution: Gently break up one by one a quantity of Tablets equivalent to 0.4 mg
of misoprostol, and remove the inner diclofenac layers. [Note—Keep the diclofenac
layers for the Identification test for Diclofenac sodium.]Transfer the outer misoprostol
layers to a 25-mL volumetric flask. Add about 15 mL of Diluent, shake for 30 min, dilute
with Diluent to volume, and mix well. Transfer a portion of the solution into a glass
centrifuge tube, and centrifuge for 10 min under refrigerated conditions (10 ). Use the
supernatant.
Cell: 1 cm
Blank: Diluent
Acceptance criteria: Meet the requirements
Diclofenac sodium
Cell: 0.05 cm
Blank: Methanol
Standard solution: 0.1 mg/mL of USP Diclofenac Sodium RS in methanol
Sample solution: Transfer the diclofenac inner layers reserved from the Identification
test for Misoprostol to a 100-mL volumetric flask. Add about 60 mL of methanol, shake
for 10 min, dilute with methanol to volume, and mix well. Further dilute a suitable volume
of the solution to obtain a solution containing about 0.1 mg/mL of diclofenac sodium,
based on the label claim. Pass a portion of the solution through a
polytetrafluoroethylene (PTFE) with glass microfiber (GMF) filter of 0.45-µm pore size.
Discard the first few mL of filtrate, and use the filtrate. [Note—A suitable filter is
available as GD/X Syringe Filter, Whatman, www.whatman.com, catalog no. 6874-2504.]
Acceptance criteria: Meet the requirements
• B.
Misoprostol: The retention time of the misoprostol peak of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay for Misoprostol.
Diclofenac sodium: The retention time of the diclofenac peak of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay for Diclofenac
Sodium.
ASSAY
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• Misoprostol
Buffer: Prepare 0.025 M monobasic potassium phosphate, pH 6.5, as follows. Adjust a
solution containing 3.4 g/L of monobasic potassium phosphate in water with 1 N sodium
hydroxide to a pH of 6.5.
Mobile phase: Acetonitrile and Buffer (45:55)
Standard solution: 0.01 mg/mL of USP Misoprostol RS in Mobile phase, using sonication as
needed
Sample solution: Nominally 0.01 mg/mL of misoprostol, prepared as follows. Using a
quantity of Tablets equivalent to 5 mg of misoprostol, place one Tablet at a time on its
edge inside a well-folded piece of weighing paper. Tap very carefully the edge of the
Tablet with a pestle to separate the Tablet into the outer and inner layers. Remove the
inner core containing diclofenac. Transfer the outer portions of the Tablets, containing
misoprostol, into a 500-mL volumetric flask containing a magnetic stir bar, and add 250 mL
of acetonitrile. Stir the flask for 1 h. Add 150 mL of water, and stir for an additional 30 min
or until the Tablets are completely disintegrated. Remove the stir bar, rinse it inside the
flask with water, dilute with water to volume, and mix well. Transfer a portion of the
solution into a glass centrifuge tube, and centrifuge for 10 min under refrigerated
conditions (10 ). Use the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 5-µm packing L10
Temperatures
Column: 35
Autosampler: 10
Flow rate: 1.0 mL/min
Injection volume: 80 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of misoprostol (C22 H38 O5 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Misoprostol RS in the Standard solution (mg/mL)
C=
U nominal concentration of misoprostol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
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• Diclofenac Sodium
Buffer: Mix equal volumes of 0.01 M phosphoric acid and 0.01 M monobasic sodium
phosphate. If necessary, adjust with additional portions of the appropriate component to
a pH of 2.5.
Mobile phase: Methanol and Buffer (70:30)
Diluent: Methanol and water (70:30)
System suitability solution: 20 µg/mL of diethyl phthalate, 8 µg/mL of USP Diclofenac
Related Compound A RS, and 0.75 mg/mL of USP Diclofenac Sodium RS in Diluent
Standard solution: 0.75 mg/mL of USP Diclofenac Sodium RS in Diluent, using sonication as
needed
Sample stock solution: Transfer a quantity of Tablets, equivalent to 1500 mg of
diclofenac sodium, into a 1000-mL volumetric flask containing a magnetic stir bar. Add 700
mL of Diluent, and stir for 60 min, or until the Tablets are completely disintegrated.
Remove the stir bar, rinse it with Diluent, and sonicate the sample for 15 min. Allow the
sample to cool to room temperature, dilute with Diluent to volume, and mix well.
Sample solution: Nominally 0.75 mg/mL of diclofenac sodium prepared as follows. Transfer
10.0 mL of the Sample stock solution into a 20-mL volumetric flask, and dilute with Diluent
to volume. Pass a portion of the solution through a PTFE with GMF filter of 0.45-µm pore
size, discarding the first few mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for diethyl phthalate, diclofenac related compound A,
and diclofenac are about 0.6, 0.7, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.2 between the diethyl phthalate and diclofenac related compound A
peaks; NLT 6.5 between the diclofenac related compound A and diclofenac peaks,
System suitability solution
Tailing factor: NMT 2, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Diclofenac Sodium RS in the Standard solution (mg/mL)
C=
U nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
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Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Misoprostol
Medium: Water; 500 mL, deaerated
Apparatus 2: 50 rpm
Time: 20 min
Buffer: Proceed as directed in the Assay for Misoprostol.
Standard stock solution: Transfer 4 mg of USP Misoprostol RS into a 100-mL volumetric
flask, add 20 mL of acetonitrile, and shake for about 15 min. If outer misoprostol layers
of the Tablets contain hypromellose, add a suitable amount of hypromellose to the flask
to achieve the same final concentration of hypromellose in the Standard solution as
expected in the Sample solution. Add 20 mL of water, and sonicate for about 2 min. Add
water up to the neck of the flask, and allow the solution to cool to room temperature
before the final dilution to volume.
Standard solution: About 0.0004 mg/mL of USP Misoprostol RS prepared as follows.
Dilute 2.0 mL of the Standard stock solution with Medium to 200 mL.
Sample solution: Pass a portion of the solution under test through a suitable filter of 10µm pore size.
Mobile phase: Acetonitrile and Buffer (42:58)
Chromatographic system: Proceed as directed in the Assay for Misoprostol, except use
an injection volume of 200 µL.
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of misoprostol (C22 H38 O5 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Misoprostol RS in the Standard solution (mg/mL)
L= labeled amount of misoprostol (mg/Tablet)
V= volume of Medium, 500 mL
Tolerances: NLT 75% (Q) of the labeled amount of misoprostol (C22 H38 O5 ) is dissolved.
Diclofenac sodium
Proceed as directed in the chapter for Dissolution 711 , Apparatus 1 and Apparatus 2,
Delayed-Release Dosage Forms, Method A.
Acid stage medium: 0.1 N hydrochloric acid, 750 mL, deaerated
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Buffer stage medium: After 2 h, add 250 mL of 0.2 M tribasic sodium phosphate to the
Acid stage medium, and if needed, adjust with either 2 N hydrochloric acid or 2 N
sodium hydroxide to a pH of 6.8.
Apparatus 2: 100 rpm
Time: 2 h for Acid stage; 45 min for Buffer stage
Buffer: Prepare a 0.025 M monobasic potassium phosphate buffer, pH of 3.0, as follows.
Adjust a solution containing 3.4 g/L of monobasic potassium phosphate in water with
phosphoric acid to a pH of 3.0.
Mobile phase: Acetonitrile and Buffer (60:40)
Standard stock solution: 0.68 mg/mL of USP Diclofenac Sodium RS, first dissolved in 0.1
N sodium hydroxide using about 10% of the final volume, and then diluted with water to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Acid stage
Acid stage standard solution: 13.6 µg/mL of USP Diclofenac Sodium RS prepared as
follows. Transfer 2.0 mL of the Standard stock solution to a 100-mL volumetric flask,
and dilute with a mixture of 0.1 N hydrochloric acid and 5 N sodium hydroxide (900:20)
to volume.
Acid stage sample solution: Run the test in Acid stage medium for 2 h. Withdraw a
10-mL aliquot, transfer it to a flask containing 1.0 mL of 1 N sodium hydroxide, and mix
well. Pass a portion of this solution through a suitable filter of 10-µm pore size.
System suitability
Sample: Acid stage standard solution
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Acid stage standard solution and Acid stage sample solution
Calculate the percentage of the labeled amount of diclofenac sodium
(C14 H10 Cl2 NNaO2 ) dissolved during the Acid stage:
Result = (rU/rS) × (CS/L) × V × D × 100
rU= peak response from the Acid stage sample solution
rS= peak response from the Acid stage standard solution
C=
S concentration of USP Diclofenac Sodium RS in the Acid stage standard solution
(mg/mL)
L= labeled amount of diclofenac sodium (mg/Tablet)
V= volume of Acid stage medium, 750 mL
D= dilution factor for the Acid stage sample solution (1.1)
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Tolerances: NMT 10% of the labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ) is
dissolved. The percentage of the labeled amount of diclofenac sodium dissolved at the
time specified conforms to Acceptance Table 3 in Dissolution 711 .
Buffer stage
Buffer stage standard solution: 13.6 µg/mL of USP Diclofenac Sodium RS prepared as
follows. Transfer 2.0 mL of the Standard stock solution to a 100-mL volumetric flask,
and dilute with Buffer stage medium to volume.
Buffer stage sample solution: Pass a portion of the solution under test through a
suitable filter of 10-µm pore size.
System suitability
Sample: Buffer stage sample solution
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Buffer stage standard solution and Buffer stage sample solution
Calculate the percentage of the labeled amount of diclofenac sodium
(C14 H10 Cl2 NNaO2 ) dissolved during the Buffer stage:
Result = (rU/rS) × (CS/L) × (V

VS) × 100

rU= peak response from the Buffer stage sample solution
rS= peak response from the Buffer stage standard solution
C=
S concentration of USP Diclofenac Sodium RS in the Buffer stage standard solution
(mg/mL)
L= labeled amount of diclofenac sodium (mg/Tablet)
V= volume of Buffer stage medium, 1000 mL
V=
S volume of sample taken during the Acid stage, 10 mL
Tolerances: NLT 75% (Q) of the labeled amount of diclofenac sodium
(C14 H10 Cl2 NNaO2 ) is dissolved. The percentage of the labeled amount of diclofenac
sodium dissolved at the time specified conforms to Acceptance Table 4 in Dissolution
711 .
• Uniformity of Dosage Units 905 : Meet the requirements for Content Uniformity for
diclofenac sodium and misoprostol
IMPURITIES
• Organic Impurities: Misoprostol
Buffer: Prepare as directed in the Assay for Misoprostol.
Solvent mixture: Acetonitrile and methanol (26:28)
Mobile phase: Solvent mixture and Buffer (58:42)
Diluent: Acetonitrile and water (50:50)
Standard stock solution: Use the Standard solution prepared as directed in the Assay for
Misoprostol.
Standard solution: 0.001 mg/mL of USP Misoprostol RS prepared as follows. Transfer 5 mL
of the Standard stock solution to a 50-mL volumetric flask, and dilute with Diluent to
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volume.
Sample solution: Nominally 0.1 mg/mL of misoprostol prepared as follows. Using a quantity
of Tablets equivalent to 2 mg of misoprostol, place one Tablet at a time on its edge inside
a well-folded piece of weighing paper. Tap very carefully the edge of the Tablet with a
pestle to separate the Tablet into the outer and inner layers. Remove the inner core
containing diclofenac sodium. Fold back the outer layers of the Tablets containing
misoprostol, and gently grind them. Transfer the ground outer layers into a 20-mL
volumetric flask containing a magnetic stir bar, add 10 mL of acetonitrile, and stir the flask
for 2 h. Allow the sample to stand for 10 min, transfer a portion of the solution into a
glass centrifuge tube, and centrifuge for 10 min under refrigerated conditions (10 ).
Transfer 2.5 mL of the supernatant into a 5-mL volumetric flask, and dilute with water to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 and 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Temperatures
Column: 35
Autosampler: 10
Flow rate: 0.6 mL/min
Run time: About 2.5 times the retention time of the misoprostol peak
Injection volume: 100 µL
System suitability
Sample: Standard solution at 200 nm
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 8-epimisoprostol, A-type misoprostol, and any other individual
impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) ×100
rU= peak response at 200 nm of any impurity from the Sample solution
rS= peak response at 200 nm of misoprostol from the Standard solution
C=
S concentration of USP Misoprostol RS in the Standard solution (mg/mL)
C=
U nominal concentration of misoprostol in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Calculate the percentage of B-type misoprostol in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) 100
rU= peak response at 280 nm of B-type misoprostol from the Sample solution
rS= peak response at 200 nm of misoprostol from the Standard solution
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C=
S concentration of USP Misoprostol RS in the Standard solution (mg/mL)
C=
U nominal concentration of misoprostol in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.

Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

8-Epimisoprostola
0.87
0.93
2.0b
Misoprostol
1.0
1.0
—
c
d
1.5
0.5%
B-Type misoprostol
4.8
1.6
1.0%
A-Type misoprostole
1.7
Any other individual impurity
—
1.0
0.6%
a Methyl(1S*,2R*,3R*)-3-hydroxy-2-[(E)-4-hydroxy-4-methyl-1-octenyl]-5oxocyclopentaneheptanoate.
b 12-Epimisoprostol, which is a process impurity controlled in the drug substance, and 8epimisoprostol are not separated by this method and should be integrated together to
determine conformance.
c (E)-Methyl 7-[2-(4-hydroxy-4-methyloct-1-enyl)-5-oxocyclopent-1-enyl]heptanoate.
d Impurity peak response determined at 280 nm, quantitated against the misoprostol peak
response determined at 200 nm.
e Methyl 7-[(1R*,2S*)-2-[(E)-4-hydroxy-4-methyloct-1-enyl]-5-oxocyclopent-3enyl]heptanoate.
• Organic Impurities: Diclofenac Sodium
Mobile phase, Diluent, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay for Diclofenac Sodium.
Standard solution: 0.004 mg/mL of USP Diclofenac Related Compound A RS in Diluent
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for diethyl phthalate, diclofenac related compound A,
and diclofenac are about 0.6, 0.7, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.2 between the diethyl phthalate and diclofenac related compound A
peaks; NLT 6.5 between the diclofenac related compound A and diclofenac peaks,
System suitability solution
Tailing factor: NMT 2, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diclofenac related compound A and any other individual
impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Diclofenac Related Compound A RS in the Standard solution
(mg/mL)
C=
U nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities
Diclofenac related compound A: NMT 0.5%
Any other individual impurity: NMT 0.2%
Total impurities: The sum of all impurities found in the tests for Organic Impurities:
Misoprostol and Organic Impurities: Diclofenac Sodium is NMT 3.0%.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Diclofenac Related Compound A RS
N-(2,6-Dichlorophenyl)indolin-2-one.
C14 H9 Cl2NO
278.14
USP Diclofenac Sodium RS
USP Misoprostol RS
1S (USP38)

BRIEFING
Diphenhydramine Hydrochloride Capsules, USP 37 page 2654. As part of USP monograph
modernization efforts, it is proposed to make the following changes:
1.
The current Assay procedure is replaced with a validated new HPLC procedure. The
liquid chromatographic procedure for the Assay is based on analyses performed with
a YMC-Pack Pro C8 brand of L7 column. The typical retention time for
diphenhydramine hydrochloride is 5 min.
2.
The test for Organic Impurities is based on the validated HPLC procedure. The liquid
chromatographic procedure in the test for Organic Impurities is based on analyses
performed with a YMC-Pack Pro C8 brand of L7 column. The typical retention time for
diphenhydramine hydrochloride is 5 min.
3.
USP Diphenhydramine Related Compound A RS is added to the USP Reference Standards
<11> section to support the proposed revision in the test for Organic Impurities.
4.
The Packaging and Storage section is updated to include storage conditions.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. S. Prasad.)
Correspondence Number—C123170

Comment deadline: May 31, 2014
Diphenhydramine Hydrochloride Capsules
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DEFINITION
Diphenhydramine Hydrochloride Capsules contain NLT 90.0% and NMT 110.0% of the labeled
amount of diphenhydramine hydrochloride (C17 H21 NO·HCl).
IDENTIFICATION
• A. Identification—Organic Nitrogenous Bases 181 : The contents of the Capsules meet
the requirements.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, triethylamine, and water (100:1:100). Adjust with glacial
acetic acid to a pH of 6.5.
System suitability solution: 5 mg of benzophenone in 5 mL of acetonitrile. Dilute with
water to 100 mL. Transfer 1.0 mL of this solution and 5 mg of diphenhydramine
hydrochloride to a 10-mL volumetric flask, and dilute with water to volume.
Standard solution: 0.5 mg/mL of USP Diphenhydramine Hydrochloride RS in water
Sample solution: Nominally equivalent to 0.5 mg/mL of diphenhydramine hydrochloride
from Capsule contents in water and filter
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L10
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between benzophenone and diphenhydramine, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of labeled amount of diphenhydramine hydrochloride
(C17 H21 NO·HCl) in the portion of Capsule contents taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
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CS= concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U nominal concentration of diphenhydramine hydrochloride in the Sample solution
(mg/mL)
Buffer: 5.4 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 3.0.
Mobile phase: See Table 1.
Table 1
Time
Buffer Acetonitrile
(min)
(%)
(%)
0
65
35
4
65
35
7
20
80
9
65
35
13
65
35
Diluent: Acetonitrile and Buffer (35:65)
System suitability solution: 0.1 mg/mL each of USP Diphenhydramine Related Compound
A RS and USP Diphenhydramine Hydrochloride RS in Diluent
Standard solution: 0.07 mg/mL of USP Diphenhydramine Hydrochloride RS in Diluent
Sample stock solution: Weigh and combine the contents of NLT 20 Capsules. Transfer an
accurately weighed portion of the combined Capsule contents, equivalent to about 50 mg
of diphenhydramine hydrochloride, to a 100-mL volumetric flask. Dissolve in and dilute
with water to volume, and filter.
Sample solution: 0.07 mg/mL of diphenhydramine hydrochloride in Diluent from Sample
stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for diphenhydramine related compound A and
diphenhydramine hydrochloride are about 0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between diphenhydramine hydrochloride and diphenhydramine
related compound A, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of labeled amount of diphenhydramine hydrochloride
(C17 H21 NO·HCl) in the portion of Capsules taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of diphenhydramine hydrochloride from the Sample solution
rS= peak response of diphenhydramine hydrochloride from the Standard solution
CS= concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution
(mg/mL)
CU= nominal concentration of diphenhydramine hydrochloride in the Sample solution
(mg/mL)
1S (USP38)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution, Procedure for a Pooled Sample 711
Medium: Water; 500 mL
Apparatus 1: 100 rpm
Time: 30 min
Mobile phase: Proceed as directed in the Assay.
Standard solution: USP Diphenhydramine Hydrochloride RS in Medium, at a known
concentration similar to that of the Sample solution
Sample solution: Dilute with Medium to a concentration that is similar to that of the
Standard solution.
Chromatographic system: Proceed as directed in the Assay, except use an Injection
volume of 50 µL.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diphenhydramine hydrochloride
(C17 H21 NO·HCl) dissolved.
Tolerances: NLT 80% (Q) of the labeled amount of diphenhydramine hydrochloride
(C17 H21 NO·HCl) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Buffer, Diluent, and System suitability solution: Proceed as directed in the Assay.
Mobile phase: Acetonitrile and Buffer (35:65)
Standard solution: 0.02 mg/mL of USP Diphenhydramine Hydrochloride RS and 0.01 mg/mL
of USP Diphenhydramine Related Compound A RS in Diluent
Sample solution: Prepare a solution nominally equivalent to 2 mg/mL of Diphenhydramine
Hydrochloride in Diluent as follows. Remove the contents of NLT 20 Capsules as
completely as possible, and weigh. Transfer a portion of the powder, nominally equivalent
to 100 mg of diphenhydramine hydrochloride, to a 50-mL volumetric flask. Dilute with
Diluent to volume. Sonicate the solution for 5 min.
Chromatographic system: Proceed as directed in the Assay, except use a run time 10
times the retention time of diphenhydramine.
System suitability
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Sample: System suitability solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between diphenhydramine and diphenhydramine related compound
A
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diphenhydramine related compound A in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of diphenhydramine related compound A from the Sample solution
rS= peak response of diphenhydramine related compound A from the Standard solution
C=
S concentration of USP Diphenhydramine Related Compound A RS in the Standard solution
(mg/mL)
C=
U nominal concentration of diphenhydramine hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of each degradation product in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each degradation product from the Sample solution
rS= peak response of diphenhydramine in the Standard solution
C=
S concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U nominal concentration of diphenhydramine hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
Table 2
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Diphenhydramine related compound A
0.9
—
0.5
Diphenhydramine hydrochloride
1
1.0
—
a
Diphenhydramine N-oxide
3.0
1.2
1.0
Benzophenone
4.7
5.5
0.4
Benzhydrol
9.3
0.23
1.5
Individual unspecified impurity
—
—
1.0
a 2-(Benzhydryloxy)-N,N-dimethylethan-1-amine oxide.
1S (USP38)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
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Store at controlled room temperature.

1S (USP38)

Change to read:
• USP Reference Standards 11
USP Diphenhydramine Hydrochloride RS
USP Diphenhydramine Related Compound A RS
2-(Diphenylmethoxy)-N-methylethanamine hydrochloride.
C16 H19 NO·HCl
277.79 1S (USP38)
BRIEFING
Diphenoxylate Hydrochloride, USP 37 page 2657. As part of USP monograph modernization
efforts, the following revisions, based on the European Pharmacopoeia monograph, are
proposed:
1.
The non-specific TLC test for Ordinary Impurities is replaced with a test for Organic
Impurities. This procedure is based on methods of analyses performed with the
Inertsil ODS-3 brand of L1 column. The typical retention time of the diphenoxylate
peak is about 16 min.
2.
The titration procedure for the Assay is revised to eliminate the use of mercuric
acetate, which is a safety hazard.
3.
Identification test B, based on the UV absorption, is deleted. The remaining
Identification tests are capable of identifying the drug substance.
4.
The nonspecific test for Melting Range or Temperature is deleted. This test is no longer
necessary because a specific HPLC-based test for Organic Impurities is added.
5.
The Packaging and Storage section is revised to add storage requirements, and to
indicate that the drug substance should be protected from light.
6.
Chemical names in the chemical information section are updated to reflect current
naming conventions.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: E. Gonikberg.)
Correspondence Number—C125946

Comment deadline: May 31, 2014
Diphenoxylate Hydrochloride
Change to read:

C30 H32 N2 O2 ·HCl

489.05
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4-Piperidinecarboxylic acid, 1-(3-cyano-3,3-diphenylpropyl)-4-phenyl-, ethyl ester,
monohydrochloride ;
hydrochloride; 1S (USP38)
Ethyl 1-(3-cyano-3,3-diphenylpropyl)-4-phenylisonipecotate monohydrochloride
Ethyl 1-(3-cyano-3,3-diphenylpropyl)-4-phenylpiperidine-4-carboxylate hydrochloride
1S (USP38)

[3810-80-8].
DEFINITION
Diphenoxylate Hydrochloride contains NLT 98.0% and NMT 102.0% of diphenoxylate
hydrochloride (C30 H32 N2 O2 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
•
B. Ultraviolet Absorption 197U
Sample solution: 500 µg/mL in hydrochloric acid and methanol (1:1000)

1S (USP38)

Change to read:
• C.
B. 1S (USP38)
Identification Tests—General, Chloride

191 : A saturated solution meets the requirements.

ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 300 mg of Diphenoxylate Hydrochloride in 75 mL of glacial
acetic acid.
Analysis: To the Sample solution, add 4 mL of mercuric acetate TS, and titrate with 0.1
N perchloric acid VS to a potentiometric endpoint. Each mL of 0.1 N perchloric acid is
equivalent to 48.91 mg of C30 H32 N2 O2 ·HCl.
Sample: 400 mg of Diphenoxylate Hydrochloride
Analysis: Dissolve the Sample in 40 mL of alcohol and add 5.0 mL of 0.01 N hydrochloric
acid. Titrate with 0.1 N alcoholic sodium hydroxide VS (see Titrimetry 541 ),
determining the endpoint potentiometrically. Read the volume of 0.1 N alcoholic sodium
hydroxide added between the two points of inflection. Each mL of 0.1 N alcoholic
sodium hydroxide is equivalent to 48.91 mg of diphenoxylate hydrochloride
(C30 H32 N2 O2 ·HCl). 1S (USP38)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
Delete the following:
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Delete the following:
• Ordinary Impurities 466
Sample solution: Chloroform
Standard solution: Chloroform
Eluant: Chloroform, cyclohexane, dehydrated alcohol, and formic acid (50:40:10:1)
Visualization: 17; then examine the plate immediately under short-wavelength UV light.
Acceptance criteria: The sum of the intensities of all secondary spots obtained from the
Sample solution corresponds to NMT 1.0%. 1S (USP38)
Add the following:
•
Organic Impurities
Solution A: Adjust 900 mL of water with phosphoric acid to a pH of 2.3, and dilute with
water to 1000 mL.
Solution B: Acetonitrile
Mobile phase: See Table 1. Return to original conditions and re-equilibrate the system.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
5
75
25
40
15
85
Diluent: Acetonitrile and Solution A (50:50)
System suitability solution: 1.0 mg/mL of USP Diphenoxylate Hydrochloride RS and 0.005
mg/mL of USP Diphenoxylate Related Compound A RS in Diluent. Sonicate for about 2 min
to dissolve.
Standard solution: 1.0 µg/mL of USP Diphenoxylate Hydrochloride RS in Diluent
Sensitivity solution: 0.5 µg/mL of USP Diphenoxylate Hydrochloride RS in Diluent from
Standard solution
Sample solution: 1.0 mg/mL of Diphenoxylate Hydrochloride in Diluent. Sonicate for about
2 min to dissolve.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
Resolution: NLT 5.0 between diphenoxylate related compound A and diphenoxylate,
System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of each individual impurity in the portion of Diphenoxylate
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response for diphenoxylate from the Standard solution
C=
S concentration of USP Diphenoxylate Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Diphenoxylate Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any peak below 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Diphenoxylic acid (diphenoxylate related compound A)
0.8
0.15
Diphenoxylate
1.0
—
Any other individual impurity
—
0.10
Total impurities
—
0.5
1S (USP38)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 220 –226

1S (USP38)

• Loss on Drying 731
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers,
protected from light. Store at room temperature. 1S (USP38)
Change to read:
• USP Reference Standards 11
USP Diphenoxylate Hydrochloride RS
USP Diphenoxylate Related Compound A RS
Diphenoxylic acid;
1-(3-Cyano-3,3-diphenylpropyl)-4-phenylpiperidine-4-carboxylic acid.
C28 H28 N2 O2
424.53 1S (USP38)
BRIEFING
Donepezil Hydrochloride, USP 37 page 2697. It is proposed to revise the monograph as
follows:
1.
Replace Organic Impurities, Procedure 1 and Procedure 2 with a single HPLC procedure

PF 40(2): Mar.-Apr. 2014

265

named Organic Impurities. The proposed test for Organic Impurities is based on
Organic Impurities, Procedure 2 with some modifications such as adjusting the pH of
the Mobile phase from 6.5 to 6.6 ± 0.1. USP has received comments and supporting
data which indicate that the proposed test for Organic Impurities is suitable for all of
the specified impurities from Procedure 1 and Procedure 2.
2.
Update the system suitability criteria in the proposed test for Organic Impurities by
adding resolution and signal-to-noise ratio requirements, revising the tailing factor
requirement, and including two new solutions to support the proposed requirements.
The proposed procedure is based on analyses conducted using the Phenomenex Luna
C18(2) brand of L1 column. The typical retention time of donepezil is about 12 min.
3.
Update the impurities, relative retention times, and relative response factors in
proposed Table 2.
4.
Revise the note in the Assay to support the proposed test for Organic Impurities.
5.
Revise the test for Water Determination to allow the Test Preparation for anhydrous
forms to be prepared as directed for a hygroscopic specimen.
6.
Modify the Labeling requirement to support the proposed test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: H. Joyce.)
Correspondence Number—C117186; C138688

Comment deadline: May 31, 2014
Donepezil Hydrochloride
Change to read:

C24 H29 NO3 ·HCl
415.95
C24 H29 NO3 ·HCl·H2 O
433.97
5,6-Dimethoxyindan-1-one, 2-[(1-benzyl-4-piperidyl)methyl]-, (±)-, hydrochloride;
(±)-2-[(1-Benzyl-4-piperidyl)methyl]-5,6-dimethoxy-1-indanone hydrochloride
3].
Monohydrate [884740-09-4].
1S (USP38)

DEFINITION

1S (USP38)

[120011-70-

PF 40(2): Mar.-Apr. 2014

Donepezil Hydrochloride contains NLT 98.0% and NMT 102.0% of donepezil hydrochloride
(C24 H29 NO3 ·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
[Note—If the spectra obtained in the solid state show differences, dissolve the substance to
be examined and the USP Donepezil Hydrochloride RS separately in dichloromethane,
evaporate to dryness, and record new spectra using the residues.]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride 191
Sample solution: 10 mg/mL
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Buffer: 3.9 g/L of sodium 1-decane sulfonate in water
Mobile phase: Acetonitrile and Buffer (35:65). Adjust with perchloric acid to a pH of 1.8.
System suitability solution: 0.4 mg/mL of USP Donepezil Hydrochloride RS and 0.016
mg/mL of USP Donepezil Related Compound A RS prepared as follows. Dissolve suitable
quantities of USP Donepezil Hydrochloride RS and USP Donepezil Related Compound A RS
using 40% of the flask volume of methanol, and dilute with water to volume.
Standard solution: 0.4 mg/mL of USP Donepezil Hydrochloride RS in Mobile phase
Sample solution: 0.4 mg/mL of Donepezil Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 271 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.4 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—Refer to Table 1 under Organic Impurities, Procedure 1 for the relative retention
times.]
[
Note—The relative retention times for donepezil related compound A and donepezil are
0.92 and 1.0, respectively.] 1S (USP38)
Suitability requirements
Resolution: NLT 1.5 between donepezil related compound A and donepezil, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution

266
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Calculate the percentage of donepezil hydrochloride (C24 H29 NO3 ·HCl) in the portion of
Donepezil Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of donepezil hydrochloride from the Sample solution
rS= peak response of donepezil hydrochloride from the Standard solution
C=
S concentration of USP Donepezil Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Donepezil Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 ppm

• Residue on Ignition 281 : NMT 0.1%
Delete the following:
•
Organic Impurities, Procedure 1
[Note—On the basis of the synthetic route, perform either Procedure 1 or Procedure 2.
Procedure 2 is recommended if any of the impurities included in Table 3 are potential
related compounds. ]
Mobile phase, System suitability solution, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
Standard solution: 0.8 µg/mL of USP Donepezil Hydrochloride RS in Mobile phase
System suitability
Samples: System suitability solution and Standard solution
[Note—Refer to Table 1 for the relative retention times. ]
Suitability requirements
Resolution: NLT 1.5 between donepezil related compound A and donepezil, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Donepezil Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual impurity from the Sample solution
rS= peak response of donepezil hydrochloride from the Standard solution
C=
S concentration of USP Donepezil Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Donepezil Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
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Name

Relative
Retention
Time
0.33
0.54

Acceptance
Criteria,
NMT (%)
0.2
0.2

Desbenzyl donepezila
Hydroxydonepezilb
Donepezil related compound Ac
0.92
0.1
Donepezil hydrochloride
1.0
—
Any individual unspecified impurity
—
0.1
Total impurities
—
1.0
a 5,6-Dimethoxy-2-(piperidin-4-ylmethyl)indan-1-one.
b 2-[(1-Benzylpiperidin-4-yl)(hydroxy)methyl]-5,6-dimethoxyindan-1-one.
c (E)-2-[(1-Benzylpiperidin-4-yl)methylene]-5,6-dimethoxyindan-1-one.
1S (USP38)

Change to read:
• Organic Impurities , Procedure 2
1S (USP38)

Solution A: Add 1 mL of phosphoric acid in 1 L of water. Adjust with triethylamine to a pH
of 6.5.
6.6 ± 0.1. 1S (USP38)
Pass through a filter of 0.45-µm or finer pore size.
Solution B: Acetonitrile
Mobile phase: See Table 2
Table 1. 1S (USP38)
Table 2
1 1S (USP38)
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
10
40
60
40
40
60
41
75
25
50
75
25
[
Note—The gradient was established on an HPLC system with a dwell volume of
approximately 0.65 mL.] 1S (USP38)
Diluent: Acetonitrile and water (25:75)
System suitability solution: 1 mg/mL of USP Donepezil Hydrochloride RS and 0.002 mg/mL
of USP Donepezil Related Compound A RS in Diluent
Sensitivity solution: 0.0015 mg/mL of USP Donepezil Hydrochloride RS in Diluent 1S (USP38)
Standard solution: 0.01 mg/mL of USP Donepezil Hydrochloride RS in Diluent. Sonication may
be used to aid the dissolution.
Sample solution: 1.0 mg/mL of Donepezil Hydrochloride in Diluent. Sonication may be used to
aid the dissolution.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 286 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples:
System suitability solution, Sensitivity solution, and 1S (USP38)
Standard solution
Suitability requirements
Column efficiency: NLT 40,000 theoretical plates
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%, for five replicate injections
Resolution: NLT 2.0 between donepezil and donepezil related compound A, System
suitability solution
Tailing factor: NMT 1.5 for donepezil, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
1S (USP38)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Donepezil Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of any individual impurity from the Sample solution
rS= peak response of donepezil hydrochloride from the Standard solution
C=
S concentration of USP Donepezil Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Donepezil Hydrochloride in the Sample solution (mg/mL)
F= relative response factor for the corresponding impurity peak Table 3
(see Table 2) 1S (USP38)
Acceptance criteria: See Table 3. Disregard peaks less than 0.01%.

Name

Table 3
Relative
Retention
Time*

Desbenzyl donepezila
Donepezil pyridine analog (DPMI)b
Donepezilbenzyl bromidec
Donepezil hydrochloride
Dehydrodeoxy donepezild

0.23
0.49
0.68
1.0
1.72

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.5
1.9
0.73
1.0
2.0

0.15
0.15
0.15
—
0.15
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2.12
0.67
0.15
Deoxydonepezile
Any individual unspecified impurity
—
1.0
0.1
Total impurities
—
—
0.5
* Relative retention times are based on 1-mL gradient delay volume.
a 5,6-Dimethoxy-2-(piperidin-4-ylmethyl)indan-1-one.
b 5,6-Dimethoxy-2-(pyridin-4-ylmethyl)indan-1-one.
c 1,1-Dibenzyl-4-[(5,6-dimethoxy-1-oxoindan-2-yl)methyl]piperidinium.
d 1-Benzyl-4-[(5,6-dimethoxyinden-2-yl)methyl]piperidine.
e 1-Benzyl-4-[(5,6-dimethoxyindan-2-yl)methyl]piperidine.
See Table 2. Disregard peaks less than 0.03%.
Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Desbenzyl donepezila
0.24
1.2
0.2
b
Donepezil alkene pyridine N-oxide
0.32
2.3
0.15
Donepezil- N-oxidec
0.46
1.1
—
Donepezil pyridine analog (DPMI)d
0.52
1.4
0.15
e
3-Hydroxydonepezil
0.59
1.0
0.15
Hydroxydonepezilf
0.68
0.86
0.2
Donepezil quarternary salt (donepezilbenzyl)g
0.77
0.74
0.15
Donepezil
1.0
—
—
Donepezil related compound A
1.08
3.4
0.1
h
Donepezil indene (dehydrodeoxy donepezil)
1.63
2.2
0.15
i
Deoxydonepezil
1.94
1.2
0.15
Any individual unspecified impurity
—
1.0
0.1
Total impurities
—
—
1.0
a 5,6-Dimethoxy-2-(piperidin-4-ylmethyl)indan-1-one.
b (E)-4-[(5,6-Dimethoxy-1-oxo-1H-inden-2-yl)methyl]pyridine 1-oxide.
c 1-Benzyl-4-[(5,6-dimethoxy-1-oxo-2,3-dihydro-1H-inden-2-yl)methyl]piperidine 1-oxide.
d 5,6-Dimethoxy-2-(pyridin-4-ylmethyl)indan-1-one.
e 2-[(1-Benzylpiperidin-4-yl)methyl]-3-hydroxy-5,6-dimethoxy-1H-indan-1-one.
f 2-[(1-Benzylpiperidin-4-yl)(hydroxy)methyl]-5,6-dimethoxyindan-1-one.
g 1,1-Dibenzyl-4-[(5,6-dimethoxy-1-oxoindan-2-yl)methyl]piperidinium.
h 1-Benzyl-4-[(5,6-dimethoxyinden-2-yl)methyl]piperidine.
i 1-Benzyl-4-[(5,6-dimethoxyindan-2-yl)methyl]piperidine.
1S (USP38)

SPECIFIC TESTS
Change to read:
• Water Determination, Method Ia

921
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1S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
Change to read:
• Labeling: Label to indicate whether it is the monohydrate form. If a test for Organic
Impurities other than Procedure 1 is used, the labeling states the test with which the
article complies.
Where it is the anhydrous form-I or the hydrated form, the label so indicates. 1S (USP38)
• USP Reference Standards 11
USP Donepezil Hydrochloride RS
USP Donepezil Related Compound A RS
(E)-2-[(1-Benzylpiperidin-4-yl)methylene]-5,6-dimethoxyindan-1-one.
C24 H27 NO3
377.48
BRIEFING
Econazole Nitrate, USP 37 page 2756. It is proposed to modernize the monograph with the
following changes:
1.
The current nonspecific Assay by titration is replaced with a specific high-performance
liquid chromatographic procedure developed and validated for this drug substance.
The procedure uses the YMC-Pack Pro C18 brand of L1 column, in which econazole
elutes at about 14.4 min. Alternatively, the Phenomenex Luna C18 brand L1 of
column also can be used for the procedure.
2.
Revise the acceptance criteria in the Definition and Assay from "NLT 98.5% and NMT
101.0%" to "NLT 98.0% and NMT 102.0%", which are typical for chomatographic
procedures.
3.
Replace the test for Organic Impurities by TLC with a more selective HPLC procedure
based on the European Pharmacopoeia, 7th ed. The procedure uses the same
chromatographic parameters as those proposed in the Assay.
4.
Replace Identification test B by UV with the retention time agreement based on the
Assay.
5.
Delete the test for Melting Range or Temperature, because it does not add value. This
is in line with the USP monograph modernization initiative.
6.
Add USP impurity reference standards to ensure the impurity separations and
quantitation in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: D. Min.)
Correspondence Number—C118199

Comment deadline: May 31, 2014
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Econazole Nitrate
Change to read:

C18 H15 Cl3 N2 O·HNO3

444.70

1H-Imidazole, 1-[2-[(4-chlorophenyl)methoxy]-2-(2,4-dichlorophenyl)ethyl]-, mononitrate, (±);
(±)-1-[2,4-Dichloro- -[(p-chlorobenzyl)oxy]phenethyl]-imidazole mononitrate
9].
[24169-02-6]. 1S (USP38)

[68797-31-

DEFINITION
Change to read:
Econazole Nitrate contains NLT 98.5% and NMT 101.0%
NLT 98.0% and NMT 102.0% 1S (USP38)
of econazole nitrate (C18 H15 Cl3 N2 O·HNO3 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Ultraviolet Absorption 197U
Medium: 0.1 N hydrochloric acid in methanol (1 in 10)
Sample solution: 800 µg/mL in Medium
Acceptance criteria: Meets the requirements
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
• C.
Sample solution: 10 mg with 5 mL of water
Analysis: Shake the Sample solution, and cool the resulting suspension in ice. Keeping the
suspension cool, add 0.4 mL of potassium chloride solution (1 in 10), 0.1 mL of
diphenylamine TS, and, dropwise with shaking, 5 mL of sulfuric acid.
Acceptance criteria: An intense blue color develops.
ASSAY
Change to read:
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• Procedure
Sample solution: 400 mg of Econazole Nitrate, accurately weighed, in 50 mL of glacial
acetic acid
Blank: Glacial acetic acid
Titrimetric system: (See Titrimetry 541 )
Mode: Direct titration
Titrant: 0.1N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution with Titrant to determine the endpoint
potentiometrically using a glass–calomel electrode system. Perform a Blank determination
and make any necessary correction. Each mL of 0.1 N perchloric acid is equivalent to
44.47 mg of econazole nitrate (C18 H15 Cl3 N2 O·HNO3 ).
Solution A: 0.77 g/L of ammonium acetate in water
Solution B: Methanol and Solution A (20:80)
Solution C: Acetonitrile and methanol (60:40)
Mobile phase: See Table 1.
Table 1
Time
Solution B Solution C
(min)
(%)
(%)
0
60
40
25
10
90
27
10
90
27.1
60
40
30
60
40
Diluent: Methanol and water (40:60)
Standard solution: 0.4 mg/mL of USP Econazole Nitrate RS in Diluent. [Note—Sonication
may be needed to dissolve the standard.]
Sample solution: 0.4 mg/mL of Econazole Nitrate in Diluent. [Note—Sonication may be
needed to dissolve the sample.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.5%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of econazole nitrate (C18 H15 Cl3 N2 O·HNO3 ) in the portion of
Econazole Nitrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of econazole from the Sample solution
rS= peak response of econazole from the Standard solution
CS= concentration of USP Econazole Nitrate RS in the Standard solution (mg/mL)
CU= concentration of Econazole Nitrate in the Sample solution (mg/mL)
1S (USP38)

Acceptance criteria: 98.5%–101.0%
98.0%–102.0% 1S (USP38)
on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Standard solution: 75 µg/mL of USP Econazole Nitrate RS in methanol
Sample solution: 20 mg/mL of Econazole Nitrate in methanol
Chromatographic system
(See Chromatography

621 )

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 20 µL
Developing solvent system: 1,4-dioxane, toluene, and 13.5 M ammonium hydroxide
(60:40:1)
Analysis
Samples: Standard solution and Sample solution
Apply separately 20 µL each of the Standard solution and the Sample solution to a
suitable thin-layer chromatographic plate coated with the Absorbent. Allow the spots
to dry, place the plate in a chromatographic chamber, and develop the chromatograms
in the Developing solvent system until the solvent front has moved about three-fourths
of the length of the plate. Remove the plate from the developing chamber, mark the
solvent front, and dry the plate in a current of air. Expose the plate to iodine vapors
for 1 h, and air-dry until the iodine has dissipated. Compare the intensities of any
secondary spots in the Sample solution with that of the principal spot of the Standard
solution.
Acceptance criteria: No individual secondary spots of the Sample solution are larger or
more intense than the principal spot produced by the Standard solution, corresponding to
NMT 0.375%, and the total of all such secondary spots observed is NMT 2.0%.
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.02 mg/mL each of USP Econazole Related Compound A RS, USP
Econazole Related Compound B RS, and USP Econazole Related Compound C RS, and
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0.01 mg/mL of USP Econazole Nitrate RS in methanol
Sample solution: 10 mg/mL of Econazole Nitrate in methanol
System suitability
Sample: Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between econazole related compound C and econazole
Relative standard deviation: NMT 3% for econazole related compound A,
econazole related compound B, econazole related compound C, and econazole
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of econazole related compound A, econazole related compound
B, or econazole related compound C in the portion of Econazole Nitrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of econazole related compound A, econazole related compound B, or
econazole related compound C from the Sample solution
rS= peak response of econazole related compound A, econazole related compound B, or
econazole related compound C from the Standard solution
CS= concentration of USP Econazole related compound A RS, USP Econazole Related
Compound B RS, or USP Econazole Related Compound C RS in the Standard solution
(mg/mL)
CU= concentration of Econazole Nitrate in the Sample solution (mg/mL)
Calculate the percentage of any other unspecified impurities in the portion of Econazole
Nitrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of econazole from the Standard solution
CS= concentration of USP Econazole Nitrate RS in the Standard solution (mg/mL)
CU= concentration of Econazole Nitrate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Econazole related compound A
0.2
0.375
Econazole related compound B
0.6
0.375
Econazole related compound C
0.8
0.375
Econazole
1.0
—
Any individual unspecified impurity
—
0.10
Total impurities
—
2.0
1S (USP38)

SPECIFIC TESTS
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Delete the following:
• Melting Range or Temperature

741 : 162 –166 , with decomposition

1S (USP38)

• Loss on Drying 731
Analysis: Dry at 105 to constant weight.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light.
Change to read:
• USP Reference Standards
USP Econazole Nitrate RS

11

USP Econazole Related Compound A RS
Deschlorobenzyl econazole;
1-(2,4-Dichlorophenyl)-2-(1H-imidazol-1-yl)ethanol.
C11 H10 Cl2 N2 O
257.12
USP Econazole Related Compound B RS
Econazole amine;
2-[(4-Chlorobenzyl)oxy]-2-(2,4-dichlorophenyl)ethanamine.
C15 H14 Cl3 NO
330.64
USP Econazole Related Compound C RS
Econazole quarternary salt;
1-(4-Chlorobenzyl)-3-{2-[(4-chlorobenzyl)oxy]-2-(2,4-dichlorophenyl)ethyl}-1Himidazol-3-ium nitrate (salt).
C25 H21 Cl14 N3 O4
569.26
1S (USP38)

BRIEFING
Epirubicin Hydrochloride, USP 37 page 2812. The following revisions are proposed:
1.
The names of the tests in the Impurities section are updated.
2.
The calculation formulas in the Assay and the test for Organic Impurities are revised for
clarity. The column particle size is updated to reflect the column that is suitable for
this procedure.
3.
Chemical names are added to Table 1 in the test for Organic Impurities for clarity. A
reporting threshold is added to reflect the disregard limit in the European
Pharmacopoeia monograph. The note in the Analysis subsection is updated to
indicate that the Peak identification solution is used to identify the doxorubicinone
peak.
4.
A reference to Sterility Tests 71 is added to improve the monograph.
5.
The Labeling statement is deleted because the Bacterial Endotoxins Test provides
adequate control of bacterial endotoxin levels.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Wise.)
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Correspondence Number—C120582

Comment deadline: May 31, 2014
Epirubicin Hydrochloride

C27 H29 NO11 ·HCl

579.98

5,12-Naphthacenedione, 10-[(3-amino-2,3,6-trideoxy- -l-arabino-hexopyranosyl)oxy]7,8,9,10-tetrahydro-6,8,11-trihydroxy-8-(hydroxyacetyl)-1-methoxy-, hydrochloride, (8S-cis);
(1S,3S)-3-Glycoloyl-1,2,3,4,6,11-hexahydro-3,5,12-trihydroxy-10-methoxy-6,11-dioxo-1naphthacenyl-3-amino-2,3,6-trideoxy- -l-arabino-hexopyranoside hydrochloride
[56390-091].
DEFINITION
Epirubicin Hydrochloride contains NLT 97.0% and NMT 102.0% of epirubicin hydrochloride
(C27 H29 NO11 ·HCl), calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride 191
Solution A: Nitric acid and water (1:1)
Sample solution: 10 mg/mL in Solution A
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Allow the System suitability solution, Standard solution, and Sample solution to stand for 3
h before use.
Solution A: Dilute 10 mL of phosphoric acid with water to 100 mL. 1S (USP38)
Solution A
Solution B: 1S (USP38)
Dissolve 3.7 g of sodium lauryl sulfate in 950 mL of water. To the resulting solution, add 28
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mL of 10% phosphoric acid
Solution A, 1S (USP38)
and dilute with water to 1000 mL.
Mobile phase: Acetonitrile, methanol, and Solution A
Solution B 1S (USP38)
(29:17:54)
System suitability solution: 0.1 mg/mL each of USP Epirubicin Hydrochloride RS and USP
Doxorubicin Hydrochloride RS in Mobile phase
Standard solution: 1 mg/mL of USP Epirubicin Hydrochloride RS in Mobile phase
Sample solution: 1 mg/mL of Epirubicin Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 6-µm
5-µm 1S (USP38)
packing L13
Column temperature: 35
Flow rate: 2.5 mL/min
Injection volume: 10 µL
Run time: About 3.5 times the retention time of the epirubicin peak
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.0 between doxorubicin and epirubicin
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of epirubicin hydrochlorde (C27 H29 NO11 ·HCl) in the portion of
Epirubicin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × P × 100

1S (USP38)

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
P= potency of epirubicin hydrochloride in USP Epirubicin Hydrochloride RS
(mg/mg) 1S (USP38)
Acceptance criteria: 97.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
Change to read:
• Organic Impurities Procedure 1
1S (USP38)
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Allow the System suitability solution, Sample solution, and Standard solution to stand for 3
h before use.
Mobile phase, System suitability solution, Sample solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay.
Standard solution: 0.01 mg/mL of USP Epirubicin Hydrochloride RS in Mobile phase
Peak identification solution: Dissolve 10 mg of USP Doxorubicin Hydrochloride RS in 10 mL
of a mixture of water and phosphoric acid (1:1). Allow to stand for 30 min. Adjust with 2 N
sodium hydroxide solution to a pH of 2.6. Add 15 mL of acetonitrile and 10 mL of methanol,
and mix.
Analysis
Samples: Sample solution, Standard solution, and Peak identification solution
[Note—Use the Peak identification solution to identify peaks using the relative retention
times in Table 1
the doxorubicinone peak. 1S (USP38)
]
Calculate the percentage of each impurity in the portion of Epirubicin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
Result = (rU/rS) × (CS/CU) × P × (1/F) × 100

1S (USP38)

rU= peak response of each impurity from the Sample solution
rS= peak response of epirubicin from the Standard solution
CS= concentration of USP Epirubicin Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Epirubicin Hydrochloride in the Sample solution (mg/mL)
P= potency of epirubicin hydrochloride in USP Epirubicin Hydrochloride RS
(mg/mg) 1S (USP38)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
The reporting threshold is 0.05% of the area of the epirubicin peak in the Standard solution.
1S (USP38)

Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Doxorubicinone
a

1S (USP38)

0.3

1.4

1.0

0.4
0.8
1.0

1.0
1.0
—

0.5
1.0
—

1.1
1.5

1.0
1.0

0.5
0.5

1.7

1.0

1.0

Daunorubicinone
b

1S (USP38)

Doxorubicin
Epirubicin
Dihydrodaunorubicin
c

1S (USP38)

Daunorubicin
Epidaunorubicin
d

1S (USP38)
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Epirubicin dimer
e

1S (USP38)

2.1
—
—

Individual unspecified impurity
Total impurities

1.0
1.0
—

1.0
0.5
3.0

a (8S,10S)-6,8,10,11-Tetrahydroxy-8-(hydroxyacetyl)-1-methoxy-7,8,9,10tetrahydrotetracene-5,12-dione.
b (8S,10S)-8-Acetyl-6,8,10,11-tetrahydroxy-1-methoxy-7,8,9,10-tetrahydrotetracene-5,12dione.
c Dihydrodaunorubicin; (8S,10S)-10-[(3-Amino-2,3,6-trideoxy- -l-lyxo-hexopyranosyl)oxy]6,8,11-trihydroxy-8-(1-hydroxyethyl)-1-methoxy-7,8,9,10-tetrahydrotetracene-5,12-dione
hydrochloride.
d (8S,10S)-8-Acetyl-10-[(3-amino-2,3,6-trideoxy- -l-arabino-hexopyranosyl)oxy]-6,8,11trihydroxy-1-methoxy-7,8,9,10-tetrahydrotetracene-5,12-dione.
e 8,8¢-[(2R,4R)-4-Hydroxy-2-(hydroxymethyl)-1,3-dioxolan-2,4-diyl]bis[(8S,10S)-10-[(3amino-2,3,6-trideoxy- -l-arabino-hexopyranosyl)oxy]-6,8,11-trihydroxy-1-methoxy7,8,9,10-tetrahydrotetracene-5,12-dione].
1S (USP38)

Change to read:
• Procedure 2:
1S (USP38)

Limit of Acetone
Analysis: See Residual Solvents 467 .
Acceptance criteria: NMT 1.5%
SPECIFIC TESTS
• Water Determination, Method Ic

921 : NMT 4.0%

• pH 791
Sample solution: 5 mg/mL
Acceptance criteria: 4.0–5.5
• Bacterial Endotoxins Test 85 : NMT 1.1 USP Endotoxin Units/mg, where the label states
that Epirubicin Hydrochloride is sterile or must be subjected to further processing during
the preparation of injectable dosage forms.
Add the following:
• Sterility Tests 71 : Meets the requirements where the label states that Epirubicin
Hydrochloride is sterile. 1S (USP38)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in airtight containers, protected from light, at a temperature
between 2 and 8 . If the substance is sterile, store in a sterile, airtight, tamper-proof
container.
Delete the following:
•
Labeling:

PF 40(2): Mar.-Apr. 2014

281

Where applicable, the label states that the substance is free from bacterial endotoxins.
1S (USP38)

• USP Reference Standards 11
USP Doxorubicin Hydrochloride RS
USP Endotoxin RS
USP Epirubicin Hydrochloride RS
BRIEFING
Epirubicin Hydrochloride Injection. Because there is no existing USP monograph for this drug
product, a new monograph, based on validated methods, is proposed.
1.
The liquid chromatographic procedure in the Assay is based on analyses performed with
the Hypersil BDS brand of L1 column. The typical retention time for epirubicin is 9
min.
2.
The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Zorbax TMS brand of L13 column. The typical retention
time for epirubicin is 8 min.
(SM1: A. Wise.)
Correspondence Number—C120582

Comment deadline: May 31, 2014
Add the following:
Epirubicin Hydrochloride Injection
DEFINITION
Epirubicin Hydrochloride Injection contains NLT 90.0% and NMT 110.0% of the labeled amount
of epirubicin hydrochloride (C27 H29 NO11 ·HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV absorption spectrum of the major peak of the Sample solution and the Standard
solution as obtained in the Assay exhibit maxima and minima at the same wavelengths.
ASSAY
• Procedure
Solution A: Dissolve 2.9 g of sodium lauryl sulfate in 950 mL of water. To the resulting
solution add 1.4 mL of phosphoric acid and dilute with water to 1 L.
Mobile phase: Acetonitrile and Solution A (50:50)
Standard solution: 2 mg/mL of USP Epirubicin Hydrochloride RS in Mobile phase
Sample solution: Nominally 2 mg/mL of epirubicin hydrochloride from Injection
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm. When this procedure is used for Identification test B, use a diode
array detector set at 200–400 nm.

PF 40(2): Mar.-Apr. 2014

282

Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of epirubicin hydrochloride (C27 H29 NO11 ·HCl) in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Epirubicin Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of epirubicin hydrochloride in the Sample solution (mg/mL)
P= potency of epirubicin hydrochloride in USP Epirubicin Hydrochloride RS (mg/mg)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
Solution A: Dissolve 3.7 g of sodium lauryl sulfate in 950 mL of water. To the resulting
solution add 28 mL of phosphoric acid and dilute with water to 1 L.
Solution B: Dilute 28 mL of phosphoric acid with water to 1 L.
Mobile phase: Acetonitrile, methanol, and Solution A (29:17:54)
Diluent: Acetonitrile, methanol, and Solution B (29:17:27)
System suitability solution: 0.1 mg/mL each of USP Epirubicin Hydrochloride RS and USP
Doxorubicin Hydrochloride RS in Mobile phase
Peak identification solution: Dissolve 10 mg of USP Doxorubicin Hydrochloride RS in a
mixture of 5 mL of water and 5 mL of phosphoric acid. Allow to stand for 30 min. Adjust
with 2 M sodium hydroxide to a pH of 2.6. Add 15 mL of acetonitrile and 10 mL of
methanol, and mix.
Standard stock solution: 0.5 mg/mL of USP Epirubicin Hydrochloride RS in Mobile phase
Standard solution: 0.01 mg/mL of USP Epirubicin Hydrochloride RS from Standard stock
solution in Diluent
Sample solution: Nominally 1 mg/mL of epirubicin hydrochloride from Injection in Diluent.
Store at room temperature and use within 4 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L13
Column temperature: 35

PF 40(2): Mar.-Apr. 2014

283

Flow rate: 2.5 mL/min
Injection volume: 10 µL
Run time
For the Standard solution: About 2 times the retention time of the epirubicin peak
For the System suitability solution, Peak identification solution, and Sample
solution: About 4.5 times the retention time of the epirubicin peak
System suitability
Samples: System suitability solution, Peak identification solution, and Standard solution.
[Note—Use the Peak identification solution to identify the doxorubicinone peak.]
Suitability requirements
Resolution: NLT 2.0 between epirubicin and doxorubicin, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × P × (1/F) ×100
rU= peak response of each impurity from the Sample solution
rS= peak response of epirubicin from the Standard solution
C=
S concentration of USP Epirubicin Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of epirubicin hydrochloride in the Sample solution (mg/mL)
P= potency of epirubicin hydrochloride in USP Epirubicin Hydrochloride RS (mg/mg)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1. The reporting threshold is 0.05% of the area of the
epirubicin peak in the Standard solution.

Name
Doxorubicinonea
Daunorubicinoneb
Doxorubicin
Epirubicin
Dihydrodaunorubicinc
Daunorubicin
Epidaunorubicind,e
Epirubicin dimere,f
Any other individual impurity
Total impurities

Table 1
Relative
Retention
Time
0.3
0.4
0.8
1.0
1.1
1.5
1.7
2.1
—
—

Relative
Response
Factor
1.4
1.0
1.0
—
1.0
1.0
1.0
1.0
1.0
—

Acceptance
Criteria,
NMT (%)
1.8
0.5
1.0
—
0.5
0.5
—
—
0.5
3.9
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a (8S,10S)-6,8,10,11-Tetrahydroxy-8-(hydroxyacetyl)-1-methoxy-7,8,9,10tetrahydrotetracene-5,12-dione.
b (8S,10S)-8-Acetyl-6,8,10,11-tetrahydroxy-1-methoxy-7,8,9,10-tetrahydrotetracene5,12-dione.
c Dihydrodaunorubicin; (8S,10S)-10-[(3-Amino-2,3,6-trideoxy- -l-lyxohexopyranosyl)oxy]-6,8,11-trihydroxy-8-(1-hydroxyethyl)-1-methoxy-7,8,9,10tetrahydrotetracene-5,12-dione.
d (8S,10S)-8-Acetyl-10-[(3-amino-2,3,6-trideoxy- -l-arabino-hexopyranosyl)oxy]6,8,11-trihydroxy-1-methoxy-7,8,9,10-tetrahydrotetracene-5,12-dione.
e These impurities do not have individual limits; they are included in total impurities.
f 8,8¢-[(2R,4R)-4-Hydroxy-2-(hydroxymethyl)-1,3-dioxolan-2,4-diyl]bis[(8S,10S)-10-[(3amino-2,3,6-trideoxy- -l-arabino-hexopyranosyl)oxy]-6,8,11-trihydroxy-1-methoxy7,8,9,10-tetrahydrotetracene-5,12-dione].
SPECIFIC TESTS
• pH

791 : 2.5–3.5

• Sterility Tests

71 : Meets the requirements

• Bacterial Endotoxins Test

85 : NMT 1.61 USP Endotoxin Units/mg of epirubicin

• Other Requirements: It meets the requirements in Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store in a refrigerator.
• USP Reference Standards 11
USP Doxorubicin Hydrochloride RS
USP Endotoxin RS
USP Epirubicin Hydrochloride RS
1S (USP38)

BRIEFING
Galantamine Extended-Release Capsules. Because there is no existing USP monograph for
this dosage form, a new monograph, based on validated methods of analysis, is proposed.
1.
The HPLC procedures in the Assay and Dissolution Test 1 are based on analyses
performed with the Sunfire C18 brand of L1 column. The typical retention times for
galantamine in the Assay and in Dissolution Test 1 are about 7 and 3–4 min,
respectively.
2.
The isocratic HPLC procedure in Dissolution Test 2 is based on analyses performed with
the YMC Pack Pro C18 brand of L1 column. The typical retention time for galantamine
is 2.5–3 min.
3.
The gradient HPLC procedure in the test for Organic Impurities is based on analyses
performed with the YMC Pack Pro C18 brand of L1 column. The typical retention time
for galantamine is about 10 min.
(SM4: H. Joyce.)
Correspondence Number—C126519; C126971
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Comment deadline: May 31, 2014
Add the following:
Galantamine Extended-Release Capsules
DEFINITION
Galantamine Extended-Release Capsules contain galantamine hydrobromide (C17 H21 NO3 ·HBr)
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of galantamine (C17 H21 NO3 ).
[Note—Throughout the following procedures, protect samples, the Reference Standard, and
solutions containing them from light by using low-actinic glassware.]
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Prepare a potassium bromide dispersion as follows. Remove four beads from within
one Capsule. Grind the beads into a fine powder and combine with potassium bromide.
Standard: Prepare a potassium bromide dispersion using USP Galantamine Hydrobromide RS.
Acceptance criteria: The IR spectra of the Sample and Standard exhibit similar absorption
bands at 2800–2400 cm 1, 1700–1500 cm 1, and 850–750 cm 1.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 4.0 g/L of monobasic potassium phosphate in water adjusted with 5 M sodium
hydroxide to a pH of 6.5
Mobile phase: Acetonitrile and Buffer (10:90)
Standard stock solution: 0.62 mg/mL of USP Galantamine Hydrobromide RS (equivalent to
0.48 mg/mL of galantamine) prepared as follows. Transfer a suitable quantity of USP
Galantamine Hydrobromide RS to a suitable flask, and dissolve in 20% of the flask volume
of methanol. Dilute with Buffer to volume.
Standard solution: 0.048 mg/mL of galantamine from the Standard stock solution in
Buffer
Sample stock solution: Prepare the solution using the appropriate nominal concentration
of galantamine stated in Table 1. Transfer the contents of 10 Capsules to a suitable
volumetric flask. Add 20% of the final flask volume of methanol, sonicate for 15 min, and
stir for 20 min. Add a suitable volume of Buffer such that 80% of the final flask volume is
filled, and stir for 90 min. Dilute with Buffer to volume.
Table 1
Capsule Strength Nominal Concentration of Galantamine
(mg/Capsule)
(mg/mL)
8
0.32
16
0.32
24
0.48
Sample solution: Nominally 0.048 mg/mL of galantamine prepared as follows from the
Sample stock solution. Transfer a suitable volume of the Sample stock solution to an
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appropriate volumetric flask, and dilute with Buffer to volume . Pass through a suitable
filter of 0.45-µm pore size. Discard the first 5 mL, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 288 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Tailing factor: NMT 1.7
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Galantamine Hydrobromide RS in the Standard solution (mg/mL)
CU= nominal concentration of galantamine in the Sample solution (mg/mL)
Mr1
= molecular weight of galantamine, 287.35
Mr2
= molecular weight of galantamine hydrobromide, 368.27
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: 0.05 M monobasic potassium phosphate, pH 6.5; 900 mL
Apparatus 2: 50 rpm with sinkers
[Note—A suitable sinker is catalog number CAPWHT-2S from www.qla-llc.com.]
Times: 1, 4, and 12 h
Buffer: 1 g/L of sodium 1-hexanesulfonate in water. Add 0.5 mL of phosphoric acid per L.
Mobile phase: Acetonitrile and Buffer (20:80)
Standard stock solution: 0.57 mg/mL of USP Galantamine Hydrobromide RS (equivalent
to 0.44 mg/mL of galantamine) in Medium
Standard solution: (L/900) mg/mL of galantamine from the Standard stock solution in
Medium, where L is the label claim of galantamine in mg/Capsule
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: NLT 1.5 times the retention time of galantamine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solutions
Calculate the concentration (Ci) of galantamine (C17 H21 NO3 ) in the sample withdrawn
from the vessel at each time point (i):
Result i = (rU/rS) × CS × (Mr1/Mr2)
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Galantamine Hydrobromide RS in the Standard solution (mg/mL)
Mr1
= molecular weight of galantamine, 287.35
Mr2
= molecular weight of galantamine hydrobromide, 368.27
Calculate the percentage of the labeled amounts of galantamine (C17 H21 NO3 ) dissolved
at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V
Result 3 = ({C3 × [V

VS)] + (C1 × VS)} × (1/L) × 100

(2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100

C=
i concentration of galantamine in the portion of the sample withdrawn at time point i
(mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Capsule)
V=
S volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 2.
Table 2
Time point Time
Amount
(i)
(h)
Dissolved
1
1
20%–40%
2
4
40%–65%
3
12
NLT 75%
The percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at the
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times specified conform to Acceptance Table 2 in Dissolution 711 .
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.05 M monobasic potassium phosphate, pH 6.5; 900 mL
Apparatus 2: 50 rpm
Times: 1, 4, and 12 h
Solution A: 0.5% phosphoric acid
Mobile phase: Acetonitrile and Solution A (7:93)
Standard stock solution: 0.23 mg/mL of USP Galantamine Hydrobromide RS (equivalent
to 0.18 mg/mL of galantamine) in Medium
Standard solution: (L/900) mg/mL of galantamine from the Standard stock solution in
Medium, where L is the label claim of galantamine in mg/Capsule
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 3.0-mm × 15.0-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 0.7 mL/min
Injection volume: 10 µL
Run time: NLT 1.6 times the retention time of galantamine
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of galantamine (C17 H21 NO3 ) in the sample withdrawn
from the vessel at each time point (i):
Result i = (rU/rS) × CS × (Mr1/Mr2)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS= concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
Mr1= molecular weight of galantamine, 287.35
Mr2= molecular weight of galantamine hydrobromide, 368.27
Calculate the percentage of the labeled amounts of galantamine (C17 H21 NO3 ) dissolved
at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V
Result 3 = ({C3 × [V

VS)] + (C1 × VS)} × (1/L) × 100

(2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
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C=
i concentration of galantamine in the portion of sample withdrawn at time point i
(mg/mL)
V= volume of Medium, 900 mL
L = label claim (mg/Capsule)
V=
S volume of the Sample solution withdrawn from the Medium (mL)
Tolerances: See Table 3.
Table 3
Time point Time
Amount
(i)
(h)
Dissolved
1
1
22%–38%
2
4
50%–70%
3
12
NLT 80%
The percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at the times
specified conform to Acceptance Table 2 in Dissolution
• Uniformity of Dosage Units

711 .

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Solution A: 0.01 M dibasic potassium phosphate and 0.022 M monobasic potassium
phosphate in water
Solution B: Acetonitrile
Mobile phase: See Table 4.
Table 4
Time
Solution A Solution B Flow rate
(min)
(%)
(%)
(mL/min)
0
97
3
0.7
22
69
31
0.7
24
25
75
1.2
27
25
75
1.2
29
97
3
0.7
35
97
3
0.7
Diluent: Methanol and Solution A (60:40)
System suitability solution: 0.31 mg/mL of USP Galantamine Hydrobromide Related
Compounds Mixture RS in Diluent
Standard solution: 0.0015 mg/mL of USP Galantamine Hydrobromide RS (equivalent to
0.0012 mg/mL of galantamine) in Diluent
Sample solution: Nominally 0.24 mg/mL of galantamine from NLT 20 Capsules prepared as
follows. Transfer a suitable portion of the contents from NLT 20 Capsules to a suitable
volumetric flask, and dilute with Diluent to volume. Sonication and shaking may be used to
promote dissolution. Allow the solution to sit for NLT 24 h, and then clarify the solution
using a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 230 nm
Column: 3.0-mm × 15.0-cm; 5-µm packing L1
Column temperature: 35
Flow rate: See Table 4.
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 5 for relative retention times.]
Suitability requirements
Resolution: NLT 3.4 between galantamine and 6S-galantamine (also known as 6 hexahydrogalantamine), System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each degradation product from the Sample solution
rS= peak response of galantamine from the Standard solution
CS= concentration of USP Galantamine Hydrobromide RS in the Standard solution (mg/mL)
CU= nominal concentration of galantamine in the Sample solution (mg/mL)
Mr1
= molecular weight of galantamine, 287.35
Mr2
= molecular weight of galantamine hydrobromide, 368.27
Acceptance criteria: See Table 5. Disregard peaks less than 0.05%.
Table 5

Name
N-Desmethyl galantaminea
Galantamine N-oxideb
Dihydrogalantaminec,d
Galantamine
6S-Galantaminee
Didehydrodeoxygalantaminef ,d
Any unspecified degradation product
Total degradation products

Relative
Retention
Time
0.57
0.75
0.87
1.0
1.1
1.9
—
—

Acceptance
Criteria,
NMT (%)
0.5
0.5
—
—
0.2
—
0.2
1.2

PF 40(2): Mar.-Apr. 2014

291

a (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-ol.
b (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide; also known as 6 hexahydrogalantamine.
c (4aS,6R,8aS)-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol; also known as 6 -octahydrogalantamine.
d This is a process impurity and is listed for information only. It is controlled in the drug
substance. It is not to be reported and is not to be included in the Total degradation
products.
e (4aS,6S,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol; also known as 6 -hexahydrogalantamine or epigalantamine.
f (4aS,8aS)-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef]
[2]benzazepine; also known as tetrahydrogalantamine.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
used only if Test 1 is not used.
• USP Reference Standards 11
USP Galantamine Hydrobromide
USP Galantamine Hydrobromide Related Compounds Mixture RS
Galantamine hydrobromide.
6 -Hexahydrogalantamine (galantamine N-oxide);
(4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide.
C17 H21 NO4
303.35
6 -Octahydrogalantamine (dihydrogalantamine);
(4aS,6R,8aS)-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol.
C17 H23 NO3
289.37
6 -Hexahydrogalantamine (6S-galantamine);
(4aS,6S,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol.
C17 H21 NO3
287.35
Tetrahydrogalantamine (didehydrodeoxygalantamine);
(4aS,8aS)-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef]
[2]benzazepine.
C17 H19 NO2
269.34
1S (USP38)

BRIEFING
Halobetasol Propionate, USP 37 page 3215. On the basis of comments received, it is
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proposed to make the following revisions:
1.
Add Tailing factor to the System suitability requirements in the Assay based on the
System suitability requirements in the test for Organic Impurities.
2.
Revise the Relative standard deviation requirement from 2.0% to 0.73% in the Assay
and the test for Organic Impurities to be consistent with the requirements in general
test chapter Chromatography 621 , System Suitability.
3.
Change the Column efficiency requirement from NLT 22,000 to NLT 15,000 theoretical
plates in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: H. Cai.)
Correspondence Number—C135854

Comment deadline: May 31, 2014
Halobetasol Propionate

C25 H31 ClF 2 O5

484.96

Pregna-1,4-diene-3,20-dione, 21-chloro-6,9-difluoro-11-hydroxy-16-methyl-17-(1oxopropoxy)-, (6 ,11 ,16 )-;
21-Chloro-6 ,9-difluoro-11 ,17-dihydroxy-16 -methylpregna-1,4-diene-3,20-dione 17propionate
[66852-54-8].
DEFINITION
Halobetasol Propionate contains NLT 98.0% and NMT 102.0% of halobetasol propionate
(C25 H31 ClF 2 O5 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
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• Procedure
Solution A: Acetonitrile and water (90:110)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
2
64.5
35.5
22
64.5
35.5
23
100
0
30
100
0
Standard solution: 0.2 mg/mL of USP Halobetasol Propionate RS in acetonitrile
Sample solution: 0.2 mg/mL of Halobetasol Propionate in acetonitrile
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Tailing factor: 0.9–1.1 1S (USP38)
Suitability requirements
Relative standard deviation: NMT 2.0%
0.73% 1S (USP38)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of halobetasol propionate (C25 H31 ClF 2 O5 ) in the portion of
Halobetasol Propionate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of halobetasol propionate from the Sample solution
rS= peak response of halobetasol propionate from the Standard solution
C=
S concentration of USP Halobetasol Propionate RS in the Standard solution (mg/mL)
C=
U concentration of Halobetasol Propionate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm
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Change to read:
• Organic Impurities
Mobile phase, Standard solution, and Sample solution: Prepare as directed in the
Assay.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 22,000
15,000 1S (USP38)
theoretical plates
Tailing factor: 0.9–1.1
Relative standard deviation: NMT 2.0%
0.73% 1S (USP38)
Analysis
Sample: Sample solution
Calculate the percentage of any impurity in the portion of Halobetasol Propionate taken:
Result = (rU/rT) × 100
r=
U peak response of any individual impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
Acceptance criteria: See Table 2.
Table 2

Name
21-Chloro diflorasonea
21-Acetate 17-propionate diflorasoneb
11-Propionate 21-chloro diflorasonec
Halobetasol propionate
9-Chloro halobetasol propionated
6-Chloro halobetasol propionatee
Any other individual impurity
Total impurities

Relative
Retention
Time
0.75
0.88
0.95
1.0
1.12
1.24
—
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
0.15
—
0.15
0.15
0.10
1.0
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a 21-Chloro-6 ,9-difluoro-11 ,17-dihydroxy-16 -methylpregna-1,4-diene-3,20-dione.
b 6 ,9-Difluoro-11 ,17,21-trihydroxy-16 -methylpregna-1,4-diene-3,20-dione 21acetate 17-propionate.
c 21-Chloro-6 ,9-difluoro-11 ,17-dihydroxy-16 -methylpregna-1,4-diene-3,20-dione 11propionate.
d 9,21-Dichloro-6 ,-fluoro-11 ,17-dihydroxy-16 -methylpregna-1,4-diene-3,20-dione
17-propionate.
e 6 ,21-Dichloro-9-fluoro-11 ,17-dihydroxy-16 -methylpregna-1,4-diene-3,20-dione 17propionate.

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry under vacuum at 105 for 3 h.
Acceptance criteria: NMT 1.0%
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in dioxane
Acceptance criteria: +87 to +99
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Store between
2 and 8 .
• USP Reference Standards 11
USP Halobetasol Propionate RS
BRIEFING
Levocarnitine Injection, USP 37 page 3531. On the basis of comments received, it is proposed
to delete the gradient chromatographic procedure provided for the column equilibration in
the Assay and thus eliminate uncertainty regarding the Mobile phase and chromatographic
conditions, which are isocratic, used for the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: N. Davydova.)
Correspondence Number—C140949

Comment deadline: May 31, 2014
Levocarnitine Injection
DEFINITION
Levocarnitine Injection is a sterile solution of Levocarnitine in Water for Injection. It contains
NLT 90.0% and NMT 110.0% of the labeled amount of levocarnitine (C7 H15 NO3 ).
IDENTIFICATION
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• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. Color Reaction
Analysis: Transfer 2 mL of Injection to a test tube, add 5 mL of 1 N hydrochloric acid and
a few drops of ammonium reineckate TS.
Acceptance criteria: A red-violet precipitate is produced.
ASSAY
Change to read:
• Procedure
Buffer: 0.05 M phosphate buffer, prepared by dissolving 6.805 g of monobasic potassium
phosphate in 1 L of water
Mobile phase: Acetonitrile and Buffer (65:35). Adjust with phosphoric acid to a pH of 4.7,
and mix.
System suitability solution: 5 mg/mL of USP Levocarnitine RS and 0.024 mg/mL of USP
Levocarnitine Related Compound A RS in water
Standard solution: 10 mg/mL of USP Levocarnitine RS in water
Sample solution: Pool the contents of 10 containers, and dilute an accurately measured
volume of Injection quantitatively with water to obtain a solution having a nominal
concentration of about 10 mg/mL of levocarnitine.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 10-µm packing L8
Flow rate: 1 mL/min
The system is programmed to provide variable mixtures of acetonitrile, Mobile phase, and
water. Initially elute 50 mL of acetonitrile, then change the composition linearly over the
next 20 minutes to a mixture of 65% acetonitrile and 35% water. Elute 100 mL of this
mixture, then change the composition linearly over the following 20 minutes to 100%
Mobile phase, and allow the chromatograph to proceed for about 3 hours.
1S (USP38)

Injection volume: 5 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.0 between levocarnitine related compound A (crotonoylbetaine) and
levocarnitine, System suitability solution
Relative standard deviation: NMT 2.0% for levocarnitine, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of levocarnitine (C7 H15 NO3 ) in the portion
of Injection taken:
Result = (rU/rS) × (CS/CU) × 100

PF 40(2): Mar.-Apr. 2014

297

rU= peak area of levocarnitine from the Sample solution
rS= peak area of levocarnitine from the Standard solution
C=
S concentration of USP Levocarnitine RS in the Standard solution (mg/mL)
C=
U nominal concentration of levocarnitine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• Bacterial Endotoxins
• pH

85 : It contains NMT 0.1 USP Endotoxin Unit/mg of levocarnitine.

791 : 6.0–6.5

• Particulate Matter 788 : Meets the requirements for small-volume injections
ADDITIONAL REQUIREMENTS
• Injections 1 : Meets the requirements
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass.
Store below 25 . Do not freeze.
• USP Reference Standards 11
USP Endotoxin RS
USP Levocarnitine RS
USP Levocarnitine Related Compound A RS
2-Propen-1-aminium, 3-carboxy-N,N,N-trimethyl-, chloride.
C7 H14 ClNO2
179.65
BRIEFING
Levocetirizine Dihydrochloride. Because there is no existing USP monograph for this drug
substance, a new monograph based on validated methods of analysis is proposed.
1.
The liquid chromatographic procedure in the Assay and in the test for Organic
Impurities is based on analyses performed with the Inertsil silica brand of L3 column
manufactured by GL Sciences. The typical retention time for levocetirizine is about 9
min.
2.
The liquid chromatographic procedure in the test for Enantiomeric Purity is based on
analyses performed with the Chiralcel OD-H brand of L40 column. The typical
retention time for levocetirizine is 34 min.
(SM4: M. Koleck, H. Joyce.)
Correspondence Number—C102259

Comment deadline: May 31, 2014
Add the following:
Levocetirizine Dihydrochloride
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461.81

Acetic acid, [2-[4-[(R)-(4-chlorophenyl)phenylmethyl]-1-piperazinyl]ethoxy]-,
dihydrochloride;
(2-{4-[(R)-(4-Chlorophenyl)phenylmethyl]piperazin-1-yl}ethoxy)acetic acid dihydrochloride
[130018-87-0].
Levocetirizine free base
C21 H25 ClN2 O3
388.89
[130018-77-8].
DEFINITION
Levocetirizine Dihydrochloride contains NLT 98.0% and NMT 102.0% of levocetirizine
dihydrochloride (C21 H25 ClN2 O3 ·2HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Mobile phase: Acetonitrile, water, and 1 M sulfuric acid (93: 6.6: 0.4)
Standard solution: 0.05 mg/mL of USP Levocetirizine Dihydrochloride RS in Mobile phase
Sample solution: 0.05 mg/mL of Levocetirizine Dihydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements

PF 40(2): Mar.-Apr. 2014

299

Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levocetirizine dihydrochloride (C21 H25 ClN2 O3 ·2HCl) in the
portion of Levocetirizine Dihydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of levocetirizine from the Sample solution
rS= peak response of levocetirizine from the Standard solution
C=
S concentration of USP Levocetirizine Dihydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Levocetirizine Dihydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.10%
• Organic Impurities
Mobile phase: Acetonitrile, water, and 1 M sulfuric acid (93: 6.6: 0.4)
System suitability solution: 0.2 mg/mL of USP Levocetirizine Dihydrochloride RS and 0.2
µg/mL each of USP Levocetirizine Amide RS and USP Chlorobenzhydryl Piperazine RS in
Mobile phase. Use the solution within 16 h.
Standard solution: 0.2 µg/mL each of USP Levocetirizine Dihydrochloride RS, USP
Levocetirizine Amide RS, and USP Chlorobenzhydryl Piperazine RS in Mobile phase. Use the
solution within 16 h.
Sample solution: 200 µg/mL of Levocetirizine Dihydrochloride in Mobile phase. Use the
solution within 16 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 3 times the retention time of levocetirizine
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between levocetirizine and chlorobenzhydryl piperazine, System
suitability solution
Tailing factor: NMT 2.0 for levocetirizine, System suitability solution
Relative standard deviation: NMT 5.0% for levocetirizine, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of levocetirizine amide or chlorobenzhydryl piperazine in the
portion of Levocetirizine Dihydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of levocetirizine amide or chlorobenzhydryl piperazine from the Sample
solution
rS= peak response of levocetirizine amide or chlorobenzhydryl piperazine from the Standard
solution
C=
S concentration of USP Levocetirizine Amide RS or USP Chlorobenzhydryl Piperazine RS in
the Standard solution (µg/mL)
C=
U concentration of Levocetirizine Dihydrochloride in the Sample solution (µg/mL)
Calculate the percentage of any unspecified impurity in the portion of Levocetirizine
Dihydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of levocetirizine from the Standard solution
C=
S concentration of USP Levocetirizine Dihydrochloride RS in the Standard solution (µg/mL)
C=
U concentration of Levocetirizine Dihydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Levocetirizine dihydrochloride
1.0
—
Chlorobenzhydryl piperazine
1.3
0.10
Levocetirizine amide
2.5
0.10
Any individual unspecified impurity
—
0.10
Total impurities
—
0.40
• Enantiomeric Purity
Analyze the solutions within 24 h of preparation.
Mobile phase: Prepare a mixture of chromatographic solvent hexane and absolute alcohol
(95:5). Add 2 mL of trifluoroacetic acid per L of mixture.
System suitability solution: 5 mg/mL of USP Cetirizine Hydrochloride RS in absolute
alcohol
Sensitivity solution: 0.05 mg/mL of USP Levocetirizine Dihydrochloride RS in absolute
alcohol
Sample solution: 5 mg/mL of Levocetirizine Dihydrochloride in absolute alcohol
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 230 nm

621 , System Suitability.)
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Column: 4.6-mm × 25-cm; 5-µm packing L40
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—The relative retention times for the S-enantiomer (of cetirizine) and levocetirizine,
which is the R-enantiomer of cetirizine, are about 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between the S-enantiomer and levocetirizine, System suitability
solution
Signal-to-noise ratio: NLT 10 for levocetirizine, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of the S-enantiomer in the portion of Levocetirizine
Dihydrochloride taken:
Result = (rU/rT) × 100
r=
U peak response for the S-enantiomer from the Sample solution
r=
T sum of all the peak responses for the S-enantiomer and levocetirizine from the Sample
solution
Acceptance criteria: NMT 1.0% of the S-enantiomer
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 to constant weight.
Acceptance criteria: NMT 0.50%
• pH 791
Sample solution: 50 mg/mL of Levocetirizine Dihydrochloride in water
Acceptance criteria: 1.2–1.8
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light at
controlled room temperature.
• USP Reference Standards 11
USP Cetirizine Hydrochloride RS
USP Chlorobenzhydryl Piperazine RS
(R)1-[(4-Chlorophenyl)phenylmethyl] piperazine.
C17 H19 ClN2
286.80
USP Levocetirizine Amide RS
(R)-2-(2-{4-[(4-Chlorophenyl)phenylmethyl]piperazin-1-yl}ethoxy)acetamide.
C21 H26 ClN3 O2
387.90
USP Levocetirizine Dihydrochloride RS
1S (USP38)
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BRIEFING
Levocetirizine Dihydrochloride Tablets. Because there is no existing USP monograph for this
drug product, a new monograph based on validated methods of analysis is proposed. The
liquid chromatographic procedure in the Assay and in the test for Organic Impurities is based
on analyses performed with the Inertsil Silica brand of L3 column and the Phenomenex Silica
brand of L3 guard column. The typical retention time for levocetirizine is 9–10 min.
(SM4: M. Koleck, H. Joyce.)
Correspondence Number—C106503

Comment deadline: May 31, 2014
Add the following:
Levocetirizine Dihydrochloride Tablets
DEFINITION
Levocetirizine Dihydrochloride Tablets contain NLT 95.0% and NMT 105.0% of levocetirizine
dihydrochloride (C21 H25 ClN2 O3 ·2HCl).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Medium: Water
Sample solution: Nominally 0.1 mg/mL of levocetirizine dihydrochloride from Tablets in
water prepared as follows. Transfer 1 Tablet to a suitable volumetric flask, and add 40%
of the flask volume of water. Shake for NLT 5 min to promote the disintegration of the
Tablet. Dilute with water to volume. Pass a 10-mL portion of the resulting solution through
a suitable filter, and discard the first mL. Use the filtrate.
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 1 M sulfuric acid and water (5.7: 94.3)
Mobile phase: Acetonitrile, water, and 1 M sulfuric acid (93: 6.6: 0.4)
System suitability solution: 0.2 mg/mL of USP Levocetirizine Dihydrochloride RS and 0.2
µg/mL of USP Chlorobenzhydryl Piperazine RS in Mobile phase
Standard solution: 0.2 mg/mL of USP Levocetirizine Dihydrochloride RS in Mobile phase
Sample solution: Nominally 0.2 mg/mL of levocetirizine dihydrochloride in solution prepared
as follows. Transfer a number of Tablets (NLT 10), equivalent to 50 mg of levocetirizine
dihydrochloride, to a 250-mL volumetric flask. Add 20 mL of Solution A, and put the flask
on a mechanical shaker for 15 min. Add 150 mL of acetonitrile, and place the flask in an
ultrasonic bath for 10 min. Allow the contents to cool to room temperature, if necessary,
and dilute with acetonitrile to final volume. Homogenize the solution, and centrifuge a 10mL portion for 5 min. Use the supernatant solution.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 230 nm
Columns
Guard: 4-mm × 0.3-cm; 5-µm packing L3
Analytical: 4.6-mm × 25-cm; 5-µm packing L3
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between levocetirizine and chlorobenzhydryl piperazine
Tailing factor: NMT 1.5 for levocetirizine
Relative standard deviation: NMT 1.0% for levocetirizine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levocetirizine dihydrochloride (C21 H25 ClN2 O3 ·2HCl) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of levocetirizine from the Sample solution
rS= peak response of levocetirizine from the Standard solution
C=
S concentration of USP Levocetirizine Dihydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of levocetirizine dihydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: (L/900) mg/mL of USP Levocetirizine Dihydrochloride RS in Medium,
where L is the label claim, in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Analytical wavelength: 231 nm, with a background correction at 450 nm
Cell: 2 cm
Blank: Medium
Analysis
Samples: Standard solution, Sample solution, and Blank
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Calculate the percentage of the labeled amount of levocetirizine dihydrochloride
(C21 H25 ClN2 O3 ·2HCl) dissolved:
Result = (AU/AS) × CS × V × (1/L) ×100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Levocetirizine Dihydrochloride RS in the Standard solution(mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of levocetirizine dihydrochloride (C21 H25 ClN2 O3 ·2HCl) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Solution A, Mobile phase, System suitability solution, and Sample solution: Proceed
as directed in the Assay.
Standard solution: 0.002 mg/mL of USP Levocetirizine Dihydrochloride RS in Mobile phase
Chromatographic system: Proceed as directed in the Assay except:
Run time: 2.3 times the retention time of levocetirizine dihydrochloride
System suitability
Sample: System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between levocetirizine and chlorobenzhydryl piperazine
Tailing factor: NMT 1.5 for levocetirizine
Relative standard deviation: NMT 1.0% for levocetirizine; NMT 5.0% for
chlorobenzhydryl piperazine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response of levocetirizine from the Standard solution
CS= concentration of USP Levocetirizine Dihydrochloride RS in the Standard solution
(mg/mL)
CU= nominal concentration of levocetirizine dihydrochloride in the Sample solution (mg/mL)
Mr1
= molecular weight of levocetirizine (free base), 388.89
Mr2
= molecular weight of levocetirizine dihydrochloride, 461.81
Acceptance criteria: See Table 1. Disregard peaks less than 0.02%.
Table 1
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Relative
Retention
Time
0.32
0.57
0.81
0.87
0.92
1.0
1.22
1.36
1.36
1.4
2.1
—
—

Name

Acceptance
Criteria,
NMT (%)
—
—
—
—
—
—
—
—
—
—
—
0.30
1.0

Unidentified impurity 1a
Unidentified impurity 2a
Unidentified impurity 3a
Unidentified impurity 4a
Unidentified impurity 5a
Levocetirizine dihydrochloride
Unidentified impurity 6a
Unidentified impurity 7a
Unidentified impurity 8a
Chlorobenzhydryl piperazineb,a
Levocetirizine amidec,a
Any individual unspecified degradation product
Total impurities
a This is a process impurity that is included in this table for identification only. This
impurity is controlled in the drug substance. This impurity is not to be reported for the
drug product and is not to be included in the total impurities.
b (R)-1-[(4-Chlorophenyl)phenylmethyl]piperazine.
c (R)-2-(2-{4-[(4-Chlorophenyl)phenylmethyl]piperazin-1-yl}ethoxy)acetamide.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Chlorobenzhydryl Piperazine RS
(R)1-[(4-Chlorophenyl)phenylmethyl] piperazine.
C17 H19 ClN2
286.80
USP Levocetirizine Dihydrochloride RS
1S (USP38)

BRIEFING
Loperamide Hydrochloride Tablets, USP 37 page 3581. As part of USP monograph
modernization efforts, it is proposed to add a new HPLC-based procedure in the test for
Organic Impurities. This procedure is based on a validated method of analysis performed
with the µBondapak C18 brand of 10-µm L1 column. The Waters Symmetry C18 brand of 5µm L1 column was also found suitable. The typical retention time of the loperamide peak is
about 5–7 min. It is also proposed to use this new HPLC procedure in the Assay.
Comments were received indicating that the excipient matrix in Tablets labeled as chewable
may interfere with the Ultraviolet Absorption Identification test A. It is proposed to address
these comments using a flexible monograph approach. A separate Identification test A,
based on a TLC procedure, is added for Tablets labeled as chewable, and a note is added to
the currently official Identification test A to indicate that it is not applicable to Tablets
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labeled as chewable. These changes also necessitate the addition of a Labeling section.
In the Dissolution test, the following changes are proposed:
1.
The requirement to use the Procedure for a Pooled Sample is deleted.
2.
The cross-reference to the Assay is expanded to retain the currently official analytical
procedure.
3.
Based on comments received that chromatographic columns with the specified
dimensions are no longer available, it is proposed to revise the description of the
column, and revise the flow rate from 2 to 1.5 mL/min. Suitable columns include
Zorbax Rx-C8 and YMC-Pack Octyl brands of L7 columns.
4.
A note is added under the preparation of the Standard solution to address the
comments regarding poor solubility of loperamide hydrochloride in Medium.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: E. Gonikberg.)
Correspondence Number—C125112

Comment deadline: May 31, 2014
Loperamide Hydrochloride Tablets
DEFINITION
Loperamide Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
loperamide hydrochloride (C29 H33 ClN2 O2 ·HCl).
IDENTIFICATION
Change to read:
• A. Ultraviolet Absorption 197U
[
Note—This procedure is not applicable for Tablets labeled as chewable.] 1S (USP38)
Wavelength range: 250–300 nm
Standard solution: About 0.4 mg/mL of USP Loperamide Hydrochloride RS, prepared as follows.
Transfer an amount of USP Loperamide Hydrochloride RS to a suitable volumetric flask, dissolve
first in isopropyl alcohol, using 50% of the final volume. Add 0.1 N hydrochloric acid equivalent
to 10% of the final volume, and dilute with isopropyl alcohol to volume.
Sample solution: Transfer a quantity of finely powdered Tablets equivalent to about 10 mg of
loperamide hydrochloride to a test tube. Add 20.0 mL of isopropyl alcohol, shake by mechanical
means for 1 min, and allow to settle. Pipet 9.0 mL of the supernatant into a 10-mL volumetric
flask, and dilute with 0.1 N hydrochloric acid to volume.
Acceptance criteria: The spectrum of the Sample solution exhibits maxima and minima at the
same wavelengths as those of the Standard solution, concomitantly measured.
Add the following:
• A. Thin-Layer Chromatographic Identification Test 201
For tablets labeled as chewable, use the following procedure
Standard solution: 1.0 mg/mL of USP Loperamide Hydrochloride RS in methanol
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Sample solution: Grind a number of Tablets, equivalent to 10 mg of loperamide
hydrochloride, with 10 mL of methanol for about 2 min. Centrifuge the mixture, and use
the supernatant.
Application volume: 10 µL
Developing solvent system: Chloroform, methanol, and formic acid (75:25:1)
Analysis: Visualize the spots by using Dragendorff's TS.
Acceptance criteria: Meet the requirements 1S (USP38)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: Transfer 3.0 g of triethylamine hydrochloride and 1.0 mL of phosphoric acid to 1-L
flask, and add 550 mL of water
Mobile phase: Acetonitrile and Buffer (45:55)
Standard stock solution: 2 mg/mL of USP Loperamide Hydrochloride RS in methanol
Standard solution: 0.008 mg/mL of USP Loperamide Hydrochloride RS, prepared as
follows. Dilute Standard stock solution with water to obtain a solution containing 0.2
mg/mL of USP Loperamide Hydrochloride RS. Transfer 10.0 mL of the solution obtained to
a 250-mL volumetric flask, and add 5.0 mL of 5% phosphoric acid solution and 25 mL of
methanol. Dilute with water to volume.
Sample solution: Finely powder NLT 20 Tablets, and transfer a portion of the powder
nominally equivalent to 16 mg of loperamide hydrochloride to a 2000-mL volumetric flask.
Add 40 mL of 5% phosphoric acid solution and 200 mL of methanol, and dilute with water
to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 214 nm
Column: 4-mm × 8-cm; 5-µm packing L7
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Solvent mixture: Methanol and acetonitrile (3:1)
Ion pairing solution: Solution containing 2.35 g/L of sodium 1-hexanesulfonate and
2.88 g/L of monobasic ammonium phosphate, adjusted with phosphoric acid to a pH of
3.2
Mobile phase: Solvent mixture and Ion pairing solution (55:45)
System suitability solution: 0.2 mg/mL of USP Loperamide Hydrochloride RS and 0.002
mg/mL of USP Loperamide Related Compound F RS in Mobile phase
Standard solution: 0.2 mg/mL of USP Loperamide Hydrochloride RS in Mobile phase
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Sample solution: Fill a 100-mL volumetric flask with Mobile phase. Immediately transfer
a number of Tablets equivalent to 20 mg of loperamide hydrochloride to the flask, and
cap tightly. Sonicate for 15–30 min with intermittent shaking. Allow the contents to
settle, and use a clear supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 219 nm
Column: 3.9-mm × 15-cm; 5-µm or 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.0 between loperamide and loperamide related compound F,
System suitability solution
Tailing factor: NMT 2.0 for both peaks, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
1S (USP38)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of loperamide hydrochloride
(C29 H33 ClN2 O2 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Loperamide Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of loperamide hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Procedure for a Pooled Sample
1S (USP38)

Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: USP Loperamide Hydrochloride RS at a known concentration in Medium
[
Note—If necessary, dissolve USP Loperamide Hydrochloride RS in a minimal amount of
methanol, and then dilute with Medium to final concentration.] 1S (USP38)
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Sample solution: Filtered solution under test
Buffer, Mobile phase, Chromatographic system, and System suitability: Proceed as
directed in the Assay, except use an Injection volume of 50 µL.
Buffer: Transfer 3.0 g of triethylamine hydrochloride and 1.0 mL of phosphoric acid to a 1-L
flask, and add 550 mL of water.
Mobile phase: Acetonitrile and Buffer (45:55)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm packing L7 or 4.6-mm × 12.5-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
1S (USP38)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of loperamide hydrochloride
(C29 H33 ClN2 O2 ·HCl) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of loperamide hydrochloride
(C29 H33 ClN2 O2 ·HCl) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Solvent mixture, Ion pairing solution, Mobile phase, System suitability solution,
Sample solution, and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.002 mg/mL of USP Loperamide Related Compound F RS in Mobile
phase
System suitability
Sample: System suitability solution
Suitability requirements
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Resolution: NLT 3.0 between loperamide and loperamide related compound F
Tailing factor: NMT 2.0 for both peaks
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of loperamide N-oxide in the portion of Tablets taken:
Result = (rT/rS) × (CS/CU) × 100
rT= sum of the peak responses of the cis and trans isomers of N-oxide from the Sample
solution
rS= peak response of loperamide related compound F from the Standard solution
C=
S concentration of USP Loperamide Related Compound F RS in the Standard solution
(mg/mL)
C=
U nominal concentration of loperamide hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
1.0
1.5
1.7

Name

Acceptance
Criteria,
NMT (%)
—

Loperamide
Loperamide trans-N-oxide (loperamide related compound F)
Loperamide cis-N-oxideb
2.0a
a For the sum of trans and cis-isomers.
b (1s,4r)-4-(4-Chlorophenyl)-1-[4-(dimethylamino)-4-oxo-3,3-diphenylbutyl]-4hydroxypiperidine 1-oxide.
1S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Add the following:
• Labeling: Label chewable Tablets to indicate that they are to be chewed before
swallowing. 1S (USP38)
Change to read:
• USP Reference Standards 11
USP Loperamide Hydrochloride RS
USP Loperamide Related Compound F RS
Loperamide trans-N-oxide;
(1r,4s)-4-(4-Chlorophenyl)-1-[4-(dimethylamino)-4-oxo-3,3-diphenylbutyl]-4hydroxypiperidine 1-oxide.
C29 H33 ClN2 O3
493.04 1S (USP38)
BRIEFING
Nicotine, USP 37 page 3984. As part of the USP monograph modernization effort, the following
changes are proposed:
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1.
The GC-based Organic Impurities test is replaced with a more selective and
quantitative HPLC method. The HPLC method is based on the Related substances
procedure and limits in the Nicotine monograph in European Pharmacopoeia, 8th ed.
The procedure uses the Waters XTerra RP C18 brand of L1 column. The typical
retention time for nicotine is about 18 min.
2.
The nonspecific UV-based Identification test is replaced with an IR-based Identification
test.
3.
A second Identification test, based on the HPLC retention time agreement from the test
for Organic Impurities, is added.
4.
A formula to calculate the amount of nicotine is added in the Assay.
5.
Seven new reference standards, used in the proposed HPLC procedure in the test for
Organic Impurities, are added to the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: M. Koleck, R. Ravichandran.)
Correspondence Number—C112672

Comment deadline: May 31, 2014
Nicotine

C10 H14 N2

162.23

3-(1-Methyl-2-pyrrolidinyl)pyridine;
-Pyridyl- -N-methyl pyrrolidine

[54-11-5].

DEFINITION
Nicotine contains NLT 99.0% and NMT 101.0% of nicotine (C10 H14 N2 ), calculated on the
anhydrous basis.
IDENTIFICATION
Delete the following:
•
A. Ultraviolet Absorption 197U
Standard stock solution: 1 mg/mL of nicotine prepared as follows: Transfer an amount of
USP Nicotine Bitartrate RS equivalent to 50 mg of nicotine to a suitable glass stoppered
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tube. Add 5 mL of 6 N ammonium hydroxide, 2 mL of 1 N sodium hydroxide, and 20 mL of
n-hexane. Shake for 5 min and allow the phases to separate. Transfer the upper n-hexane
layer to a vial, and evaporate with a stream of nitrogen. [Note—Avoid excessive drying to
prevent loss of nicotine. ] Dissolve the residue of the nicotine so obtained in water to
obtain a concentration of 1 mg/mL.
Standard solution: 0.02 mg/mL of nicotine in 0.1N hydrochloric acid from the Standard
stock solution
Sample stock solution: 1 mg/mL of Nicotine in water
Sample solution: 0.02 mg/mL of nicotine in 0.1N hydrochloric acid from the Sample stock
solution
Acceptance criteria: Meets the requirements 1S (USP38)
Add the following:
• A. Infrared Absorption 197F
Standard: Transfer an amount of USP Nicotine Bitartrate Dihydrate RS equivalent to 100
mg of nicotine to a 100-mL glass-stoppered tube. Add 20 mL of 1 M ammonium hydroxide,
5 mL of 10 M sodium hydroxide, and 20 mL of n-hexane. Shake for 5 min, and allow the
phases to separate. Transfer the upper hexane phase to an evaporating dish, and
evaporate on a steam bath.
Sample: Nicotine
Acceptance criteria: Meets the requirements 1S (USP38)
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Organic Impurities. 1S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 60 mg of Nicotine in 40 mL of glacial acetic acid.
Blank: 40 mL of glacial acetic acid
Titrimetric system
(see Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis
Samples: Sample solution and Blank
Titrate the Sample solution with Titrant. Each mL of Titrant is equivalent to 8.11 mg of
nicotine (C10 H14 N2 ).
Calculate the percentage of nicotine (C10 H14 N2 ) in the portion of Nicotine taken:
Result = {[(VS

VB) × N × F]/W} × 100

VS= Titrant volume consumed by the Sample solution (mL)
VB= Titrant volume consumed by the Blank (mL)
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N= normality of the Titrant (mEq/mL)
F= equivalency factor, 81.1 mg/mEq
W= Sample weight (mg)
1S (USP38)

Acceptance criteria: 99.0%–101.0% on the anhydrous basis
IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Sample solution: 5.2 mg/mL of Nicotine in dichloromethane
Dilute sample solution A: 26 µg/mL of Nicotine in dichloromethane, from the Sample
solution
Dilute sample solution B: 52 µg/mL of Nicotine in dichloromethane, from the Sample
solution
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m; fused silica column bonded with a 1.5-µm layer of phase G1
Temperature
Detector: 270
Column: See Table 1
Table 1
Hold Time
Temperature
at Final
Initial
Ramp
Final
Temperature
Temperature ( )
( /min)
Temperature ( )
(min)
50
—
50
0.1
50
6
250
3
Carrier gas: Helium
Flow rate: 20 mL/min
Injection volume: 1 µL
Run time: NLT 2.5 times the retention time of nicotine
Analysis
Samples: Sample solution, Dilute sample solution A, and Dilute sample solution B
Acceptance criteria
Any single peak response: Each single peak response in the Sample solution
chromatogram is NMT than that of the nicotine response from Dilute sample solution A
(0.5%).
Sum of peak responses: The sum of the peak responses, excluding that of nicotine, from
the Sample solution is NMT that of the nicotine response from Dilute sample solution B
(1.0%).
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Solution A: Add 25 mL of 1 M acetic acid to 900 mL of water, then add 6 mL of
ammonium hydroxide. Adjust with either 2 M acetic acid or 2 M ammonium hydroxide to a
pH of 10.0, and dilute with water to 1000 mL.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
3
100
0
3.01
95
5
28
74
26
32
60
40
System suitability solution: 1.5 mg/mL of USP Nicotine Bitartrate Dihydrate RS and 6
µg/mL each of USP Nicotine Related Compound A RS, USP Nicotine Related Compound B
RS, USP Nicotine Related Compound C RS, USP Nicotine Related Compound D RS, USP
Nicotine Related Compound E RS, USP Nicotine Related Compound F RS, and USP
Nicotine Related Compound G RS in water
Standard solution: 2.5 µg/mL of USP Nicotine Bitartrate Dihydrate RS in water
Sensitivity solution: 1.2 µg/mL of USP Nicotine Bitartrate Dihydrate RS in water from
the Standard solution
Sample solution: 0.8 mg/mL of Nicotine in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.5 between nicotine and nicotine related compound G, System
suitability solution
Tailing factor: NMT 2.0 for nicotine, System suitability solution
Relative standard deviation: NMT 2.0% for nicotine, System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Nicotine taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of nicotine from the Standard solution
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CS= concentration of USP Nicotine Bitartrate Dihydrate RS in the Standard solution
(mg/mL)
CU= concentration of Nicotine in the Sample solution (mg/mL)
Mr1= molecular weight of nicotine, 162.23
Mr2= molecular weight of nicotine bitartrate dihydrate, 498.44
Acceptance criteria: See Table 2. Disregard peaks that are less than 0.05% of the
nicotine peak.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Nicotine related compound E
0.3
0.3
Nicotine related compound C
0.55
0.3
Nicotine related compound F
0.7
0.3
Nicotine related compound A
0.8
0.3
Nicotine related compound D
0.86
0.3
Nicotine related compound G
0.9
0.3
Nicotine
1.00
—
Nicotine related compound B
1.6
0.3
Any other unspecified impurity
—
0.10
Total impurities
—
0.8
1S (USP38)

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 20 mg/mL in alcohol
Acceptance criteria:

130 to

• Water Determination, Method I

143
921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store under nitrogen in well-closed containers below 25 ,
protected from light and moisture.
Change to read:
• USP Reference Standards 11
USP Nicotine Bitartrate Dihydrate RS
USP Nicotine Related Compound A RS
Anatabine;
(S)-1,2,3,6-Tetrahydro-2,3'-bipyridine.
C10 H12 N2
160.22
USP Nicotine Related Compound B RS
Nicotyrine;
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3-(1-Methyl-1H-pyrrol-2-yl)pyridine.
C10 H10 N2
158.20
USP Nicotine Related Compound C RS
Cotinine;
(S)-1-Methyl-5-(pyridin-3-yl)pyrrolidin-2-one.
C10 H12 N2 O
176.22
USP Nicotine Related Compound D RS
Myosmine;
3-(4,5-Dihydro-3H-pyrrol-2-yl)pyridine.
C9 H10 N2
146.19
USP Nicotine Related Compound E RS
Nicotine N-oxide;
(1RS,2S)-1-Methyl-2-(pyridin-3-yl)pyrrolidine 1-oxide.
C10 H14 N2 O
178.23
USP Nicotine Related Compound F RS
Nornicotine.
(S)-3-(Pyrrolidin-2-yl)pyridine;
C9 H12 N2
148.20
USP Nicotine Related Compound G RS
Anabasine;
(S)-3-(Piperidin-2-yl)pyridine.
C10 H14 N2
162.23 1S (USP38)
BRIEFING
Nicotine Polacrilex, USP 37 page 3987. As part of the USP monograph modernization effort,
the following changes are proposed:
1.
The chemical information is updated to include the molecular formula, nomenclature, and
CAS number for Nicotine Polacrilex.
2.
The nonspecific HPLC method for the test for Organic Impurities is replaced with a
method based on the Related substances procedure and limits in the Nicotine
Resinate (Polacrilex) monograph in European Pharmacopoeia, 8th ed. The procedure
uses the Waters XTerra RP C18 brand of L1 column. The typical retention time for
nicotine is about 18 min.
3.
The HPLC method for the Assay is replaced with a method based on the Assay in the
Nicotine Resinate (Polacrilex) monograph in the European Pharmacopoeia, 8th ed.
This change simplifies the monograph by allowing the same Chromatographic system
to be used for both the Assay and the test for Organic Impurities. The Assay uses
the Waters XTerra RP C18 brand of L1 column. The typical retention time for nicotine
is about 18 min.
4.
Additional instructions are given for the preparation of the Standard in Identification
test B to correct the omission from the classic monograph.
5.
An Identification test for nicotine based on the HPLC retention time agreement is added.
6.
A reference to Spectrophotometry and Light-Scattering 851 is added in the
Instrumental conditions section in the test for Nicotine Release.
7.
Seven new Reference Standards that are used in the proposed HPLC procedures for the
Assay and the test for Organic Impurities are added to the USP Reference Standards
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section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: M. Koleck, R. Ravichandran.)
Correspondence Number—C112078

Comment deadline: May 31, 2014
Nicotine Polacrilex
Change to read:

[(C4 H6 O2 )x(C10 H10 )y](C10 H14 N2 )
2-Propenoic acid, 2-methyl-, polymer with diethenylbenzene, complex with (S)-3-(1-methyl-2pyrrolidinyl)pyridine;
Methacrylic acid polymer with divinylbenzene, complex with nicotine [96055-45-7]. 1S (USP38)
DEFINITION
Nicotine Polacrilex is a weak carboxylic cation-exchange resin prepared from methacrylic acid
and divinylbenzene, in complex with nicotine. It contains NLT 95.0% and NMT 115.0% of the
labeled amount of nicotine (C10 H14 N2 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Transfer an amount of Nicotine Polacrilex equivalent to 100 mg of nicotine to a
100-mL glass-stoppered tube. Add 20 mL of 1 M ammonium hydroxide, 5 mL of 10 M
sodium hydroxide, and 20 mL of n-hexane. Shake for 5 min, and allow the phases to
separate. Transfer the upper hexane phase to an evaporating dish, and evaporate on a
steam bath.
Standard: Use USP Nicotine Bitartrate Dihydrate RS, and proceed as directed for Sample.
Acceptance criteria: Meets the requirements
Change to read:
• B. Infrared Absorption 197K
Standard: Transfer a portion of USP Polacrilex Resin RS, equivalent to the amount of
Nicotine Polacrilex used to prepare the Sample solution in the Assay, to a glass-stoppered
tube. Add 10 mL of 1 M ammonium hydroxide,
shake for 10 min, then centrifuge. 1S (USP38)
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Decant the ammonia solution from the residue, and wash the residue by shaking it with
three 10-mL volumes of water, decanting the water phase after each shaking. Wash with
10 mL of 0.1 N hydrochloric acid, decant the liquid, and dry the residue at 105 .
Sample: Use the residue obtained from the Sample solution in the Assay. Decant the
ammonia solution remaining from the residue, and wash the residue by shaking it with
three 10-mL volumes of water, decanting the water phase after each shaking. Wash with
10 mL of 0.1 N hydrochloric acid, decant the liquid, and dry the residue at 105 .
Acceptance criteria: Meets the requirements
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Solution A: 0.25 M sodium dodecyl sulfate prepared as follows. Dissolve 18.02 g of sodium
dodecyl sulfate in 25 mL of glacial acetic acid and sufficient water to make 250 mL.
Mobile phase: Mix 640 mL of water, 50 mL of 1 M sodium acetate, and 40 mL of Solution
A, and filter. Add 270 mL of acetonitrile, mix, and degas. Adjust the amount of water if
necessary.
Standard solution: Prepare 6 mg/mL of USP Nicotine Bitartrate Dihydrate RS in 1 M
ammonium hydroxide. Transfer 3.0 mL of the resulting solution to a 10-mL volumetric
flask, add 3 mL of 1 M acetic acid, and dilute with water to volume.
Sample solution: Transfer an amount of Nicotine Polacrilex equivalent to 20 mg of
nicotine to a glass-stoppered tube. Add 10.0 mL of 1 M ammonium hydroxide, shake for
10 min, and centrifuge. Transfer 3.0 mL of the clear solution to a 10-mL volumetric flask,
add 3 mL of 1 M acetic acid, and dilute with water to volume. [Note—Retain the resin
residue from centrifugation for use in Identification test B].
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of nicotine (C10 H14 N2 ) in the portion of Nicotine Polacrilex taken:
Result = (rU/rS) × (CS/Cu) × (Mr1 /Mr2 ) × 100
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rU = peak area of the Sample solution
rS = peak area of the Standard solution
CS= concentration of USP Nicotine Bitartrate Dihydrate RS on the anhydrous basis in the
Standard solution (mg/mL)
CU= concentration of Nicotine in the Sample solution (mg/mL)
Mr1= molecular weight of nicotine, 162.23
Mr2= molecular weight of anhydrous nicotine bitartrate, 462.41
Acceptance criteria: 95.0%–115.0% on the anhydrous basis
Solution A: Add 25 mL of 1 M acetic acid to 900 mL of water, then add 6 mL of
ammonium hydroxide. Adjust with either 2 M acetic acid or 2 M ammonium hydroxide to a
pH of 10.0, and dilute with water to 1000 mL.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
3
100
0
3.01
95
5
28
74
26
32
60
40
System suitability solution: 1.5 mg/mL of USP Nicotine Bitartrate Dihydrate RS and 6
µg/mL of USP Nicotine Related Compound G RS in water
Standard solution: 1.8 mg/mL of USP Nicotine Bitartrate Dihydrate RS in water
Sample solution: Nominally 0.6 mg/mL of nicotine prepared as follows. Transfer an
amount of Nicotine Polacrilex equivalent to 30 mg of nicotine to a glass-stoppered
tube. Add 10.0 mL of 1 M ammonium hydroxide, shake vigorously for 10 min, then
centrifuge. Transfer 5.0 mL of the clear solution to a 25-mL volumetric flask, add 5 mL
of 1 M acetic acid, and dilute with water to volume. Retain the residue from
centrifugation for use in Identification test B.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.5 between nicotine and nicotine related compound G, System
suitability solution
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Tailing factor: NMT 2.0 for nicotine, System suitability solution
Relative standard deviation: NMT 2.0% for nicotine, System suitability solution
and Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of nicotine (C10 H14 N2 ) in the portion of Nicotine Polacrilex
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of nicotine from the Sample solution
rS = peak response of nicotine from the Standard solution
CS= concentration of USP Nicotine Bitartrate Dihydrate RS in the Standard solution
(mg/mL)
CU= nominal concentration of nicotine in the Sample solution (mg/mL)
Mr1= molecular weight of nicotine, 162.23
Mr2= molecular weight of nicotine bitartrate dihydrate, 498.44
Acceptance criteria: 95.0%–115.0% on the anhydrous basis

1S (USP38)

IMPURITIES
Change to read:
• Organic Impurities
Mobile phase, Sample solution, and Chromatographic system: Proceed as directed in
the Assay.
Standard solution: Transfer 1.0 mL of the Standard solution in the Assay to a 100-mL
volumetric flask and dilute to volume with Mobile phase.
Run Time: NLT two times the retention time of the major peak.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Nicotine Polacrilex taken:
Result = (rU/rS) × (CS/Cu) × (Mr1 /Mr2 ) ×100
rU = peak area for the individual impurity in the Sample solution
rS = peak area for nicotine bitartrate dihydrate in the Standard solution
CS= concentration of USP Nicotine Bitartrate Dihydrate RS on the anhydrous basis in the
Standard solution (mg/mL)
Cu= concentration of nicotine in the Nicotine Polacrilex taken in the Sample solution
(mg/mL)
Mr1= molecular weight of nicotine, 162.23
Mr2= molecular weight of anhydrous nicotine bitartrate, 462.41
Acceptance criteria
Any individual impurity: NMT 0.3%
Total impurities: NMT 1.0%
Solution A, Solution B, Mobile phase, Sample solution, and Chromatographic
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system: Proceed as directed in the Assay.
System suitability solution: 1.5 mg/mL of USP Nicotine Bitartrate Dihydrate RS and 6
µg/mL each of USP Nicotine Related Compound A RS, USP Nicotine Related Compound B
RS, USP Nicotine Related Compound C RS, USP Nicotine Related Compound D RS, USP
Nicotine Related Compound E RS, USP Nicotine Related Compound F RS, and USP
Nicotine Related Compound G RS in water
Standard solution: 1.8 µg/mL of USP Nicotine Bitartrate Dihydrate RS in water
Sensitivity solution: 0.9 µg/mL of USP Nicotine Bitartrate Dihydrate RS in water from
the Standard solution
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.5 between nicotine and nicotine related compound G, System
suitability solution
Tailing factor: NMT 2.0 for nicotine, System suitability solution
Relative standard deviation: NMT 2.0% for nicotine, System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each impurity in the portion of Nicotine Polacrilex taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of nicotine from the Standard solution
CS= concentration of USP Nicotine Bitartrate Dihydrate RS in the Standard solution
(mg/mL)
CU= nominal concentration of nicotine in the Sample solution (mg/mL)
Mr1= molecular weight of nicotine, 162.23
Mr2= molecular weight of nicotine bitartrate dihydrate, 498.44
Acceptance criteria: See Table 2. Disregard peaks that are less than 0.05% of the
nicotine peak.

Nicotine
Nicotine
Nicotine
Nicotine
Nicotine
Nicotine
Nicotine
Nicotine

Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
related compound E
0.3
0.3
related compound C
0.55
0.3
related compound F
0.7
0.3
related compound A
0.8
0.3
related compound D
0.86
0.3
related compound G
0.9
0.3
1.00
—
related compound B
1.6
0.3
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Any other unspecified impurity
Total impurities

—
—

0.10
0.8

1S (USP38)

SPECIFIC TESTS
• Water Determination, Method I 921
Sample solution: Transfer about 1.0 g of Nicotine Polacrilex to a 50-mL glass-stoppered
test tube, and add 20.0 mL of methanol. Shake for 30 min, and allow to stand for 30 min.
Use a 10-mL portion of the methanol layer for the titration.
Acceptance criteria: NMT 5.0%
Change to read:
• Nicotine Release
Solution A: 9 mg/mL of sodium chloride in water
Sample stock solution: Transfer an amount of Nicotine Polacrilex equivalent to 4 mg of
nicotine to a glass-stoppered tube, add 10.0 mL of Solution A that has been warmed to 37
, and shake by mechanical means for 10 min. Immediately pass the liquid through a dry
filter paper, discarding the first mL of the filtrate.
Sample solution: Transfer 1.0 mL of the Sample stock solution to a 25-mL volumetric
flask, and dilute with 0.1 N hydrochloric acid to volume.
Blank: 1.0 mL of Solution A diluted with 0.1 N hydrochloric acid to 25 mL
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)

1S (USP38)

Mode: UV
Analytical wavelengths: 236, 259, and 282 nm
Analysis
Samples: Sample solution and Blank
Calculate the percentage of nicotine released:
Result = (A259

0.5A236

0.5A282) × (V/E) × (F/W) × (1/P) × 100

A259
= absorbance of the Sample solution, corrected for the Blank absorbance, at a wavelength
of 259 nm
A236
= absorbance of the Sample solution, corrected for the Blank absorbance, at a wavelength
of 236 nm
A282
= absorbance of the Sample solution, corrected for the Blank absorbance, at a wavelength
of 282 nm
V = dilution volume, 250 mL
E = specific absorbance of nicotine at a wavelength of 259 nm, 323 cm-1mL-1g
F = unit conversion factor, 1000 mg/g
W = weight of Nicotine Polacrilex (mg)
P = percentage of nicotine in Nicotine Polacrilex determined in the Assay
Acceptance criteria: NLT 70% in 10 min
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Nicotine Bitartrate Dihydrate RS
USP Nicotine Related Compound A RS
Anatabine;
(S)-1,2,3,6-Tetrahydro-2,3'-bipyridine.
C10 H12 N2
160.22
USP Nicotine Related Compound B RS
Nicotyrine;
3-(1-Methyl-1H-pyrrol-2-yl)pyridine.
C10 H10 N2
158.20
USP Nicotine Related Compound C RS
Cotinine;
(S)-1-Methyl-5-(pyridin-3-yl)pyrrolidin-2-one.
C10 H12 N2 O
176.22
USP Nicotine Related Compound D RS
Myosmine;
3-(4,5-Dihydro-3H-pyrrol-2-yl)pyridine.
C9 H10 N2
146.19
USP Nicotine Related Compound E RS
Nicotine N-oxide;
(1RS,2S)-1-Methyl-2-(pyridin-3-yl)pyrrolidine 1-oxide.
C10 H14 N2 O
178.23
USP Nicotine Related Compound F RS
Nornicotine;
(S)-3-(Pyrrolidin-2-yl)pyridine.
C9 H12 N2
148.20
USP Nicotine Related Compound G RS
Anabasine;
(S)-3-(Piperidin-2-yl)pyridine.
C10 H14 N2
162.23 1S (USP38)
USP Polacrilex Resin RS
BRIEFING
Norfloxacin, USP 37 page 4024. As part of the USP monograph modernization initiative, it is
proposed to make the following changes:
1.
The titration procedure in the Assay is replaced with an HPLC procedure. The HPLC
procedure is based on the procedure in the proposed test for Organic Impurities.
2.
The acceptance criteria in the Definition is revised from “NLT 99.0% and NMT 101.0%”
to “NLT 98.0% and NMT 102.0%”, which is typical for HPLC procedures. The
Acceptance criteria in the Assay is revised accordingly.
3.
The UV-based Identification test B is replaced with an HPLC retention time agreement
of the major peaks, as obtained in the Assay.
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4.
The TLC procedure in the test for Organic Impurities is replaced with an HPLC
procedure. The HPLC procedure in the test for Organic Impurities is adopted from
the Norfloxacin monograph in the European Pharmacopoeia, edition 8.0, with some
modifications.
5.
The liquid chromatographic procedures in the Assay and the test for Organic Impurities
are based on analyses performed with the Supelcosil LC-ABZ brand of L60 packing.
The typical retention time for the norfloxacin peak is about 12 min.
6.
Four new USP Reference Standards are added to the USP Reference Standards section
in support of the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: S. Shivaprasad.)
Correspondence Number—C117023

Comment deadline: May 31, 2014
Norfloxacin

C16 H18 FN3 O3

319.33

3-Quinolinecarboxylic acid, 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-;
1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinolinecarboxylic acid
[70458-967].
DEFINITION
Change to read:
Norfloxacin contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0% 1S (USP38)
of norfloxacin (C16 H18 FN3 O3 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
Change to read:
• B. Ultraviolet Absorption 197U
Use low-actinic glassware.
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Sample solution: 5 µg/mL in 0.1 N sodium hydroxide
Acceptance criteria: Absorptivities at 273 nm, calculated on the dried basis, do not differ
by more than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: 460 mg in 100 mL of glacial acetic acid
Titrimetric system
(See Titrimetry

541 .)

Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution with Titrant, using a suitable anhydrous electrode
system. Remove any aqueous solution in the electrode(s), render anhydrous, and fill with
0.1 N lithium perchlorate in acetic anhydride. Perform a blank determination, and make
any necessary correction. Each mL of 0.1 N perchloric acid is equivalent to 31.93 mg of
norfloxacin (C16 H18 FN3 O3 ).
Acceptance criteria: 99.0%–101.0% on the dried basis
Solution A: Water adjusted with phosphoric acid to a pH of 2.0
Diluent: Acetonitrile and Solution A (5:95)
Mobile phase: See Table 1.
Table 1
Time
Solution A Acetonitrile
(min)
(%)
(%)
0
95
5
5
95
5
7
93
7
10
87
13
15
47
53
20
10
90
20.1
95
5
25
95
5
Standard solution: 0.1 mg/mL of USP Norfloxacin RS in Diluent. Sonicate, if necessary,
to dissolve.
Sample solution: 0.1 mg/mL of Norfloxacin in Diluent. Sonicate, if necessary, to
dissolve.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV

621 , System Suitability.)
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Analytical wavelength: 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L60
Column temperature: 60
Flow rate: 1.4 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 0.73%
Tailing factor: NMT 2.0
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of norfloxacin (C16 H18 FN3 O3 ) in the portion of Norfloxacin
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Norfloxacin RS in the Standard solution (mg/mL)
CU= concentration of Norfloxacin in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

1S (USP38)

IMPURITIES
• Residue on Ignition 281
Analysis: Use a platinum crucible.
Acceptance criteria: NMT 0.1%
• Heavy Metals, Method II

231 : NMT 15 ppm

Change to read:
• Organic Impurities
Standard stock solution: 0.8 mg/mL of USP Norfloxacin RS prepared as follows. Dissolve
4 mg of USP Norfloxacin RS in 1 mL of glacial acetic acid, and add 4 mL of methanol.
Comparison solution A: To 1 mL of the Standard stock solution add 9 mL of a mixture of
methanol and methylene chloride (1:1).
Comparison solution B: Dilute a volume of Comparison solution A with an equal volume
of a mixture of methanol and methylene chloride (1:1).
Sample solution: 8.0 mg/mL of Norfloxacin in a mixture of methanol and methylene
chloride (1:1)
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of silica gel mixture, previously washed with methanol and air
dried
Application volume: 1, 1.5, and 2 µL of Comparison solution A; 5 µL of Comparison
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solution B; and 5 µL of the Sample solution
Developing solvent system: Chloroform, methanol, toluene, diethylamine, and water
(40:40:20:14:8)
Analysis
Samples: Comparison solution A, Comparison solution B, and Sample solution
Apply the Samples to a suitable high-performance thin-layer chromatographic plate
coated with Adsorbent. The spots of Comparison solutions A and B are equivalent to
0.2%, 0.3%, 0.4%, and 0.5% of impurities, respectively. Place the plate in a paperlined chromatographic chamber previously equilibrated with the Developing solvent
system. Seal the chamber, and allow the chromatogram to develop until the solvent
front has moved nine-tenths of the length of the plate. Remove the plate from the
chamber, mark the solvent front, and allow the solvent to evaporate. Examine the plate
under both short- and long-wavelength UV light. Compare the intensities of any
secondary spots observed in the chromatogram of the Sample solution with those of
the principal spots in the chromatograms of Comparison solutions A and B.
Acceptance criteria: The sum of the intensities of the secondary spots of the Sample
solution corresponds to NMT 0.5% of impurities.
Solution A, Diluent, Mobile phase, and Chromatographic system: Proceed as
directed in the Assay.
System suitability stock solution: 0.01 mg/mL each of USP Norfloxacin Related
Compound K RS, USP Norfloxacin Related Compound E RS, USP Norfloxacin Related
Compound A RS, and USP Norfloxacin Related Compound H RS in Diluent prepared as
follows. Dissolve 1 mg each of USP Norfloxacin Related Compound K RS, USP Norfloxacin
Related Compound E RS, USP Norfloxacin Related Compound A RS, and USP Norfloxacin
Related Compound H RS in 10 mL of acetonitrile in a 100-mL volumetric flask. Add about
70 mL of Diluent. Sonicate, if necessary, to dissolve. Dilute with Diluent to volume.
System suitability solution: To 1 mg of USP Norfloxacin RS in a 10-mL volumetric flask
add 5 mL of System suitability stock solution. Sonicate, if necessary, to dissolve. Dilute
with Diluent to volume.
Standard solution: 0.4 µg/mL of USP Norfloxacin RS in Diluent
Sample solution: 0.4 mg/mL of Norfloxacin in Diluent. Sonicate, if necessary, to
dissolve.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between norfloxacin related compound E and norfloxacin; NLT
3.0 between norfloxacin related compound A and norfloxacin related compound H,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Norfloxacin taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
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CS= concentration of USP Norfloxacin RS in the Standard solution (µg/mL)
CU= concentration of Norfloxacin in the Sample solution (mg/mL)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2. Disregard any peak less than 0.05%.
Table 2
Relative
Retention Acceptance
Time
Criteria,
Name
(min)
NMT (%)
Norfloxacin related compound K
0.85
0.15
Norfloxacin related compound E
0.95
0.15
Norfloxacin
1.0
—
Norfloxacin related compound A
1.4
0.10
Norfloxacin related compound H
1.43
0.10
Unidentified impurity
1.0
0.10
Total impurities
1.0
0.10
1S (USP38)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 100 to constant weight.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Norfloxacin RS
USP Norfloxacin Related Compound A RS
7-Chloro-1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid.
C12 H9 ClFNO3
269.66
USP Norfloxacin Related Compound E RS
7-Chloro-1-ethyl-4-oxo-6-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic acid.
C16 H18 ClN3 O3
335.79
USP Norfloxacin Related Compound H RS
7-[4-(Ethoxycarbonyl)piperazin-1-yl]-1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinoline3-carboxylic acid.
C19 H22 FN3 O5
391.39
USP Norfloxacin Related Compound K RS
6-Fluoro-1-methyl-4-oxo-7-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic acid.
C15 H16 FN3 O3
305.30 1S (USP38)
BRIEFING
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Oxymetazoline Hydrochloride, USP 37 page 4148. As part of USP monograph modernization
efforts, it is proposed to make the following changes:
1.
Identification test B by UV is replaced with the retention time agreement in the Assay.
2.
The system suitability requirement for relative standard deviation in the Assay is revised
to be consistent with the requirement given in Chromatography 621 .
3.
The new test for Organic Impurities is adopted from the current monograph for
Oxymetazoline Hydrochloride in the European Pharmacopoeia. The liquid
chromatography procedure for Organic Impurities is based on analyses performed
with the Symmetry Shield RP18 brand of L1 column. The typical retention time for
oxymetazoline is about 5 min.
4.
USP Oxymetazoline Related Compound A RS is added in the USP Reference Standards
section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: F. Mao.)
Correspondence Number—C126897

Comment deadline: May 31, 2014
Oxymetazoline Hydrochloride

C16 H24 N2 O·HCl

296.84

Phenol, 3-[(4,5-dihydro-1H-imidazol-2-yl)methyl]-6-(1,1-dimethylethyl)-2,4-dimethyl-,
monohydrochloride;
6-tert-Butyl-3-(2-imidazolin-2-ylmethyl)-2,4-dimethylphenol monohydrochloride
[2315-028].
DEFINITION
Oxymetazoline Hydrochloride contains NLT 98.5% and NMT 101.5% of oxymetazoline
hydrochloride (C16 H24 N2 O·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
Delete the following:
•
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B. Ultraviolet Absorption 197U
Analytical wavelength: 279 nm
Sample solution: 100 µg/mL of oxymetazoline hydrochloride in water
Acceptance criteria: Absorptivities differ by NMT 3.0% on the dried basis

1S (USP38)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
• C. Identification Tests—General, Chloride 191
Sample solution: 50 mg in 3 mL of water
Analysis: To the Sample solution add 1 mL of 6 N ammonium hydroxide. Filter, and acidify
the filtrate with nitric acid.
Acceptance criteria: The filtrate meets the requirements.
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, 1 M sodium acetate, glacial acetic acid, and water (40:10:4:46)
Standard solution: 0.5 mg/mL of USP Oxymetazoline Hydrochloride RS in Mobile phase
Sample solution: 0.5 mg/mL of Oxymetazoline Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; packing L9
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
0.55% 1S (USP38)
for five replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxymetazoline hydrochloride (C16 H24 N2 O·HCl) in the portion of
Oxymetazoline Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Oxymetazoline Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Oxymetazoline Hydrochloride in the Sample solution (mg/mL)
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Acceptance criteria: 98.5%–101.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

Add the following:
• Organic Impurities
Buffer: 1.36 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 3.0.
Mobile phase: See Table 1. Return to the original conditions, and re-equilibrate the
system.
Table 1
Time
Buffer Acetonitrile
(min)
(%)
(%)
0
70
30
5
70
30
20
15
85
35
15
85
System suitability solution: 1.0 mg/mL of USP Oxymetazoline Hydrochloride RS and 1.5
µg/mL of USP Oxymetazoline Related Compound A RS in water
Standard solution: 1.0 µg/mL of USP Oxymetazoline Hydrochloride RS and 1.5 µg/mL of
USP Oxymetazoline Related Compound A RS in water
Sample solution: 1.0 mg/mL of Oxymetazoline Hydrochloride in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between oxymetazoline related compound A and oxymetazoline
peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxymetazoline related compound A in the portion of
Oxymetazoline Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of oxymetazoline related compound A from the Sample solution
rS= peak response of oxymetazoline related compound A from the Standard solution
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C=
S concentration of USP Oxymetazoline Related Compound A RS in the Standard solution
(mg/mL)
C=
U concentration of Oxymetazoline Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of each individual unspecified impurity in the portion of
Oxymetazoline Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual unspecified impurity from the Sample solution
rS= peak response of oxymetazoline from the Standard solution
C=
S concentration of USP Oxymetazoline Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Oxymetazoline Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Oxymetazoline related compound A
0.9
0.15
Oxymetazoline
1.0
—
Any individual unspecified impurity
—
0.10
Total impurities
—
0.5
1S (USP38)

SPECIFIC TESTS
• pH 791
Sample solution: 50 mg/mL in water
Acceptance criteria: 4.0–6.5
• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Oxymetazoline Hydrochloride RS
USP Oxymetazoline Related Compound A RS
N-(2-Aminoethyl)-2-[4-(tert-butyl)-3-hydroxy-2,6-dimethylphenyl]acetamide.
C16 H26 N2 O2
278.39
1S (USP38)

BRIEFING
Phenylephrine Bitartrate, USP 37 page 4277. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
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1.
Revise the chemical names for phenylephrine bitartrate to be consistent with current
USP nomenclature.
2.
Add Identification test C based on the retention time agreement in the Assay.
3.
Replace the titration procedure in the Assay with an HPLC procedure based on the
proposed test for Organic Impurities. The proposed liquid chromatographic procedure
is based on analysis performed with the Purospher STAR RP18e brand of L1 packing.
The typical retention time for phenylephrine is about 2.0 min.
4.
In the Definition, revise the acceptance criteria from “99.0%–100.5%” to “98.0%–
102.0%”, which is typical for HPLC procedures. In the Assay, revise the Acceptance
criteria accordingly.
5.
In the test for Organic Impurities, revise the System suitability solution, and add a
Standard solution; revise the System suitability section and the Analysis; and in
Acceptance criteria, add a disregard limit. These changes are proposed for
consistency with the Phenylephrine Hydrochloride monograph appearing elsewhere in
this issue of PF.
6.
In the test for Organic Impurities, on the basis of validation data, delete Injection port
temperature, clarify Column temperature, and add column packing particle size.
7.
In USP Reference Standards 11 , add USP Phenylephrine Bitartrate RS and three
impurity Reference Standards to support Identification test A and the revised
Organic Impurities test. The names of the three impurity standards are changed to
be consistent with USP nomenclature.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: H. Cai.)
Correspondence Number—C109903

Comment deadline: May 31, 2014
Phenylephrine Bitartrate
Change to read:

C9 H13 NO2 ·C4 H6 O6

317.29

R-2-(Methylamino)-1-(3-hydroxyphenyl)ethanol-, (2R,3R)-2,3-dihydroxybutanedioate (1:1)
(salt);
(–)-1-(3-Hydroxyphenyl)-2-methylaminoethanol, hydrogen tartrate;
(–)-3 Hydroxy- -[(methylamino)methyl]benzenemethanol, hydrogen tartrate;
1-m-Hydroxy- -[(methylamino)methyl]benzyl alcohol, hydrogen tartrate
Benzenemethanol, 3-hydroxy- -[(methylamino)methyl]- , (2R,3R)-2,3-dihydroxybutanedioate
(1:1) (salt);
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(R)-(-)-m-Hydroxy- -[(methylamino)methyl]benzyl alcohol hydrogen tartrate
1S (USP38)

[17162-39-9].
DEFINITION
Change to read:
Phenylephrine Bitartrate contains NLT 99.0% and NMT 100.5%
NLT 98.0% and NMT 102.0% 1S (USP38)
of phenylephrine bitartrate (C9 H13 NO2 ·C4 H6 O6 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Identification Tests—General, Tartrate 191 The alkaline filtrate from the test for
Optical Rotation, Specific Rotation responds positively.
Sample: The alkaline filtrate from the test for Optical Rotation 781S , Specific
Rotation
Acceptance criteria: The Sample responds positively to the test for Tartrate in
Identification Tests—General

191 .

1S (USP38)

Add the following:
C.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Sample: 280 mg
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample by stirring in 60 mL of glacial acetic acid in a 100-mL
volumetric flask. Perform a blank determination (see Titrimetry 541 ), and make the
necessary correction. Each mL of 0.1 N perchloric acid is equivalent to 31.73 mg of
phenylephrine bitartrate (C9 H13 NO2 ·C4 H6 O6 ).
Acceptance criteria: 99.0%–100.5% on the dried basis
Buffer: Dissolve 3.25 g of 1-octanesulfonic acid sodium salt monohydrate in 1 L of water,
and adjust with 3 M phosphoric acid to a pH of 2.8.
Solution A: Acetonitrile and Buffer (10:90)
Solution B: Acetonitrile and Buffer (90:10)
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B
(min)
(%)
(%)
0
93
7
10
70
30
10.1
93
7
18
93
7
Diluent: Solution A and Solution B (80:20)
Standard solution: 0.6 mg/mL of USP Phenylephrine Hydrochloride RS in Diluent
Sample solution: 0.9 mg/mL of Phenylephrine Bitartrate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.0-mm × 5.5-cm; 3-µm packing L1
Column temperature: 45
Flow rate: 1.5 mL/min
Injection volume: 4 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.9
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of phenylephrine bitartrate (C9 H13 NO2 ·C4 H6 O6 ) in the portion
of Phenylephrine Bitartrate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of phenylephrine from the Sample solution
rS = peak response of phenylephrine from the Standard solution
CS= concentration of USP Phenylephrine Hydrochloride RS in the Standard solution
(mg/mL)
CU= concentration of Phenylephrine Bitartrate in the Sample solution (mg/mL)
Mr1= molecular weight of phenylephrine bitartrate, 317.29
Mr2= molecular weight of phenylephrine hydrochloride, 203.67
Acceptance criteria: 98.0%–102.0% on the dried basis

1S (USP38)

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Buffer: 3.25 g/L of 1-octanesulfonic acid sodium salt monohydrate. Adjust slowly with 3 M
phosphoric acid to a pH of 2.8.
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Solution A: Acetonitrile and Buffer (1:9)
Solution B: Acetonitrile and Buffer (9:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
93
7
10
70
30
10.1
93
7
18
93
7
Diluent: Solution A and Solution B (8:2)
System suitability solution: 1.0 mg/mL of USP Phenylephrine Hydrochloride RS and 0.9
µg/mL of USP Norphenylephrine Hydrochloride RS in Diluent
Buffer, Solution A, Solution B, Mobile phase, and Diluent: Proceed as directed in the
Assay.
System suitability solution: 1.0 mg/mL of USP Phenylephrine Hydrochloride RS and 0.9
µg/mL each of USP Norphenylephrine Hydrochloride RS and USP Phenylephrine Related
Compound C RS in Diluent
Standard solution: 0.001 mg/mL each of USP Phenylephrine Hydrochloride RS, USP
Norphenylephrine Hydrochloride RS, USP Phenylephrine Related Compound C RS, USP
Phenylephrine Related Compound D RS, and USP Phenylephrine Related Compound E RS
in Diluent 1S (USP38)
Blank: 0.8 mg/mL of l(+)-tartaric acid in Diluent
Sample solution: 1.56 mg/mL of Phenylephrine Bitartrate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4-mm × 5.5-cm;
3-µm 1S (USP38)
packing L1
Column temperature: 45 ± 2
45

1S (USP38)

Injection port temperature: 45 ± 2
1S (USP38)

Flow rate: 1.5 mL/min
Injection volume: 4 µL
System suitability
Sample: System suitability solution
Samples: System suitability solution and Standard solution 1S (USP38)
Suitability requirements
Resolution: NLT 1.5 between norphenylephrine and phenylephrine
and NLT 1.5 between phenylephrine and phenylephrine related compound C, System
suitability solution 1S (USP38)
Tailing factor: NMT 1.8 for phenylephrine
1S (USP38)
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Relative standard deviation: NMT 5%
for norphenylephrine, phenylephrine, phenylephrine related compound C, phenylephrine
related compound D, and phenylephrine related compound E, Standard solution
1S (USP38)

Analysis
Samples: Blank and Sample solution
Calculate the percentage of each impurity in the portion of Phenylephrine Bitartrate
(C9 H13 NO2 ·C4 H6 O6 ) taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of the responses of all of the peaks
Examine the chromatogram of the Blank for peaks, and disregard any corresponding peaks
observed in the chromatogram of the Sample solution.
Analysis
Samples: Standard solution, Blank, and Sample solution
Examine the chromatogram of the Blank for the peaks, and disregard any corresponding
peaks observed in the chromatogram of the Sample solution.
Calculate the percentage of norphenylephrine as free base in the portion of Phenylephrine
Bitartrate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of norphenylephrine from the Sample solution
rS = peak response of norphenylephrine from the Standard solution
CS= concentration of USP Norphenylephrine Hydrochloride RS in the Standard solution
(mg/mL)
CU= concentration of Phenylephrine Bitartrate in the Sample solution (mg/mL)
Mr1= molecular weight of norphenylephrine as free base, 153.18
Mr2= molecular weight of norphenylephrine as hydrochloride salt, 189.64
Calculate the percentage of phenylephrine related compound C as free base in the portion
of Phenylephrine Bitartrate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of phenylephrine related compound C from the Sample solution
rS = peak response of phenylephrine related compound C from the Standard solution
CS= concentration of USP Phenylephrine Related Compound C RS in the Standard solution
(mg/mL)
CU= concentration of Phenylephrine Bitartrate in the Sample solution (mg/mL)
Mr1= molecular weight of phenylephrine related compound C as free base, 165.19
Mr2= molecular weight of phenylephrine related compound C as hydrochloride salt, 201.65
Calculate the percentage of phenylephrine related compound D in the portion of
Phenylephrine Bitartrate taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of phenylephrine related compound D from the Sample solution
rS= peak response of phenylephrine related compound D from the Standard solution
CS= concentration of USP Phenylephrine Related Compound D RS in the Standard solution
(mg/mL)
CU= concentration of Phenylephrine Bitartrate in the Sample solution (mg/mL)
Calculate the percentage of phenylephrine related compound E in the portion of
Phenylephrine Bitartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of phenylephrine related compound E from the Sample solution
rS= peak response of phenylephrine related compound E from the Standard solution
CS= concentration of USP Phenylephrine Related Compound E RS in the Standard solution
(mg/mL)
CU= concentration of Phenylephrine Bitartrate in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of
Phenylephrine Bitartrate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of phenylephrine from the Standard solution
CS= concentration of USP Phenylephrine Hydrochloride RS in the Standard solution
(mg/mL)
CU= concentration of Phenylephrine Bitartrate in the Sample solution (mg/mL)
Mr1= molecular weight of phenylephrine bitartrate, 317.29
Mr2= molecular weight of phenylephrine hydrochloride, 203.67
1S (USP38)

Acceptance criteria: See Table 2.
Disregard any peaks below 0.05%.

1S (USP38)

Table 2

Name

Relative Retention
Time

Acceptance
Criteria,
NMT (%)

0.9
1.0

0.2
—

1.2

0.1

2.9

0.2

3.1

0.1

Norphenylephrine
a

1S (USP38)

Phenylephrine
Phenylephrone
Phenylephrine related compound Cb
1S (USP38)

Benzylphenylephrine
Phenylephrine related compound Dc
1S (USP38)

Benzylphenylephrone
Phenylephrine related compound Ed
1S (USP38)
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Any individual unspecified impurity
Total impurities
a
b
c
d

—
—

0.1
0.5

(R)-3-(2-Amino-1-hydroxyethyl)phenol.
1-(3-Hydroxyphenyl)-2-(methylamino)ethan-1-one.
(R)-3-{2-[Benzyl(methyl)amino]-1-hydroxyethyl}phenol.
2-[Benzyl(methyl)amino]-1-(3-hydroxyphenyl)ethan-1-one.
1S (USP38)

SPECIFIC TESTS
Change to read:
• Optical Rotation 781S , Specific Rotation
Sample solution: 240 mg/mL
Analysis: Make the Sample solution slightly alkaline by adding concentrated ammonium
hydroxide dropwise. Rub the wall of the vessel with a glass rod so that the base
precipitates out. Filter the base under suction, wash with a little water and acetone, and
dry at 105 for 2 h. Prepare and measure a 50-mg/mL solution of base precipitate in 1 M
hydrochloric acid.
Sample solution: Prepare a solution of about 240 mg/mL of Phenylephrine Bitartrate in
water. Make the solution slightly alkaline by adding concentrated ammonium hydroxide
dropwise. Rub the wall of the vessel with a glass rod so that the base precipitates out.
Filter the base under suction, wash with a little water and acetone, and dry at 105 for 2
h. Prepare and measure a 50-mg/mL solution of base precipitate in 1 M hydrochloric acid.
1S (USP38)

Acceptance criteria:

53 to

57

• pH 791
Sample solution: 10% w/v aqueous solution
Acceptance criteria: 3.0–4.0
• Loss on Drying 731
Analysis: Dry at 105 to a constant weight.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
Change to read:
• USP Reference Standards 11
USP Norphenylephrine Hydrochloride RS
(R)-3-(2-Amino-1-hydroxyethyl)phenol hydrochloride.
C8 H11 NO2
189.64
USP Phenylephrine Bitartrate RS
1S (USP38)

USP Phenylephrine Hydrochloride RS
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USP Phenylephrine Related Compound C RS
1-(3-Hydroxyphenyl)-2-(methylamino)ethan-1-one hydrochloride.
C9 H11 NO2
201.65
USP Phenylephrine Related Compound D RS
(R)-3-{2-[Benzyl(methyl)amino]-1-hydroxyethyl}phenol.
C16 H19 NO2
257.33
USP Phenylephrine Related Compound E RS
2-[Benzyl(methyl)amino]-1-(3-hydroxyphenyl)ethan-1-one.
C16 H17 NO2
255.32 1S (USP38)
BRIEFING
Phenylephrine Hydrochloride, USP 37 page 4278. As part of the USP monograph
modernization initiative, it is proposed to make the following changes:
1.
Add Identification test C based on the retention time agreement in the Assay.
2.
Replace the titration procedure in the Assay with an HPLC procedure based on the
proposed procedure for Organic Impurities. The proposed liquid chromatographic
procedure is based on analysis performed with a Purospher STAR RP18e brand of L1
packing. The typical retention time for phenylephrine is about 2.5 min.
3.
In the Definition, revise the Acceptance criteria from 97.5%–102.5% to 98.0%–102.0%,
which is typical for HPLC procedures. In the Assay, revise the Acceptance criteria
accordingly.
4.
Replace the TLC test with an HPLC procedure for Organic Impurities based on the
current Phenylephrine Hydrochloride monograph in European Pharmacopoeia 7.0. The
proposed liquid chromatography method is based on analysis performed with a
Purospher STAR RP18e brand of L1 packing. The typical retention time for
phenylephrine is about 2.5 min. The Acceptance criteria in the test for Organic
Impurities are also revised on the basis of the acceptance criteria in the current
Phenylephrine Hydrochloride monograph in European Pharmacopoeia 7.0.
5.
Delete the tests for Content of Chloride, Limit of Ketones, and Melting Range or
Temperature. The proposed selective HPLC test for Organic Impurities is sufficient
to ensure quality and purity.
6.
Revise the Acceptance criteria for Optical Rotation, Specific Rotation 781S to make
the decimal places between the upper limit and the lower limit the same. The
proposed limits are consistent with those in the current Phenylephrine Hydrochloride
monograph in European Pharmacopoeia 7.0.
7.
Add four USP Reference Standards to the USP Reference Standards section to support
the proposed Assay and Organic Impurities tests.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: H. Cai.)
Correspondence Number—C109903

Comment deadline: May 31, 2014
Phenylephrine Hydrochloride
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203.67

Benzenemethanol, 3-hydroxy- -[(methylamino)methyl]-, hydrochloride (R)-;
( )-m-Hydroxy- -[(methylamino)methyl]benzyl alcohol hydrochloride

[61-76-7].

DEFINITION
Change to read:
Phenylephrine Hydrochloride contains NLT 97.5% and NMT 102.5%
NLT 98.0% and NMT 102.0% 1S (USP38)
of phenylephrine hydrochloride (C9 H13 NO2 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Chloride 191
Sample solution: 10 mg/mL
Acceptance criteria: Meets the requirements
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Analysis: Dissolve about 100 mg of Phenylephrine Hydrochloride in 20 mL of water
contained in an iodine flask, add 50.0 mL of 0.1 N bromine VS, then add 5 mL of
hydrochloric acid, and immediately insert the stopper. Shake the flask, and allow to stand
for 15 min. Introduce quickly 10 mL of potassium iodide solution (1 in 10), allow to stand
for 5 min, shake thoroughly, remove the stopper, and rinse it and the neck of the flask
with a small quantity of water into the flask. Titrate the liberated iodine with 0.1 N
sodium thiosulfate VS, adding 3 mL of starch TS as the endpoint is approached, signaled
by the color change of the solution from reddish-brown to faint yellow. Perform a blank
determination (see Titrimetry 541 , Residual Titrations). Each mL of 0.1 N bromine is
equivalent to 3.395 mg of phenylephrine hydrochloride (C9 H13 NO2 ·HCl).
Acceptance criteria: 97.5%–102.5% on the dried basis
Buffer: Dissolve 3.25 g of 1-octanesulfonic acid sodium salt monohydrate in 1 L of water,
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and adjust with 3 M phosphoric acid to a pH of 2.8.
Solution A: Acetonitrile and Buffer (10:90)
Solution B: Acetonitrile and Buffer (90:10)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
93
7
3
93
7
13
70
30
14
93
7
16
93
7
Diluent: Solution A and Solution B (80:20)
Standard solution: 0.4 mg/mL of USP Phenylephrine Hydrochloride RS in Diluent
Sample solution: 0.4 mg/mL of Phenylephrine Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.0-mm × 5.5-cm; 3-µm packing L1
Column temperature: 45
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.9
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of phenylephrine hydrochloride (C9 H13 NO2 ·HCl) in the portion of
Phenylephrine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of phenylephrine from the Sample solution
rS= peak response of phenylephrine from the Standard solution
CS= concentration of USP Phenylephrine Hydrochloride RS in the Standard solution
(mg/mL)
CU= concentration of Phenylephrine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
OTHER COMPONENTS
Delete the following:

1S (USP38)
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•
Content of Chloride
Sample: about 300 mg
Analysis: Dissolve the Sample in 5 mL of water. Add 5 mL of glacial acetic acid and 50 mL
of methanol, then add eosin Y TS, and titrate with 0.1 N silver nitrate VS. Each mL of 0.1
N silver nitrate is equivalent to 3.545 mg of Cl.
Acceptance criteria: 17.0%–17.7% on the dried basis 1S (USP38)
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Chloride and Sulfate, Sulfate 221
Standard solution: 0.10 mL of 0.020 N sulfuric acid
Sample solution: 50 mg in 25 mL of water
Acceptance criteria: The Sample solution shows no more turbidity than corresponds to
that of the Standard solution (0.20%).
Delete the following:
•
Limit of Ketones
Analysis: Dissolve 200 mg in 1 mL of water, add 2 drops of sodium nitroferricyanide TS,
then add 1 mL of 1 N sodium hydroxide, followed by 0.6 mL of glacial acetic acid
Acceptance criteria: the color of the final solution is not deeper than that obtained in a
control solution prepared with 1 mL of dilue acetone (1 in 2000) 1S (USP38)
Change to read:
• Organic Impurities
Standard stock solution: 1 mg/mL of USP Phenylephrine Hydrochloride RS in methanol
Standard solution: Dilute Standard stock solution with methanol to obtain the following
compositions in Table 2.
Table 2
Percentage (%,
Concentration
for comparison
Standard solutionDilution
(µg/mL)
with Sample solution)
A
(1 in 2)
500
1.0
B
(1 in 4)
250
0.5
C
(1 in 10)
100
0.2
D
(1 in 20)
50
0.1
Sample solution: 50 mg/mL of Phenylephrine Hydrochloride in methanol
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: n-Butyl alcohol, formic acid, and water (7:1:2)
Spray reagent 1: Saturated solution of p-nitrobenzenediazonium tetrafluoroborate
Spray reagent 2: 100 mg/mL of sodium carbonate
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Analysis
Samples: Standard solutions A, B, C, and D, and Sample solution
Position the plate in a chromatographic chamber and develop the chromatograms in the
Developing solvent system until the solvent front has moved three-fourths of the
length of the plate. Remove the plate from the developing chamber, mark the solvent
front, and allow the solvent to evaporate in warm, circulating air. Examine the plate
under short-wavelength UV light, then spray the plate with Spray reagent 1 followed
by Spray reagent 2. Compare the intensities of any secondary spots in the
chromatogram of the Sample solution with those of the principal spots in the
chromatograms of the Standard solutions.
Acceptance criteria: The sum of the intensities of secondary spots from the Sample
solution corresponds to NMT 1.0% of related compounds, with no single impurity
corresponding to more than 0.5%.
Buffer, Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system:
Proceed as directed in the Assay.
System suitability solution: 1.0 mg/mL of USP Phenylephrine Hydrochloride RS and 10
µg/mL each of USP Norphenylephrine Hydrochloride RS and USP Phenylephrine Related
Compound C RS in Diluent
Standard solution: 0.001 mg/mL each of USP Phenylephrine Hydrochloride RS, USP
Norphenylephrine Hydrochloride RS, USP Phenylephrine Related Compound C RS, USP
Phenylephrine Related Compound D RS, and USP Phenylephrine Related Compound E RS
in Diluent
Sample solution: 1.0 mg/mL of Phenylephrine Hydrochloride in Diluent
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between norphenylephrine and phenylephrine and NLT 1.5
between phenylephrine and phenylephrine related compound C, System suitability
solution
Relative standard deviation: NMT 5% for norphenylephrine, phenylephrine,
phenylephrine related compound C, phenylephrine related compound D, and
phenylephrine related compound E, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of norphenylephrine as free base in the portion of
Phenylephrine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of norphenylephrine from the Sample solution
rS = peak response of norphenylephrine from the Standard solution
CS= concentration of USP Norphenylephrine Hydrochloride RS in the Standard solution
(mg/mL)
CU= concentration of Phenylephrine Hydrochloride in the Sample solution (mg/mL)
Mr1= molecular weight of norphenylephrine as free base, 153.18
Mr2= molecular weight of norphenylephrine as hydrochloride salt, 189.64
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Calculate the percentage of phenylephrine related compound C as free base in the
portion of Phenylephrine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of phenylephrine related compound C from the Sample solution
rS = peak response of phenylephrine related compound C from the Standard solution
CS= concentration of USP Phenylephrine Related Compound C RS in the Standard
solution (mg/mL)
CU= concentration of Phenylephrine Hydrochloride in the Sample solution (mg/mL)
Mr1= molecular weight of phenylephrine related compound C as free base, 165.19
Mr2= molecular weight of phenylephrine related compound C as hydrochloride salt, 201.65
Calculate the percentage of phenylephrine related compound D in the portion of
Phenylephrine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of phenylephrine related compound D from the Sample solution
rS= peak response of phenylephrine related compound D from the Standard solution
CS= concentration of USP Phenylephrine Related Compound D RS in the Standard solution
(mg/mL)
CU= concentration of Phenylephrine Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of phenylephrine related compound E in the portion of
Phenylephrine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of phenylephrine related compound E from the Sample solution
rS= peak response of phenylephrine related compound E from the Standard solution
CS= concentration of USP Phenylephrine Related Compound E RS in the Standard solution
(mg/mL)
CU= concentration of Phenylephrine Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of
Phenylephrine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of phenylephrine from the Standard solution
CS= concentration of USP Phenylephrine Hydrochloride RS in the Standard solution
(mg/mL)
CU= concentration of Phenylephrine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any peaks below 0.05%.
Table 2

Name

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
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Norphenylephrinea
0.9
0.10
Phenylephrine
1.0
—
Phenylephrine related compound C b
1.3
0.1
c
Phenylephrine related compound D
3.8
0.10
d
Phenylephrine related compound E
4.0
0.1
Any individual unspecified impurity
—
0.10
Total impurities
—
0.2
a (R)-3-(2-Amino-1-hydroxyethyl)phenol.
b 1-(3-Hydroxyphenyl)-2-(methylamino)ethan-1-one.
c (R)-3-{2-[Benzyl(methyl)amino]-1-hydroxyethyl}phenol.
d 2-[Benzyl(methyl)amino]-1-(3-hydroxyphenyl)ethan-1-one.
1S (USP38)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 140 –145

1S (USP38)

Change to read:
• Optical Rotation, Specific Rotation 781S
Sample solution: 50 mg/mL in water
Acceptance criteria:
43 to

47

42 to

47.5

1S (USP38)

• Loss on Drying 731
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at 25 ,
excursions permitted between 15 and 30 .
Change to read:
• USP Reference Standards 11
USP Norphenylephrine Hydrochloride RS
(R)-3-(2-Amino-1-hydroxyethyl)phenol hydrochloride.
C8 H11 NO2
189.64 1S (USP38)
USP Phenylephrine Hydrochloride RS
USP Phenylephrine Related Compound C RS
1-(3-Hydroxyphenyl)-2-(methylamino)ethan-1-one hydrochloride.
C9 H11 NO2
201.65
USP Phenylephrine Related Compound D RS
(R)-3-{2-[Benzyl(methyl)amino]-1-hydroxyethyl}phenol.
C16 H19 NO2
257.33
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USP Phenylephrine Related Compound E RS
2-[Benzyl(methyl)amino]-1-(3-hydroxyphenyl)ethan-1-one.
C16 H17 NO2
255.32 1S (USP38)
BRIEFING
Phenytoin Sodium, USP 37 page 4289 and PF 39(2) [Mar.–Apr. 2013]. The revision proposal
for this monograph, which appeared in PF 39(2), is being canceled and replaced with a new
proposal. The proposal changes include the following:
1.
Eliminate the need for the extraction step, which uses chloroform in the Identification
section, by introducing USP Phenytoin Sodium RS as the required USP Reference
Standard. Also, introduce the reference to the general test chapter Infrared
Absorption—General 197K .
2.
Replace Identification test B (flame test) with the specific sodium ion identification for
Phenytoin Sodium from European Pharmacopoeia 7.8 to harmonize with the European
Pharmacopoeia.
3.
Add Identification test C as an orthogonal identification procedure based on the
retention time match to strengthen the monograph.
4.
Delete the Column efficiency requirement in the Assay as there are already three
requirements that will ensure the suitability of the chromatographic system.
5.
Revise the limit for phenytoin related compound A from NMT 0.9% to NMT 0.5% to be
consistent with the limit for the same impurity in the Extended Phenytoin Sodium
Capsules monograph.
6.
Include a separate calculation for phenytoin related compound A, phenytoin related
compound B, and any other individual unspecified impurity in the test for Organic
Impurities to improve clarity.
7.
Include a specification for “any individual unspecified impurity” in the test for Organic
Impurities to be consistent with ICH impurity specification guidelines.
8.
Include a table listing the names of impurities along with relative retention times and
appropriate limits in the test for Organic Impurities.
9.
Delete the test for Clarity and Color of Solution because the acceptance criterion is
subjective. The monograph contains sufficient tests to ensure the quality of the
article.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C141152

Comment deadline: May 31, 2014
Phenytoin Sodium
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274.25

2,4-Imidazolidinedione, 5,5-diphenyl-, monosodium salt;
5,5-Diphenylhydantoin sodium salt
[630-93-3].
DEFINITION
Phenytoin Sodium contains NLT 98.0% and NMT 102.0% of phenytoin (C15 H11 N2 NaO2 ),
calculated on the dried basis.
IDENTIFICATION
Delete the following:
•
A. Procedure
Sample: Dissolve 300 mg of Phenytoin Sodium in 50 mL of water in a separator. Add 10 mL
of 3 N hydrochloric acid, and extract with three successive portions, measuring 100, 60,
and 30 mL, respectively, of a 1-in-2 mixture of ether and chloroform. Evaporate the
combined extracts, and dry the residue of phenytoin at 105 for 4 h.
Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion of
the residue exhibits maxima only at the same wavelengths as that of a similar
preparation of USP Phenytoin RS.
1S (USP38)

Add the following:
•
A. Infrared Absorption—General 197K
1S (USP38)

Change to read:
• B. Identification Tests—General, Sodium 191 It meets the requirements of the flame
test
Solution A: Dissolve 2.7 g of methoxyphenylacetic acid in 6 mL of tetramethylammonium
hydroxide solution, and add 20 mL of dehydrated alcohol.
Solution B: 158 mg/mL of ammonium carbonate in water
Sample solution: Ignite 1 g, and cool. Add 2 mL of water to the residue, and neutralize
the solution with hydrochloric acid. Filter, and dilute the filtrate with water to 4 mL.
Analysis: To 0.1 mL of the Sample solution add 1.5 mL of Solution A, and cool in ice
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water for 30 min. A voluminous, white, crystalline precipitate is formed. Place in water
at 20 , and stir for 5 min.
Acceptance criteria: The precipitate does not disappear. Add 1 mL of ammonia TS. The
precipitate dissolves completely. Add 1 mL of Solution B. No precipitate is formed.
1S (USP38)

Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Buffer: 0.05 M monobasic ammonium phosphate buffer, adjusted with phosphoric acid to a
pH of 2.5
Mobile phase: Acetonitrile, methanol, and Buffer (35:20:45)
System suitability solution: 0.1 mg/mL of USP Phenytoin RS and 0.15 mg/mL of benzoin in
Mobile phase
Standard solution: 0.05 mg/mL of USP Phenytoin RS in Mobile phase
Sample solution: 0.05 mg/mL of Phenytoin Sodium in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for phenytoin and benzoin are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 1.5 between phenytoin and benzoin, System suitability solution
Column efficiency: NLT 9400 theoretical plates for the phenytoin peak, Standard
solution
1S (USP38)

Tailing factor: NMT 1.5, System suitability solution
Standard solution 1S (USP38)
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of phenytoin sodium (C15 H11 N2 NaO2 ) in the portion of Phenytoin
Sodium taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
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rS= peak response from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU= concentration of Phenytoin Sodium in the Sample solution (µg/mL)
Mr1
= molecular weight of phenytoin sodium, 274.25
Mr2
= molecular weight of phenytoin, 252.27
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Mobile phase, System suitability solution, and Chromatographic system: Proceed as
directed in the Assay.
Standard solution: 0.5 µg/mL of benzophenone, 1 µg/mL of USP Phenytoin RS, 9 µg/mL of
USP Phenytoin Related Compound A RS, and 9 µg/mL of USP Phenytoin Related Compound
B RS in Mobile phase
Sample solution: 1 mg/mL of Phenytoin Sodium in Mobile phase
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for phenytoin and benzoin are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 1.5 between phenytoin and benzoin, System suitability solution
Relative standard deviation: NMT 5.0% for each compound, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of phenytoin related compound A, phenytoin related compound
B, and benzophenone in the portion of Phenytoin Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of phenytoin related compound A, phenytoin related compound B, or
benzophenone from the Sample solution
rS= peak response of phenytoin related compound A, phenytoin related compound B, or
benzophenone from the Standard solution
CS= concentration of the corresponding analyte in the Standard solution (µg/mL)
CU= concentration of Phenytoin Sodium in the Sample solution (µg/mL)
Calculate the percentage of any unspecified impurity in the portion of Phenytoin Sodium
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of phenytoin from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (µg/mL)
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CU= concentration of Phenytoin Sodium in the Sample solution (µg/mL)
Mr1= molecular weight of phenytoin sodium, 274.25
Mr2= molecular weight of phenytoin, 252.27
1S (USP38)

Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time

Name
Phenytoin related compound A
Phenytoin related compound B
Phenytoin
Benzophenone
Any individual unspecified impurity
Total impuritiesa
a Excluding benzophenone.

0.5
0.6

1S (USP38)
1S (USP38)

1.0
2.9
1S (USP38)

1S (USP38)

—
—

Acceptance
Criteria,
NMT (%, w/w)
0.9
0.5 1S (USP38)
0.9
—
0.1
0.10 1S (USP38)
0.9

SPECIFIC TESTS
Delete the following:
•
Clarity and Color of Solution
Sample solution: 50 mg/mL in carbon dioxide-free water
Analysis: Add 0.10 N sodium hydroxide to the Sample solution until the hydrolyzed
phenytoin is dissolved.
Acceptance criteria: For 20 mL of the Sample solution, NMT 4.0 mL of the 0.10 N sodium
hydroxide is required to produce a clear, colorless solution. 1S (USP38)
• Loss on Drying 731
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 2.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Phenytoin RS
USP Phenytoin Related Compound A RS
Diphenylglycine.
C14 H13 NO2
227.26
USP Phenytoin Related Compound B RS
Diphenylhydantoic acid.
C15 H14 N2 O3
270.29
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USP Phenytoin Sodium RS

1S (USP38)

BRIEFING
Rosuvastatin Calcium. Because there is no existing USP monograph for this drug substance, a
new monograph, based on validated methods of analysis, is proposed.
The liquid chromatographic procedures in the Assay and in the test for Organic
Impurities are based on analyses performed with the 3-µm Inertsil ODS-3 brand of L1
column. The typical retention time for rosuvastatin is about 24 min.
The liquid chromatographic procedures in the test for Enantiomeric Purity are based on
analyses performed with the 5-µm Chiralcel OJ-RH brand of L## column. The typical
retention time for rosuvastatin related compound D is about 26.5 min.
(SM2: S. Ramakrishna.)
Correspondence Number—C119454

Comment deadline: May 31, 2014
Add the following:
Rosuvastatin Calcium

(C22 H27 FN3 O6 S)2 · Ca

1001.14

6-Heptenoic acid, 7-[4-(4-fluorophenyl)-6-(1-methylethyl)-2-[methyl(methylsulfonyl)amino]-5pyrimidinyl]-3,5-dihydroxy-, calcium salt (2:1), (3R, 5S, 6E);
[S-[R*,S*-(E)]]-7-[4-(4-Fluorophenyl)-6-(1-methylethyl)-2-[methyl(methylsulfonyl)amino]-5pyrimidinyl]-3,5-dihydroxy-6-heptenoic acid, calcium salt (2:1);
Calcium (3R,5S,E)-7-(4-(4-fluorophenyl)-6-isopropyl-2-(N-methylmethylsulfonamido)pyrimidin5-yl)-3,5-dihydroxyhept-6-enoate salt (2:1)
[147098-20-2].
DEFINITION
Rosuvastatin Calcium contains NLT 97.0% and NMT 103.0% of rosuvastatin calcium
[(C22 H27 FN3 O6 S)2 · Ca], calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Enantiomeric Purity.
• C. Identification Tests—General, Calcium

191
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Sample solution: 8 mg/mL of Rosuvastatin Calcium in a mixture of methanol and water
(1:1)
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
Protect all solutions containing Rosuvastatin Calcium and its related compounds from light.
Solution A: Acetonitrile, 1% v/v aqueous trifluoroacetic acid, and water (290:10:700)
Solution B: Acetonitrile, 1% v/v aqueous trifluoroacetic acid, and water (750:10:240)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
30
100
0
50
60
40
60
0
100
70
0
100
71
100
0
80
100
0
Diluent: Acetonitrile and water (25:75)
System suitability solution A: Dissolve 10 mg of Rosuvastatin Calcium in 10 mL of 1%
trifluoroacetic acid in ethyl acetate. Heat at 40 for 1 h. Cool, and transfer to a
separatory funnel. Add 2 mL of 1 M sodium hydroxide, and shake for 30 s. Allow the layers
to separate, and discard the lower aqueous layer. Add 2 mL of water, and shake for 10 s.
Allow the layers to separate, and discard the aqueous layer. Transfer 2 mL of the retained
organic layer to a 50-mL standard flask, add 12 mL of acetonitrile, and dilute with water
to volume. This solution contains predominantly rosuvastatin lactone.
System suitability solution B: Dissolve 10 mg of Rosuvastatin Calcium in a 50-mL
volumetric flask in 10 mL of 1% trifluoroacetic acid in acetonitrile. Stopper, and heat at 40
for 1 h. Cool, add 20 mL of water, and neutralize with 1 M sodium hydroxide to a pH of
6–8. Dilute with water to volume. This solution contains predominantly rosuvastatin
diastereomers.
System suitability solution C: 0.25 mg/mL each of USP Rosuvastatin Related Compound A
RS and USP Rosuvastatin Related Compound B RS in a mixture of acetonitrile and water
(1:1)
System suitability solution D: 0.04 mg/mL of USP Rosuvastatin Related Compound C RS in
a mixture of acetonitrile and water (1:1)
System suitability solution: Heat 250 mg of Rosuvastatin Calcium at 50 for 7 days in
suitable glassware with a porous cover. Dissolve 50 mg of the heated Rosuvastatin
Calcium in a 50-mL standard flask in 11 mL of acetonitrile. Add 5 mL of System suitability
solution A, 3 mL of System suitability solution B,1 mL of System suitability solution C, and
1 mL of System suitability solution D. Dilute with water to volume.
Standard solution: 0.7 mg/mL of USP Rosuvastatin Calcium RS in Diluent
Sample solution: 0.7 mg/mL of Rosuvastatin Calcium in Diluent
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 3.0-mm × 15-cm; 3-µm packing L1
Column temperature: 40
Flow rate: 0.75 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between rosuvastatin and rosuvastatin diastereomer peaks
Tailing factor: NMT 1.5 for the rosuvastatin peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of rosuvastatin calcium [(C22 H27 FN3 O6 S)2 · Ca]
in the portion of Rosuvastatin Calcium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of rosuvastatin from the Sample solution
rS= peak response of rosuvastatin from the Standard solution
C=
S concentration of USP Rosuvastatin Calcium RS in the Standard solution (mg/mL)
C=
U concentration of Rosuvastatin Calcium in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the anhydrous and solvent-free basis
IMPURITIES
• Organic Impurities
Protect all solutions containing Rosuvastatin Calcium and its related compounds from light.
Mobile phase, Diluent, System suitability solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed for the Assay.
Standard solution: 0.0014 mg/mL of USP Rosuvastatin Calcium RS in Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Rosuvastatin Calcium taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of rosuvastatin from the Standard solution
C=
S concentration of USP Rosuvastatin Calcium RS in the Standard solution (mg/mL)
C=
U concentration of Rosuvastatin Calcium in the Sample solution (mg/mL)
F= relative response factor from Table 2
Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.
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Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Rosuvastatin related compound Aa
0.9
1.00
0.2
Rosuvastatin
1.0
1.00
—
Rosuvastatin diastereomerb
1.1
1.00
0.5
c
Rosuvastatin B2
1.5
0.71
0.8
d,e
Rosuvastatin lactone
—
1.7
1.00
Rosuvastatin related compound Bf,e
—
2.2
1.00
Rosuvastatin related compound C g,e
—
2.6
1.00
Any unspecified impurity
—
1.00
0.10
Total impurities
—
—
1.5
a Calcium (3R,5S,E)-7-{4-(4-fluorophenyl)-2-[(2-hydroxy-N,2dimethylpropyl)sulfonamide]-6-isopropylpyrimidin-5-yl}-3,5-dihydroxyhept-6-enoate salt
(2:1).
b Calcium (3RS,5RS,E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-(Nmethylmethylsulfonamido)pyrimidin-5-yl]-3,5-dihydroxyhept-6-enoate salt (2:1).
c Calcium (R,E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-(Nmethylmethylsulfonamido)pyrimidin-5-yl]-3-hydroxy-5-oxohept-6-enoate salt (2:1).
d N-[4-(4-Fluorophenyl)-5-{(E)-2-[(2S,4R)-4-hydroxy-6-oxotetrahydro-2H-pyran-2yl]vinyl}-6-isopropylpyrimidin-2-yl]-N-methylmethanesulfonamide.
e Classified as any unspecified impurity.
f Calcium (3R,5S,E)-7-(4-(4-fluorophenyl)-2-{2-[4-(4-fluorophenyl)-6-isopropyl-2-(Nmethylmethylsulfonamido)pyrimidin-5-yl]-2-hydroxy-N-methylethylsulfonamido}-6isopropylpyrimidin-5-yl)-3,5-dihydroxyhept-6-enoate salt (2:1).
g tert-Butyl 2-[(4R,6S)-6-{(E)-2-[4-(4-fluorophenyl)-6-isopropyl-2-(Nmethylmethylsulfonamido)pyrimidin-5-yl]vinyl}-2,2-dimethyl-1,3-dioxan-4-yl]acetate.
• Enantiomeric Purity
Prepare all solutions containing Rosuvastatin Calcium and its related compounds in amber
glassware.
Mobile phase: Acetonitrile and 0.1% v/v trifluoroacetic acid in water (25:75)
Diluent: Proceed as directed for the Assay.
System suitability solution: 1 mg/mL of USP Rosuvastatin Calcium RS and 0.004 mg/mL of
USP Rosuvastatin Related Compound D RS in Diluent
Standard solution: 0.005 mg/mL of USP Rosuvastatin Calcium RS in Diluent
Sample solution: 1 mg/mL of Rosuvastatin Calcium in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 4.6-mm × 15-cm; 5-µm packing L##
Column temperature: 35
Flow rate: 0.5 mL/min
Injection volume: 10 µL
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System suitability
Sample: System suitability solution
[Note—The relative retention times for rosuvastatin related compound D and rosuvastatin
are about 0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between the rosuvastatin related compound D and rosuvastatin
peaks
Tailing factor: NMT 1.8 for the rosuvastatin peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of rosuvastatin related compound D in the portion of
Rosuvastatin Calcium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of rosuvastatin related compound D from the Sample solution
rS= peak response of rosuvastatin from the Standard solution
C=
S concentration of USP Rosuvastatin Calcium RS in the Standard solution (mg/mL)
C=
U concentration of Rosuvastatin Calcium in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.1%
• Limit of Chloride
Sample: 150 mg of Rosuvastatin Calcium
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.01 M silver nitrate
Endpoint detection: Potentiometric
Blank: 60 mL of water and 5 mL of 10% v/v aqueous nitric acid
Analysis: Dissolve the Sample in 60 mL of water, and add 5 mL of 10% v/v aqueous nitric
acid. Titrate with Titrant.
Calculate the percentage of chloride in the portion of Rosuvastatin Calcium taken:
Result = {[(Vs

Vb) × M × F]/W} × 100

V=
s Titrant volume consumed by the Sample (mL)
V=
b Titrant volume consumed by the Blank (mL)
M= actual molarity of the Titrant (mmol/mL)
F= equivalency factor, 35.45 mg/mmol
W= Sample weight (mg)
Acceptance criteria: NMT 0.2%
SPECIFIC TESTS
• Water Determination, Method Ic

921 : NMT 6%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light. Store at
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controlled cold temperature.
• USP Reference Standards 11
USP Rosuvastatin Calcium RS
USP Rosuvastatin Related Compound A RS
Calcium (3R,5S,E)-7-{4-(4-fluorophenyl)-2-[(2-hydroxy-N,2dimethylpropyl)sulfonamide]-6-isopropylpyrimidin-5-yl}-3,5-dihydroxyhept-6-enoate
salt (2:1).
Ca(C25 H33 FN3 O7 S)2
1117.30
USP Rosuvastatin Related Compound B RS
Calcium (3R,5S,E)-7-(4-(4-fluorophenyl)-2-{2-[4-(4-fluorophenyl)-6-isopropyl-2-(Nmethylmethylsulfonamido)pyrimidin-5-yl]-2-hydroxy-N-methylethylsulfonamido}-6isopropylpyrimidin-5-yl)-3,5-dihydroxyhept-6-enoate salt (2:1).
Ca(C38 H45 F 2 N6 O9 S2 )2
1703.93
USP Rosuvastatin Related Compound C RS
tert-Butyl 2-[(4R,6S)-6-{(E)-2-[4-(4-fluorophenyl)-6-isopropyl-2-(Nmethylmethylsulfonamido)pyrimidin-5-yl]vinyl}-2,2-dimethyl-1,3-dioxan-4yl]acetate.
C29 H40 FN3 O6 S
577.71
USP Rosuvastatin Related Compound D RS
Calcium (3S,5R,E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-(Nmethylmethylsulfonamido)pyrimidin-5-yl]-3,5-dihydroxyhept-6-enoate salt (2:1).
Ca(C22 H27 FN3 O6 S)2
1001.14
1S (USP38)

BRIEFING
Selegiline Hydrochloride Compounded Topical Gel. Because there is no existing USP
monograph for this dosage form, a new monograph is proposed based on a validated
stability-indicating method used to assess stability. Selegiline may be used in major
depressive disorder and in the symptomatic treatment of Parkinsonian syndrome. Topical
administration of selegiline may avoid first-pass effects and provide prolonged levels of
selegiline. As Parkinsonian syndrome progresses, patients may not be able to swallow the
solid oral dosage forms, wear patches due to tearing of the skin upon removal, or dissolve
transmucosal lozenges due to decreased saliva production. The topical gel may be applied to
patients using a finger cot or glove. The liquid chromatographic procedure in the Assay is
based on analyses validated using the Inertsil ODS-2 brand of L1 column. The typical
retention time for selegiline is about 8.5 min.
(CMP: J. Sun.)
Correspondence Number—C127931

Comment deadline: May 31, 2014
Add the following:
Selegiline Hydrochloride Compounded Topical Gel
DEFINITION
Selegiline Hydrochloride Compounded Topical Gel contains NLT 90.0% and NMT 110.0% of the
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labeled amount of selegiline hydrochloride (C13 H17 N·HCl).
Prepare Selegiline Hydrochloride Compounded Topical Gel, 10 mg/mL, as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 795 ). For this preparation, a soy
lecithin–isopropyl palmitate mixture and a poloxamer gel need to be separately prepared.
Sorbic Acid
0.2 g
Soy lecithin
50 g
Isopropyl Palmitate 50 g
Prepare a soy lecithin–isopropyl palmitate mixture by mixing 0.2 g of Sorbic Acid, 50 g of Soy
lecithin, and 50 g of Isopropyl Palmitate together. Allow the mixture to set overnight, and mix
again.
Sorbic Acid
0.2 g
Poloxamer 407
30 g
Purified Water, a sufficient quantity to make 100 mL
Separately, prepare a 30% poloxamer gel by mixing 0.2 g of Sorbic Acid, 30 g of Poloxamer 407,
and a sufficient amount of Purified Water to bring to a final volume of 100 mL. Place the gel in
the refrigerator overnight, and mix again.
Selegiline hydrochloride powder
1g
Purified Water
5 mL
Soy lecithin–isopropyl palmitate mixture
22 mL
Poloxamer gel (30%), a sufficient quantity to make 100 mL
Dissolve 1 g of Selegiline hydrochloride powder in 5 mL of Purified Water in a suitable mortar.
Add 22 mL of the previously prepared soy lecithin–isopropyl palmitate mixture to the mortar,
and mix well. Add a sufficient amount of the previously prepared 30% poloxamer gel to bring to
final volume, and mix using high-shear methods.
ASSAY
• Procedure
Solution A: 0.1 M monobasic ammonium phosphate adjusted with phosphoric acid to a pH
of 3.1
Mobile phase: Acetonitrile and Solution A (20:80). Filter, and degas.
System suitability solution: 0.4 mg/mL each of USP Selegiline Hydrochloride RS and USP
Methamphetamine Hydrochloride RS in Mobile phase
Standard solution: 0.4 mg/mL of USP Selegiline Hydrochloride RS in Mobile phase
Sample solution: Shake thoroughly each container of Topical Gel. Transfer 0.4 mL of the
Topical Gel into a 10-mL volumetric flask, dilute with Mobile phase to volume, and mix well.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 8 µL
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System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for methamphetamine hydrochloride and selegiline
hydrochloride are about 0.63 and 1.0, respectively.]
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Resolution: NLT 8.0 between selegiline and methamphetamine, System suitability
solution
Relative standard deviation: NMT 2.0% for replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of selegiline hydrochloride (C13 H17 N·HCl)
in the portion of Topical Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of selegiline hydrochloride from the Sample solution
rS= peak response of selegiline hydrochloride from the Standard solution
C=
S concentration of selegiline hydrochloride in the Standard solution (mg/mL)
C=
U nominal concentration of selegiline hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.6–5.6

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant suitable calibrated dispenser.
Store at 2 –8 or at controlled room temperature.
• Labeling: Label it to indicate that it is for external use only, keep out of the reach of
children, use only as directed, and to state the Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at 2 –8 or at controlled room temperature
• USP Reference Standards 11
USP Methamphetamine Hydrochloride RS
USP Selegiline Hydrochloride RS
1S (USP38)

BRIEFING
Tadalafil Compounded Oral Suspension. Because there is currently no existing USP
monograph for this dosage form, a new compounded preparation monograph is proposed
based on a validated stability-indicating method used to assess stability. Currently, there is
no approved oral liquid formulation of tadalafil. Tadalafil is used to treat pulmonary arterial
hypertension in children and adults, and certain patients may not be able to swallow the
commercially available tablets. Tadalafil is dosed once daily versus four times daily for other
phosphodiesterase inhibitors, therefore improving compliance. Tadalafil is also used in
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postcardiac procedures for neonates and small children born with congenital heart conditions
that require surgery and short-term medication.
The liquid chromatographic procedure in the Assay is based on analyses validated using the
Zorbax StableBond C18 brand of L1 column. The typical retention time for tadalafil is about
4.5 min.
(CMP: J. Sun.)
Correspondence Number—C138701

Comment deadline: May 31, 2014
Add the following:
Tadalafil Compounded Oral Suspension
DEFINITION
Tadalafil Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of tadalafil (C22 H19 N3 O4 ).
Prepare Tadalafil Compounded Oral Suspension 5 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations

795 ).

Tadalafil tabletsa equivalent to
500 mg
b
b
Vehicle: A 1:1 mixture of Ora-Plus and Ora-Sweet , a sufficient quantity to make 100 mL
a Adcirca 20-mg tablets, Eli Lilly and Company, Indianapolis, IN.
b Perrigo Pharmaceuticals, Allegan, MI.
Place the required number of tablets in a suitable mortar, and comminute to a fine powder. Wet
the powder with a small amount of the Vehicle, and triturate to make a smooth paste. Add
increasing volumes of the Vehicle to make a tadalafil liquid that is pourable. Transfer the
contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the
Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Solution A: 10 mM sodium phosphate adjusted with phosphoric acid to a pH of 3.0. Pass
through a nylon filter of 0.45-µm pore size.
Solution B: Water adjusted with phosphoric acid to a pH of 3.0
Mobile phase: Acetonitrile and Solution A (60:40)
Diluent: Acetonitrile and Solution B (50:50)
Standard stock solution: 5 mg/mL of tadalafil prepared from USP Tadalafil RS in
acetonitrile. Mix well, and store at 2 –8 .
Standard solution: Transfer 2.0 mL of the Standard stock solution into a 500-mL
volumetric flask, and dilute with Diluent to volume. Mix well. Centrifuge an aliquot for 5 min
at 14,000 rpm. Protect from light, and store at 2 –8 .
Sample solution: Transfer 2.0 mL of Oral Suspension into a 500-mL volumetric flask, and
dilute with Diluent to volume. Mix well. Centrifuge an aliquot for 5 min at 14,000 rpm.
Protect from light, and store at 2 –8 .
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 5
Column: 30
Flow rate: 0.8 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—The retention time for tadalafil is about 4.5 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tadalafil (C22 H19 N3 O4 ) in the portion of
Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of tadalafil from the Sample solution
rS= peak response of tadalafil from the Standard solution
C=
S concentration of tadalafil in the Standard solution (mg/mL)
C=
U nominal concentration of tadalafil in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.3–5.3

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at 2 –8 or
controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at 2 –8 or controlled room temperature.
• USP Reference Standards
USP Tadalafil RS

11

1S (USP38)

BRIEFING
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Temazepam, USP 37 page 4865. On the basis of comments received, it is proposed to revise
the monograph as follows:
1.
Replace the existing isocratic HPLC procedure in the Assay as it lacks specificity, with a
gradient elution HPLC procedure that can also be used in the test for Organic
Impurities. The gradient elution procedure is based on validations performed with the
Kinetex C18 brand of L1 column manufactured by Phenomenex in which temazepam
elutes at about 7.5 min. Suitable alternative columns are the Symmetry C18 brand of
L1 column manufactured by Waters Corporation in which temazepam elutes at about
11 min and the Zorbax SB-C18 brand of L1 column manufactured by Agilent
Technologies in which temazepam elutes at about 10 min.
2.
Revise the test for Organic Impurities to reflect the changes arising from using the
gradient elution procedure in the Assay.
3.
Replace Standard stock solution 1, Standard stock solution 2, and the Standard solution
in the test for Organic Impurities test to reflect the changes arising from using the
revised gradient elution procedure.
4.
Revise Table 2 in the test for Organic Impurities to include diazepam as one of the
specified impurities with a limit of NMT 0.15%.
5.
Delete the relevant footnotes with chemical names of temazepam related compound A,
temazepam related compound E, and temazepam related compound F as these are
listed in the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C137950

Comment deadline: May 31, 2014
Temazepam

C16 H13 ClN2 O2

300.74

2H-1,4-Benzodiazepin-2-one, 7-chloro-1,3-dihydro-3-hydroxy-1-methyl-5-phenyl-;
7-Chloro-1,3-dihydro-3-hydroxy-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one
[846-504].
DEFINITION
Temazepam contains NLT 98.0% and NMT 102.0% of temazepam (C16 H13 ClN2 O2 ), calculated on
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the dried basis. [Caution—Temazepam is a potent sedative; its powder should not be inhaled.]
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 2.7 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a pH of
3.0.
Mobile phase: Acetonitrile and Buffer (47:53)
Diluent: Methanol and water (90:10)
Standard solution: 0.2 mg/mL of USP Temazepam RS in Diluent
Sample solution: 0.2 mg/mL of Temazepam in Diluent
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4-mm × 25-cm; 5-µm packing L16
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 800 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Solution A: 3.9 g/L of ammonium acetate in water
Solution B: Acetonitrile
Mobile phase: See Table 1. [Note—Gradient based on a dwell volume of 1.0 mL.]
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
70
30
13
70
30
25
30
70
28
30
70
33
70
30
35
70
30
Diluent: Acetonitrile and Solution A (30:70)
System suitability solution: 0.1 mg/mL each of USP Temazepam RS, USP Temazepam
Related Compound A RS, USP Temazepam Related Compound F RS, and USP
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Temazepam Related Compound G RS prepared as follows. Transfer suitable quantities of
each USP Reference Standard to a suitable volumetric flask. Dissolve in 30% of the
flask volume of acetonitrile. Dilute with Solution A to volume.
Standard stock solution 0.5 mg/mL of USP Temazepam RS prepared as follows. Transfer
a suitable quantity of USP Temazepam RS to a suitable volumetric flask. Dissolve in
30% of the flask volume of acetonitrile. Dilute with Solution A to volume.
Standard solution: 0.1 mg/mL from Standard stock solution in Diluent
Sample stock solution: 0.5 mg/mL of Temazepam prepared as follows. Transfer a
suitable quantity of Temazepam to a suitable volumetric flask. Dissolve in 30% of the
flask volume of acetonitrile. Dilute with Solution A to volume.
Sample solution: 0.1 mg/mL from Sample stock solution in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm or 2.6-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between temazepam related compound F and temazepam; NLT
1.5 between temazepam and temazepam related compound G, System suitability
solution
Relative standard deviation: NMT 0.73% for temazepam, Standard solution
1S (USP38)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of temazepam (C16 H13 ClN2 O2 ) in the portion of Temazepam taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Temazepam RS in the Standard solution (mg/mL)
C=
U concentration of Temazepam in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 µg/g

Change to read:
• Organic Impurities
Solution A: 3.9 g/L of ammonium acetate in water
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Solution B: Acetonitrile
Diluent: Acetonitrile and Solution A (30:70)
Mobile phase: See Table 1.
Table 1
Time Solution A Solution B
(min)
(%)
(%)
0
70
30
13
70
30
25
30
70
28
30
70
33
70
30
35
70
30
Standard stock solution 1: 0.1 mg/mL of USP Temazepam RS prepared as follows.
Dissolve the Standard in acetonitrile using 30% of the final volume, and dilute with
Solution A to volume.
Standard stock solution 2: 0.1 mg/mL each of USP Temazepam Related Compound A RS,
USP Temazepam Related Compound F RS, and USP Temazepam Related Compound G RS
prepared as follows. Dissolve the Standards in acetonitrile using 30% of the final volume,
and dilute with Solution A to volume. [Note—Temazepam related compound A is used in
Standard stock solution 2 for identification purposes only.]
Standard solution: 5 µg/mL each of USP Temazepam RS, USP Temazepam Related
Compound A RS, USP Temazepam Related Compound F RS, and USP Temazepam Related
Compound G RS in Diluent, from Standard stock solution 1 and Standard stock solution 2
Solution A, Solution B, Mobile phase, Diluent, System suitability solution, and
Standard stock solution: Proceed as directed in the Assay.
Standard solution: 0.005 mg/mL from Standard stock solution in Diluent 1S (USP38)
Sensitivity solution: 0.2 µg/mL of USP Temazepam RS in Diluent from Standard stock
solution
Sample solution: 1 mg/mL of Temazepam prepared as follows. Dissolve in acetonitrile using
30% of the final volume, and dilute with Solution A to volume.
Chromatographic system: Prepare as directed in the Assay.
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between temazepam related compound F and temazepam; NLT 1.5
between temazepam and temazepam related compound G, System suitability solution
Relative standard deviation: NMT 5.0% for temazepam, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Temazepam taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of temazepam from the Standard solution
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C=
S concentration of USP Temazepam RS in the Standard solution (mg/mL)
C=
U concentration of Temazepam in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting limit is 0.02% for temazepam related
compound A and 0.05% for all other impurities.

Compound

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Oxazepama
0.54
1.0
0.2
Methylnordazepam N-oxideb
0.63
1.5
0.2
c
Temazepam related compound F
0.83
0.65
0.2
Temazepam
1.0
—
—
d
Temazepam related compound G
1.3
0.68
0.2
O-Methyl temazepame
1.6
1.0
0.2
f
O-Acetyl temazepam
2.0
1.0
0.2
g
Temazepam related compound A
2.6
1.2
0.05
Any individual unspecified impurity
—
1.0
0.10
Total impurities
—
—
0.5
a 7-Chloro-1,3-dihydro-3-hydroxy-5-phenyl-2H-1,4-benzodiazepin-2-one.
b 7-Chloro-1,3-dihydro-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one 4-oxide.
c 7-Chloro-1-methyl-5-phenyl-4,5-dihydro-1H-1,4-benzodiazepine-2,3-dione.
d 7-Chloro-1,4-dimethyl-5-phenyl-4,5-dihydro-1H-1,4-benzodiazepine-2,3-dione.
e 7-Chloro-1,3-dihydro-3-methoxy-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one.
f 7-Chloro-1-methyl-2-oxo-5-phenyl-2,3-dihydro-1H-1,4-benzodiazepin-3-yl acetate.
g 5-Chloro-2-methylaminobenzophenone.

Name
Oxazepama
Methylnordazepam N-oxideb
Temazepam related compound F
Temazepam
Temazepam related compound G
O-Methyl temazepamc
Diazepamd
O-Acetyl temazepame
Temazepam related compound A
Any individual unspecified impurity
Total impurities

Table 2
Relative
Retention
Time
0.54
0.63
0.83
1.0
1.3
1.6
1.9
2.0
2.6
—
—

Relative
Response
Factor
1.0
1.5
0.65
—
0.68
1.0
1.0
1.0
1.2
1.0
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
0.2
—
0.2
0.2
0.15
0.2
0.05
0.10
0.5
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7-Chloro-1,3-dihydro-3-hydroxy-5-phenyl-2H-1,4-benzodiazepin-2-one.
7-Chloro-1,3-dihydro-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one 4-oxide.
7-Chloro-1,3-dihydro-3-methoxy-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one.
7-Chloro-1,3-dihydro-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one.
7-Chloro-1-methyl-2-oxo-5-phenyl-2,3-dihydro-1H-1,4-benzodiazepin-3-yl acetate.

1S (USP38)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards 11
USP Temazepam RS
USP Temazepam Related Compound A RS
5-Chloro-2-methylaminobenzophenone.
C14 H12 ClNO
245.70
USP Temazepam Related Compound F RS
7-Chloro-1-methyl-5-phenyl-4,5-dihydro-1H-1,4-benzodiazepine-2,3-dione.
C16 H13 ClN2 O2
300.74
USP Temazepam Related Compound G RS
7-Chloro-1,4-dimethyl-5-phenyl-4,5-dihydro-1H-1,4-benzodiazepine-2,3-dione.
C17 H15 ClN2 O2
314.77
BRIEFING
Tetracycline, USP 37 page 4897. As part of the USP monograph modernization efforts, it is
proposed to make following changes:
1.
Replace the Assay procedure, which uses the undesirable solvent dimethylformamide,
with a new validated HPLC procedure. The HPLC procedure for the Assay is based on
analyses performed with the Dionex Acclaim Polar Advantage II brand of L60 column.
The typical retention time for tetracycline is about 3.7 min.
2.
Replace the Limit of 4-Epianhydrotetracycline procedure in the test for Organic
Impurities with a method consistent with the new Assay procedure. The HPLC
procedure is based on analyses performed with the Phenomenex Prodigy (ODS 3)
100A brand of L1 column. The new procedure can analyze two additional impurities
for which the specifications are adopted from the current monograph for Tetracycline
Hydrochloride in the European Pharmacopoeia.
3.
Delete the non-value added color Identification test C as the monograph contains a
specific IR identification.
4.
Add USP Anhydrotetracycline Hydrochloride RS and USP Epitetracycline Hydrochloride RS
to the USP Reference Standards section to support the proposed revision in the test
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for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: R.S. Prasad.)
Correspondence Number—C131250

Comment deadline: May 31, 2014
Tetracycline

C22 H24 N2 O8

444.43

Trihydrate

498.49

2-Naphthacenecarboxamide, 4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,6,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-, [4S-(4 ,4a ,5a ,6 ,12a )]-;
(4S,4aS,5aS,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12apentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide
[60-54-8].
Trihydrate
[6416-04-2].
DEFINITION
Tetracycline has a potency equivalent to NLT 975 µg/mg of tetracycline hydrochloride
(C22 H24 N2 O8 ·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Sample solution: 20 µg/mL in 0.25 N sodium hydroxide
Analytical wavelength: 380 nm
Acceptance criteria: Absorptivity, 6 min after preparation, calculated on the anhydrous
basis, is between 104.5% and 111.95% of that of USP Tetracycline Hydrochloride RS, the
potency of the Reference Standard being taken into account.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Delete the following:
•
C.
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To 0.5 mg add 2 mL of sulfuric acid: a purplish-red color is produced. Add the solution to 1 mL
of water: the color becomes yellow. 1S (USP38)
Change to read:
• D.
C. 1S (USP38)
Identification—Tetracyclines, Method II 193
Sample solution: Equivalent to 1 mg/mL of tetracycline hydrochloride in methanol
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Diluting solvent: Dimethylformamide and 0.1 M ammonium oxalate (27:68)
Mobile phase: Dimethylformamide, 0.1 M ammonium oxalate, and 0.2 M dibasic ammonium
phosphate (27:68:5). Adjust, if necessary, with 3 N ammonium hydroxide or 3 N
phosphoric acid to a pH of 7.6–7.7.
Standard solution: 0.5 mg/mL of USP Tetracycline Hydrochloride RS in Diluting solvent
Sample solution: 0.45 mg/mL of Tetracycline in Diluting solvent
System suitability solution: 100 µg/mL of tetracycline hydrochloride and 25 µg/mL of
USP 4-Epianhydrotetracycline Hydrochloride RS in Diluting solvent
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 280 nm
Pre-injection guard column: 4.6-mm × 3-cm; 10-µm packing L7
Column: 4.6-mm × 25-cm; 5–10 µm packing L7
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for 4-epianhydrotetracycline and tetracycline are 0.9
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.2 between the 4-epianhydrotetracycline and tetracycline peaks,
System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of tetracycline hydrochloride(C22 H24 N2 O8 ·HCl) equivalent
in the portion of Tetracycline taken:
Result = (rU/rs ) × (CS/CU) × P
rU= peak response of tetracycline from the Sample solution
rS= peak response of tetracycline from the Standard solution
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C=
S concentration of USP Tetracycline Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of tetracycline in the Sample solution
P= potency of USP Tetracycline Hydrochloride RS (µg/mg)
Acceptance criteria: NLT 975 µg/mg of tetracycline hydrochloride equivalent on the
anhydrous basis
Solution A: Dilute 1 mL of phosphoric acid with water to 1 L.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
85
15
7.5
60
40
7.6
85
15
10
85
15
System suitability solution: 25 µg/mL each of USP Anhydrotetracycline Hydrochloride
RS, USP Epitetracycline Hydrochloride RS, and USP 4-Epianhydrotetracycline
Hydrochloride RS, and 100 µg/mL of USP Tetracycline Hydrochloride RS in Solution A
Standard solution: 100 µg/mL of USP Tetracycline Hydrochloride RS in Solution A
Sample solution: 90 µg/mL of Tetracycline in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 3-µm packing L60
Temperatures
Column: 50
Autosampler: 4
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.5 between epitetracycline and tetracycline, System suitability
solution; NLT 2.5 between anhydrotetracycline and 4-epianhydrotetracycline,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the potency equivalent, in µg/mg, of tetracycline hydrochloride
(C22 H24 N2 O8 ·HCl) in the portion of Tetracycline taken:
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Result = (rU/rS) × (CS/CU) × P
rU= peak response of tetracycline from the Sample solution
rS= peak response of tetracycline from the Standard solution
CS= concentration of USP Tetracycline Hydrochloride RS in the Standard solution (µg/mL)
CU= concentration of Tetracycline in the Sample solution (µg/mL)
P = potency of USP Tetracycline Hydrochloride RS (µg/mg)
Acceptance criteria: NLT 975 µg/mg on the anhydrous basis

1S (USP38)

IMPURITIES
• Heavy Metals, Method II

231 : NMT 50 ppm

Change to read:
• Organic Impurities
• Procedure: Limit of 4-Epianhydrotetracycline
Diluting solvent: Dimethylformamide and 0.1 M ammonium oxalate (27:68)
Mobile phase: Dimethylformamide, 0.1 M ammonium oxalate, and 0.2 M dibasic
ammonium phosphate (27:68:5). Adjust, if necessary, with 3 N ammonium hydroxide or
3 N phosphoric acid to a pH of 7.6–7.7.
Standard solution: 10 µg/mL of USP 4-Epianhydrotetracycline Hydrochloride RS in
Diluting solvent
Sample solution: 0.45 mg/mL of Tetracycline in Diluting solvent
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 280 nm
Pre-injection guard column: 4.6-mm × 3-cm; 10-µm packing L7
Column: 4.6-mm × 25-cm; 5–10µm packing L7
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 4-epianhydrotetracycline in the portion of Tetracycline
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of 4-epianhydrotetracycline from the Sample solution
rS= peak response of 4-epianhydrotetracycline from the Standard solution
C=
S concentration of USP 4-Epianhydrotetracycline Hydrochloride RS in the Standard
solution (µg/mL)
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C=
U concentration of tetracycline in the Sample solution
Acceptance criteria: NMT 2.0%
Solution A, Solution B, Mobile phase, and Sample solution: Proceed as directed in the
Assay.
System suitability solution: 25 µg/mL each of USP Anhydrotetracycline Hydrochloride
RS, USP Epitetracycline Hydrochloride RS, USP 4-Epianhydrotetracycline Hydrochloride
RS, and USP Tetracycline Hydrochloride RS in Solution A
Standard solution: 0.5 µg/mL of USP Anhydrotetracycline Hydrochloride RS, 3 µg/mL of
USP Epitetracycline Hydrochloride RS, 2 µg/mL of USP 4-Epianhydrotetracycline
Hydrochloride RS, and 0.1 µg/mL of USP Tetracycline Hydrochloride RS in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Column: 50
Autosampler: 4
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.5 between epitetracycline and tetracycline, System suitability
solution; NLT 2.5 between anhydrotetracycline and 4-epianhydrotetracycline,
System suitability solution
Relative standard deviation: NMT 2.8%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity in the portion of Tetracycline taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each specified impurity from the Sample solution
rS= peak response of corresponding USP Reference Standards from the Standard
solution
CS= concentration of corresponding USP Reference Standards in the Standard solution
(µg/mL)
CU= concentration of Tetracycline in the Sample solution (µg/mL)
Calculate the percentage of any unspecified impurity in the portion of Tetracycline
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of any unspecified impurity from the Sample solution
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rS = peak response of tetracycline from the Standard solution
CS= concentration of USP Tetracycline Hydrochloride RS in the Standard solution
(µg/mL)
CU= concentration of Tetracycline in the Sample solution (µg/mL)
Mr1= molecular weight of tetracycline, 444.43
Mr2= molecular weight of tetracycline hydrochloride, 480.90
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.05%.
Table 2
Relative
Retention
Time

Name
Epitetracyclinea

0.9
1.0
1.7
1.9
—

Acceptance
Criteria,
NMT (%)
3.0
—
2.0
0.5
0.10

Tetracycline
4-Epianhydrotetracyclineb
Anhydrotetracyclinec
Any unspecified impurity
a (4R,4aS,5aS,6S,12aS)-4-(Dimethylamino)-3,6,10,12,12a-pentahydroxy-6-methyl1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide.
b (4R,4aS,12aS)-4-(Dimethylamino)-3,10,11,12a-tetrahydroxy-6-methyl-1,12-dioxo1,4,4a,5,12,12a-hexahydrotetracene-2-carboxamide.
c (4S,4aS,12aS)-4-(Dimethylamino)-3,10,11,12a-tetrahydroxy-6-methyl-1,12-dioxo1,4,4a,5,12,12a-hexahydrotetracene-2-carboxamide.
1S (USP38)

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 5 mg/mL in 0.1 N hydrochloric acid
Acceptance criteria:
• Crystallinity

260 to

280 on the anhydrous basis

695 : Meets the requirements

• pH 791
Sample solution: In an aqueous suspension (1 in 100)
Acceptance criteria: 3.0–7.0
• Water Determination, Method I

921 : NMT 13.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: Label it to indicate that it is to be used in the manufacture of nonparenteral drugs
only.
Change to read:
• USP Reference Standards 11
USP Anhydrotetracycline Hydrochloride RS

1S (USP38)
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USP 4-Epianhydrotetracycline Hydrochloride RS
USP Epitetracycline Hydrochloride RS
USP Tetracycline Hydrochloride RS

1S (USP38)

BRIEFING
Tetracycline Hydrochloride, USP 37 page 4898. As part of the USP monograph modernization
efforts, it is proposed to make the following changes:
1.
Replace the Assay, which uses the undesirable solvent dimethylformamide, with a new
validated HPLC procedure. The HPLC procedure for the Assay is based on analyses
performed with the Phenomenex Prodigy (ODS 3) 100A brand of L1 column. The
typical retention time for tetracycline is about 3.9 min.
2.
The test for Organic Impurities is similar to the Assay procedure. The validated HPLC
procedure for this test is also based on analyses performed with the Phenomenex
Prodigy (ODS 3) 100A brand of L1 column.
3.
Delete the nonvalue-added color Identification test as the monograph contains a
specific IR Identification test and includes a selective orthogonal HPLC identification.
4.
Add USP Anhydrotetracycline Hydrochloride RS and USP Epitetracycline Hydrochloride RS
to the USP Reference Standards section to support the proposed revisions to the
Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: R.S. Prasad.)
Correspondence Number—C131250

Comment deadline: May 31, 2014
Tetracycline Hydrochloride

C22 H24 N2 O8 ·HCl

480.90

2-Naphthacenecarboxamide, 4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,6,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-, monohydrochloride, [4S-(4 ,4a ,5a ,6
,12a )]-;
(4S,4aS,5aS,6S,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12apentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide monohydrochloride
[64-755].
DEFINITION
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Tetracycline Hydrochloride has a potency of NLT 900 µg/mg of tetracycline hydrochloride
(C22 H24 N2 O8 ·HCl).
IDENTIFICATION
• A. Infrared Absorption 197K : Do not dry the specimen.
• B. Ultraviolet Absorption 197U
Medium: 0.25 N sodium hydroxide
Sample solution: 20 µg/mL in Medium
Acceptance criteria: Absorptivity, 6 min after preparation, calculated on the dried basis, is
between 96.0% and 104.0% of that of USP Tetracycline Hydrochloride RS, the potency of
the Reference Standard being taken into account.
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Delete the following:
•
D. Procedure
Sample: 0.5 mg
Analysis: Add 2 mL of sulfuric acid: a purplish red color is produced. Add the solution to 1
mL of water: the color becomes yellow. 1S (USP38)
Change to read:
• E.
D. 1S (USP38)
Identification Tests—General, Chloride 191
Sample solution: 1 mg/mL of tetracycline hydrochloride in methanol
Change to read:
• F.
E. 1S (USP38)
Identification—Tetracyclines, Method II

193 : Meets the requirements

ASSAY
Change to read:
• Procedure
Diluent: Dimethylformamide and 0.1 M ammonium oxalate (27:68)
Mobile phase: Dimethylformamide, 0.1 M ammonium oxalate, and 0.2 M dibasic ammonium
phosphate (27:68:5). Adjust, if necessary, with 3 N ammonium hydroxide or 3 N
phosphoric acid to a pH of 7.6 to 7.7. Filter through a membrane filter of 0.5-µm or finer
porosity.
Standard solution: 0.5 mg/mL of USP Tetracycline Hydrochloride RS in Diluent
Sample solution: 0.5 mg/mL of tetracycline hydrochloride in Diluent
System suitability solution: 100 µg/mL of tetracycline hydrochloride and 25 µg/mL of
USP 4-Epianhydrotetracycline Hydrochloride RS in Diluent
Chromatographic system
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621 , System Suitability.)

Mode: LC
Detector: UV 280 nm
Guard column: 4.6-mm × 3-cm; 10-µm packing L7
Column: 4.6-mm × 25-cm; 5–10-µm packing L7
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for 4-epianhydrotetracycline and tetracycline are
about 0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.2 between the 4-epianhydrotetracycline and tetracycline peaks,
System suitability solution
Relative standard deviation: NMT 2.0% on replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg, of C22 H24 N2 O8 ·HCl in each mg of Tetracycline Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response of tetracycline obtained from the Sample solution
rS= peak response of tetracycline obtained from the Standard solution
C=
S concentration of USP Tetracycline Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of tetracycline in the Sample solution (mg/mL)
P= potency of USP Tetracycline Hydrochloride RS (µg/mg)
Acceptance criteria: NLT 900 µg
Solution A: Dilute 1 mL of phosphoric acid with water to 1 L.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
85
15
7.5
60
40
7.6
85
15
10
85
15
System suitability solution: 25 µg/mL each of USP Anhydrotetracycline Hydrochloride
RS, USP Epitetracycline Hydrochloride RS, USP 4-Epianhydrotetracycline Hydrochloride
RS, and USP Tetracycline Hydrochloride RS in Solution A
Standard solution: 100 µg/mL of USP Tetracycline Hydrochloride RS in Solution A
Sample solution: 100 µg/mL of Tetracycline Hydrochloride in Solution A
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Column: 50
Autosampler: 4
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.5 between epitetracycline and tetracycline, System suitability
solution; NLT 2.5 between anhydrotetracycline and 4-epianhydrotetracycline,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of tetracycline hydrochloride (C22 H24 N2 O8 ·HCl) in the
portion of Tetracycline Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Tetracycline Hydrochloride RS in the Standard solution (µg/mL)
CU= concentration of Tetracycline Hydrochloride in the Sample solution (µg/mL)
P = potency of USP Tetracycline Hydrochloride RS (µg/mg)
Acceptance criteria: NLT 900 µg/mg

1S (USP38)

IMPURITIES
• Heavy Metals, Method II

231 : NMT 50 ppm

Change to read:
• Organic Impurities
• Procedure: Limit of 4-Epianhydrotetracycline
Diluent and Mobile phase: Proceed as directed in the Assay.
Standard solution: 10 µg/mL of USP 4-Epianhydrotetracycline Hydrochloride RS in
Diluent
Sample solution: 0.5 mg/mL of tetracycline hydrochloride in Diluent
Chromatographic system and System suitability: Proceed as directed in the Assay.
Analysis: Separately inject equal volumes of the Standard solution and Sample solution
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into the chromatograph, record the chromatograms, and measure the responses.
Calculate the percentage of 4-epianhydrotetracycline in the Tetracycline taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of 4-epianhydrotetracycline obtained from the Sample solution
rS= peak response of 4-epianhydrotetracycline obtained from the Standard solution
C=
S concentration of USP 4-Epianhydrotetracycline Hydrochloride RS in the Standard
solution (µg/mL)
C=
U concentration of tetracycline taken to prepare the Sample solution (µg/mL)
Acceptance criteria: NMT 2.0%
Solution A, Solution B, Mobile phase, and Chromatographic system: Proceed as
directed in the Assay.
System suitability solution: 25 µg/mL each of USP Anhydrotetracycline Hydrochloride
RS, USP Epitetracycline Hydrochloride RS, USP 4-Epianhydrotetracycline Hydrochloride
RS, and USP Tetracycline Hydrochloride RS in Solution A
Standard solution: 0.5 µg/mL of USP Anhydrotetracycline Hydrochloride RS, 3 µg/mL of
USP Epitetracycline Hydrochloride RS, 2 µg/mL of USP 4-Epianhydrotetracycline
Hydrochloride RS, and 0.1 µg/mL of USP Tetracycline Hydrochloride RS in Solution A
Sample solution: Use the Sample solution from the Assay.
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.5 between epitetracycline and tetracycline; NLT 2.5 between
anhydrotetracycline and 4-epianhydrotetracycline
Relative standard deviation: NMT 2%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity in the portion of Tetracycline
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each specified impurity from the Sample solution
rS= peak response of the corresponding USP Reference Standard from the Standard
solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(µg/mL)
CU= concentration of Tetracycline Hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of any unspecified impurity in the portion of Tetracycline
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unspecified impurity from the Sample solution
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rS= peak response of tetracycline from the Standard solution
CS= concentration of USP Tetracycline Hydrochloride RS in the Standard solution (µg/mL)
CU= concentration of Tetracycline Hydrochloride in the Sample solution (µg/mL)

Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.05%.
Table 2
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

Epitetracyclinea
0.9
3.0
Tetracycline
1.0
—
b
4-Epianhydrotetracycline
1.7
2.0
c
Anhydrotetracycline
1.9
0.5
Any unspecified impurity
—
0.10
a (4R,4aS,5aS,6S,12aS)-4-(Dimethylamino)-3,6,10,12,12a-pentahydroxy-6-methyl1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide.
b (4R,4aS,12aS)-4-(Dimethylamino)-3,10,11,12a-tetrahydroxy-6-methyl-1,12-dioxo1,4,4a,5,12,12a-hexahydrotetracene-2-carboxamide.
c (4S,4aS,12aS)-4-(Dimethylamino)-3,10,11,12a-tetrahydroxy-6-methyl-1,12-dioxo1,4,4a,5,12,12a-hexahydrotetracene-2-carboxamide.
1S (USP38)

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 5 mg/mL in 0.1 N hydrochloric acid
Acceptance criteria:
• Crystallinity
• pH

240 to

255 on the dried basis

695 : Meets the requirements

791 : 1.8–2.8, in a solution (1 in 100)

• Loss on Drying 731
Sample: 100 mg
Analysis: Dry in a capillary-stoppered bottle under vacuum at a pressure not exceeding 5
mm of mercury at 60 for 3 h.
Acceptance criteria: NMT 2.0%
Change to read:
• Sterility Tests 71 : Where the label states that Tetracycline Hydrochloride is sterile, it
meets the requirements. when tested as directed for Membrane Filtration, under Test for
Sterility of the Product to be Examined, Fluid D being used instead of Fluid A.
1S (USP38)

• Bacterial Endotoxins Test 85 : Where the label states that Tetracycline Hydrochloride
must be subjected to further processing during the preparation of injectable dosage forms,
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it contains NMT 0.5 USP Endotoxin unit/mg of tetracycline hydrochloride. Where it is
intended for use in preparing nonparenteral sterile dosage forms, it is exempt from the
requirements for Bacterial endotoxins.
Change to read:
• Other Requirements: Where the label states that Tetracycline Hydrochloride is sterile, it
meets the requirements for Sterility Tests

71 .

1S (USP38)

Where the label states that Tetracycline Hydrochloride is sterile, it meets the requirements for
Injections 1 , Labeling. Where the label states that Tetracycline Hydrochloride must be
subjected to further processing during the preparation of injectable dosage forms, it meets
the requirements for Bacterial Endotoxins Test 85 . Where it is intended for use in
preparing nonparenteral sterile dosage forms, it is exempt from the requirements for
Bacterial endotoxins
1S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: Label it to indicate that it is to be used in the manufacture of nonparenteral drugs
only.
Change to read:
• USP Reference Standards 11
USP Anhydrotetracycline Hydrochloride RS
USP Endotoxin RS
USP 4-Epianhydrotetracycline Hydrochloride RS
USP Epitetracycline Hydrochloride RS
USP Tetracycline Hydrochloride RS

1S (USP38)

1S (USP38)

BRIEFING
Timolol Maleate, USP 37 page 4964. As part of USP monograph modernization efforts, it is
proposed to make the following changes:
1.
Replace the nonspecific Assay by titrimetry with a validated liquid chromatographic
procedure. The proposed liquid chromatographic procedure uses the Kinetex XB-C18
brand of L1 column manufactured by Phenomenex in which timolol elutes at about 2.8
min.
2.
Replace the nonspecific TLC test for Organic Impurities with a validated HPLC
procedure. The liquid chromatographic procedure is similar to the Assay procedure
and is based on analyses performed with the Kinetex XB-C18 brand of L1 column
manufactured by Phenomenex in which timolol elutes at about 2.8 min.
3.
Revise the acceptance criteria in the Definition and Assay from "NLT 98.0% and NMT
101.0%" to "NLT 98.0% and NMT 102.0%", which are typical for chromatographic
procedures.
4.
Add Identification test C, a selective orthogonal HPLC identification, to strengthen the
monograph.
5.
Add USP Timolol Related Compound B RS, USP Timolol Related Compound C RS, USP
Timolol Related Compound D RS, USP Timolol Related Compound E RS, and USP
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Timolol Related Compound F RS in the USP Reference Standards section to support
the proposed revision for the test for Organic Impurities.
(SM2: R.S. Prasad.)
Correspondence Number—C99272

Comment deadline: May 31, 2014
Timolol Maleate

C13 H24 N4 O3 S·C4 H4 O4

432.49

2-Propanol, 1-[(1,1-dimethylethyl)amino]-3-[[4-(4-morpholinyl)-1,2,5-thiadiazol-3-yl]oxy]-,
(S)-, (Z)-2-butenedioate (1:1) (salt);
( )-1-(tert-Butylamino)-3-[(4-morpholino-1,2,5-thiadiazol-3-yl)oxy]-2-propanol maleate (1:1)
(salt)
[26921-17-5].
DEFINITION
Change to read:
Timolol Maleate contains NLT 98.0% and NMT 101.0%
NLT 98.0% and NMT 102.0% 1S (USP38)
of timolol maleate (C13 H24 N4 O3 S·C4 H4 O4 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. Ultraviolet Absorption 197U
Analytical wavelength: 294 nm
Sample solution: 25 µg/mL in 0.12 N hydrochloric acid
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
Add the following:
C.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Delete the following:
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• Titrimetry 541
Sample solution: 90 mL of a 8.9-mg/mL solution in glacial acetic acid
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: To the Sample solution titrate with Titrant, using a platinum electrode and a
sleeve-type calomel electrode containing 0.1 N lithium perchlorate in acetic anhydride.
Perform a blank determination, and make any necessary corrections. Each mL of 0.1 N
perchloric acid is equivalent to 43.25 mg of timolol maleate (C13 H24 N4 O3 S·C4 H4 O4 ).
Acceptance criteria: 98.0%–101.0% on the dried basis 1S (USP38)
Add the following:
• Procedure
Solution A: Dilute 0.5 mL of trifluoroacetic acid with water to 1 L.
Solution B: Dilute 0.5 mL of trifluoroacetic acid with acetonitrile to 1 L.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
84
16
2.4
84
16
8
20
80
8.1
84
16
11
84
16
Diluent: Methanol and water (60:40)
System suitability solution: 100 µg/mL of USP Timolol Maleate RS and 10 µg/mL of USP
Timolol Related Compound D RS in Diluent
Standard solution: 100 µg/mL of USP Timolol Maleate RS in Diluent
Sample solution: 100 µg/mL of Timolol Maleate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 295 nm
Column: 2.1-mm × 10-cm; 2.6-µm packing L1
Flow rate: 0.4 mL/min
Injection volume: 2.5 µL
Autosampler temperature: 4
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Resolution: NLT 2 between timolol and timolol related compound D, System suitability
solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis

382
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Samples: Standard solution and Sample solution
Calculate the percentage of timolol maleate (C13 H24 N4 O3 S·C4 H4 O4 ) in the portion of
Timolol Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of timolol from the Sample solution
rS= peak response of timolol from the Standard solution
C=
S concentration of USP Timolol Maleate RS in the Standard solution (µg/mL)
C=
U concentration of Timolol Maleate in the Sample solution (µg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

1S (USP38)

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : 20 ppm

Change to read:
• Organic Impurities
Sample solution: 50 mg/mL in methanol
Standard solution A: 200 µg/mL of USP Timolol Maleate RS in methanol equivalent to
0.4% of the Sample solution
Standard solution B: 100 µg/mL of USP Timolol Maleate RS in methanol equivalent to
0.2% of the Sample solution
Standard solution C: 50 µg/mL of USP Timolol Maleate RS in methanol equivalent to 0.1%
of the Sample solution
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, methanol, and ammonium hydroxide (80:20:1)
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples to a suitable TLC plate. Allow the spots to dry, and develop the
chromatogram until the solvent front has moved about three-fourths of the length of the
plate. Remove the plate from the developing chamber, mark the solvent front, and allow
the solvent to evaporate. Expose the plate to iodine vapors for 2 h, and locate the spots
on the plate by examination under short-wavelength UV light. Compare the intensities of
any secondary spots from the Sample solution, excluding the origin spot due to the
maleate anion, with those of the principal spots from Standard solution A, Standard
solution B, and Standard solution C.
Acceptance criteria: 0.4%; no secondary spot is more intense than the principal spot
from Standard solution A. The sum of the intensities of all secondary spots, excluding any
having intensities less than the principal spot from Standard solution C, is NMT 1.0%.
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Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system:
Proceed as directed in the Assay.
System suitability solution: 100 µg/mL each of USP Timolol Maleate RS, USP Timolol
Related Compound B RS, USP Timolol Related Compound C RS, USP Timolol Related
Compound D RS, USP Timolol Related Compound E RS, and USP Timolol Related
Compound F RS in Diluent. [Note—Prepare fresh and analyze immediately as USP Timolol
Related Compound E RS degrades rapidly.]
Standard solution: 1 µg/mL of USP Timolol Maleate RS and 4 µg/mL each of USP Timolol
Related Compound B RS, USP Timolol Related Compound C RS, USP Timolol Related
Compound D RS, USP Timolol Related Compound E RS, and USP Timolol Related
Compound F RS in Diluent. Sonicate if needed for 0.5 min.
Sample solution: 1 mg/mL of Timolol Maleate in Diluent
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between timolol and timolol related compound D, System
suitability solution
Relative standard deviation: NMT 2.0% for timolol, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity in the portion of Timolol Maleate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each specified impurity from the Sample solution
rS= peak response of the corresponding USP Reference Standard from the Standard
solution
CS= concentration of the corresponding USP Reference Standard in the Standard solution
(µg/mL)
CU= concentration of Timolol Maleate in the Sample solution (µg/mL)
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified impurity in the portion of Timolol
Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for any individual unspecified impurity from the Sample solution
rS= peak response of timolol from the Standard solution
CS= concentration of USP Timolol Maleate RS in the Standard solution (µg/mL)
CU= concentration of Timolol Maleate in the Sample solution (µg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.05%.

PF 40(2): Mar.-Apr. 2014

385

Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Timolol related compound B
0.5
0.4
Timolol related compound D
0.8
0.4
Timolol maleate
1.0
—
Timolol related compound E
1.4
0.4
Timolol related compound C
1.8
0.4
Timolol related compound F
2.0
0.4
Unspecified impurity
—
0.10
Total impurities
—
1.0
1S (USP38)

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 50 mg/mL of Timolol Maleate in 1.0 N hydrochloric acid
Acceptance criteria:

11.7 to

12.5 (

= 405 nm)

• pH 791
Sample solution: 20 mg/mL of Timolol Maleate in water
Acceptance criteria: 3.8–4.3
Change to read:
• Loss on Drying 731
Analysis: Dry a sample
1S (USP38)

under vacuum at 100 to constant weight.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Timolol Maleate RS
USP Timolol Related Compound B RS
3-(tert-Butylamino)-2-(4-morpholino-1,2,5-thiadiazol-3-yloxy)propan-1-ol.
C13 H24 N4 O3 S
316.42
USP Timolol Related Compound C RS
N-(tert-Butyl)-2,3-bis(4-morpholino-1,2,5-thiadiazol-3-yloxy)propan-1-amine.
C19 H31 N7 O4 S2
485.19
USP Timolol Related Compound D RS
4-Morpholino-1,2,5-thiadiazol-3-ol.
C6 H9 N7 O4 S
187.22
USP Timolol Related Compound E RS
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(S)-3-(tert-Butylamino)-1-(4-morpholino-1,2,5-thiadiazol-3-yloxy)propan-2-yl
hydrogen maleate.
C17 H26 N4 O6 S
414.48
USP Timolol Related Compound F RS
3-Chloro-4-morpholino-1,2,5-thiadiazol.
C6 H8 ClN3 OS
205.67 1S (USP38)
BRIEFING
Tolterodine Tartrate. Because there is no existing USP monograph for this drug substance, a
new monograph, based on validated methods of analysis, is proposed. The liquid
chromatographic procedures in the Assay and the test for Organic Impurities, although
different, are both based on analyses performed with the Inertsil ODS-2 brand of L1 column.
The typical retention times for tolterodine are about 7 min in the Assay and about 18 min in
the test for Organic Impurities. The liquid chromatographic procedure in the test for
Enantiomeric Purity is based on analyses performed with the Chiral-AGP brand of L41
column. The typical retention time for tolterodine is about 22 min.
(SM3: E. Gonikberg.)
Correspondence Number—C125076

Comment deadline: May 31, 2014
Add the following:
Tolterodine Tartrate

C22 H31 NO·C4 H6 O6

475.57

(R)-2-[3-[Bis(1-methylethyl)amino]-1-phenylpropyl]-4-methylphenol (2R,3R)-2,3dihydroxybutanedioate (1:1) (salt);
(+)-(R)-2-[ -[2-(Diisopropylamino)ethyl]benzyl]-p-cresol l-tartrate (1:1) (salt);
(R)-2-[3-(Diisopropylamino)-1-phenylpropyl]-4-methylphenol tartrate
[124937-52-6].
DEFINITION
Tolterodine Tartrate contains NLT 97.0% and NMT 103.0% of tolterodine tartrate
(C22 H31 NO·C4 H6 O6 ), calculated on the as-is basis.
IDENTIFICATION
• A. Infrared Absorption 197K
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• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, water, and phosphoric acid (330:670:1)
Standard solution: 0.35 mg/mL of USP Tolterodine Tartrate RS in Mobile phase
Sample solution: 0.35 mg/mL of Tolterodine Tartrate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 285 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 1.0% from six replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tolterodine tartrate (C22 H31 NO·C4 H6 O6 ) in the portion of
Tolterodine Tartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Tolterodine Tartrate RS in the Standard solution (mg/mL)
C=
U concentration of Tolterodine Tartrate in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the as-is basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
Solution A: Acetonitrile, water, and perchloric acid (100: 900: 1.5)
Solution B: Acetonitrile, water, and perchloric acid (500: 500: 1.5)
Solution C: Acetonitrile
Mobile phase: See Table 1. Return to original conditions, and re-equilibrate the system.
Table 1
Time
Solution A Solution B Solution C
(min)
(%)
(%)
(%)
0
75
25
0
5
75
25
0
22
0
100
0
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47
0
0
100
57
0
0
100
Diluent: Acetonitrile and water (50:50)
System suitability solution: 10 mg/mL of USP Tolterodine System Suitability Mixture RS in
Diluent. See Table 2 for relative retention times of the main components of the mixture.
Table 2
Component of
Relative
USP Tolterodine System
Retention
Suitability Mixture RS
Time
p-Cresol
0.75
trans-Cinnamic acid
0.81
Monoisopropyl tolterodine
0.88
Tolterodine
1.0
Diol impurity
1.18
a
Tolterodine dimer
1.44
6-Methyl-4-phenylchroman-2-ola
1.48
Diol acetate impurity
1.54
6-Methyl-4-phenylchroman-2-one
1.59
a Undefined stereochemistry.
Standard solution: 0.01 mg/mL of USP Tolterodine Tartrate RS in Diluent
Sensitivity solution: 0.005 mg/mL of USP Tolterodine Tartrate RS in Diluent from the
Standard solution
Sample solution: 10 mg/mL of Tolterodine Tartrate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 65
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between tolterodine dimer and 6-methyl-4-phenylchroman-2-ol;
NLT 1.5 between diol acetate impurity and 6-methyl-4-phenylchroman-2-one, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tolterodine Tartrate taken:
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Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response of tolterodine from the Standard solution
C=
S concentration of USP Tolterodine Tartrate RS in the Standard solution (mg/mL)
C=
U concentration of Tolterodine Tartrate in the Sample solution (mg/mL)
F= relative response factor (see Table 3)
Acceptance criteria: See Table 3. Disregard any peak below 0.05% and any peak eluting
at retention times of less than 4 min.
Table 3
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Monoisopropyl tolterodine
0.88
1.6
0.25
Tolterodine
1.0
—
—
6-Methyl-4-phenylchroman-2-ol
1.48
1.9
0.25
Any other individual impurity
—
1.0
0.1
Total impurities
—
—
0.5
• Enantiomeric Purity
Buffer: Prepare pH 7.1 buffer as follows. Transfer 21.0 mL of 1 M solution of monobasic
sodium phosphate and 53.3 mL of 0.5 M solution of dibasic sodium phosphate dihydrate to
a 1000-mL volumetric flask, and dilute with water to volume. Dilute 100.0 mL of this
solution with water to 1000.0 mL.
Mobile phase: Add 0.97 g of tetrabutylammonium bromide to a mixture of 930 mL of Buffer
and 70 mL of isobutyl alcohol.
System suitability solution: 0.02 mg/mL each of USP Tolterodine Tartrate RS and USP
Tolterodine S-Enantiomer RS in Mobile phase
Standard solution: 0.0004 mg/mL of USP Tolterodine S-Enantiomer RS in Mobile phase
Sample solution: 0.04 mg/mL of Tolterodine Tartrate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 2-mm ×10-cm; 5-µm packing L41
Flow rate: 0.2 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for tolterodine S-enantiomer and tolterodine are 0.9
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.4 between tolterodine S-enantiomer and tolterodine
Column efficiency: NLT 1500 theoretical plates for tolterodine
Relative standard deviation: NMT 3% for each of tolterodine S-enantiomer and
tolterodine
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tolterodine S-enantiomer in the portion of Tolterodine
Tartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of tolterodine S-enantiomer from the Sample solution
rS= peak response of tolterodine S-enantiomer from the Standard solution
C=
S concentration of USP Tolterodine S-Enantiomer RS in the Standard solution (mg/mL)
C=
U concentration of Tolterodine Tartrate in the Sample solution (mg/mL)
Acceptance criteria: NMT 1.0%
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry under vacuum at 100 for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• USP Reference Standards 11
USP Tolterodine S-Enantiomer RS
(S)-2-[3-(Diisopropylamino)-1-phenylpropyl]-4-methylphenol tartrate.
C22 H31 NO·C4 H6 O6
475.57
USP Tolterodine System Suitability Mixture RS
The mixture contains tolterodine tartrate and the following impurities (other impurities
may also be present):
p-Cresol.
C7 H8 O
108.14
trans-Cinnamic acid.
C9 H8 O2
148.16
Monoisopropyl tolterodine;
(R)-2-[3-(Isopropylamino)-1-phenylpropyl]-4-methylphenol.
C19 H25 NO
283.41
Diol impurity;
2-(3-Hydroxy-1-phenylpropyl)-4-methylphenol.
C16 H18 O2
242.32
Tolterodine dimer;
N,N-Bis[3-(2-hydroxy-5-methylphenyl)-2-phenylpropyl]-N-isopropylamine.
C35 H41 NO2
507.72
6-Methyl-4-phenylchroman-2-ol.
C16 H16 O2
240.30
Diol acetate impurity;
3-(2-Hydroxy-5-methylphenyl)-3-phenylpropyl acetate.
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C18 H20 O3
284.35
6-Methyl-4-phenylchroman-2-one.
C16 H14 O2
238.29
USP Tolterodine Tartrate RS
1S (USP38)

BRIEFING
Tramadol Hydrochloride Compounded Oral Suspension, Veterinary. Because there is
currently no commercially available liquid formulation of tramadol, a new compounded
preparation monograph is proposed based on a validated stability-indicating method used to
assess stability. Tramadol hydrochloride is used in animals as an analgesic for acute and
chronic pain and as a cough suppressant. Tramadol hydrochloride is well-tolerated in dogs,
and is dosed from 2 to 10 mg/kg orally up to every 6 h. It is approved in several strengths
as solid oral dosage forms for human use, but it is not commercially available as a liquid
dosage form. The currently official monograph for Tramadol Hydrochloride Oral Suspension
containing 5 mg/mL of tramadol hydrochloride is not concentrated enough to appropriately
dose veterinary patients. Sodium chloride is added to the suspension for veterinary use to
mask the bitterness due to the higher concentration of tramadol. The liquid chromatographic
procedure in the Assay is based on analyses validated using the Alltima C18 brand of L1
column. The typical retention time for tramadol hydrochloride is about 13.4 min.
(CMP: J. Sun.)
Correspondence Number—C138703

Comment deadline: May 31, 2014
Add the following:
Tramadol Hydrochloride Compounded Oral Suspension, Veterinary
DEFINITION
Tramadol Hydrochloride Compounded Oral Suspension, Veterinary contains NLT 90.0% and NMT
110.0% of the labeled amount of tramadol hydrochloride (C16 H25 NO2 ·HCl).
Prepare Tramadol Hydrochloride Compounded Oral Suspension, Veterinary 20 mg/mL as follows
(see Pharmaceutical Compounding—Nonsterile Preparations 795 ).
Tramadol Hydrochloride
2.0 g
Sodium Chloride
0.5 g
a
Ora-Blend , a sufficient quantity to make 100 mL
a Perrigo Pharmaceuticals, Allegan, MI.
Add Tramadol Hydrochloride and Sodium Chloride to a suitable mortar, and triturate to a fine
powder. Add a small amount of Ora-Blend, and triturate to make a smooth paste. Add
increasing volumes of Ora-Blend to make a tramadol hydrochloride liquid that is pourable.
Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add
enough Ora-Blend to bring to final volume, and mix well. [Note—Sodium Chloride is used to
mask bitterness.]
ASSAY
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• Procedure
Solution A: Dissolve 6.8 g of monobasic potassium phosphate in 1000 mL of water. Add 2.0
g of sodium 1-octanesulfonate, and stir until dissolved. Adjust with phosphoric acid to a
pH of 2.0.
Mobile phase: Methanol, acetonitrile, tetrahydrofuran, and Solution A (5:5:15:75)
Standard solution: 0.4 mg/mL of tramadol hydrochloride prepared from USP Tramadol
Hydrochloride RS in Solution A
Sample solution: Transfer 1 mL of Oral Suspension, Veterinary into a 50-mL volumetric
flask, dilute with Solution A to volume, and mix well.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for tramadol hydrochloride is about 13.4 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tramadol hydrochloride
(C16 H25 NO2 ·HCl) in the portion of Oral Suspension, Veterinary taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of tramadol hydrochloride from the Sample solution
rS= peak response of tramadol hydrochloride from the Standard solution
C=
S concentration of tramadol hydrochloride in the Standard solution (mg/mL)
C=
U nominal concentration of tramadol hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.4–4.4

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature.
• Beyond-Use Date: NMT 180 days after the day on which it was compounded when stored
at controlled room temperature
• Labeling: Label it to indicate that it is for veterinary use only. Label it to state that it is to
be well-shaken before use, and to state the Beyond-Use Date.
• USP Reference Standards

11
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USP Tramadol Hydrochloride RS
1S (USP38)

BRIEFING
Valine, USP 37 page 5108. As part of the USP monograph modernization effort, it is proposed
to replace the TLC test for Related Compounds with an HPLC test to better characterize the
organic impurities. The liquid chromatographic procedure in the test for Related Compounds
is based on analyses performed with the Agilent Zorbax NH2 brand of L8 column. Typical
retention times observed for phenylalanine, leucine, isoleucine, valine, and alanine are 4.9,
5.5, 5.9, 6.6, and 8.0 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: H. Dinh.)
Correspondence Number—C135107

Comment deadline: May 31, 2014
Valine

C5 H11 NO2
l-Valine

117.15
[72-18-4].

DEFINITION
Valine contains NLT 98.5% and NMT 101.5% of l-valine (C5 H11 NO2 ), calculated on the dried
basis.
IDENTIFICATION
• A. Infrared Absorption 197K
ASSAY
• Procedure
Sample: 110 mg of Valine
Blank: Mix 3 mL of formic acid and 50 mL of glacial acetic acid.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
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Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 3 mL of formic acid and 50 mL of glacial acetic acid.
Titrate with Titrant. Perform the Blank determination.
Calculate the percentage of valine (C5 H11 NO2 ) in the portion of Valine taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 117.2 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 98.5%–101.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Chloride and Sulfate, Chloride 221
Standard solution: 0.50 mL of 0.020 N hydrochloric acid
Sample: 0.73 g of Valine
Acceptance criteria: NMT 0.05%
• Chloride and Sulfate, Sulfate 221
Standard solution: 0.10 mL of 0.020 N sulfuric acid
Sample: 0.33 g of Valine
Acceptance criteria: NMT 0.03%
• Iron 241 : NMT 30 ppm
• Heavy Metals, Method I

231 : NMT 15 ppm

Change to read:
• Related Compounds
System suitability solution: 0.4 mg/mL each of USP l-Valine RS and USP l-Phenylalanine
RS in 0.1 N hydrochloric acid
Standard solution: 0.05 mg/mL of USP l-Valine RS in 0.1 N hydrochloric acid. [Note—This
solution has a concentration equivalent to 0.5% of the Sample solution.]
Sample solution: 10 mg/mL of Valine in 2 N hydrochloric acid
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (3:1:1)
Spray reagent: 2 mg/mL of ninhydrin in a mixture of butyl alcohol and 2 N acetic acid
(95:5)
System suitability
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Suitability requirements: The chromatogram of the System suitability solution
exhibits two clearly separated spots.
Analysis
Samples: System suitability solution, Standard solution, and Sample solution
After air-drying the plate, spray with Spray reagent, and heat between 100 and 105 for
15 min. Examine the plate under white light.
Acceptance criteria: Any secondary spot of the Sample solution is not larger or more
intense than the principal spot of the Standard solution.
Individual impurities: NMT 0.5%
Total impurities: NMT 2.0%
Buffer: 0.05 M monobasic potassium phosphate
Mobile phase: Acetonitrile and Buffer (65:35)
System suitability solution: A mixture of 5 mg/mL of USP l-Valine RS, 0.025 mg/mL of
USP l-Leucine RS, 0.025 mg/mL of USP l-Isoleucine RS, 0.02 mg/mL of USP l-Alanine RS,
and 0.01 mg/mL of USP l-Phenylalanine RS in water
Phenylalanine standard solution: 0.01 mg/mL of USP l-Phenylalanine RS in water
Leucine standard solution: 0.025 mg/mL of USP l-Leucine RS in water
Isoleucine standard solution: 0.025 mg/mL of USP l-Isoleucine RS in water
Alanine standard solution: 0.02 mg/mL of USP l-Alanine RS in water
Sample solution: 5 mg/mL of Valine in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L8
Column temperature: 25
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between leucine and isoleucine
Relative standard deviation: NMT 10.0% for each of phenylalanine, leucine,
isoleucine, and alanine
Analysis
Samples: Standard solutions and Sample solution
Calculate the percentage of each amino acid impurity in the portion of Valine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of phenylalanine, leucine, isoleucine, or alanine from the Sample
solution
rS= peak response of phenylalanine, leucine, isoleucine, or alanine from the
corresponding Standard solution
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CS= concentration of USP l-Phenylalanine RS, USP l-Isoleucine RS, USP l-Leucine RS, or
USP l-Alanine RS in the corresponding Standard solution (mg/mL)
CU= concentration of Valine in the Sample solution (mg/mL)
Calculate the percentage of any other amino acid or unspecified impurity in the portion of
Valine taken:
Result = (rU/rT) × 100
rU= peak response of any other amino acid or unspecified impurity from the Sample
solution
rT= sum of all the peak responses
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Name
Time
Phenylalanine
0.74
Leucine
0.83
Isoleucine
0.89
Valine
1.00
Alanine
1.21
Any other amino acid
—
Any unspecified impurity
—
Sum of other amino acids
—
1S (USP38)

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 80 mg/mL in 6 N hydrochloric acid
Acceptance criteria: +26.6 to +28.8
• pH 791
Sample solution: 50 mg/mL
Acceptance criteria: 5.5–7.0
• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 0.3%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards
USP l-Alanine RS
USP l-Isoleucine RS

11

Acceptance
Criteria,
NMT (%)
0.2
0.5
0.5
—
0.4
0.5
0.05
1.0
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1S (USP38)

BRIEFING
Voriconazole Compounded Ophthalmic Solution, Veterinary. Because there is currently no
existing USP monograph for this dosage form, a new compounded preparation monograph is
proposed based on a validated stability-indicating method used to assess stability.
Voriconazole is used to treat filamentous organisms likely to cause fungal keratitis in horses.
Although it is approved as a lyophilized powder for injection in humans, there is no approved
ocular dosage form of voriconazole. Concentrations of 1% have been shown to achieve
acceptable ocular concentrations and have been used clinically to treat equine fungal
keratitis. The monograph preparation does not contain preservatives due to the risk of
corneal toxicity, worsened ulcerations, and delayed corneal healing. Voriconazole is typically
administered to equine through a subpalpebral lavage catheter with a needle and syringe
and not directly injected into the eye. The liquid chromatographic procedure in the Assay is
based on analyses validated using the XTerra RP18 brand of L1 column. The typical retention
time for voriconazole is about 4.2 min.
(CMP: J. Sun.)
Correspondence Number—C138739

Comment deadline: May 31, 2014
Add the following:
Voriconazole Compounded Ophthalmic Solution, Veterinary
DEFINITION
Voriconazole Compounded Ophthalmic Solution, Veterinary contains NLT 90.0% and NMT
110.0% of the labeled amount of voriconazole (C16 H14 F 3 N5 O).
Prepare Voriconazole Compounded Ophthalmic Solution, Veterinary 10 mg/mL as follows (see
Pharmaceutical Compounding—Sterile Preparations

797 ).

Voriconazole for Injectiona equivalent to
200 mg
Sodium Chloride Injection (0.9%), a sufficient quantity to make 20 mL
a V-Fend 200-mg injection, Pfizer, Inc., Groton, CT.
Reconstitute Voriconazole for Injection with Sodium Chloride Injection (0.9%) to bring to a final
volume of 20 mL. [Note—May reconstitute according to package insert to achieve a 10-mg/mL
solution.] Shake well until a clear solution is achieved. Aseptically draw up into sterile unit-dose
1-mL syringes.
ASSAY
• Procedure
Solution A: 30 mM monobasic sodium phosphate adjusted with phosphoric acid to a pH of
4.0
Mobile phase: Methanol, acetonitrile, and Solution A (30:15:55). Pass through a PTFE filter
of 0.45-µm pore size.
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Standard solution: 0.25 mg/mL of voriconazole prepared from USP Voriconazole RS in
Mobile phase. Sonicate for about 5 min to dissolve.
Sample solution: Transfer 250 µL of Ophthalmic Solution, Veterinary into a 10-mL
volumetric flask, dilute with Mobile phase to volume, and mix well to dissolve. Protect from
light.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 256 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for voriconazole is about 4.2 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of voriconazole (C16 H14 F 3 N5 O) in the
portion of Ophthalmic Solution, Veterinary taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of voriconazole from the Sample solution
rS= peak response of voriconazole from the Standard solution
C=
S concentration of voriconazole in the Standard solution (mg/mL)
C=
U nominal concentration of voriconazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 5.7–6.7

• Sterility Tests 71 : It meets the requirements when tested as directed in Test for
Sterility of the Product to be Examined, Membrane Filtration.
• Particulate Matter in Opthalmic Solutions

789 : It meets the requirements.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in sterile unit-dose 1-mL syringes. Store at 2 –8 .
• Labeling: Label it to indicate that it is for veterinary use only. Label it to state that this is a
single-dose container intended for use in the eye and to not use if a precipitate is present.
Label it with a warning that it is not for injection. Label it to state the Beyond-Use Date.
• Beyond-Use Date: NMT 60 days after the date on which it was compounded when stored
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at 2 –8 . In the absence of passing a sterility test, the storage period at cold temperature
for Low-Risk Level CSPs applies (see Pharmaceutical Compounding—Sterile Preparations
797 , CSP Microbial Contamination Risk Levels).
• USP Reference Standards
USP Voriconazole RS

11

1S (USP38)

BRIEFING
Zonisamide Compounded Oral Suspension. Because there is currently no existing USP
monograph and no commercially available liquid formulation for this dosage form, a new
compounded preparation monograph is proposed based on a validated stability-indicating
method used to assess stability. Zonisamide is used to treat seizure disorders and is
currently only available as a capsule, which may present challenges to certain patient
populations who cannot swallow solid dosage forms. The liquid chromatographic procedure in
the Assay is based on analyses performed with the XTerra MS C18 brand of L1 column. The
typical retention time for zonisamide is about 4.6 min.
(CMP: J. Sun.)
Correspondence Number—C138740

Comment deadline: May 31, 2014
Add the following:
Zonisamide Compounded Oral Suspension
DEFINITION
Zonisamide Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of zonisamide (C8 H8 N2 O3 S).
Prepare Zonisamide Compounded Oral Suspension 10 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations 795 ).
Zonisamide capsulesa equivalent to
1g
b
Vehicle: a 1:1 mixture of Ora-Plus and
Ora-Sweet (regular or sugar-free),b
a sufficient quantity to make
100 mL
a Zonisamide 100-mg capsules, Mylan, Morgantown, WV.
b Paddock Laboratories, Minneapolis, MN.
Empty the capsules, and pour the contents into a mortar or other suitable container. Crush the
capsule contents into a fine powder using a pestle or other mechanical means. Wet the powder
with a small amount of Vehicle, and triturate to make a smooth paste. Add the Vehicle to make
the mortar contents pourable. Transfer the contents, stepwise and quantitatively, to a
calibrated container using the remainder of the Vehicle. Add sufficient Vehicle to bring to final
volume, and mix well. [Caution—Avoid skin contact or inhalation of zonisamide by using
protective gloves and a fume hood or surgical mask.]
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ASSAY
• Procedure
Solution A: 50 mM sodium phosphate adjusted with phosphoric acid to a pH of 2.8
Mobile phase: Acetonitrile and Solution A (25:75)
Standard stock solution: 1 mg/mL of Zonisamide RS in Mobile phase. Sonicate for 10 min.
Standard solution: Transfer 1 mL of the Standard stock solution to a 10-mL volumetric
flask, dilute with Mobile phase to volume, and mix well. Centrifuge an aliquot of the
solution for 10 min at 13,000 rpm.
Sample solution: Shake each bottle of Oral Suspension thoroughly. Transfer 1 mL of Oral
Suspension to a 10-mL volumetric flask, dilute with Mobile phase to volume, and mix well.
Vortex for 30 s, and sonicate for 10 min. Transfer 1 mL of the resultant solution to a 10mL volumetric flask, and dilute with Mobile phase to volume. Centrifuge an aliquot of the
solution for 10 min at 13,000 rpm.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 264 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 32
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The retention time for zonisamide is about 4.6 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of zonisamide (C8 H8 N2 O3 S) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of zonisamide from the Sample solution
rS= peak response of zonisamide from the Standard solution
C=
S concentration of zonisamide in the Standard solution (mg/mL)
C=
U nominal concentration of zonisamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.9–4.9

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at 2 –8 or at
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controlled room temperature.
• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at 2 –8 or at controlled room temperature.
• USP Reference Standards
USP Zonisamide RS
1S (USP38)

11
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors
Contributions in the form of original research reports, evaluations of new and existing
compendial methods, and other commentaries and articles relevant to drug standards or to
USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that
they have not been published previously in any language or medium and that they are not
simultaneously under consideration by any other publication. All manuscripts are subject to
review by USP headquarters staff, Committee members, or qualified outside referees, and if
accepted for publication they will be subject to editing by USP staff. Accepted manuscripts
become the property of the USP Convention (USPC) and may not be subsequently published
elsewhere without written permission from the USPC. Authors are also responsible for obtaining
permission for reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the
results or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
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Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest—Maintaining independence and impartiality are
critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions—Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Name Confusion Between Hydromorphone and Morphine: Safety in Patient Care
Donald MacLean, PhD, Mary Baker, PharmD, Andrzej Wilk, PhD, Shawn Becker, MS, RN, Donna
Bohannon, RPh, CPPS, Christina Chase, MS, RD
ABSTRACT
Name confusion between hydromorphone and morphine has been a source of medication errors
that has resulted in serious adverse events, including death. The Nomenclature, Safety, and
Labeling Expert Committee of the U.S. Pharmacopeial Convention is questioning whether a name
change will prevent this type of error from occurring because other risk-control strategies have
been used but have not eliminated the confusion. The Expert Committee is aware of the impact
that a name change would have on the healthcare community, industry, and consumers, but
USP has a role under the law to name drug products and is asking for public comment on
whether a name change would protect the public health and prevent medication errors due to
name confusion between hydromorphone and morphine.
I. INTRODUCTION
The purpose of this Stimuli article is to briefly describe medication errors resulting from
confusion between two different drugs—hydromorphone and morphine; to discuss current and
potential risk-control strategies; and most importantly, to elicit comments and discussion on
this issue from interested parties including industry, practitioners, regulators, and the public.
The Nomenclature, Safety, and Labeling Expert Committee of the U.S. Pharmacopeial
Convention (USP) is seeking input on this question: Would it be appropriate to change the
nonproprietary name for hydromorphone, and if so, would changing the name be effective in
reducing wrong-drug medication errors due to confusion with morphine?
Hydromorphone is a semi-synthetic opioid agonist, and is a derivative of morphine. Over the
years, the Institute for Safe Medication Practices (ISMP) has received many reports of
confusion between hydromorphone and morphine, including some incidents that resulted in
fatalities (1). In fact, inadvertent switches of hydromorphone for morphine, or vice versa, are
among the most common and serious errors that can occur involving two high-alert drugs.
Morphine and hydromorphone are cited as high-alert medications because they bear a
heightened risk of causing significant patient harm.
Both drugs can be administered by injection for moderate to severe pain. The name confusion
between hydromorphone and morphine has been documented to occur at each step of the
medication use process, from procurement to administration. Unfortunately, at different times in
history these two medications received nonproprietary names that are remarkably similar when
spoken or written. As a result, some people have a misconception that hydromorphone is the
generic name for morphine. In addition, confirmation bias—a tendency of people to favor
information that confirms their beliefs—occurs when people are unaware of the difference in
potency and assume that the two drugs are the same (2).
A recent analysis of wrong-drug errors involving hydromorphone showed that 70% of these
mistakes (129 of 185) occurred when hydromorphone was given instead of morphine, or vice
versa (3). In addition, mix-ups between morphine and hydromorphone outnumbered all other
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pairs of drugs in the data collected by the Pennsylvania Patient Safety Reporting System.
Hydromorphone administered by any route is significantly more potent than morphine, with an
estimated relative potency of 7 to 1 for intravenous (parenteral) formulations of the two drugs.
However, direct comparison studies are lacking, and therefore this conversion factor has not
been confirmed. The potential for patient harm may be greatest when the wrong drug is given
at the correct dosage for the other drug. For example, if a patient receives 5 mg of parenteral
hydromorphone (the wrong drug) instead of 5 mg of parenteral morphine, they are receiving the
equivalent of 35 mg of morphine (4).
The USP Nomenclature, Safety, and Labeling Expert Committee has carefully considered the
seriousness of the reported medication errors and the potential for continuing adverse events,
and is contemplating whether to rescind the drug name hydromorphone and create a new
nonproprietary name for the drug substance. If a decision is made to change the nonproprietary
name, this would not be the first time that a nonproprietary name has been changed. However,
a nonproprietary name change is a rare occurrence and is considered a last resort for
protecting patient safety after other strategies were tried and found unsuccessful.
II. MEDICATION ERRORS INVOLVING HYDROMORPHONE
In addition to USP and ISMP, other organizations have also expressed concern about
medication errors involving hydromorphone (5). The Joint Commission has stated that
healthcare organizations should identify look-alike/sound-alike drugs used in their facilities,
create a list of these drug pairs, and implement strategies to prevent errors involving
interchange of these paired drugs (National Patient Safety Goal 3C). According to the Joint
Commission, both acute care and ambulatory care facilities should consider placing
hydromorphone/morphine on their lists of look-alike/sound-alike drugs (6). ISMP has urged all
acute care facilities to implement risk-control strategies in order to prevent patient harm, but
as noted, these wrong-drug errors continue.
III. RISK-CONTROL STRATEGIES
Various risk-control strategies have been used to prevent wrong-drug medication errors
involving morphine and hydromorphone. Although many of these strategies have helped
practitioners reduce these types of errors, it appears that these approaches have not been
sufficiently effective to prevent patient harm resulting from confusion between these two
drugs. The suggested risk-control strategies include the following approaches (7).
Reduce Access
Access to hydromorphone can be reduced by stocking limited quantities of the drug on the
patient care unit/floor, with additional stock available in the facility‘s pharmacy. Alternatively,
floor stock can even be removed completely if the drug is used infrequently.
Limit Options
Do not stock the two drugs in the same strength. For instance, both morphine and
hydromorphone are manufactured in 2-mg and 4-mg prefilled syringes and 10-mg vials, which
may increase the risk of an error. To avoid such mistakes, the patient care unit could stock
only the 2-mg syringes of hydromorphone and the 4-mg syringes of morphine. The more potent
drug should be stocked in the lower strength, and 10-mg vials of hydromorphone should be
stocked in the pharmacy.
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Counteract “Look-alike” Potential
Wherever the drug names appear on product labels, paper forms, and computer records, visual
techniques can be used to distinguish between the two medications. One approach is to use
boldface or “enhanced” lettering, for example, to emphasize the “HYDRO” in hydromorphone.
Warning labels on storage bins and cabinets may be useful as well.
Harness New Technology
Several devices and technologies have been developed to help reduce medication errors. For
example, clinical decision support software can be used to alert the practitioner regarding the
dosing of a high-alert drug. Automated dispensing technology can also tell the practitioner
which drug they are selecting and ask them to confirm that this is the correct drug. Bar coding
can be scanned to confirm the drug's identity, and computer alerts can remind staff to doublecheck the drug name.
Establish Redundancies
A step can be added to routine procedures so that an independent double check from a
colleague is required before IV narcotics are administered to the patient. This independent
double-check may avert some wrong-drug or wrong-dose errors. A witness can be required
when a clinician removes certain drugs, such as narcotics, from the stock on the patient care
unit.
Provide Staff Education
Various methods can be used to educate practitioners, thereby raising awareness of this
persistent problem. Staff should be warned that hydromorphone is not the generic name for
morphine—a common misconception. Educational techniques can include written materials,
presentations, training sessions, and reminders posted in strategic places around the patient
care unit. However, education alone has not been proven to prevent errors in administration
and should always be coupled with constraining process functions such as alerts and removing
access.
Keep the Patient Informed
Immediately before administering a high-alert drug, the clinician can say the name of the drug
out loud to the patient. This may provide an extra measure of safety if the patient is alert and
aware of which medications they are receiving.
IV. NONPROPRIETARY NAME CHANGE
Role of USP under Federal Law
USP has been approached by various stakeholders who inquired about changing the
nonproprietary name hydromorphone to protect patient safety. USP, a nonprofit scientific
standards-setting organization that advances global health through public standards, has a role
in establishing nonproprietary names for drugs. USP's role is written into law under the
adulteration and misbranding provisions of the Federal Food, Drug, and Cosmetic Act, Sections
501 and 502, with regard to setting quality standards and establishing nonproprietary names for
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drugs. USP creates official nonproprietary names when it creates monographs for drug
substances and drug products. In the case of hydromorphone, USP has applicable monographs
for the active ingredient (hydromorphone hydrochloride) and also for related drug products
(dosage forms), including tablets and injections.
One option that has not been explored is to change hydromorphone to a new nonproprietary
name. As a first step towards considering a name change for hydromorphone, in October 2012
USP sent a letter to the innovator company requesting that the company consider allowing use
of the brand name Dilaudid as the revised nonproprietary name. USP's Nomenclature, Safety,
and Labeling Expert Committee referenced the ongoing history of medication errors due to name
confusion between hydromorphone and morphine as the rationale for reevaluating the
nonproprietary name. The innovator responded to USP in December 2012, stating that the
company respectfully declines USP's request to change the nonproprietary name of
hydromorphone products to Dilaudid.
Precedent for Name Change
A change to the nonproprietary name of a drug substance is rare, but this action has been
taken before in circumstances where patient safety was at risk. In 2000, the drug name
amrinone was changed to inamrinone to prevent medication errors resulting from the similarity
of the nonproprietary names amrinone and amiodarone. Incidents had occurred when the wrong
medication was ordered, dispensed, and/or administered. Other examples of nonproprietary
name changes are: iodochlorhydroxyquin changed to clioquinol and dioctyl sulfosuccinate
changed to docusate. However, the current situation with hydromorphone is unique because it
is a controlled substance, and this introduces additional complexity in terms of tracking the
supply of the drug and addressing the potential for diversion.
V. EFFECTS OF A NAME CHANGE
Impact on Practitioners
If the name hydromorphone is changed, practitioners would see a transition from the old name
to the new name, with a period of several years when both names would be in use. Any name
change would be disruptive for at least several years post implementation. Some potential
disruptive effects include the following.
updates to reference materials and databases
Sources of drug information would need to be updated with the new, revised nonproprietary
name. Numerous reference books and textbooks would require updates, and while electronic
sources might undergo frequent revisions, print sources have a longer lag time between editions
that could allow the former name to persist for years. This situation could cause confusion
among students and practitioners until all sources would eventually be revised. Drug databases
used for administrative purposes by insurance companies, pharmacy benefit managers, and drug
information centers would all require updating.
changes needed in healthcare facilities
A name change from hydromorphone to a new name would require comprehensive updates to
systems in healthcare facilities, including computerized order-entry systems, scanning systems,
labeling of storage containers, and various forms and documents. Potentially, this product
would be in the distribution system labeled with both nonproprietary names at the same time,
for a limited time period. It is possible that different practitioners might order the one drug
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twice for the same patient under the two different names, thinking that hydromorphone and
the new name represent two different drugs. Thus, new and different types of medication
errors could occur, particularly during the transition period.
Impact on Industry
The effects of a drug name change on the pharmaceutical industry would be varied and could
persist for years. A name change also may have a substantial impact on the supply chain.
Hydromorphone is marketed in various dosage forms, all of which would require revised labeling.
In addition, the name change would need to be reflected in regulatory and pharmacovigilance
documents.
Impact on Governmental Agencies
Because hydromorphone is a controlled substance, a nonproprietary name change would affect
various levels of governmental agencies, such as the Drug Enforcement Administration and local
law enforcement. In contrast, if a drug product is not a controlled substance, these agencies
typically are not affected by a name change.
International Impact
Morphine is on the World Health Organization (WHO) Model List of Essential Medicines, but
hydromorphone is listed as a nonpreferred alternative to morphine (8). The WHO list serves as a
guide to health ministries in 194 member countries. Hydromorphone and morphine are available
concurrently in at least 29 countries, and some of these countries have experienced similar
problems with the two drugs. Of note, Health Canada has received reports of serious adverse
reactions where both morphine and hydromorphone were involved and name confusion was
suspected (9). Australian health authorities have also recognized that there is confusion
between morphine and hydromorphone (10).
If a name change does occur, there would be multiple nonproprietary names for the same
product internationally, but there is historical precedent for this. For example, acetaminophen is
named paracetamol, and meperidine hydrochloride is named pethidine hydrochloride, in other
countries.
SUMMARY
The USP Nomenclature, Safety, and Labeling Expert Committee is presenting this Stimuli article
in an effort to raise this important safety issue and stimulate discussion. USP is seeking input
on whether the drug hydromorphone should undergo a name change. The objective of a
potential name change would be to reduce or eliminate confusion between two different drugs,
hydromorphone and morphine. A large body of clinical and scientific literature exists under the
current name, but a change in the nonproprietary name of this drug may reduce patient harm.
It is hoped that this Stimuli article will generate innovative ideas that could be effective in
reducing medication errors involving hydromorphone while averting the need for a name change.
USP is gathering input and comments from all interested parties, including the public, industry,
practitioners, and regulators. Comments are sought on the following questions: Would it be
appropriate and effective to change the nonproprietary name hydromorphone to a new name in
order to prevent wrong-drug medication errors and thereby protect patient safety? Is there
enough evidence that alternative risk-control methods are sufficiently successful that they can
be recommended as preventive measures, or is a name change the only feasible alternative to
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prevent these medication errors that cause patient harm?
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
PHARMACEUTICAL PACKAGING: MOISTURE PERMEATION AND INTEGRITY TESTING—A
Stimuli article based on a workshop co-sponsored by the U.S. Pharmacopeial Convention (USP)
and the Product Quality Research Institute (PQRI), held May 20–21, 2013, at USP
Headquarters, Rockville, MD
Desmond G Hunt,a Dwain Sparks,b Michael N. Eakins,c and Mary G. Fosterc
ABSTRACT This Stimuli article provides updated information on key challenges and
advancements in testing the performance of packaging systems for solid oral dosage form
(SODF) drug products. Performance testing is essential for a complete understanding of
packaging system properties, which further define the identity strength, quality, purity, and
performance of the drug product throughout its shelf life. This article focuses on measurement
of moisture permeation into packaging systems and describes a proposed new method for
quantifying the moisture vapor transmission rate (MVTR). The proposed method has been
shown to be more reliable and reproducible than current methods contained in chapter 671
Containers—Performance Testing. USP’s Packaging, Storage, and Distribution (PSD) Expert
Committee proposed revisions to chapter 671 in PF 39(2) [Mar.–Apr. 2013], with inclusion of
a new MVTR method for SODF packaging systems. A workshop was held in May 2013 to bring
stakeholders together and facilitate discussion of the proposed changes and the potential
impact of the new MVTR method on industry and regulatory agencies. Opportunities presented
and explored during the workshop included possible reduction of stability testing and
shortcomings of the USP classifications for packaging systems. The workshop outcomes are
highlighted, as are issues for further discussion. The PSD EC anticipates that the new method,
which yields a MVTR/m or unit value, will become official based on the workshop discussion and
public comments to the PF proposal in 39(2). Future changes to the “tight” and “well-closed”
definitions and the existing methods in Section 2, which are directed to the pharmacist, will be
made after further consultation with stakeholders and will appear in PF for public comment.
INTRODUCTION
Pharmaceutical products are manufactured according to strict quality standards and are
packaged in container-closure systems that provide the dosage form with adequate protection
from factors that can cause degradation of quality over the shelf life. Common causes of
product degradation include exposure to light, exposure to reactive gases, loss of solvent, and
absorption of water vapor. Solid oral dosage forms such as tablets and capsules are typically
stored in plastic bottles or blister packs. Water vapor can pass into the container-closure
system, either through the wall of a plastic container or by diffusing past the seal on a plastic
bottle or blister pack. Ultimately, moisture exposure via moisture permeation can impact drug
product quality.
HISTORY OF USP CHAPTER 671 AND PQRI ON MOISTURE PERMEATION
The original gravimetric method for measuring moisture permeation was developed in the 1970s
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and became official in USP–NF XIX (1975). The method for measuring water vapor permeation
into multiple-unit containers for capsules and tablets provided two acceptance criteria for
“tight” and “well-closed” containers. While the test was intended for use by pharmacists, it is
commonly used by drug product manufacturers and repackagers. A method for single-unit
containers and unit-dose containers for tablets and capsules became official in USP–NF XX in
1980 and it provided acceptance criteria for four standards (Class A, B, C, and D). The 1999
FDA Guidance for Industry, Container Closure Systems for Packaging Human Drugs and
Biologics, referred to chapter 671 . The FDA’s mention of the general chapter advanced the
method as a test that should be performed by the pharmaceutical industry, even though its
applicability was initially limited to pharmacists.
The methods in 671 do not provide results that are sufficiently reliable and reproducible for
critical container closure system designs. In the past decade, the Product Quality Research
Institute (PQRI), a consortium of organizations functioning in association with PQRI, designed
and performed studies and collected data on moisture vapor transmission of various container
closure systems. These data were used in developing a proposed new method that would
address this deficiency for pharmaceutical manufacturers. The results of the new method are
reported as moisture vapor transmission rate (MVTR) or water vapor transmission rate (WVTR),
considered interchangeable terms. This new gravimetric method is more reliable and
reproducible than the methods in

671 . The USP Packaging, Storage, and Distribution Expert

Committee (PSD EC) has incorporated the new method into a proposed revision of 671
Containers—Performance Testing that was published in Pharmacopeial Forum 39(2) [Mar.–Apr.
2013].
To consider further the new method beyond public comments to the PF proposal, USP held a
workshop May 20–21, 2013, at its headquarters in Rockville, MD. The workshop was designed
to address the potential impact of implementing the new method for determining MVTR for
packaging systems and to consider ways to improve the current classification system for solid
oral dosage forms. Speakers and attendees from the FDA, the pharmaceutical industry, PQRI,
and USP shared their experiences with the current gravimetric method, related expertise
including the use of water in place of desiccant, and new approaches for measuring moisture
permeation into drug packaging systems.
PROPOSED NEW METHOD
The new method of measuring MVTR was developed by the PQRI Container-Closure Working
Group to address concerns that the original gravimetric method is not sufficiently robust and
tends to yield inconsistent results. The goal of the PQRI Working Group was to advance the use
of the MVTR/m (MVTR/m, where m = mass of the dosage unit) approach to satisfy FDA
expectations for supporting packaging systems in lieu of performing stability tests. Both the old
and new techniques are gravimetric methods, but the new approach is more reliable and
reproducible than the old method and also takes into account high-barrier and low-barrier
materials. The proposed method also aligns with a new ASTM International standard (D7009),
which is an adaptation of the PQRI method.
Method Highlights
The proposed method provides improvements to the traditional gravimetric method, which allow
for a more robust determination of MVTR for use in the design and selection of the appropriate
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container closure systems. USP recognizes that there are alternate methods for determining
MVTR. Therefore, the proposed method, with improvements in the traditional gravimetric
determination of MVTR, will be published in this chapter to provide a standard approach for
improving the robustness of MVTR determinations using a gravimetric method. This chapter and
the details provided cannot cover every aspect of sample preparation, handling, and other
controls for reducing variability in results obtained with this method. The following Table 1
enumerates the improvements relative to the current methods. Analysts in test laboratories and
other users of MVTR data should gain a thorough understanding of the scientific bases of MVTR
determinations and apply appropriate controls to reduce variability and increase method
robustness. The improvements embodied within this gravimetric method are needed for proper
design of container closure systems and on-going maintenance of these systems as changes
are introduced.
Table 1. Improvements in the Traditional Gravimetric Determination of MVTR in the
Example Method for Use by Pharmaceutical and Dietary Supplement Manufacturers
Method
Attribute
Improvement
Benefit
The distinction among sample types is
Proper selection of the amount of
clarified and elaborated.
desiccant and test duration
Elimination of blanks (or controls)
Reduced variability
Closures are left in place (not removed 30
times prior to testing)
Provides for testing induction seals
Sample
preparation
Bundling of samples
Reduced variability
Control of desiccant moisture
The time and temperature for achieving
content to maintain internal
Desiccant
the lowest possible moisture condition are humidity at NMT 10% throughout
preparation
refined.
the study.
Number of
weight
Provides for determination of MVTR
determinations Increased
using a linear regression analysis.
Chamber
Reduced variability in high barrier
conditions
Recommended use of 40 /75% RH
systems.
Elimination of the initial weight
determination (prior to placing samples in
MVTR
chamber) for high and ultra high barrier
Allows for achieving steady state of
calculation
systems.
moisture permeation.
Use of Desiccants
The new method recommends several desiccants, including anhydrous calcium chloride, silica
gel, and molecular sieves. During MVTR testing, the desiccant’s function is to maintain internal
humidity at NMT 10% throughout testing. The external humidity and temperature must also
remain constant during MVTR measurement in order to reduce variability. An adequate amount
of properly dried desiccant with a sufficiently high intrinsic moisture sorption capacity to create
a sink condition is required for MVTR testing and, thus, maintain the internal humidity at NMT
10% throughout testing.
Overall, the handling, drying, and storage of desiccants play a role in the accuracy and
variability of MVTR test results. Discussions at the workshop led to further recommendations to
improve handling of desiccants: 1) a minimum drying time should be specified and 2) the
desiccant should be cooled to room temperature in a sealed container if it will be stored over a
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period of time.
Potential Applications
The new method for measuring moisture permeation can be applied to determine a proven
acceptable range (PAR) for use in regulatory submissions. This can facilitate the review of
changes to packaging systems, e.g., introduction of new package sizes, changes in blister card
counts, etc. This simplified approach is based upon a careful and thoughtful application of
MVTR/m (or MVTR per unit). FDA supports this approach and urges scientists to discuss this
approach with the agency before submitting applications and before conducting stability
studies. The most straight-forward application is for different bottle sizes and counts when the
materials of construction are identical. Through a series of MVTR studies, the worst case MVTR
that provides an acceptable stability profile may be determined. This value (MVTR/m or MVTR
per unit) can be used to reduce stability testing for registration and for proving equivalency for
changes to container closure systems.
Current Regulatory Thinking Regarding the New Method
The new method can be applied at various stages including early package screening, the IND
stage, and the NDA or ANDA stage, including Quality-by-Design (QbD) submissions of new drug
product applications and changes to approved drug product applications. Don Klein, Ph.D., FDA
Senior Review Chemist for the Food and Drug Administration (FDA) / Center for Drug Evaluation
and Research, spoke to workshop attendees and commented that MVTR/m is a positive
regulatory step forward because it will allow for a reduction in stability testing. Consider the
following scenario. A pharmaceutical manufacturer provides stability data on each bottle
presentation for a particular dosage form, e.g., identical materials of construction, count sizes
of 10, 30, 90, and 1000. Table 2 provides such an example of hypothetical data.

Nominal Bottle
Size (mL)
75
125
180
950

Table 2. MVTR for Bottle Presentations
MVTR [mg/(day × package)]
Count
40 /75% RH
10
0.43
30
0.74
90
0.94
1000
1.21

MVTR [mg/(day
× unit)]
0.04
0.02
0.01
0.001

If the principle of MVTR/m is invoked and the worst case system is identified, stability data on
that system (worst case is the 10 count, 75 mL bottle presentation with MVTR = 0.04 mg/(day
× unit)) may be adequate (after consultation with FDA). Dr. Klein further advised industry to
plan ahead and decide on the packaging system early in the regulatory review process to avoid
the need for an unexpected change in packaging late in the regulatory review. Also, Dr. Klein
urged industry to take advantage of the use of WVTR/m to build Comparability Protocols to
further reduce reporting burden and reduce review time.
USP Classification System
The USP Classification System for multiple-unit drug product container-closure systems is
currently limited to two categories: “well-closed” and “tight.” Of the two, “tight” is commonly
used in the Packaging and Storage Statement in Monographs. Though not used in the
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Packaging and Storage Statement of Monographs, USP 671 also defines classes for blisters
(Classes A, B, C, and D.) However, at the workshop, a concern was raised that these terms
lack rigor for defining pharmaceutical packaging systems, which, by design, afford more
protection than pharmacy vials, the original intention of the multiple-unit classes. The most
restrictive blister class, A, does not adequately describe high barrier films in use today. It was
noted that most SODF USP monographs and associated labeling specify “preserve in a tight
container”, yet the meaning of this statement is ambiguous and it does not accurately describe
the protection needed for moisture-sensitive finished drug products.
The challenges of using the current classification system were discussed, as were ideas for
improvements. Some moisture-sensitive pharmaceutical products require a level of protection
more stringent than “tight” and Class A. Therefore, action is needed to address this,
particularly when classifications are used for repackaging and dispensing operations. Changes
to the classification system will have impact on both USP and industry because use of the
current classification system is pervasive in USP and industry. Impact includes incorporation of
new standards and definitions and achieving alignment across all segments of industry. Two
suggestions were made regarding how the issue could be addressed: 1) Remove mention of the
classification from the monographs and allow packaging requirements be determined by
manufacturer’s stability data and/or; 2) Redefine the classification system for pharmacists and
repackagers since these two stakeholders are the main users of the system.
Workshop Outcomes
At the two-day workshop, stakeholders shared information and discussed a wide range of
issues, concerns, and ideas for improvements. Key points and questions included the following:
An important, long-range goal is to determine the proven acceptable range (PAR) for
moisture permeation, with separate PAR values for individual drug products. This
approach places the focus on the product itself, not the container closure system,
which is a shift in the thinking regarding moisture permeation.
Stakeholders need access to accurate data on MVTR/unit for drug products, which are
repackaged or dispensed, particularly mail order dispensing.
It is important to use “optimal packaging”, avoiding over-packaging to reduce costs.
Dispensers and repackagers need to have additional information to understand the
requirements for protection with respect to moisture permeation.
Alignment among stakeholders (FDA, USP, pharmaceutical companies, dispensers,
repackagers, and container closure system component manufacturers) is critical.
All stakeholders want to minimize risks related to stability failures.
The 1999 FDA guidance should be updated to provide for the use of MVTR/m to support
reduced stability requirements and regulatory burden for changes.
There is a need to align efforts by manufacturers, re-packagers (re-packagers buy the
drug products from manufacturers), and dispensers. In the past, the classification
system has been a means of describing container closure system selection for
repackaging and dispensing, but it is realized that the existing classification system
does not provide an accurate description of product protection requirements.
Industry wants more flexibility than is prescribed in the proposed method without having
to submit their MVTR methods in their regulatory submissions. For example, substitution
of water for desiccant offers many advantages over desiccant and uses the same
gravimetric method principles. That is, simple gravimetric methods based on identical
principles to the desiccant methods are used to determine MVTR of water-filled bottles
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and blisters. Industry believes that such alterations should be included within the scope
of this USP standard since MVTR data are positioned in the suitability section of the
CTD (3.2.P.2.4), not in the commitment section (3.2.P.7). Hence, the data and methods
do not represent specifications and reference to USP (in 3.2.P.2.4) is unnecessary. The
burden of proof of suitability is on the manufacturer. However, for the purposes of
classification of a container closure system (by repackagers and dispensers), a
reference to the USP classification method is appropriate.
Next Steps for the USP Packaging, Storage, and Distribution Expert Committee
Discussions at the workshop emphasized the importance and significance of this revision effort.
The PSD EC is reviewing the written comments received on the revised chapter published in PF
39(2) as well as the comments and suggestions received during the workshop. The Expert
Committee anticipates that the proposed revision appearing in PF 39(2) will move forward to
official status with minimal changes. Future changes to the “tight” and “well-closed” definitions
and the existing methods in Section 2 will be made after further consultation with stakeholders
and will appear in PF for public comment.
a Global Science and Standards Division, USP.
b Packaging, Storage, and Distribution Expert C ommittee
c Eli Lilly and C ompany
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GENERAL CHAPTERS
<1055> Biotechnology-Derived Articles - Peptide Mapping

NF MONOGRAPHS
Low-Substituted Hydroxypropyl Cellulose
Sodium Lauryl Sulfate
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USP MONOGRAPHS
Povidone

STIMULI TO THE REVISION PROCESS
Stimuli To The Revision Process
Modernization of Organic Impurities Testing in USP Drug Substance and Drug Product
Monographs
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Please address comments on Pharmacopeial Forum content to
USP Executive Secretariat
12601 Twinbrook Parkway
Rockville, MD 20852
execsec@usp.org
ISSN: 1542-1945
Pharmacopeial Forum is covered in Current Contents/Life Sciences and in the Science Citation
Index (SCI), in International Pharmaceutical Abstracts, and in Current Awareness in Biological
Sciences.
The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
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along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Section

Proposed and Adopted Revisions to the USP–NF
Content
How Readers Can Respond
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Proposed
Interim
Revision
Announcements

In-Process
Revision

Proposals for Interim
Revision Announcements
(IRAs) that will be published
as official USP or NF
standards
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
Proposals for standards that
will be published as official in
a future USP–NF book or
Supplement.
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Review material and send comments within 90
days of the PF publication in which the
standard was proposed (or per the comment
deadline listed in the Briefing section). Direct
comments to the USP Scientific Liaison using
the contact information provided at the end of
each Proposed IRA

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-9986839 or stdsmonographs@usp.org.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

Review material and provide comments to the
USP Scientific Liaison using the contact
information provided at the end of each Stage
4 Harmonization. Individuals who wish to
correspond with the European and Japanese
Pharmacopoeias concerning monographs in the
Stage 4 period of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a copy to
USP.
PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Department
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu
JP Secretariat
Mr. Issei Takayama
Technical Officer
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
takayama-issei@pmda.go.jp
Articles on standards
Review material and provide comments to the
development topics authored recipient indicated (usually footnoted in each
by the USP Council of
Stimuli article).
Experts, USP staff, or other
interested parties on which
USP desires public input prior
to further development.

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Associate Scientific Liaison—Spanish
Silvia L. Sansoulet
Please address comments on Pharmacopeial Forum content to
USP Executive Secretariat
12601 Twinbrook Parkway
Rockville, MD 20852
execsec@usp.org
ISSN: 1542-1945
Pharmacopeial Forum is covered in Current Contents/Life Sciences and in the Science Citation
Index (SCI), in International Pharmaceutical Abstracts, and in Current Awareness in Biological
Sciences.
The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
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USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Section

Proposed and Adopted Revisions to the USP–NF
Content
How Readers Can Respond
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Proposed
Interim
Revision
Announcements

In-Process
Revision

Proposals for Interim
Revision Announcements
(IRAs) that will be published
as official USP or NF
standards
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
Proposals for standards that
will be published as official in
a future USP–NF book or
Supplement.
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Review material and send comments within 90
days of the PF publication in which the
standard was proposed (or per the comment
deadline listed in the Briefing section). Direct
comments to the USP Scientific Liaison using
the contact information provided at the end of
each Proposed IRA

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-9986839 or stdsmonographs@usp.org.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

Review material and provide comments to the
USP Scientific Liaison using the contact
information provided at the end of each Stage
4 Harmonization. Individuals who wish to
correspond with the European and Japanese
Pharmacopoeias concerning monographs in the
Stage 4 period of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a copy to
USP.
PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Department
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu
JP Secretariat
Mr. Issei Takayama
Technical Officer
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
takayama-issei@pmda.go.jp
Articles on standards
Review material and provide comments to the
development topics authored recipient indicated (usually footnoted in each
by the USP Council of
Stimuli article).
Experts, USP staff, or other
interested parties on which
USP desires public input prior
to further development.

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Dextromethorphan, USP 37 page 2571. On the basis of the FDA safety concerns regarding
the control and monitoring of levomethorphan (an enantiomer of dextromethorphan), a
Schedule II control substance, which was present at toxic levels and recently resulted in
many deaths globally, the following revisions are proposed:
1.
Replace the Ultraviolet Absorption Identification test B with a test based on a chiral
HPLC procedure that will monitor the concentration of levomethorphan. The proposed
liquid chromatographic procedure is based on analysis performed with the Astec
Chirobiotic V2 brand of L## column. The typical retention time for dextromethorphan
is about 17.0 min.
2.
Delete the test for Optical Rotation because the proposed chiral HPLC procedure is
sufficient to determine isomers, and the use of chloroform is also eliminated.
3.
A revised Assay and a new test for Organic Impurities, to monitor other relevant
impurities, will be proposed at a later date to complete the modernization of this
article.
4.
Delete the Melting Range test because the article already has enough tests to
adequately establish the identity, purity, and quality of the drug substance.
5.
Add the new USP Levomethorphan RS to the USP Reference Standards section to
support the proposed chiral HPLC procedure.
The Levomethorphan Reference Standard will not be available at the time of publication, but
USP is actively working on bringing this standard to the catalog.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on July 31, 2014. In the absence of any comments,
it is proposed to implement this revision through an Interim Revision Announcement with an
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official date of November 1, 2014.
(SM2: C. Anthony.)
Correspondence Number—C109903

Comment deadline: July 31, 2014
Dextromethorphan

C18 H25 NO

271.40

Morphinan, 3-methoxy-17-methyl-, (9 ,13 ,14 )-;
3-Methoxy-17-methyl-9 ,13 ,14 -morphinan
[125-71-3].
DEFINITION
Dextromethorphan contains NLT 98.0% and NMT 101.0% of dextromethorphan (C18 H25 NO),
calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
•
B. Ultraviolet Absorption 197U
Analytical wavelength: 278 nm
Sample solution: 100 µg/mL in dilute hydrochloric acid (1 in 120)
Acceptance criteria: Absorptivities, calculated on the anhydrous basis, do not differ by
more than 3.0%. (IRA 1-Nov-2014)
Add the following:
• B.
Buffer: 1.54 g of ammonium acetate in 1 L of water, adjusted with phosphoric acid to a pH
of 4.1
Mobile phase: Methanol and Buffer (90:10)
Diluent: Methanol and water (90:10)
Standard solution: 10 µg/mL of USP Levomethorphan RS and 10 mg/mL of USP
Dextromethorphan RS in Diluent
Sample solution: 10.0 mg/mL of Dextromethorphan in Diluent
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L##1
Flow rate: 1 mL/min
Injection volume: 4 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for dextromethorphan and levomethorphan are 1.0
and 1.28, respectively.]
Suitability requirements
Resolution: NLT 2.0 between dextromethorphan and levomethorphan
Relative standard deviation: NMT 5.0% for levomethorphan
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levomethorphan (C18 H25 NO) in the portion of
Dextromethorphan taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of levomethorphan from the Sample solution
rS= peak response of levomethorphan from the Standard solution
C=
S concentration of USP Levomethorphan RS in the Standard solution (mg/mL)
C=
U concentration of Dextromethorphan in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.10%

(IRA 1-Nov-2014)

ASSAY
• Procedure
Sample solution: Dissolve 700 mg of Dextromethorphan in 60 mL of glacial acetic acid,
warming slightly, if necessary, to dissolve.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Visual
Analysis: Add 2 drops of crystal violet TS to the Sample solution and titrate with Titrant
to a blue-green endpoint. Perform a blank determination and make any necessary
correction. Each mL of 0.1 N perchloric acid is equivalent to 27.14 mg of
dextromethorphan (C18 H25 NO).
Acceptance criteria: 98.0%–101.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 20 ppm
• Limit of Phenolic Compounds
Sample: 10 mg of dextromethorphan
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Analysis: Dissolve the Sample in 2 mL of 3 N hydrochloric acid, add 2 drops of ferric
chloride TS, and mix. Add 2 drops of potassium ferricyanide TS, and observe after 2 min.
Acceptance criteria: No blue-green color develops.
• Limit of N,N-Dimethylaniline
Standard solution: Transfer 50 mg of N,N-dimethylaniline to a 100-mL volumetric flask,
add 70.0 mL of water, insert the stopper tightly, shake for 20 min using a mechanical
wrist-action shaker or equivalent, and dilute with water to volume. Transfer 1.0 mL to a
100-mL volumetric flask, and dilute with water to volume. Transfer 1.0 mL of the
resulting solution to a 25-mL volumetric flask, and add 19 mL of water.
Sample solution: Transfer 500 mg of Dextromethorphan to a 25-mL volumetric flask, add
19 mL of water and 1 mL of 3 N hydrochloric acid, dissolve by warming on a steam bath,
and cool.
Analysis: Add 2 mL of 1 N acetic acid and 1 mL of sodium nitrite solution (1 in 100) to the
Sample solution and dilute with water to volume. This solution shows no more color than
the straw yellow to greenish yellow color of the Standard solution similarly treated.
Acceptance criteria: NMT 0.001% of N,N-dimethylaniline
SPECIFIC TESTS
Delete the following:
• Melting Range, Class I 741 : 109.5 –112.5

(IRA 1-Nov-2014)

Delete the following:
• Optical Rotation, Specific Rotation 781S
Standard solution: 100 mg/mL USP Dextromethorphan RS in chloroform.
Sample solution: 100 mg/mL dextromethorphan in chloroform.
Acceptance criteria: The speciific rotation of the Sample solution does not differ from that
of the Standard solution by more than 1.0% (IRA 1-Nov-2014)
• Water Determination, Method Ia

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards
USP Dextromethorphan RS

11

USP Levomethorphan RS
3-Methoxy-17-methylmorphinan.
C18 H25 NO
271.40
(IRA 1-Nov-2014)

1 A suitable column is Astec C hirobiotic V2 from www.sigma-aldrich.

BRIEFING
Dextromethorphan Hydrobromide, USP 37 page 2572. On the basis of the FDA safety
concerns regarding the control and monitoring of levomethorphan (an enantiomer), a
Schedule II control substance, which was present at toxic levels and recently resulted in
many deaths globally, the following revisions are proposed:
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1.
Replace the Ultraviolet Absorption Identification test B with a test based on a chiral
HPLC procedure that will monitor the concentration of levomethorphan. The proposed
liquid chromatographic procedure is based on analysis performed with the Astec
Chirobiotic V2 brand of L## column. The typical retention time for dextromethorphan
is about 17.0 min.
2.
Delete wet chemistry test C under Identification because the article already has enough
tests to adequately establish the identity, purity, and quality of the drug substance.
3.
Delete the test for Optical Rotation because the proposed chiral HPLC procedure is
sufficient to determine isomers, and the use of chloroform is also eliminated.
4.
A new test for Organic Impurities, to monitor other relevant impurities, will be proposed
at a later date to complete the modernization of this article.
5.
Add the new USP Levomethorphan RS to the USP Reference Standards section to
support the proposed chiral HPLC procedure.
The Levomethorphan Reference Standard will not be available at the time of publication, but
USP is actively working on bringing this standard to the catalog.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on July 31, 2014. In the absence of any comments,
it is proposed to implement this revision through an Interim Revision Announcement with an
official date of November 1, 2014.
(SM2: C. Anthony.)
Correspondence Number—C109903

Comment deadline: July 31, 2014
Dextromethorphan Hydrobromide
Change to read:

(IRA 1-Nov-2014)

C18 H25 NO·HBr·H2 O

370.32

Morphinan, 3-methoxy-17-methyl-, (9 ,13 ,14 )-, hydrobromide, monohydrate;
3-Methoxy-17-methyl-9 ,13 ,14 -morphinan hydrobromide monohydrate
[6700-34-1].
Anhydrous
[125-69-9].
352.32
DEFINITION
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Dextromethorphan Hydrobromide contains NLT 98.0% and NMT 102.0% of dextromethorphan
hydrobromide (C18 H25 NO·HBr), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Dry under vacuum over phosphorus pentoxide for 4 h.
Acceptance criteria: Meets the requirements
Delete the following:
•
B. Ultraviolet Absorption 197U
Analytical wavelength: 278 nm
Sample solution: 100 µg/mL in 0.1 N hydrochloric acid
Acceptance criteria: Absorptivities, calculated on the anhydrous basis, do not differ by
more than 3.0%. (IRA 1-Nov-2014)
Add the following:
• B.
Buffer: 1.54 g of ammonium acetate in 1 L of water, adjusted with phosphoric acid to a pH
of 4.1
Mobile phase: Methanol and Buffer (90:10)
Diluent: Methanol and water (90:10)
Standard solution: 10 µg/mL of USP Levomethorphan RS and 10 mg/mL of USP
Dextromethorphan Hydrobromide RS in Diluent
Sample solution: 10.0 mg/mL of Dextromethorphan Hydrobromide in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L##1
Flow rate: 1 mL/min
Injection volume: 4 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for dextromethorphan and levomethorphan are 1.0
and 1.28, respectively.]
Suitability requirements
Resolution: NLT 2.0 between dextromethorphan and levomethorphan
Relative standard deviation: NMT 5.0% for levomethorphan
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levomethorphan (C18 H25 NO) in the portion of
Dextromethorphan Hydrobromide taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of levomethorphan from the Sample solution
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rS= peak response of levomethorphan from the Standard solution
C=
S concentration of USP Levomethorphan RS in the Standard solution (mg/mL)
C=
U concentration of Dextromethorphan Hydrobromide in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.10%

(IRA 1-Nov-2014)

Delete the following:
•
C.
Sample solution: 5 mg/mL
Analysis: To 5 mL of the Sample solution add 5 drops of 2 N nitric acid and 2 mL of silver
nitrate TS.
Acceptance criteria: A yellowish white precipitate is formed. (IRA 1-Nov-2014)
ASSAY
• Procedure
Mobile phase: 0.007 M docusate sodium and 0.007 M ammonium nitrate in acetonitrile and
water (70:30). Dissolve the docusate sodium in the acetonitrile and water mixture before
adding the ammonium nitrate. Adjust the solution with glacial acetic acid to a pH of 3.4.
Standard stock solution: 1 mg/mL of USP Dextromethorphan Hydrobromide RS in water
Standard solution: 0.1 mg/mL of USP Dextromethorphan Hydrobromide RS from Standard
stock solution in Mobile phase
Sample stock solution: 1 mg/mL of Dextromethorphan Hydrobromide in water
Sample solution: 0.1 mg/mL of Dextromethorphan Hydrobromide from Sample stock
solution in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dextromethorphan hydrobromide (C18 H25 NO·HBr) in the
portion of Dextromethorphan Hydrobromide taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
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C=
S concentration of USP Dextromethorphan Hydrobromide RS in the Standard solution
(mg/mL)
C=
U concentration of Dextromethorphan Hydrobromide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Limit of Phenolic Compounds
Sample: 5 mg of dextromethorphan hydrobromide
Analysis: To the Sample add 1 drop of 3 N hydrochloric acid, 1 mL of water, and 2 drops
of ferric chloride TS. Add 2 drops of potassium ferricyanide TS, and observe after 2 min.
Acceptance criteria: No blue-green color develops.
• Limit of N,N-Dimethylaniline
Standard solution: Transfer 50 mg of N,N-dimethylaniline to a 100-mL volumetric flask.
Add 70.0 mL of water, insert the stopper tightly, shake for 20 min using a mechanical
wrist-action shaker or equivalent, and dilute with water to volume. Transfer 1.0 mL to a
100-mL volumetric flask, and dilute with water to volume. Transfer 1.0 mL of the resulting
solution to a 25-mL volumetric flask, and add 19 mL of water.
Sample solution: Transfer 500 mg of Dextromethorphan Hydrobromide to a 25-mL
volumetric flask. Add 19 mL of water and 1 mL of 3 N hydrochloric acid. Dissolve by
warming on a steam bath, and cool.
Analysis: Add 2 mL of 1 N acetic acid and 1 mL of sodium nitrite solution (1 in 100) to the
Sample solution, and dilute with water to volume. This solution shows no more color than
the straw yellow to greenish yellow color of the Standard solution similarly treated.
Acceptance criteria: NMT 0.001% of N,N-dimethylaniline
SPECIFIC TESTS
Delete the following:
• Optical Rotation, Specific Rotation 781S
Analytical wavelength: 325 nm
Sample solution: 18 mg/mL of dextromethorphan hydrobromide. (Warm, if necessary, to
dissolve.)
Standard solution: 18 mg/mL of USP Dextromethorphan Hydrobromide RS. (Warm, if
necessary, to dissolve.)
Analysis: Determine photoelectrically.
Acceptance criteria: The Sample solution does not differ from that of the Standard
solution by more than 1.0%. (IRA 1-Nov-2014)
• pH 791
Sample solution: 10 mg/mL
Acceptance criteria: 5.2–6.5
• Water Determination, Method I

921 : 3.5%–5.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
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Change to read:
• USP Reference Standards 11
USP Dextromethorphan Hydrobromide RS
USP Levomethorphan RS
3-Methoxy-17-methylmorphinan.
C18 H25 NO
271.40
(IRA 1-Nov-2014)

1 A suitable column is Astec C hirobiotic V2 from www.sigma-aldrich.

In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
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In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example,
2S (USP 34)

indicates that the proposed revision is slated for the Second Supplement to USP 34,

and
USP35

and

NF30

indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
161 Transfusion and Infusion Assemblies and Similar Medical Devices, USP 37 page
137. This chapter contains methods and requirements for measuring bacterial endotoxins or
pyrogens of sterile, nonpyrogenic assemblies or devices that make contact directly or indirectly
with the cardiovascular system, the lymphatic system, or cerebrospinal fluid. This revision
proposal was undertaken for the following reasons: a) the chapter has not been updated in
over 10 years and b) references to medical devices have been eliminated from the harmonized
general test chapter Bacterial Endotoxins Test 85 . The focus of the revised chapter
proposal is restricted to bacterial endotoxins/pyrogen testing to align content with a) FDA
Guidance for Industry Pyrogen and Endotoxins Testing: Questions and Answers (2012) and b)
ANSI/AAMI ST72:2011, Bacterial endotoxins—Test methods, routine monitoring, and
alternatives to batch testing. Consequently, the title of the chapter has been changed to
reflect wider applicability.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCM: R.Tirumalai.)
Correspondence Number—C142048

Comment deadline: July 31, 2014
Change to read:
161 TRANSFUSION AND INFUSION ASSEMBLIES AND SIMILAR MEDICAL DEVICES
MEDICAL DEVICES—BACTERIAL ENDOTOXIN AND PYROGEN TESTS 1S (USP38)
The requirements apply to sterile and nonpyrogenic assemblies or devices in contact directly or
indirectly with the cardiovascular system, the lymphatic system, or cerebrospinal fluid. This
includes, but is not limited to, solution administration sets, extension sets, transfer sets, blood
administration sets, intravenous catheters, implants extracorporeal oxygenator tubings and
accessories, dialysers and dialysis tubing and accessories, heart valves, vascular grafts,
intramuscular drug delivery catheters, and transfusion and infusion assemblies. These
requirements do not apply to orthopedic products, latex gloves, or wound dressings.
Sterility—Proceed as directed for Sterilized Devices under Sterility Tests

71 .

Bacterial Endotoxins—Proceed as directed under Bacterial Endotoxins Test 85 .
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For medical devices, the endotoxin limit is not more than 20.0 USP Endotoxin Units per device
except that for those medical devices in contact with the cerebrospinal fluid the limit is not
more than 2.15 USP Endotoxin Units per device.
A device that fails this test can be retested once by another Bacterial Endotoxins test. For
devices that cannot be tested by the Bacterial Endotoxins Test
nonremovable inhibition or enhancement, the Pyrogen Test

151

85

because of

is applied.

Preparation of Devices—Select not less than 3 and not more than 10 devices. Rinse or soak the
devices with LAL Reagent Water. The volume of rinsing or extracting solution may be adjusted
for the size and configuration of the device.
For devices labeled “nonpyrogenic fluid pathway,” flush the fluid pathway with extracting fluid
that has been heated to 37 ± 1.0 , keeping the extracting fluid in contact with the relevant
pathway for not less than 1 hour at controlled room temperature. Extracts may be combined,
where appropriate. The endotoxin limit for the rinsing or extracting solution is calculated by the
formula:
(K × N)/(V)
where K is equal to the amount of endotoxin allowed per device, N is equal to the number of
devices tested, and V is equal to the total volume of the extract or rinse. If the undiluted
rinsing or extracting solution is unsuitable for the Bacterial Endotoxins Test 85 , repeat the
inhibition or enhancement test after neutralization and removal of the interfering substances or
after the solution has been diluted by a factor not exceeding the Maximum Valid Dilution. The
Maximum Valid Dilution for devices is calculated by dividing the endotoxin limit by the labeled
sensitivity

of the LAL reagent used.

Pyrogen—For samples that cannot be tested by the Bacterial Endotoxins Test because of
nonremovable inhibition or enhancement of the test, the Pyrogen Test 151 is applied. Select
10 devices, and obtain a pooled effluent, utilizing preparation methods appropriate to the
device as directed for Bacterial Endotoxins, but with volumes of rinse or extraction fluid not to
exceed 40 mL of sterile saline TS per device. The requirements of the Pyrogen Test
met.

151

are

Other Requirements—The portions of medical devices that are made of plastics or other
polymers meet the requirements specified for Biological Tests—Plastics and Other Polymers
under Containers—Plastics

661 ; those made of elastomers meet the requirements under

Elastomeric Closures for Injections 381 . If a class designation for elastomers, plastics, or
other polymers is needed, perform the appropriate in vivo tests indicated in the general test
chapter Biological Reactivity Tests, In Vivo

88 .

INTRODUCTION
The methods and requirements in this chapter apply to assemblies or devices in contact
directly or indirectly with the cardiovascular system, the lymphatic system, or cerebrospinal
fluid that are labeled sterile and nonpyrogenic. This includes, but may not be limited to the
following:
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fluid pathways of catheters and administration sets such as solution administration sets,
extension sets, transfer sets, blood administration sets, intravenous catheters,
implants, extracorporeal oxygenator tubings, dialysis tubing, intramuscular drug delivery
catheters, transfusion and infusion assemblies
liquid medical devices such as dialysate
implantable medical devices such as heart valves and vascular grafts, other medical
devices with a nonpyrogenic claim that may come into contact with blood or
cerebrospinal fluid
gels with a nonpyrogenic claim including demineralized bone matrices and drug delivery
systems
BACTERIAL ENDOTOXINS
For the bacterial endotoxins test (BET) assay parameters, procedures, standards and controls
for the Limulus amoebocyte lysate (LAL) gel clot, kinetic and endpoint assays, proceed as
directed in general test chapter Bacterial Endotoxins Test
device eluate for the product sample.

85 , substituting the medical

DEFINITIONS
Endotoxin limit
The endotoxin limit for the finished device is NMT 20 USP Endotoxin Units per device and
NMT 2.15 USP Endotoxin Units for devices in contact with cerebral spinal fluid.
For devices that directly or indirectly contact the intraocular environment, a lower
endotoxin limit may apply.
The endotoxin limit for the device extract in Endotoxin Units/mL is calculated as:
(K × N)/V
K = limit for each device
N = number of devices tested
V = total volume of the extract
Kit: A kit is defined as a collection of individual devices in its primary package, or a variety of
related devices. Each individual type of device may have its own product endotoxin limit and
should be tested and evaluated on an individual basis [see Table 1. Selection of Product Units
for Testing—(Reference ANSI/AAMI ST72)].
Table 1. Selection of Product Units for Testing
Product Unit
Item for Testing
Individual medical device in primary package where each medical
Individual medical
device is used individually in clinical practice
device
Set of components in a primary package where components are
Combination of
assembled as a product and are used together in clinical practice
components
Single medical device
Number of identical medical devices in one primary package where
taken from the primary
each medical device is used independently in clinical practice
package
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Kit of procedure-related medical devices where each medical device is
used independently in clinical practice and where each medical device
may have a different endotoxin limit
Lambda ( ):

Each type of medical
device that has a
nonpyrogenic claim or
All items together

is the test method sensitivity for gel clot methods. For turbidometric or

chromogenic technique,
standard curve.

is equal to the lowest endotoxin concentration on the referenced

Product families: Product families for the purposes of BET may be defined on the basis of
common materials of construction and/or common components. The choice of family members
should be justified and documented. If a product family contains devices of many sizes, the
device with the largest surface area claimed to be nonpyrogenic is chosen as the
representative member of the family to be used in suitability testing.
Extracting or rinsing solution: Water for BET or other suitable solvent demonstrated to be
non-interfering with the BET assay is used to extract or rinse the medical device.
Sampling
1. Sample—A sample for end-product testing must be in its final configuration and
packaging, including all component parts that make up the final medical device.
2. Representative sampling—A representative sample is a sample plan that is created and
justified based on the assumption that the manufacturing process is validated and in a
state of control.
3. Sample size—The number of devices chosen for routine testing is dependent on the size
of the lot, level of control, statistical considerations, and historical performance. In
most cases, each lot of product must be tested using an appropriate number of
samples, NMT 10, taken at random to represent the quality of the lot. Alternate
sampling plans that utilize small sample sizes or do not test each lot of product must be
clearly defined and must be supported/justified by a robust risk assessment.
4. Pre-post sterilization samples—When qualifying a BET assay for pre-sterilization
samples, equivalency in test results must be shown with post-sterilization samples to
ensure that sterilization and post-sterilization handling have no adverse impact on the
accuracy of the test result. Pre-sterilization testing is inappropriate for products that
support microbial growth.
Suitability testing (also known as test for interfering factors): Suitability studies of device
extracts are designed to assure that the device extract under test does not adversely impact
the accuracy of the test result by either a) causing the assay to underestimate endotoxin
(inhibition) or b) contributing to overestimation of endotoxin (enhancement).
REAGENTS AND TEST SOLUTIONS
See chapter

85 .
PREREQUISITES TO TESTING

Apparatus: All equipment used in the extraction or testing process must be properly qualified
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and/or calibrated as appropriate. This equipment includes but is not limited to water baths,
heat blocks, mechanical pipetters (fixed, adjustable, and repeating pipetters), thermometers,
and plate/tube/cartridge readers.
Depyrogenate all glassware and other heat-stable materials in a hot air oven using a validated
process. If employing plastic apparatus such as microplates and pipet tips for automatic
pipetters, use apparatus that is shown to be free of detectable endotoxin and does not
interfere with the test.
Analysts must be properly trained to perform the assay.
The assay sensitivity must be confirmed as described in the chapter 85 sections Test for
Confirmation of Labeled Lysate Sensitivity for gel clot reagents and Assurance of Criteria for
the Standard Curve for quantitative methods. Assay sensitivity confirmation must be carried
out when a new batch of reagent (lysate or endotoxin) is used or when there is any change in
the test conditions that could affect the outcome of the test.
PREPARATION OF DEVICES: STANDARD METHODS
Endotoxin limit: The endotoxin limit for the extracting or rinsing solution is:
(K × N)/V
K = amount of endotoxin allowed per device (20 Endotoxin Units per device; 2.15 for intrathecal
devices)
N = number of devices tested
V = total volume of the extract or rinse
[Note—The volume of the rinse or extract may be adjusted for the size and configuration of the
device.]
The standard extracting fluid for extracting, rinsing, or soaking medical devices is Water for BET
(see 85 ). If necessary, other solvents may be used after it has been demonstrated that
they do not interfere with the performance of the assay. Either the entire device if claimed to
be nonpyrogenic or all components of the device that are claimed to be nonpyrogenic, including
fluid pathways, must come in contact with the extraction fluid for the entire course of the
extraction.
The standard extraction method is to soak or immerse the device or flush the fluid pathway
with extracting fluid that has been heated to 37 ± 1.0 , keeping the extracting fluid in contact
with the relevant surface(s) for NLT 1 h. Alternate extraction or rinsing methods may be used,
but must be demonstrated to be equivalent or better than the standard method. Extracts from
individual medical devices are typically pooled for testing.
Suitability: Suitability of the BET assay must be demonstrated for each product or product
family. The number of batches of product chosen for the suitability study is reflective of the
level of control of the process and must be justified.
For the suitability test, medical device extracts are considered to be the sample solutions under
test and are tested as outlined in chapter 85 for the chosen technique in the section Test
for Interfering Factors.
If necessary, adjust the pH of the solution to be examined (or dilution thereof) so that the pH
of the mixture of the lysate and sample solution falls within the pH range specified by the
lysate manufacturer, usually pH 6.0–8.0. The pH may be adjusted by use of an acid, base, or
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suitable buffer as recommended by the lysate manufacturer. Acids and bases may be prepared
from concentrates or solids with Water for BET in containers free of detectable endotoxin.
Buffers must be shown to be free of detectable endotoxin and interfering factors.
If the undiluted rinsing or extracting solution is determined to be unsuitable for 85 , the test
for interfering factors may be repeated utilizing dilution, or a method that will neutralize or
eliminate the interfering substance.
If glucan interference is suspected, the use of a glucan blocking agent or endotoxin-specific
lysate is permissible.
Dilution in Water for BET or other validated solvent by a factor not to exceed the maximum
valid dilution (MVD) is permissible. The MVD for medical devices is the following:
MVD = Endotoxin limit (of the rinsing or extracting solution in Endotoxin Units/mL)/
= sensitivity of the test method in Endotoxin Units/mL
Interference may be overcome by suitable treatment of the device extract. Methods for
overcoming interference and the qualification of such treatments are described in 85 . To
establish that the chosen treatment effectively eliminates interference without loss of
endotoxins, perform the assay described in 85 using the preparation to be examined to
which standard endotoxin has been added and which has then been submitted to the chosen
treatment.
DEMONSTRATION OF CONTINUED SUITABILITY
The continued suitability of the assay should be re-assessed when significant changes are
made to the product, process, raw material supply, manufacturing and/or testing site, BET
reagent source, or any other change that could adversely affect the accuracy of the BET
result. The results of this re-assessment should be documented, and suitability studies reexecuted as necessary.
Changes to extraction techniques require a new suitability study. Because of possible changes
in interference patterns between standard BET methods, a change in BET methodology (e.g.,
from gel clot limits test to kinetic chromogenic) requires a re-execution of the suitability study.
Routine testing: Routine testing of the finished medical devices must utilize the same
extraction techniques that were documented in the successful suitability study.
Routine testing is to be performed as outlined in 85 , following instructions for incubation and
controls listed under the chosen assay technique.
Interpretation of test results: Reference 85 . The preparation under test complies with the
test if the mean endotoxin concentration of the replicates of Solution A, after correction for
dilution and concentration, is less than 20 Endotoxin Units per medical device (2.15 Endotoxin
Units per medical device for those devices that come in contact with the cerebral spinal fluid.)
If a device fails to meet this requirement, an investigation may be initiated per documented
procedures. A failed, valid BET assay may not be repeated using general test chapter Pyrogen
Test

151

in its place.
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PYROGENS
For samples that cannot be tested by the bacterial endotoxins test because of nonremovable
inhibition or enhancement of the test, 151 is applied. Select an appropriate number of
devices, NMT 10, and obtain a pooled extract, utilizing preparation methods appropriate to the
device as directed for bacterial endotoxins, but with volumes of rinse or extraction fluid not to
exceed 40 mL of sterile saline TS per device. The requirements of

151

must be met.
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1S (USP38)

BRIEFING
202 Identification of Fixed Oils by Thin-Layer Chromatography, PF 39(3) [May–June
2013]. In PF 39(1) [Jan.–Feb. 2013], the General Chapters–Chemical Analysis and the
Excipients Expert Committees proposed a new chapter to determine the identity of fixed oils
to be used as an orthogonal test in the Identification section of the monograph. The
chapter was harmonized with the European Pharmacopoeia general chapter 2.3.2.
Identification of Fatty Oils by Thin-Layer Chromatography. Subsequently, in PF 39(3) the
Committees proposed to expand the scope of the proposed chapter by adding three
additional dietary supplement fixed oils to the USP Reference Standards section of this new
general test chapter.
On the basis of comments, data, and methods received, the following additional changes are
now added to the preceding proposals:
1.
Change the previously proposed method in the Identification test, which uses manual
spotting, to Method I now being proposed. Under Method I, a section on System
suitability is added to verify that the chromatographic system is adequate for the
intended analysis and that adjustments to meet the added System suitability
requirements improve the quality of the chromatography. USP Corn Oil RS and USP
Olive Oil RS are used for system suitability samples. The principal spots for the
system suitability samples should be clearly identified and separated. In Method I,
under System suitability, the retardation factors (RF) for the four principal spots for
USP Corn Oil RS are 0.39, 0.45, 0.51, and 0.56, and the RF for the two principal spots
for USP Olive Oil RS are 0.39 and 0.45.
2.
Include as Method II an enhanced form of HPTLC that uses an autosampler. Automation
increases the resolution and reproducibility, and allows the principal bands to be
clearly identified and separated. Single development on the HPTLC plate is less time
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consuming. In Method II, under System suitability, the RF for the four principal bands
for USP Corn Oil RS are 0.20, 0.26, 0.30, and 0.34, and the RF for the two principal
bands for USP Olive Oil RS are 0.20 and 0.26.
An article published in Pharmaceutical Technology entitled Fixed Oil Excipient Monographs:
Development of USP Fixed-Oil Reference Standards (http://www.pharmtech.com/USPfixedoil)
provides insights into the rationale for the initial development of and the revisions to the
monographs and chapters related to fixed oils.
Interested parties are encouraged to comment on the proposal.
(GCCA: H. Wang.)
Correspondence Number—C136072

Comment deadline: July 31, 2014
Add the following:
202

IDENTIFICATION OF FIXED OILS BY THIN-LAYER CHROMATOGRAPHY

INTRODUCTION
The following procedure for the USP Identification test is used to identify fixed oils using highperformance thin-layer chromatography (HPTLC), with a suitable octadecylsilyl silica gel as the
coating substance.
IDENTIFICATION
• ProcedureMethod I
Mobile phase 1: Ethyl ether
Mobile phase 2: Methylene chloride, glacial acetic acid, and acetone (20:40:50)
System suitability solution 1: Dissolve about 20 mg (1 drop) of USP Corn Oil RS in 3 mL
of methylene chloride.
System suitability solution 2: Dissolve about 20 mg (1 drop) of USP Olive Oil RS in 3 mL
of methylene chloride.
Standard solution: Dissolve about 20 mg (1 drop) of the appropriate Fixed Oil USP
Reference Standard in 3 mL of methylene chloride.
Sample solution: Dissolve about 20 mg (1 drop) of a fixed oil sample in 3 mL of methylene
chloride.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography).
Mode: HPTLC
Plate: 10 cm × 20 cm, silica gel 60 RP-18, 0.15–0.2 mm layer, 4–8 µm particle size1
Application volume: 1 µL, manually spot
Spray reagent: 100 mg/mL of phosphomolybdic acid in 96% alcohol
System suitability
Samples: System suitability solution 1 and System suitability solution 2
System suitability requirements
Resolution: The four principal spots from corn oil are clearly identified and separated,
and the two principal spots from olive oil are clearly identified and separated.
[Note—Retardation factors (RF) are provided for informational purposes only to aid in
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spot identification. The RF values for the four principal spots for USP Corn Oil RS are
0.39, 0.45, 0.51, and 0.56, and the RF values for the two principal spots for USP Olive
Oil RS are 0.39 and 0.45.]
Analysis
Samples: Standard solution and Sample solution
Apply the Samples in differentseparate bands to the previously marked starting point on an
HP TLC plate, and develop the plate in the following order:
1.Develop two times over a path of 0.5 cm using Mobile phase 1. Ensure that the
spots are at least 3 mm above the surface of the mobile phase.Ensure that the
spots are at least 3 mm above the surface of the mobile phase. Develop two times
over a path of 0.5 cm using Mobile phase 1. Remove the plate from the chamber
after each run, and allow the plate to dry in air.
2.Develop two times over a path of 8 cm using Mobile phase 2. Allow the plate to dry
for about 5 min after each development and before spraying with a spray reagent.
Spray the plate with the Spray reagent.
Heat the plate at 120 for about 1 min, and examine in daylight.
Acceptance criteria: The RF values of the principal spots of the Sample solution
correspond to those of the Standard solution.
• Method II
Mobile phase: Methylene chloride, glacial acetic acid, and acetone (20:40:50)
System suitability solution 1: Dissolve 25 µL of USP Corn Oil RS in 3 mL of methylene
chloride.
System suitability solution 2: Dissolve 25 µL of USP Olive Oil RS in 3 mL of methylene
chloride.
Standard solution: Dissolve 25 µL of the appropriate USP Reference Standard in 3 mL of
methylene chloride.
Sample solution: Dissolve 25 µL of a fixed oil sample in 3 mL of methylene chloride.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography).
Mode: HPTLC
Plate: 20 cm × 10 cm, silica gel 60 RP-18 (or RP-18 F 254 ), 0.15–0.2 mm layer, 4–8 µm
particle size
Conditioning of plate: Condition the plate to a relative humidity of about 33%.
Application volume: 2-µL as bands of 8 mm. A suitable automated apparatus is used.
Spray reagent: 25 mg/mL of phosphomolybdic acid in 96% alcohol
System suitability
Samples: System suitability solution 1 and System suitability solution 2
System suitability requirements
Resolution: The four principal bands from corn oil are clearly identified and separated,
and the two principal bands from olive oil are clearly identified and separated.
[Note—Retardation factors (RF) are provided for informational purposes only to aid in
band identification. The RF values for the four principal bands for USP Corn Oil RS are
0.20, 0.26, 0.30, and 0.34, and the RF values for the two principal bands for USP Olive
Oil RS are 0.20 and 0.26.]
Analysis
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Samples: Standard solution and Sample solution
Pre-develop the plate with methylene chloride to the upper edge. Dry the plate at 120
for 10 min.
Apply the Samples in separate bands to the previously marked starting point on an HPTLC
plate.
Ensure that the bands are at least 3 mm above the surface of the mobile phase.
Develop over a path of 7 cm using Mobile phase. Allow the plate to dry in air.
Treat the plate with the Spray reagent.
Heat the plate at 120 for 3 min, and examine in daylight.
Acceptance criteria: The RF values of the principal bands of the Sample solution
correspond to those of the Standard solution.
ADDITIONAL REQUIREMENTS
• USP Reference Standards 11
USP Almond Oil RS
USP Borage Seed Oil RS
USP Canola Oil RS
USP Corn Oil RS
USP Cottonseed Oil RS
USP Evening Primrose Oil RS
USP Flax Seed Oil RS
USP Olive Oil RS
USP Palm Oil RS
USP Peanut Oil RS
USP Safflower Oil RS
USP Sesame Oil RS
USP Soybean Oil RS
USP Sunflower Oil RS
1S (USP38)

1 HPTLC Silica Gel 60 RP-18 plate from Merck EMD, or equivalent.

BRIEFING
203 High-Performance Thin-Layer Chromatography Procedure for Identification of
Articles of Botanical Origin. This new general chapter describes a standardized highperformance thin-layer chromatography (HPTLC) procedure for use in identification of articles of
botanical origin. Careful control of the HPTLC variables is critical to obtaining reproducible
results. These results may be used in the Identification test of official botanical articles in
USP's compendia as a drug substance or drug product, as an ingredient or a dietary
supplement, and as an herbal medicine. The proposed procedure is used by analysts to
determine the identity of botanical ingredients and to distinguish them from nonofficial but
closely related materials. It may also be used to detect possible adulterants. Necessary control
of the procedure is achieved by maintaining the relevant variables within specified, narrow
ranges as provided in accompanying equipment manuals. An informational general chapter
Identification of Articles of Botanical Origin Using High-Performance Thin-Layer
Chromatography Procedure

1064

proposed elsewhere in this issue of PF describes
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necessary control approaches with illustrations. Monographs in USP–NF and the Herbal
Medicines Compendium should reference this general chapter when it becomes official if the
HPTLC technique is employed. Alternate procedures for the Identification test may also be used
subject to suitable review and acceptance.
(DS: N. Sarma.)
Correspondence Number—C141899

Comment deadline: July 31, 2014
Add the following:
203

HIGH-PERFORMANCE THIN-LAYER CHROMATOGRAPHY PROCEDURE FOR
IDENTIFICATION OF ARTICLES OF BOTANICAL ORIGIN
INTRODUCTION

This chapter describes a procedure for use in a USP Identification test that relies on the
technique of high-performance thin-layer chromatography (HPTLC). It is applicable to the
identification of articles of botanical origin in USP's compendia that serve as a drug substance
or drug product, or as an ingredient or a dietary supplement. Careful control of the variables for
the HPTLC technique is briefly described with references to more detailed information provided
in equipment manuals. Reproducibility of the results allows comparison of closely related
botanical materials that are not official ingredients. The analytical technique uses highperformance plates, appropriate equipment to control variables, and a system suitability test
for purposes of performance qualification. [Note—See Identification of Articles of Botanical
Origin Using High-Performance Thin-Layer Chromatography Procedure
information.]

1064

for additional

REQUIRED EQUIPMENT
The equipment used for HPTLC technique consists of the following:
Plates: Unless otherwise specified in the individual monograph, use plates coated with a
uniform 200-µm layer of porous (60- pore size) silica gel having irregular particles of
2–10 µm and an average particle size of 5 µm, a polymeric binder, and a fluorescence
indicator (F254) of 20 × 10 cm. [Note—Chromatographic methods using highperformance thin-layer chromatographic glass plates are preferred over aluminumbacked sheets because of greater mechanical stability.]
A device suitable for the application of specified volumes of samples as bands with
specified length at the specified positions
A suitable chromatographic chamber (for example, a twin trough chamber) allowing for
control of saturation and developing distance
A device suitable for controlling the activity of the stationary phase via relative
humidity
A device suitable for reproducible drying of the developed plate
A device suitable for treatment of the plate with derivatization reagent, if required
A device suitable for heating as part of the derivatization procedure, if required
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A system suitable for documentation of chromatograms under UV 254 nm, UV 366 nm,
and white light
Each of these devices as well as the system as a whole should pass installation qualification
(IQ), operational qualification (OQ), and performance qualification (PQ) in order to assure that
the instruments are working according to their specifications to control the variables within
their intended ranges. [Note—See Analytical Instrument Qualification 1058 for additional
information.] Installation qualification and operational qualification are typically performed by
the instrument manufacturer. The system suitability test is performed by the analyst as proof
of performance qualification.
PROCEDURE
Preparation of Test Solution
Unless otherwise stated in an individual monograph, 100 mg of a powdered botanical ingredient,
10 mg of a dry extract or fraction, or the amount of a dosage form containing the equivalent of
the aforementioned quantities of the botanical ingredient is sonicated for 15 min with 1 mL of
methanol. After centrifugation the filtrate or supernatant is used as the Sample solution. Unless
otherwise stated in an individual monograph, 50 µL of an essential oil is dissolved in 1 mL of
toluene and used as the Sample solution.
Preparation of the Standard Solutions
Unless otherwise stated in an individual monograph, USP Reference Standards of individual
marker compounds are dissolved at a concentration of 1 mg/mL in methanol. The USP
Reference Standard extracts are shaken and sonicated in methanol at a concentration of 10
mg/mL or, for essential oils, the USP Reference Materials are dissolved in toluene at a
concentration of 50 µL/mL.
Sample Application and Plate Layout
Samples are applied as narrow bands of 8.0 ± 0.5 mm length at a distance of 8.0 ± 0.5 mm
from the lower edge of the plate. The system suitability standards are applied on the lane
nearest to the edge at NLT 20 mm from the edge of the plate. The distance between tracks
(center to center) is NLT 11.0 ± 0.5 mm. The developing distance is marked with a pencil close
to one of the edges of the plate before the development, although an electronic solvent front
detection device may be substituted.
Preconditioning of the Plate
Following sample application and unless otherwise stated in an individual monograph, the plate
is conditioned at a relative humidity of 33% for a minimum of 10 min (for example, by standing
in a closed chamber containing a saturated solution of magnesium chloride).
Preparation of the Developing Chamber and Development of the Plate
Where a twin trough chamber is used, the rear trough is fitted with filter paper. The chamber is
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charged with a sufficient volume of developing solvent to wet the filter paper completely and
achieve a level of developing solvent of exactly 5 mm in both troughs. With the lid closed, the
chamber is left 20 min for saturation. The plate is introduced in a vertical position into the front
trough of the chamber so that the coating layer faces the filter paper. When the mobile phase
has reached a distance corresponding to a development path of 6 cm, the plate is removed
from the chamber and dried in a vertical position in a stream of cold air. Other chamber
configurations and developing distances may be specified in an individual monograph. [Note
—Other development chambers may be employed if the results obtained fulfill all of the system
suitability criteria.]
Derivatization Procedure
Where derivatization reagents are used, defined volumes of reagents in solution (typically 1–2
mL) are homogeneously sprayed onto the plate or the plate is immersed into the reagent
solution at a defined speed and for a defined dwell time. [Note—Immersion speed of 50 mm/s
and dwell time of 1 s works for most nonaqueous reagents.]
Visualization
Chromatograms on the plate are visualized as stated in an individual monograph. Observation
and evaluation may be performed under UV 254 nm, UV 366 nm, or white light prior to and after
derivatization.
System Suitability
To check the suitability of the system for resolution, position, and color of the bands, unless
otherwise stated in an individual monograph, two or more reference substances are selected
that have similar but just separable RF values under the chromatographic conditions to be used;
for example, chlorogenic acid (blue) and hyperoside (yellow-orange) in chromatographic
systems used for flavonoids. USP Reference Standard mixtures for System suitability may be
provided, or the substances designated to check the system suitability for resolution, position,
and colors of the bands may be included in the USP Reference Standard extracts. Description
of the resolution, position, and colors for the key bands of the reference material fingerprint
should match the description in the monograph within a specified tolerance range. The System
suitability requirements in an individual monograph are satisfied when the results obtained
comply with those specified in the monograph.
Evaluation and Acceptance Criteria
Chromatograms of the Sample solution and Standard solution are compared against the
description in the Acceptance criteria section of the monograph with respect to zone position,
zone separation, color, and relative intensity.
Documentation
Documentation is necessary to record the results in an auditable manner to comply with current
good manufacturing practices. Proper documentation tools should be employed; for example, a
camera suitable for taking digital pictures under UV and white light and an imaging software
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suitable for archiving, retrieving, and analyzing the results makes it easy to maintain electronic
records. 1S (USP38)
BRIEFING
212 Oligosaccharide Analysis. This proposed new general test chapter provides four
analytical procedures and performance criteria for the analysis of Asn-linked oligosaccharides
(or N-glycans) found in selected recombinant therapeutic proteins. In addition, this chapter
provides an example procedure for the enzymatic release of N-glycans using peptide Nglycosidase F (PNGase F), followed by 2-aminobenzamide (2-AB) labeling for liquid
chromatography procedures or 8-aminopyrene-1,3,6-trisulfonic acid (APTS) labeling for
capillary electrophoresis separation. The procedures proposed in this chapter would require
specific validation or verification data for a specific USP monograph. Acceptance criteria are
not provided in this chapter but would be described in the monograph.
The initial scope of analytical procedures presented was prioritized based on data from a large
survey, followed by an international collaborative study on N-glycan analysis led by the USP
Convention in 2008. The study provided information regarding the most commonly used and
needed approaches to glycan analysis in the context of pharmaceutical and
biopharmaceutical analysis. As with other new general chapters recently added to the USP–
NF, this chapter is envisioned as a growing collection of procedures for N-glycan analysis
relevant to the biopharmaceutical user community and, specifically, for reference in
monographs that appear in USP's compendia. An upcoming revision is slated to add
separations for charged oligosaccharides as they occur in key recombinant therapeutics
such as erythropoietin. The USP Glycoprotein and Glycan Analysis Expert Panel intends to
solicit further feedback on procedures to add from users.
To assess the system performance for the proposed analytical procedures, two USP Reference
Standards (RS) will be available in this chapter: USP Oligosaccharide System Suitability
Mixture A RS, and USP Oligosaccharide System Suitability Mixture B RS. The liquid
chromatographic procedures in the Normal Phase Chromatography/HILIC test were based on
analyses performed with the Tosoh Bioscience TSKgel Amide-80, 2.0-mm × 15-cm, 3-µm
packing brand of L68 column (Procedure 1) and the Tosoh Bioscience TSKgel Amide-80 4.6mm × 25-cm, 5-µm packing brand of L68 column (Procedure 2). The liquid chromatographic
procedure for the High-pH Anion Exchange Chromatography with Fluorometric Detection
test was based on analyses performed with the Dionex CarboPac PA1 4.0-mm × 5-cm, 10µm packing brand of guard column and 4.0-mm × 25-cm, 10-µm packing brand of L46
column.
This chapter is the work of the Glycoprotein and Glycan Analysis Expert Panel with oversight
and endorsement from the general chapter for Biological Analysis Expert Committee of USP's
Council of Experts.
(GCBA: E. Chang.)
Correspondence Number—C102347

Comment deadline: July 31, 2014
Add the following:
212

OLIGOSACCHARIDE ANALYSIS
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INTRODUCTION
Analysis of the Asn-linked oligosaccharide (also known as N-linked oligosaccharide or N-glycan)
composition of selected recombinant therapeutic proteins has become necessary for product
characterization or release specifications of these proteins. For information on general
analytical strategies in the assessment of protein glycosylation, see general information chapter
Glycoprotein and Glycan Analysis—General Considerations 1084 . The current scope of this
chapter focuses on analysis of N-linked oligosaccharides that are released from glycosylated
recombinant therapeutic proteins. Therefore, the chapter provides a procedure for enzymatic
release of N-glycans using peptide N-glycosidase F (PNGase F), two different approaches for
fluorophore labeling of the released N-linked oligosaccharides, and four analytical procedures
based on chromatographic and electrophoretic separation, as well as performance criteria for
the separation. While the procedures in this chapter are validated, they must be verified with
individual specific product. Furthermore, validation is required when the procedure is optimized
for a specific product.
Labeling oligosaccharides with fluorophore before analysis provides an important advantage of
enhanced detection of oligosaccharides during the separation, as they have no or low
absorptivity of either UV or visible light and no significant fluorophore groups. This chapter
describes two different methods for fluorophore labeling: derivatization of oligosaccharides
using 2-aminobenzamide (2-AB) for liquid chromatographic separation, and labeling of
oligosaccharides with 8-aminopyrene-1,3,6-trisulfonic acid salt (APTS) for capillary
electrophoresis (CE) separation. Although electrochemical detection (pulsed amperometric
detection or pulsed electrochemical detection) is also used in oligosaccharide analysis under a
strong base elution, this method is not addressed in this chapter.
Many different chromatography and electrophoresis methods have been developed to analyze
oligosaccharides, and the procedures described in this chapter have been used successfully for
this purpose. The choice of procedures discussed is meant to reflect the most commonly and
broadly used approaches for supporting current recombinant glycosylated biological medicines in
commerce. These analytical procedures include normal phase or hydrophilic interaction
chromatography (HILIC), high-pH anion exchange chromatography (HPAEC), and CE. Several
other chromatographic modes that separate oligosaccharides by size, shape, and polarity are
also commonly used for oligosaccharide separation, but they are not discussed in this chapter.
USP Reference Standards (RS) have been developed to assess system suitability for these
analytical procedures. USP Oligosaccharide System Suitability Mixture A RS consists of a
complex of partially sialylated and partially galactosylated biantennary N-linked oligosaccharides
that were released from human polyclonal immunoglobulin (IgG) by PNGase F. USP
Oligosaccharide System Suitability Mixture B RS consists of a complex of high-mannose N-linked
oligosaccharides with traces of hybrid chains that were released from bovine ribonuclease B
(RNase B) by PNGase F.
ANALYTICAL PROCEDURES OVERVIEW
Table 1 outlines the applications and separation principles of the analytical procedures
included in this chapter and also provides guidelines on the choice of RS.
Table 1

Analytical Procedures

Type of N-linked
Oligosaccharides to be
Separated

Applicable USP
Reference
Standards
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Normal Phase Chromatography/HILIC
Procedure 1
Column: 2.0-mm × 15-cm; 3-µm
packing L68
Results in more oligosaccharide
peaks compared to HILIC
Procedure 2
Longer mobile phase with shallow
gradient compared to HILIC
Procedure 2
Enhanced sensitivity for smaller
sample size

Normal Phase Chromatography/HILIC
Procedure 2
Column: 4.6-mm × 25-cm; 5-µm
packing L68
Fewer oligosaccharide peaks
observed compared to HILIC
Procedure 1
Shorter mobile phase with less
shallow gradient compared to
HILIC Procedure 1
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Relatively simple bi-antennary USP Oligosaccharide
chains with no or low levels System Suitability
of sialylated structures
Mixture A RS

USP Oligosaccharide
System Suitability
High-mannose chains
Mixture B RS
Relatively simple bi-antennary USP Oligosaccharide
chains with no or low levels System Suitability
of sialylated structures
Mixture A RS

USP Oligosaccharide
System Suitability
High-mannose chains
Mixture B RS
Relatively simple bi-antennary USP Oligosaccharide
chains with no or low levels System Suitability
of sialylated structures
Mixture A RS

HPAEC
Guard column: 4.0-mm × 5-cm; 10µm packing L46
Column: 4.0-mm × 25-cm; 10-µm
packing L46
Mobile phase: 0–75 mM sodium
acetate in isocratic 0.150 N
sodium hydroxide
Selectivity is different from HILIC
Procedures 1 and 2 with respect
USP Oligosaccharide
to the size and composition of
System Suitability
oligosaccharide
High-mannose chains
Mixture B RS
Relatively simple bi-antennary USP Oligosaccharide
chains with no or low levels System Suitability
Capillary electrophoresis
of sialylated structures
Mixture A RS
Appropriate for APTSoligosaccharides
Capillary: 50-µm inner diameter with
50 cm total length and 40 cm
separation length
Enhanced separation efficiency
USP Oligosaccharide
Shorter analysis times compared to
System Suitability
liquid chromatography method
High-mannose chains
Mixture B RS
SAMPLE PREPARATION
The samples should be free of salts, excipients, and other carrier materials. This can be
achieved by either 1) dialysis against water or a volatile buffer using an appropriate
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membrane, 2) sample trapping on a solid-phase extraction (SPE) cartridge followed by
washing away of salts and excipients and elution of the required sample, or 3) ultrafiltration
using an appropriate membrane.
• Enzymatic Release of N-Glycans
[Note—The following is a generic method that should be optimized for individual products
depending on the amount of glycoprotein to be digested and the glycan structures,
especially on the basis of the protein/glycan ratio in the molecule and the accessibility of
the sugars.]
Procedure 1 for chromatographic separation
Enzyme reaction buffer: 50 mM sodium phosphate pH 7.5 or 15 mM tris(hydroxymethyl)aminomethane and adjust with hydrochloric acid to a pH of 7.0.
Digestion with PNGase F: Transfer 0.1–2.25 mg of glycoprotein to a vial, and adjust
with Enzyme reaction buffer to a final volume of 30–100 µL. Add PNGase F to the
glycoprotein sample in a ratio of 0.5–15 units of PNGase F/0.1 mg of glycoprotein.
Incubate at 37 for 12–24 h. Cool at room temperature for about 5 min. Vortex gently
and centrifuge briefly. [Note—One unit of PNGase F is defined as the amount of enzyme
required to catalyze the release of N-linked oligosaccharides from 1.0 nmole of
denatured ribonuclease B per min at a pH of 7.5 at 37 , and is equal to 1 IUB
milliunit.][Note—Complete digestion by PNGase F can be assessed by observing a
mobility shift of the deglycosylated proteins on SDS-PAGE followed by Coomassie Blue
staining or on SDS-CGE, as shown by reduction in mass of approximately 2 kDa per
glycan chain cleaved.]
Two methods are described below for performing the separation of released glycans from
glycoprotein.
Method 1, using ultrafiltration membrane with molecular weight cutoff of 30 kDa:1
Remove trace amounts of glycerin by centrifuging at 11,000 x g and rinsing the
membrane with 0.5 mL of water. Discard the permeate. Add 0.1 mL of water into the
sample reservoir and then add the digested glycoprotein sample to the reservoir. Rinse
the reaction vial with 0.1 mL of water and add to the sample reservoir. Centrifuge at
11,000 × g and collect the permeate. Rinse the sample reservoir twice using 0.1 mL of
water for each wash and collect the permeate. Combine the permeates (approximately
0.5 mL) and bring samples to complete dryness using a centrifugal evaporator without
heat.
Method 2, using reversed-phase solid-phase exchange (SPE) cartridge:2 Add 2.0
mL of methanol into a syringe, attach the syringe to the cartridge, and use the syringe
plunger to pass methanol through to waste. Add 6.0 mL of 5% (v/v) acetic acid
prepared in water into a syringe. Attach the syringe to the cartridge and use the syringe
plunger to pass the acetic acid solution through to waste. Gently apply the digested
sample onto an individual cartridge. Add 0.5 mL of 5% (v/v) acetic acid into a 1-mL
syringe, attach the syringe to the cartridge, and use the syringe plunger to pass the
acetic acid through to waste. Add 1.5 mL of 5% (v/v) acetic acid to a 2- to 3-mL
syringe. Attach the syringe to the cartridge, and use the syringe plunger to pass the
acetic acid solution through, collecting the eluting solution into a 1.5-mL tube. Bring
samples to complete dryness using a centrifugal evaporator without heat.
Procedure 2 for CE separation
Enzyme reaction buffer: 50 mM sodium phosphate, pH 7.5
Digestion with PNGase F: Add 2 µL of PNGase F (5 units/µL) to 50 µg of glycoprotein
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sample, and adjust with Enzyme reaction buffer to a final volume of 50 µL. Incubate at
37 for 18 h. Separate released oligosaccharides by centrifugation using a 10,000
molecular weight cut-off centrifugal filter. Dry the released oligosaccharides in a
centrifugal vacuum evaporator to dryness.
• 2-Aminobenzamide (2-AB) Labeling3 for Liquid Chromatographic Separation
Solution A: Mix glacial acetic acid and dimethyl sulfoxide (3:7, v/v).
Solution B: Add 1.5 mL of Solution A to 75 mg of 2-aminobenzamide (2-AB). Mix well by
gentle vortexing to completely dissolve 2-AB.
Labeling solution: Add 1 mL of Solution B to 63 mg of sodium cyanoborohydride. Mix well
by gentle vortexing. Cap the mixture tightly and incubate at 70 for 1–2 min for complete
dissolution. Cool at room temperature for 10 min. Use this Labeling solution within 1 h of
its preparation.
2-AB labeled standard solution: Add 5–15 µL of Labeling solution to one vial of USP
Oligosaccharide System Suitability Mixture A RS or USP Oligosaccharide System Suitability
Mixture B RS, and mix well.
2-AB labeled sample solution: Add 5–15 µL of Labeling solution to the dried glycan
sample, and mix well.
Procedure: Immediately incubate the 2-AB labeled standard solution and 2-AB labeled
sample solution at 37 for 16–18 h or at 65 for 2 h. Allow to cool at room temperature for
10 min. Centrifuge briefly.
[Note—Following the guidelines listed in Table 1, select the appropriate USP RS and label.]
Two methods for the removal of free 2-AB are described below.
Method 1, using gel filtration spin column: Prepare suitable G-10 microcentrifuge spin
columns4 by tapping the column gently to ensure that the dry resin is settled at the
bottom. Remove the caps and place the column in a 2-mL collection tube. Add 0.5 mL of
water to the resin and let it swell for at least 15 min. Longer swelling time (up to 24 h) is
acceptable if maintained at 2 –8 . Centrifuge the column at maximum speed for 5–10 s.
Remove the water from the collection tube. Wash the resin by adding 0.5 mL of water,
and centrifuge the column. Repeat the washing step one more time. After removing the
water from the final wash step, spin at maximum speed for 10 s to remove residual water
from the resin. Residual water is sufficiently removed if the resin appears white. Place the
column in a new, labeled collection tube. Add 100 µL of water to the 2-AB labeled
standard solution and 2-AB labeled sample solution, and then apply the entire solution to
the center of each washed G-10 columns, respectively. Place the G-10 columns in the
microcentrifuge and spin at approximately 200 × g for 1 min. Apply the flow-through
(approximately 90–120 µL) to the center of the second unused but previously washed G10 column and spin at approximately 200 × g for 1 min. Transfer the repeat flow-through
(approximately 60–100 µL) to a 0.5-mL microcentrifuge tube. Dry the eluates by
centrifugal evaporation with no heat.
Method 2, using SPE cartridge: Prepare suitable SPE cartridges5 by washing with 1.0 mL
of water, followed by 5 × 1.0 mL of 30% (v/v) acetic acid, and then 1.0 mL of
acetonitrile. Apply the 2-AB labeled standard solution and 2-AB labeled sample solution to
the center surface of the cartridge discs, and allow the solution to incubate on the disc
for 15–20 min. Wash each disc with 1 mL of acetonitrile, followed by 6 × 1.0 mL of 96%
(v/v) acetonitrile, allowing each aliquot to drain before the next is applied. Elute the 2-AB
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labeled standard and 2-AB labeled sample with 3 × 0.5 mL of water, allowing each aliquot
to drain before the next is applied. Dry the eluates by centrifugal evaporation with no
heat.
• 8-Aminopyrene-1,3,6-trisulfonic acid (APTS) Labeling For CE Separation
APTS labeling reagent: Dissolve 5 mg of trisodium 8-aminopyrene-1,3,6-trisulfonate
(APTS) in 48 µL of 15% (v/v) acetic acid.
1 M sodium cyanoborohydride: 1 M sodium cyanoborohydride in tetrahydrofuran
Run buffer: Dissolve 1.492 g of triethanolamine (TEA) and 10 g of glycerol, accurately
weighed, in 80 mL of water. Adjust with 1 N hydrochloric acid to a pH of 7.5 and dilute
with water to a final volume of 100 mL.
Sample buffer: Dilute 1.0 mL of Run buffer with 9.0 mL of water.
APTS-labeled standard solution: Add 2 µL of the APTS labeling reagent and 2 µL of 1 M
sodium cyanoborohydride to a vial of USP Oligosaccharide System Suitability Mixture A RS
or USP Oligosaccharide System Suitability Mixture B RS. Incubate at 55 for 90 min. Add
46 µL of water to quench the reaction and mix. Transfer 5 µL of the APTS-labeled USP RS
to 1.995 mL of Sample buffer prior to separation. [Note—The volume of Sample buffer
may need to be adjusted so that the fluorescence signals of the oligosaccharides are
similar to those from the APTS-labeled sample solution.]
APTS-labeled sample solution: Add 2 µL of APTS labeling reagent and 2 µL of 1 M sodium
cyanoborohydride to the dried glycan sample. Incubate at 55 for 90 min. Add 46 µL of
water to quench the reaction and mix. Transfer 5 µL of the APTS-labeled glycan solution
to 95 µL of Sample buffer prior to separation.
[Note—Following the guidelines listed in Table 1, select the appropriate USP RS and label.]
SEPARATION AND IDENTIFICATION OF OLIGOSACCHARIDES
• Normal Phase Chromatography/HILIC
Procedure 1
1.4 M formic acid solution: Mix 273 mL of water with 15 mL of 98%–100% formic acid.
1.4 M ammonia solution: Mix 155 mL of water with 40 mL of 26% ammonia solution.
Ammonium formate buffer: Add 1.4 M ammonia solution to 1.4 M formic acid solution.
Solution A: Acetonitrile, Ammonium formate buffer, and water (75: 4.3: 20.7)
Solution B: Acetonitrile, Ammonium formate buffer, and water (54: 8.3: 37.7)
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0.0
79
21
80.0
47
53
81.0
0
100
92.0
0
100
93.0
79
21
113.0
79
21
Standard solution: Reconstitute the dried 2-AB labeled standard with NMT 500 µL of
water. [Note—The volume of water may need to be adjusted so that the fluorescence
signals from the Standard solution are similar to those from the Sample solution.]
Sample solution: Reconstitute the dried 2-AB labeled sample with an appropriate volume
of water. [Note—Use a ratio of 30 µL of water per 100 µg of glycoprotein used in the
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Enzymatic Release of N-Glycans test as a starting point.]
Blank solution: Acetonitrile
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorescence (250-nm excitation wavelength and 428-nm emission
wavelength)
Column: 2.0-mm × 15-cm; 3-µm packing L68
Temperatures
Column: 45
Autosampler: 20
Flow rate: 0.2 mL/min
Injection volume: 2 µL
System suitability
Samples: Standard solution and Blank solution
Suitability requirements
Blank: No peak in the chromatogram of the Blank solution within the retention time
window at 5–113 min
Chromatogram similarity: If USP Oligosaccharide System Suitability Mixture A RS is
used, the chromatogram obtained from the Standard solution corresponds to that of
the reference chromatogram provided with the USP Certificate for USP
Oligosaccharide System Suitability Mixture A RS. If USP Oligosaccharide System
Suitability Mixture B RS is used, the chromatogram obtained from the Standard
solution corresponds to that of the reference chromatogram provided with the USP
Certificate for USP Oligosaccharide System Suitability Mixture B RS.
Presence of N-glycan species: If USP Oligosaccharide System Suitability Mixture A
RS is used, identify peaks corresponding to G0, G0F, G1Fa, G1Fb, G2F, A1F, and A2F
in the chromatogram obtained from the Standard solution by comparing the reference
chromatogram provided with the USP Certificate for USP Oligosaccharide System
Suitability Mixture A RS. If USP Oligosaccharide System Suitability Mixture B RS is
used, identify peaks corresponding to MAN-5, MAN-6, MAN-7, MAN-8, and MAN-9 in
the chromatogram obtained from the Standard solution by comparing the reference
chromatogram provided with the USP Certificate for USP Oligosaccharide System
Suitability Mixture B RS.
Relative retention times: Corresponding to the relative retention times of N-glycans
listed in Table 3 or Table 4
Table 3. Standard Solution Using USP Oligosaccharide System Suitability Mixture
A RS
N-Glycan
Relative Retention Time
G0 (NGA2)
0.47
G0F (NGA2F)
0.57
G1Fa (NA1F, FA2G1, or NA2G1F)
0.75
G1Fb (NA1F, FA2G1, or NA2G1F)
0.78
G2F (NA2F)
1.00
A1F (G2fS1)
1.39
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A2F (G2fS2)

1.76

Table 4. Standard Solution Using USP Oligosaccharide System Suitability Mixture
B RS
N-Glycan Relative Retention Time
MAN-5
0.74
MAN-6
1.00
MAN-7
1.29
MAN-8
1.60
MAN-9
1.85
Analysis: Equilibrate the Chromatographic system for at least 1 h with starting
conditions described in Table 2. Inject the Blank solution until the baseline is stable (1–3
injections).
Sample: Sample solution
Integrate peaks in the resulting chromatogram and report the relative peak areas of
major glycan structures relevant to the product. A base line is drawn from the first to
the last peak. Report the relative peak areas of major glycan structures relevant to the
product.
Procedure 2
Solution A: Mix 500 mL of water with 9.8 mL of 96% formic acid. Adjust with 30%
ammonium hydroxide to a pH of 4.0 ± 0.1. Dilute with water to a final volume of 1000
mL. Filter the solution through a 0.22-µm pore size cellulose acetate membrane.
Solution B: Acetonitrile
Mobile phase: See Table 5.
Table 5
Time
Solution A Solution B
(min)
(%)
(%)
0.0
20
80
2.0
30
70
67.0
52
48
67.1
80
20
73.0
80
20
73.1
20
80
85.0
20
80
Standard solution: Reconstitute the dried 2-AB labeled standard with NLT 500 µL of
water. [Note—The volume of water may need to be adjusted so that the fluorescence
signals from the Standard solution are similar to those from the Sample solution.]
Sample solution: Reconstitute the dried 2-AB labeled sample with an appropriate volume
of water. [Note—Use a ratio of 50 µL of water per 100 µg of glycoprotein used in the
Enzymatic Release of N-Glycans test as a starting point.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorescence; set the excitation and emission wavelengths as listed in Table
6.
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Table 6
Time
Excitation Emission
(min)
(nm)
(nm)
0.00
330
420
1.00
330
420
1.01
400
500
10.00
400
500
10.01
330
420
85.00
330
420
Column: 4.6-mm × 25-cm; 5-µm packing L68
Temperatures
Column: 35
Autosampler: 2 –8
Flow rate: 0.4 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Chromatogram similarity: If USP Oligosaccharide System Suitability Mixture A RS is
used, the chromatogram obtained from the Standard solution corresponds to that of
the reference chromatogram provided with the USP Certificate for USP
Oligosaccharide System Suitability Mixture A RS. If USP Oligosaccharide System
Suitability Mixture B RS is used, the chromatogram obtained from the Standard
solution corresponds to that of the reference chromatogram provided with the USP
Certificate for USP Oligosaccharide System Suitability Mixture B RS.
Presence of N-glycan species: If USP Oligosaccharide System Suitability Mixture A
RS is used, identify peaks corresponding to G0, G0F, G1Fa, G1Fb, G2, G2F, A1F, and
A2F in the chromatogram obtained from the Standard solution by comparing the
reference chromatogram provided with the USP Certificate for USP Oligosaccharide
System Suitability Mixture A RS. If USP Oligosaccharide System Suitability Mixture B
RS is used, identify peaks corresponding to MAN-5, MAN-6, MAN-7, MAN-8, and
MAN-9 in the chromatogram obtained from the Standard solution by comparing the
reference chromatogram provided with the USP Certificate for USP Oligosaccharide
System Suitability Mixture B RS.
Relative retention times: Corresponding to the relative retention times of N-glycans
listed in Table 7 or Table 8
Table 7. Standard Solution Using USP Oligosaccharide System Suitability Mixture
A RS
N-Glycan
Relative Retention Time
G0 (NGA2)
0.78
G0F (NGA2F)
0.83
G1Fa (NA1F, FA2G1, or NA2G1F)
0.91
G1Fb (NA1F, FA2G1, or NA2G1F)
0.92
G2 (NA2)
0.96
G2F (NA2F)
1.00
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A1F (G2fS1)
A2F (G2fS2)

1.11
1.20

Table 8. Standard Solution Using USP Oligosaccharide System Suitability Mixture
B RS
N-Glycan Relative Retention Time
MAN-5
0.77
MAN-6
0.86
MAN-7
0.93
MAN-8
1.00
MAN-9
1.05
Analysis
Sample: Sample solution
Integrate peaks in the resulting chromatogram and report the relative peak areas of
major glycan structures relevant to the product.
• High-pH Anion Exchange Chromatography With Fluorometric Detection
Solution A: Water; degas before use.
Solution B: Dissolve 20.5 g of anhydrous sodium acetate in 450 mL of water and mix well.
Dilute with water to a final volume of 500 mL. Filter the solution through a membrane of
NMT 0.45-µm pore size, and degas before use.
Solution C: To 972 mL of water, add 28 mL of 50% (w/w) sodium hydroxide solution. Pass
the solution through an alkaline-resistant filter membrane of NMT 0.45-µm pore size, and
degas before use.
Mobile phase: See Table 9.
Table 9
Solution
Solution
Solution
Time
A
B
C
(min)
(%)
(%)
(%)
Elution
0.0
70
0
30
Initial condition
15.0
70
0
30
0–75 mM sodium acetate, isocratic 0.150
65.0
55
15
30
N sodium hydroxide
66.0
0
50
50
250 mM sodium acetate, 0.25 N sodium
74.0
0
50
50
hydroxide wash
75.0
70
0
30
90.0
70
0
30
Re-equilibrium
Standard solution: Reconstitute the dried 2-AB labeled standard with NMT 500 µL of
water. [Note—The volume of water may need to be adjusted so that the fluorescence
signals from the Standard solution are similar to those from the Sample solution.]
Sample solution: Reconstitute the dried 2-AB labeled sample with an appropriate volume
of water. [Note—Use a ratio of 20 µL of water per 100 µg of glycoprotein used in the
Enzymatic Release of N-Glycans test as a starting point.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorescence (330-nm excitation wavelength and 420-nm emission
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wavelength)
Columns
Guard: 4.0-mm × 5-cm; 10-µm packing L46
Analytical: 4.0-mm × 25-cm; 10-µm packing L46
Temperatures
Column: 25
Autosampler: 4
Flow rate: 0.8 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Chromatogram similarity: If USP Oligosaccharide System Suitability Mixture A RS is
used, the chromatogram obtained from the Standard solution corresponds to that of
the reference chromatogram provided with the USP Certificate for USP Oligosaccharide
System Suitability Mixture A RS. If USP Oligosaccharide System Suitability Mixture B RS
is used, the chromatogram obtained from the Standard solution corresponds to that of
the reference chromatogram provided with the USP Certificate for USP Oligosaccharide
System Suitability Mixture B RS.
Presence of N-glycan species: If USP Oligosaccharide System Suitability Mixture A RS
is used, identify peaks corresponding to G0F, G1F, G0, G2F, A1F, and A2F in the
chromatogram obtained from the Standard solution by comparing the reference
chromatogram provided with the USP Certificate for USP Oligosaccharide System
Suitability Mixture A RS. If USP Oligosaccharide System Suitability Mixture B RS is used,
identify peaks corresponding to MAN-5, MAN-6, MAN-7, MAN-8, and MAN-9 in the
chromatogram obtained from the Standard solution by comparing the reference
chromatogram provided with the USP Certificate for USP Oligosaccharide System
Suitability Mixture B RS.
Relative retention times: Corresponding to the relative retention times of N-glycans
listed in Table 10 or Table 11
Table 10. Standard Solution Using USP Oligosaccharide System Suitability Mixture
A RS
N-Glycan
Relative Retention Time
G0F (NGA2F)
0.67
G1F (NA1F, FA2G1, or NA2G1F)
0.86
G0 (NGA2)
0.92
G2F (NA2F)
1.00
A1F (G2fS1)
1.75
A2F (G2fS2)
2.22
Table 11. Standard Solution Using USP Oligosaccharide System Suitability Mixture
B RS
N-Glycan Relative Retention Time
MAN-5
0.86
MAN-6
1.00
MAN-7
1.09
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MAN-8
1.15
MAN-9
1.24
Analysis: Equilibrate the Chromatographic system with initial mobile phase conditions
described in Table 9 for a minimum of 15 min. Inject 50 µL of water for the first injection.
Sample: Sample solution
Integrate peaks in the resulting chromatogram and report the relative peak areas of major
glycan structures relevant to the product.
• Capillary Electrophoresis
Run buffer: Dissolve 1.492 g of TEA and 10 g of glycerol in 80 mL of water. Adjust with 1 N
hydrochloric acid to a pH of 7.5 and dilute with water to a final volume of 100 mL.
Standard solution: APTS-labeled standard solution prepared as directed in the test for 2Aminobenzamide (2-AB) Labeling for Liquid Chromatographic Separation
Sample solution: APTS-labeled sample solution prepared as directed in the test for 2Aminobenzamide (2-AB) Labeling for Liquid Chromatographic Separation
Instrumental conditions
Mode: CE
Detector: Laser-induced fluorescence (488-nm excitation wavelength and 520-nm
emission wavelength)
Capillary: 50-µm inner diameter bare fused-silica with 50 cm total length and 40 cm
separation length
Preconditioning of the capillary: Between each run, rinse for 5 min at 40 psi with 0.5
N sodium hydroxide, followed by water for 1 min at 40 psi. [Note—Preconditioning of
new capillary or as needed: Rinse for 5 min at 20 psi with methanol, followed by water
for 1 min at 50 psi, 1 N hydrochloric acid for 5 min at 20 psi, water for 1 min at 50 psi,
0.5 N sodium hydroxide for 25 min at 20 psi, and water for 5 min at 50 psi.]
Prefilling of the capillary: Rinse for 5 min at 40 psi with Run buffer.
Sample injection: 10 s hydrodynamic (pressure) injection
Voltage: 22 kV for 60 min
Temperatures
Capillary cartridge: 18
Sample storage: 20
System suitability
Sample: Standard solution
Suitability requirements
Electropherogram similarity: If USP Oligosaccharide System Suitability Mixture A RS is
used, the electropherogram obtained from the Standard solution corresponds to that
of the reference electropherogram provided with the USP Certificate for USP
Oligosaccharide System Suitability Mixture A RS. If USP Oligosaccharide System
Suitability Mixture B RS is used, the electropherogram obtained from the Standard
solution corresponds to that of the reference electropherogram provided with the USP
Certificate for USP Oligosaccharide System Suitability Mixture B RS.
Presence of N-glycan species: If USP Oligosaccharide System Suitability Mixture A RS
is used, identify peaks corresponding to G2F, G2, G1Fa, G1Fb, G0F, Man-5, G0, and
A1F in the electropherogram obtained from the Standard solution by comparing the
reference electropherogram provided with the USP Certificate for USP Oligosaccharide
System Suitability Mixture A RS. If USP Oligosaccharide System Suitability Mixture B RS
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is used, identify peaks corresponding to MAN-5, MAN-6, MAN-7, MAN-8, and MAN-9 in
the electropherogram obtained from the Standard solution by comparing the reference
electropherogram provided with the USP Certificate for USP Oligosaccharide System
Suitability Mixture B RS.
Relative migration times: Corresponding to relative migration times listed in Table 12
or Table 13
Table 12. Standard Solution Using USP Oligosaccharide System Suitability Mixture
A RS
N-Glycan
Relative Migration Time
G2F (NA2F)
0.79
G2 (NA2)
0.84
G1Fa (NA1F, FA2G1, or NA2G1F)
0.87
G1Fb (NA1F, FA2G1, or NA2G1F)
0.90
G0F (NGA2F)
1.00
MAN-5
1.03
G0 (NGA2)
1.12
A1F (G2fS1)
1.18
Table 13. Standard Solution Using USP Oligosaccharide System Suitability Mixture
B RS
N-Glycan Relative Migration Time
MAN-9
0.82
MAN-8
0.85
MAN-7
0.91, 0.92, 0.94
MAN-6
1.00
MAN-5
1.11
Analysis
Sample: Sample solution
Integrate peaks in the resultant electropherogram and report the relative peak areas of
major glycan structures relevant to the product.
ADDITIONAL REQUIREMENTS
• USP Reference Standards 11
USP Oligosaccharide System Suitability Mixture A RS
USP Oligosaccharide System Suitability Mixture B RS
APPENDIX I
Glycan
G0 (NGA2)
G0F (NGA2F)
G1Fa (NA1F, FA2G1, or
NA2G1F)
G1Fb (NA1F, FA2G1, or
NA2G1F)

Table 14. Glycan Description
Description
Asialo-, agalacto- biantennary oligosaccharide
Asialo-agalacto-fucosylated biantennary oligosaccharide
Monogalactosylated, fucosylated biantennary oligosaccharide
Monogalactosylated, fucosylated biantennary oligosaccharide
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G2F (NA2F)
A1F (G2fS1)
A2F (G2fS2)
MAN-5

MAN-6

MAN-7

MAN-8

MAN-9
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Asialo, galactosylated, biantennary oligosaccharide
Asialo-fucosylated biantennary oligosaccharide
Monosialo-fucosylated biantennary oligosaccharide
Disialo-fucosylated biantennary oligosaccharide
Oligomannose 5
Oligomannose N-linked oligosaccharide with 5 mannosyl
residues
Oligomannose 6
Oligomannose N-linked oligosaccharide with 6 mannosyl
residues
Oligomannose 7
Oligomannose N-linked oligosaccharide with 7 mannosyl
residues
Oligomannose 8
Oligomannose N-linked oligosaccharide with 8 mannosyl
residues
Oligomannose 9
Oligomannose N-linked oligosaccharide with 9 mannosyl
residues

1S (USP38)

1 A suitable ultrafiltration membrane is YM-30 microcon centrifugal filter device from Millipore (catalog
numbers 42422, 42409, and 42410) or an equivalent.
2 A suitable SPE cartridge is Glyko GlycoC lean R C artridge from Prozyme (catalog number GKI-4756) or an
equivalent.
3 A suitable 2-AB labeling kit is Glycko Signal 2-AB Labeling Kit from Prozyme (catalog number GKK-404),
LudgerTag 2-AB labeling kit from QA Bio (catalog number LT-KAB-A2) or equivalent.
4 A suitable prepacked Sephadex G-10 column is Macro Spin G-10 mini SEC column from Harvard Apparatus
(catalog number 743900) or The Nest Group (catalog number SMM S010) or equivalent.
5 A suitable cartridge to remove free 2-AB is Glyko GlycoC lean S C artridge from Prozyme (catalog number
GKI-4726) or equivalent.

BRIEFING
361 Barbiturate Assay, USP 37 page 183. It is proposed to omit this analytical general
chapter from USP because it is referenced in only two monographs. Typically, an analytical
general chapter is required if more than six monographs reference the same analytical
procedure. As a consequence of this proposed omission, the content of this general chapter is
proposed for inclusion in the two monographs referencing 361 Barbiturate Assay. The
change to the affected monographs is explained in the Briefings for Butabarbital Sodium Oral
Solution and Butabarbital Sodium Tablets elsewhere in this issue of PF.
(GCCA: R. Ravichandran.)
Correspondence Number—C140173

Comment deadline: July 31, 2014
Delete the following:
361

BARBITURATE ASSAY
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Internal Standard, Internal Standard Solution, Standard Preparation, and Assay
Preparation—Prepare as directed in the individual monograph
Chromatographic System—Under typical conditions, the gas chromatograph is equipped with
a flame-ionization detector and contains a 4-mm × 0.9-m glass column packed with 3% liquid
phase G10 on support 80- to 100-mesh S1A. The column is maintained at a temperature of 200
± 10 , and the injection port and detector are maintained at about 225 , the column
temperature being varied within the designated tolerance, as necessary, to meet System
Suitability specifications and provide suitable retention times. Use a suitable carrier gas, such
as dry nitrogen, at an appropriate flow rate, such as 60 to 80 mL per minute. Use on-column
injection. [Note—If the instrument is not equipped for on-column injection, use an injection port
lined with glass that has been washed successively with chromic acid cleansing solution, water,
methanol, chloroform, a 1 in 10 solution of trimethylchlorosilane in chloroform, and chloroform.]
System Suitability (see Chromatography 621 )—Chromatograph five replicate injections of
the Standard Preparation, and record peak responses as directed for Procedure: the relative
standard deviation for the ratio RS is not more than 1.5%. In a suitable chromatogram, the
resolution, R, between the barbituric acid and the Internal Standard is not less than the value
given in the individual monograph, and the tailing factor, T, for each of the two peaks is not
more than 2.0.
Procedure—Inject a suitable portion (about 5 µL) of the Standard Preparation into a suitable
gas chromatograph, and record the chromatogram. Similarly inject a suitable portion of the
Assay Preparation, and record the chromatogram. Calculate the content of the barbiturate or
barbituric acid in the assay specimen by the formula given in the individual monograph, in which
RU is the ratio of the peak response of the barbituric acid to that of the Internal Standard
obtained for the Assay Preparation; QS is the ratio of the weight of the barbituric acid to that
of the Internal Standard in the Standard Preparation; Ci is the concentration, in mg per mL, of
Internal Standard in the Internal Standard Solution; and RS is the ratio of the peak response of
the barbituric acid to that of the Internal Standard in the Standard Preparation. 1S (USP38)
BRIEFING
476 Organic Impurities in Drug Substances and Drug Products. As part of an ongoing
monograph modernization initiative, the United States Pharmacopeial Convention (USP) is
updating general chapter Impurities in Drug Substances and Drug Products 1086 and
proposing this new chapter that addresses organic impurities testing for articles subject to
applicable monographs in compendia of the USP, including the United States Pharmacopeia–
National Formulary. This new chapter has been created to align with current scientific and
regulatory approaches and to help ensure the appropriate control of organic impurities and
degradation products in drug substances and drug products. The goal is to provide a sciencebased approach for the control of impurities in relevant monographs, and thereby to ensure the
quality of the product as it relates to safety and efficacy. Over time, the current general
chapter Ordinary Impurities

466

may be used less frequently and may be withdrawn.

(GCPA: A. Hernandez-Cardoso.)
Correspondence Number—C133393

Comment deadline: July 31, 2014
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Add the following:
476

ORGANIC IMPURITIES IN DRUG SUBSTANCES AND DRUG PRODUCTS
INTRODUCTION

This chapter covers formal requirements for controlling organic process impurities and
degradation products in drug substances, and degradation products in drug products. Impurities
are critical quality attributes of drug substances and drug products because they have the
potential to affect safety and efficacy. Therefore, all drug substances and drug products are
subject to control of impurities. When a detected impurity is not described in the individual
monograph, the manufacturer is responsible for developing appropriate specifications (analytical
procedures and acceptance criteria).
For medicines marketed in the United States, drug substances and drug products covered by
this chapter can, in general, be placed in one of two categories: (1) those that are covered by
ICH and/or Food and Drug Administration (FDA) guidances, for example, most New Drug
Application (NDA) and Abbreviated New Drug Application (ANDA) products; and (2) those that
are not covered by drug applications, for example, over-the-counter (OTC) products.
Impurities that arise from excipients present in the drug product or that are leached from the
container–closure system are not covered in this chapter. Also excluded from this chapter are
veterinary products, biological/biotechnological products, peptides, oligonucleotides,
fermentation products and semisynthetic products derived from them, radiopharmaceuticals,
herbal products, and crude products of animal or plant origin. These products are excluded from
this chapter because impurities of these types of drug substances and drug products may
require special considerations. Current regulatory guidance documents, such as those from ICH,
and sound scientific principles may be used to control the level of impurities in products that
are excluded from this chapter.
Also excluded from this chapter are the following:
Extraneous contaminants that should not occur in drug substances or drug products
and are more appropriately addressed as good manufacturing practice issues
Polymorphic forms
Impurities arising from residual solvents (see Residual Solvents
Elemental impurities (see Elemental Impurities—Limits
—Procedures

232

467 )
and Elemental Impurities

233 ).

IDENTIFICATION OF IMPURITIES IN DRUG SUBSTANCES AND DRUG PRODUCTS
Drug substance and drug product organic impurities shall include process-related impurities that
result from the manufacturing process, and degradation products observed during manufacture
and stability studies. Identification of impurities shall be based on sound scientific appraisal of
potential degradation pathways in the drug substance and drug product, including those
impurities that arise from interactions of the drug with the environment, excipients, or the
primary container–closure system.
Impurities observed in stability studies conducted at the recommended storage conditions shall
be identified when above the identification threshold, which can be established using currently
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applicable regulations or other scientific means. Impurities present at a level below the
identification threshold generally do not require identification.
ANALYTICAL PROCEDURES FOR IMPURITIES AND DEGRADATION PRODUCTS
Manufacturers shall validate analytical procedures and demonstrate their suitability for the
detection and quantitation of impurities. Manufacturers of drug substances and drug products
shall refer to current applicable regulatory guidances and shall develop control strategies for
establishing acceptance criteria for impurities. These acceptance criteria shall be justified with
appropriate safety considerations.
Analytical procedures for OTC drug products may require a case-by-case approach, depending
on the diversity and complexity of dosage forms. These procedures shall be verified or validated
and shall be suitable for their intended purpose.
For impurities that are known or suspected to be highly toxic (e.g., genotoxic) or that produce
undesired pharmacological effects, the quantitation/detection limit of the analytical procedures
shall be commensurate with the acceptance criteria.
REPORTING IMPURITIES AND DEGRADATION PRODUCTS
Impurities present at a level above the reporting threshold (i.e., the disregard limit) shall be
reported according to the relevant analytical method(s). The reporting threshold can be
established using currently applicable regulations/guidances or other acceptable scientific
means.
Quantitative test results shall be reported as numerical values and rounded according to
conventional rules (see General Notices 7.20). Impurities at a level greater than the reporting
threshold shall also be summed and reported as total impurities.
SETTING ACCEPTANCE CRITERIA FOR IMPURITIES AND DEGRADATION PRODUCTS
Acceptance criteria shall be set for all impurities expected to be present at levels above the
reporting thresholds, and these criteria shall be based on an applicable guidance or on scientific
rationale. Acceptance criteria should not be based solely on process capability. Acceptance
criteria shall cover the drug substance through its intended period of use and the drug product
through its shelf life. Generally, drug substance impurities need not be monitored or specified in
drug products unless they are also degradation products.
The acceptance criteria shall include the following, where applicable:
Each specified identified impurity and degradation product
Each specified unidentified impurity and degradation product
Any unspecified impurity or degradation product with an acceptance criteria NMT the
identification threshold
Total impurities and degradation products.
For a given impurity, manufacturers shall establish the acceptance criteria based on its qualified
level, its increase during stability studies and proposed shelf life, and its labeled storage
conditions.
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For OTC products, manufacturers may need to determine acceptance criteria on a case-bycase basis. They also can consider the historical safety record of drug substances; the
quantitative structure-activity relationship (QSAR); the route of administration; and the likely
consumption patterns, such as duration of treatment for the patient population.
QUALIFICATION OF IMPURITIES AND DEGRADATION PRODUCTS
Establishment of acceptance criteria for impurities should focus on safety considerations. The
level of any impurity or degradation product present in a drug substance or drug product that
has been adequately tested in safety or clinical studies is generally considered qualified.
However, highly toxic (e.g., genotoxic) impurities or degradation products shall be addressed
using applicable guidances. Impurities or degradation products that are also significant
metabolites are generally considered qualified.
Qualification of impurities shall be based on applicable guidances, scientific rationale, or history
of product use. Higher or lower thresholds for qualification of impurities may be appropriate for
some products based on scientific rationale and level of concern, including drug class effects
and clinical experience.
For additional guidance and definition of terms, see Impurities in Drug Substances and Drug
Products

1086 .

1S (USP38)

BRIEFING
789 Particulate Matter in Ophthalmic Solutions, USP 37 page 401. To clarify the
intent of the chapter, the General Chapters—Dosage Forms Expert Committee is proposing to
revise the chapter introduction and Table 1 in Light Obscuration Particle Count Test.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCDF: D. Hunt.)
Correspondence Number—C142875

Comment deadline: July 31, 2014
789

PARTICULATE MATTER IN OPHTHALMIC SOLUTIONS

Change to read:
Particulate matter consists of mobile, randomly sourced, extraneous substances, other than
gas bubbles, that cannot be quantitated by chemical analysis because of the small amount of
material they represent and because of their heterogeneous composition. Ophthalmic solutions
should be essentially free from particles that can be observed on visual inspection. The tests
described herein are physical tests performed for the purpose of enumerating extraneous
particles within specific size ranges.
Every ophthalmic solution for which the monograph includes a test for Particulate matter
1S (USP38)

is subject to the particulate matter limits set forth for the test being applied, unless otherwise
specified in the individual monograph. When higher limits are appropriate, they will be specified
in the individual monograph. Ophthalmic preparations that are suspensions, emulsions, or gels
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are exempt from these requirements, as are medical devices. Refer to the specific monograph
when a question of test applicability occurs.
Light obscuration and microscopic procedures for the determination of particulate matter in
ophthalmic solutions are identical to those for injections; therefore, where appropriate, USP
general test chapter Particulate Matter in Injections 788 is cross-referenced. This chapter
provides a test approach in two stages. The ophthalmic solution is first tested by the light
obscuration procedure (stage 1). If it fails to meet the prescribed limits, it must pass the
microscopic procedure (stage 2) with its own set of test limits. Where for technical reasons the
ophthalmic solution cannot be tested by light obscuration, microscopic testing may be used
exclusively. Documentation is required, demonstrating that the light obscuration procedure is
incapable of testing the ophthalmic solution or that it produces invalid results.
It is expected that most articles will meet the requirements on the basis of the light
obscuration test alone; however, it may be necessary to test some articles by the light
obscuration test followed by the microscopic test to reach a conclusion on conformance to
requirements. Any product that is not a pure solution having a clarity and a viscosity
approximating those of water may provide erroneous data when analyzed by the light
obscuration counting method. Such materials may be analyzed by the microscopic counting
method. In some instances, the viscosity of a material to be tested may be sufficiently high so
as to preclude its analysis by either test method. In this event, a quantitative dilution with an
appropriate diluent may be made to decrease viscosity, as necessary, to allow the analysis to
be performed.
In the tests described below, the results obtained by examining a discrete unit or group of units
for particulate matter cannot be extrapolated with certainty to other units that remain
untested. Thus, sampling plans based on known operational factors must be developed if valid
inferences are to be drawn from observed data to characterize the level of particulate matter
in a large group of units. Sampling plans need to be based on consideration of product volume,
particle numbers historically found to be present in comparison to limits, size distribution of
particles present, and variability of particle counts between units.
Change to read:
LIGHT OBSCURATION PARTICLE COUNT TEST
This test applies to ophthalmic solutions, including solutions constituted from sterile solids, for
which a test for Particulate matter is specified in the individual monograph. The test counts
suspended particles that are solid or liquid.
Test Apparatus, Instrument Standardization, Test Environment, Test Procedure, and
Calculations
Proceed as directed in Particulate Matter in Injections
Particle Count Test.

788 , Method 1—Light Obscuration

Interpretation
The ophthalmic solution meets the requirements of the test if the average number of particles
present in the units tested does not exceed the appropriate value listed in Table 1. If the
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average number of particles exceeds the limit, test the article by the Microscopic Particle
Count Test.
Table 1. Light Obscuration Particle Test Limits
Diameter
10 µm
Number of particles 50/mL

25 µm
5/mL

50 µm 1S (USP38)
2/mL 1S (USP38)

MICROSCOPIC PARTICLE COUNT TEST
Some articles cannot be tested meaningfully by light obscuration. In such cases, individual
monographs clearly specify that only a microscopic particle count is to be performed. The
microscopic particle count test enumerates subvisible, essentially solid, particulate matter in
ophthalmic solutions after collection on a microporous membrane filter. Some ophthalmic
solutions, such as solutions that do not filter readily because of their high viscosity, may be
exempted from analysis using the microscopic test.
When performing the microscopic test, do not attempt to size or enumerate amorphous,
semiliquid, or otherwise morphologically indistinct materials that have the appearance of a stain
or discoloration on the membrane surface. These materials show little or no surface relief and
present a gelatinous or film-like appearance. Because in solution this material consists of units
on the order of 1 µm or less, which may be counted only after aggregation or deformation on
an analytical membrane, interpretation of enumeration may be aided by testing a sample of the
solution by the light obscuration particle count method.
Test Apparatus, Test Environment, Test Procedure, and Enumeration of Particles
Proceed as directed in Particulate Matter in Injections
Count Test.

788 , Method 2—Microscopic Particle

Interpretation
The ophthalmic solution meets the requirements of the test if the average number of particles
present in the units tested does not exceed the appropriate value listed in Table 2.
Table 2. Microscopic Particle Test Limits
Diameter

Number of particles

10 µm
50/mL

25 µm
5/mL

50 µm
2/mL

BRIEFING
800 Hazardous Drugs—Handling in Healthcare Settings. Because there is no existing
USP chapter for this topic, the Compounding Expert Committee and the Compounding with
Hazardous Drugs Expert Panel propose this new general chapter to guide the handling of
hazardous drugs in healthcare settings. This new general chapter has been created to identify
the requirements for receipt, storage, mixing, preparing, compounding, dispensing, and
administration of hazardous drugs to protect the patient, healthcare personnel, and

PF 40(3): May-Jun. 2014

59

environment. Facility requirements that differ from general chapter 797 Pharmaceutical
Compounding—Sterile Preparations and this chapter will be harmonized. These differences
include the following:
1.

Elimination of the current allowance in 797 for facilities that prepare a low volume
of hazardous drugs that permits placement of a BSC or CACI in a non-negative pressure
room. All hazardous drug compounding shall be done in a separate area designated for
hazardous drug compounding.
2.
Allowance for a Containment Segregated Compounding Area (C-SCA), a separate,
negative pressure room with at least 12 air changes per hour (ACPH) for use with
compounding hazardous drugs. Low- and medium-risk hazardous drug CSP may be
prepared in a BSC located in a C-SCA, provided the beyond-use date of the CSP does
not exceed 12 hours. A CACI that meets the requirements in
hazardous drug compounding if it is placed in a C-SCA.

797

may be used for

The proposed chapter is posted online at www.usp.org/usp-nf/notices/compounding-notice
with line numbers. To ensure that your comments are received and addressed, please provide
the line numbers corresponding to your comments when submitting comments to
CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C139868

Comment deadline: July 31, 2014
Add the following:
800

HAZARDOUS DRUGS—HANDLING IN HEALTHCARE SETTINGS
1. INTRODUCTION
1.1 Organization

The sections in this general chapter are organized to facilitate the practitioner’s understanding
of the fundamental quality practices for preparing hazardous drugs (HDs). The chapter is
divided into the following main sections:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Introduction
List of HDs
Types of Exposure
Responsibilities of Personnel Handling HDs
Facility Design and Engineering Controls
Personal Protective Equipment
Hazard Communication Program
Training for Compounding Personnel
Receiving
Transporting
Dispensing HD Dosage Forms Not Requiring Alteration
Compounding HD Dosage Forms
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13.
14.
15.
16.
17.
18.
19.
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Protection When Administering HDs
Cleaning: Deactivation, Decontamination, Cleaning, and Disinfection
Spill Control
Disposal
Environmental Quality and Control
Documentation
Medical Surveillance

Appendices
a. Acronyms and Definitions
b. Suggested Standard Operating Procedures
c. Types of Biological Safety Cabinets
d. Best Practices for Handling HDs
e. Examples for Design of Hazardous Drug Compounding Areas
f. Requirements for Personal Protective Equipment
g. Bibliography
1.2 Objective
The objective of this chapter is to protect personnel and the environment when handling HDs.
This includes but is not limited to receipt, storage, mixing, preparing, compounding, dispensing,
administering, disposing, and otherwise altering, counting, crushing, or pouring HDs, and
includes both sterile and nonsterile products and preparations. The standards in this chapter
apply to all personnel who compound HDs preparations and all places where HDs are prepared
(e.g., pharmacies, hospitals and other healthcare institutions, patient treatment clinics,
physicians’ practice facilities, veterinarians’ offices) and other locations and facilities in which
HDs are stored, transported, and administered. Persons who compound HDs include but are not
limited to pharmacists, nurses, pharmacy technicians, physicians, physician assistants,
veterinarians, and veterinary technicians.
1.3 Overview
There is no acceptable level of personnel exposure to HDs. The processes listed in this chapter
are intended to provide containment of HDs to as low a limit as reasonably achievable (ALARA).
HDs shall be compounded in proper engineering controls, as defined in this chapter. Entities and
personnel involved in compounding HDs shall be compliant with the appropriate USP General
Notices and Requirements, general chapters, and monographs pertaining to compounding.
These include but are not limited to

795

Pharmaceutical Compounding—Nonsterile

Preparations, 797 Pharmaceutical Compounding—Sterile Preparations, and 1163 Quality
Assurance in Pharmaceutical Compounding.
In addition to these USP general chapters, the following documents (or their successors) are
best practice. Where conflicts exist, the most stringent requirements prevail.
OSHA Hazard Communication: OSHA Standards
(http://www.osha.gov/dsg/hazcom/standards.html)
OSHA Technical Manual (OTM). Section VI: Chapter 2: Controlling Occupational
Exposure to Hazardous Drugs
(http://www.osha.gov/dts/osta/otm/otm_vi/otm_vi_2.html)
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NIOSH Alert: Preventing Occupational Exposures to Antineoplastic and Other Hazardous
Drugs in Health Care Settings (NIOSH Publication Number 2004-165)
(http://www.cdc.gov/niosh/docs/2004-165/pdfs/2004-165sum.pdf)
NIOSH List of Antineoplastics and Other Hazardous Drugs in Healthcare Settings 2012
(NIOSH Publication Number 2012-150) (http://www.cdc.gov/niosh/docs/2012150/pdfs/2012-150.pdf)
Workplace Solutions: Personal Protective Equipment for Health Care Workers Who Work
With Hazardous Drugs (NIOSH Publication Number 2009-106)
(http://www.cdc.gov/niosh/docs/wp-solutions/2009-106/pdfs/2009-106.pdf)
Workplace Solutions: Safe Handling of Hazardous Drugs for Veterinary Healthcare
Workers (NIOSH Publication Number 2010-150) (http://www.cdc.gov/niosh/docs/wpsolutions/2010-150/pdfs/2010-150.pdf)
Workplace Solutions: Medical Surveillance for Healthcare Workers Exposed to Hazardous
Drugs (NIOSH Publication Number 2013-103) (http://www.cdc.gov/niosh/docs/wpsolutions/2013-103/pdfs/2013-103.pdf)
ASHP Guidelines on Compounding Sterile Preparations (2013)
(http://www.ashp.org/DocLibrary/BestPractices/PrepGdlCSP.aspx)
ASHP Guidelines on Handling Hazardous Drugs (2006)
(http://www.ashp.org/s_ashp/docs/files/BP07/Prep_Gdl_HazDrugs.pdf)
Oncology Nursing Society: Safe Handling of Hazardous Drugs (Second Edition)
(https://www.ons.org/products/safe-handling-hazardous-drugs-second-edition)
An entity compounding HDs shall have a comprehensive approach to prevent worker and
environmental exposure. The entity’s safety and health program shall include but is not limited
to:
Engineering controls (including primary, secondary, and supplemental)
Competent personnel
Robust work practices
Availability of appropriate Personnel Protection Equipment (PPE), such as gloves tested
to the American Society for Testing and Materials (ASTM) standard for HD permeability,
gowns made of material tested for HD permeability or with evidence of reduced
permeability, and eye and respiratory protection
Policies for the use of PPE and employee compliance with PPE use and policies
Medical surveillance program
Policies for HD waste segregation and disposal
All personnel who handle HDs shall be responsible for understanding these fundamental
practices and precautions and for continually evaluating these procedures and the quality of
final HDs to prevent harm to patients or personnel and to prevent contamination of the
environment. Compounding personnel shall be responsible for safely preparing and handling HDs.
Table 1 describes the ISO classified air environment for handling HDs and Table 2 describes the
types of devices for compounding HDs.
Table 1. ISO Classification of Particulate Matter in Room Aira,b
Class Name
Particle Count
ISO Class
5

U.S. FS 209E
Class 100

ISO (m3)
3,520

FS 209E (ft3)
100
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Class 10,000
Class 100,000

352,000
3,520,000

10,000
100,000

a Limits are in particulates of 0.5 µm and larger per cubic meter (current ISO) and cubic feet
(former Federal Standard No. 209E, FS 209E).
b Adapted from former Federal Standard No. 209E, General Services Administrations,
Washington, DC 20407 (September 11, 1992) and ISO 14644–1:1999, Cleanrooms and
associated controlled environments—Part I: Classification of air cleanliness. For example, 3,520
particles of 0.5 µm/m3 or larger (ISO Class 5) is equivalent to 100 particles/ft 3 (Class 100) (1
m3 = 35.2 ft 3).
Table 2. Types of Devices for Compounding with HD
Type of
Compounding

Nonsterile
Sterile

Type of Device
Containment Ventilated Enclosure (CVE) or Class I Biological Safety
Cabinets (BSC)
Note—Class II BSCs or Compounding Aseptic Containment Isolators (CACIs)
may be used for nonsterile compounding if they are dedicated for nonsterile
compounding; if they are used for occasional nonsterile compounding, Class
II BSCs or CACIs must undergo thorough cleaning and disinfection before
being used for sterile compounding.]
Class II BSC or CACI
2. LIST OF HDS

The National Institute for Occupational Safety and Health (NIOSH) maintains a list of
antineoplastic and other HDs used in healthcare. The entity shall include all items on the
current NIOSH list and may add others not on the NIOSH list. The entity’s list shall be reviewed
at least annually and whenever a new agent or dosage form is used. If the information provided
is deemed insufficient to make an informed decision, the drug should be considered hazardous
until more information is available.
Some dosage forms defined as hazardous may not pose a significant risk of direct occupational
exposure because of their dosage formulation (e.g., coated tablets or capsules—solid, intact
medications that are administered to patients without modifying the formulation). Uncoated
tablets may present a risk of exposure from dust by skin contact and/or inhalation when the
tablets are counted. Any solid dosage form may pose a risk if altered, such as by crushing
tablets or making solutions. The entity’s standard operating procedure (SOP) (see Appendix B)
shall identify the risk mitigation strategies for items on the entity’s list of HDs.
3. TYPES OF EXPOSURE
Routes of unintentional entry of HDs into the body include dermal and mucosal absorption,
inhalation, injection, and ingestion either of contaminated foodstuffs or mouth contact with
contaminated hands. Both clinical and nonclinical personnel may be exposed to HDs when they
create or use aerosols, generate dust, clean up spills, or touch contaminated surfaces during
the receipt, preparation, administration, cleaning, or disposal of HDs.
The following list of activities may result in exposures through skin contact, inhalation,
ingestion, or injection:
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Receiving and unpacking HD orders
Counting individual oral doses and tablets from bulk containers
Crushing tablets or opening capsules to make oral liquid
Pouring oral or topical liquids from one container to another
Mixing topical dosage forms
Weighing or mixing components
Constituting or reconstituting powdered or lyophilized HDs
Withdrawing or diluting injectable HDs from parenteral containers
Expelling air from syringes filled with HDs
Expelling HDs from a syringe
Contacting HD residues present on drug container exteriors, work surfaces, floors, and
final drug preparations (e.g., bottles, bags, cassettes, and syringes)
Contacting or inhaling HD residue or aerosolization from another patient’s medications
(such as a patient in an adjacent treatment area or exposure of visitors)
Administering HDs by various routes, including but not limited to intramuscular,
subcutaneous, intravenous (IV), epidural, intrathecal, irrigation, oral, or topical routes
Performing certain specialized procedures (such as intraoperative intraperitoneal HD
therapy or bladder instillation) in surgical and procedural areas
Generating aerosols during the administration of HDs, such as by direct IV push or by IV
infusion
Priming the IV set with an HD-containing solution
Handling body fluids or body-fluid-contaminated clothing, dressings, linens, and other
materials
Handling contaminated wastes generated at any step of the preparation, dispensing, or
administration process
Deactivating, decontaminating, cleaning, and disinfecting areas contaminated or
suspected of contamination with HDs
Maintenance activities for potentially contaminated equipment and devices
Spill generation, management, and subsequent disposal of spill cleanup materials
4. RESPONSIBILITIES OF PERSONNEL HANDLING HDS
Each entity shall have a compounding supervisor who is the designated individual responsible
for developing and implementing appropriate procedures; overseeing facility compliance with
this chapter and other applicable laws, regulations, and standards; ensuring competency of
personnel; and assuring environmental control of the compounding areas. The compounding
supervisor shall also be responsible for the continuous monitoring of the facility and
compounded sterile preparations (CSPs), including reports of all testing from all contractors and
laboratories on facilities, CSPs, and/or their components.
All personnel involved with mixing, compounding, and otherwise handling HDs shall be
responsible for compounding HDs of acceptable strength, quality, and purity and in accordance
with a prescription or medication order from a licensed prescriber. Compounding personnel shall
be responsible for dispensing the finished preparation with appropriate packaging and labeling in
compliance with the requirements and recommendations established by the applicable federal,
state, and local agencies, including state boards of pharmacy, Occupational Safety and Health
Administration (OSHA), NIOSH, Environmental Protection Agency (EPA), and other organizations
(e.g., accrediting organizations, where appropriate). Individuals who are engaged in HD
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compounding shall be competent in HD compounding and should continually expand their
compounding knowledge by participating in seminars, training programs, and/or studying
appropriate literature. They shall be knowledgeable in the contents of chapters

795 ,

797

, and 1163 , other applicable USP chapters and General Notices and Requirements, and
applicable federal and state laws, regulations, and guidelines. Personnel who transport,
compound, or administer HDs shall document training according to OSHA standards (see OSHA
Standard 1910.120 Hazardous Waste Operations and Emergency Response) and other
applicable laws and regulations.
5. FACILITY DESIGN AND ENGINEERING CONTROLS
5.1 General Guidance
Facilities as described in this chapter for both nonsterile and sterile HD compounding are in
addition to the requirements to chapters 795 and 797 .
HDs shall be handled under conditions that promote patient safety, worker safety,
environmental protection, and infection prevention. Manipulation of HDs requires appropriate
administrative controls, PPE, engineering and environmental controls, and work practices.
Access to areas where HDs are stored and prepared shall be restricted to authorized staff to
protect persons not involved in HD handling. The location of the HD compounding area shall be
located away from break rooms and refreshment areas for staff, patients, or visitors to reduce
risk of exposure. Signs designating the hazard shall be prominently displayed before entry into
the HD area.
Separate designated areas shall be available for (see Appendix D):
Unpacking HDs
Nonsterile HD compounding (if performed by the entity)
Sterile HD compounding (if performed by the entity)
Designated HD handling areas shall be segregated from non-HD areas. Unpacking HDs from
external shipping containers shall not occur in an area used for sterile compounding.
Storage of antineoplastic HDs shall be separate from storage of non-HDs. Storage of nonantineoplastic HDs shall be separate from storage of non-HDs, unless only coated, finalmanufactured dosage forms are clearly labeled as HDs and safety strategies are included in the
entity’s SOPs (see Appendix B).
HDs shall not be stored, unpacked, compounded, or otherwise manipulated in an area that is
positive pressure relative to the surrounding areas. A laminar air flow workbench (LAFW) or
compounding aseptic isolator (CAI) shall not be used for the compounding of an HD.
A BSC or CACI used for the preparation of HDs shall not be used for the preparation of a nonHD unless the non-HD preparation is placed into a protective outer wrapper before removal from
the Containment Primary Engineering Control (C-PEC) and is labeled to require PPE handling
precautions. When asepsis is not required, a Class I BSC, CVE, or an isolator intended for
containment applications may be sufficient. A Class II BSC may be used if it is dedicated for
nonsterile preparations. For occasional nonsterile HD compounding, a C-PEC used for sterile
compounding may be used but shall be thoroughly cleaned and disinfected before resuming
sterile compounding in that C-PEC. HDs intended to be sterile shall be prepared in a dedicated
Class II BSC or CACI and shall follow aseptic practices specified in chapter

797 .
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5.2 Storage of HDs
All HD storage areas and containers, regardless of the formulation, shall be labeled as such to
prevent improper handling.
Unless the HDs already exist in their final unit dose or unit-of-use packaging, HDs shall be
stored separately from other inventory in a manner to prevent contamination and personnel
exposure, which includes storage in a negative pressure room with at least 12 air changes per
hour (ACPH). Depending upon pharmacy design, HD storage within the HD buffer area can fulfill
this storage criterion.
Refrigerated HDs shall be stored in a dedicated refrigerator in the HD storage room, buffer room,
or containment segregated compounding area (C-SCA). In a containment secondary
engineering control (C-SEC) used for sterile preparations, an exhaust located adjacent to the
refrigerator’s compressor and behind the refrigerator should be considered.
HDs shall be stored at or below eye level, in containers that minimize the risk of breakage and
leakage, and shall not be stored on the floor. Areas prone to specific types of natural disasters
(e.g., earthquakes) shall ensure that storage meets applicable safety precautions, such as
secure shelves with raised front lips. Storage of sterile and nonsterile HDs may be intermingled.
HD storage in a sterile compounding buffer area shall be limited to those used for sterile
compounding (see chapter

797 ).
5.3 Engineering Controls
5.3.1 BACKGROUND

HDs shall be prepared only under conditions that protect the healthcare workers and other
personnel in the preparation and storage areas. Within this chapter, engineering controls are
divided into three categories representing primary, secondary, and supplementary levels of
control (see Appendix A and Appendix C for more details). C-PECs provide the environment at
the point of use and are integrated into the C-SEC (i.e., room). The C-SEC supports the CPEC. Supplemental engineering controls are adjunct controls [e.g., closed-system drug-transfer
device (CSTD)] used in conjunction with primary and secondary control strategies.
HDs that require alteration shall be manipulated (mixed, diluted, compounded, and others) in a
C-PEC in an area that is physically separated from other preparation areas, that is under
negative pressure, and has at least 12 ACPH. Additional criteria are listed below.
5.3.2 CONTAINMENT PRIMARY ENGINEERING CONTROLS
All C-PECs shall be externally vented and place in a restricted access segregated room which
has a minimum negative pressure of 0.01 inches of water column.
5.3.3 CONTAINMENT SECONDARY ENGINEERING CONTROLS
HD compounding activities must occur within a C-SEC where any C-PEC shall be vented to the
outside air through high efficiency particle air (HEPA) filtration. For both sterile and nonsterile
HD compounding, a sink shall be available for hand washing as well as emergency access to
water for removal of hazardous substances from eyes and skin; it shall not be within an ISO
Class 7 buffer area. An eyewash station or other emergency or safety precautions that meet
applicable laws and regulations shall be readily available; however, care must be taken to
locate them in areas where their presence will not interfere with required ISO classifications.
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5.4 Nonsterile HD Compounding
5.4.1 C-PEC FOR NONSTERILE HD COMPOUNDING
Nonsterile HD compounding shall be performed in a C-PEC that provides personnel and
environmental protection, such as a Class I BSC or CVE. Unidirectional airflow within the C-PEC
is not required, because the critical environment for nonsterile compounding does not require an
ISO-classified environment. The C-PEC used for nonsterile compounding shall be externally
vented. A C-PEC is not required if manipulations are limited to handling of intact final
manufactured products (e.g., coated tablets or capsules) that do not produce aerosols or
gasses or involve manipulation of powders. A Class II BSC or a CACI may be used if it is
dedicated for use with nonsterile compounding or if it undergoes thorough cleaning and
disinfection procedures after nonsterile compounding and before re-use for sterile compounding.
5.4.2 C-SEC FOR NONSTERILE HD COMPOUNDING
Nonsterile compounding shall be performed in an area that meets the requirements of chapter
795 and the requirements of this chapter. The C-PEC shall be placed in a room that is
physically separated (i.e., a different room from other preparation areas) but does not need to
be ISO 7 nor have HEPA-filtered air.
The C-SEC shall meet the following requirements:
Minimum of 12 ACPH
Maintained at a negative pressure of at least 0.01 inches of water column relative to all
adjacent spaces (rooms, above ceiling, and corridors). [Note—Although negative
pressure within the HD buffer area is important, the negative pressure should not be so
strong that it induces environmental contamination migration into the buffer area from
unclassified adjacent spaces.]
Due to the difficulty of cleaning HD contamination from surfaces, the architectural finish
requirements (e.g., smooth, seamless, impervious surfaces) prescribed in chapter

797

also apply to nonsterile compounding areas (see Table 3).
Table 3. Acceptable Configuration for Nonsterile HD Compounding
Function
C-PEC
C-SEC
Airflow
Maximum BUD
Nonsterile compounding Any C-PEC C-SEC

12 ACPH (exhaust) As listed in

795

See Appendix D for best practices for compounding nonsterile HDs.
5.5 Sterile HD Compounding
5.5.1 C-PEC FOR STERILE HD COMPOUNDING
Sterile HD compounding shall be performed in a C-PEC that provides an ISO Class 5 critical area
and shall be used in conjunction with aseptic practices specified for the appropriate risk levels
defined in chapter 797 .
The airflow in the C-PEC shall be unidirectional (laminar flow), and because of the particle
collection of the filter, the “first air” at the face of the filter is, for the purposes of aseptic
compounding, free from airborne particulate contamination. HEPA-filtered air shall be supplied in
critical areas (ISO Class 5) at a velocity sufficient to sweep particles away from the
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compounding area and to maintain unidirectional airflow during operations. Proper design and
control prevents turbulence and stagnant air in the critical area. In situ air pattern analysis via
smoke studies shall be conducted at least every 6 months at the critical area to demonstrate
unidirectional airflow and to demonstrate the sweeping action over and away from the product
under dynamic conditions. C-PECs include Class II and III BSCs, CACIs, or any other device
intended to create an aseptic work environment or containment (e.g., a robot system
enclosure).
Class II BSC types A2, B1, or B2 are all acceptable; however, for most known HDs, type A2
cabinets offer a simple and reliable integration with the ventilation and pressurization
requirements of the secondary engineering control. Class II type B2 BSCs are typically reserved
for use with highly volatile components.
Sterile compounding shall be performed in an area that meets the requirements of 797 and
the requirements of this chapter. Three C-PEC/C-SEC configurations are acceptable for sterileto-sterile compounding (e.g., low-risk level, and medium-risk level CSPs). Two C-PEC/C-SEC
configurations are acceptable for nonsterile-to-sterile compounding (e.g., high-risk level CSPs).
C-PEC placement in a C-SEC that meets ISO Class 7 is preferred. If a C-PEC is placed in a room
with air quality worse than ISO class 7, the BUD of all CSPs prepared in that area may need to
be limited to 12 h, depending on the type of C-PEC used (see Table 4).
Table 4. Acceptable Configurations for Sterile-to-Sterile HD Compounding
CMaximum
Configuration
Function
PEC
C-SEC
Airflow
BUD
30 ACPH
As listed in
Compounding sterile HD in a
BSC or ISO 7
(HEPA
1
cleanroom
CACI Cleanroom supply)
797
Compounding sterile HD in a
CACI that meets the
12 ACPH As listed in
2
requirements listed in 797
CACI C-SCA
(exhaust)
797
Compounding low- or mediumrisk sterile HDs in a BSC. [Note
—This configuration is not
acceptable for high-risk sterile
12 ACPH
3
HD compounding.]
BSC
C-SCA
(exhaust) 12 hours
See Appendix D for best practices for compounding sterile HDs.
5.5.2 CONFIGURATION 1 FOR STERILE COMPOUNDING
The C-PEC shall be placed in an ISO Class 7 buffer area that is physically separated (i.e., a
different room from other preparation areas) and meets the following requirements:
Minimum of 30 ACPH of HEPA-filtered supply air
Buffer area shall be maintained at a negative pressure of at least 0.01 inches of water
column relative to all adjacent spaces (rooms, above ceiling, and corridors). [Note
—Although negative pressure within the HD buffer area is important, the negative
pressure should not be so strong that it induces environmental contamination migration
into the buffer area from unclassified adjacent spaces.]
Incorporate the remaining relevant design criteria specified in chapter

797

Rooms through which entry into the negative-pressure buffer room occurs (anteroom or non-HD
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buffer room) shall be positive-pressure ISO Class 7 or better so that inward air migration is of
equal cleanliness classification to that in the negative-pressure buffer area. A pressure
indicator shall be installed that can be readily monitored for correct room pressurization.
Because the anteroom leading into the HD buffer room plays an important function in terms of
total contamination control within the buffer room, the anteroom must be constructed using
principles similar to those used in non-HD sterile compounding. These include:
Minimum of 30 ACPH of HEPA-filtered supply air
Anteroom shall be maintained at a minimum positive pressure of 0.02 inches of water
column relative to all adjacent unclassified spaces
The anteroom shall be maintained at a minimum positive pressure of at least 0.01 inches
of water column relative to the HD buffer room
The anteroom should incorporate a visual line of demarcation to differentiate the “clean”
side from the “dirty” side of the anteroom to support the gowning requirements
prescribed in 797
A hand-washing sink shall be placed within the anteroom on the "clean" side of the line
of demarcation
Although not a recommended facility design, if the negative pressure HD buffer room is entered
though the positive-pressure, non-HD buffer room, additional facility criteria are required:
An area used for garbing/degarbing shall be defined by a line of demarcation within the
negative-pressure buffer room
A method to transport HDs into the negative-pressure buffer room and to remove CSPs
and waste from the negative-pressure buffer room shall be used to minimize the spread
of HD contamination. This may be accomplished by use of a pass-through between the
negative-pressure buffer room and adjacent space. The pass-through shall be included
in the required semi-annual facility certification to ensure that particles are not
compromising the air quality of the negative-pressure buffer room. Other methods of
containment (such as sealed containers) may be used if the entity can demonstrate HD
containment and appropriate environmental control.
HD CSPs prepared in this cleanroom configuration may use the BUDs listed in chapter
based on risk levels and storage temperature.

797 ,

5.5.3 CONFIGURATION 2 FOR STERILE COMPOUNDING
A CACI that meets the requirements listed in chapter 797 may be placed in a C-SCA that is
physically separated (i.e., a different room from other preparation areas) but does not need to
be ISO 7 nor have HEPA-filtered air. The C-SCA shall meet the following requirements:
Minimum of 12 ACPH
Maintained at a negative pressure of at least 0.01 inches of water column relative to all
adjacent spaces (rooms, above ceiling, and corridors). [Note—Although negative
pressure within the HD buffer area is important, the negative pressure should not be so
strong that it induces environmental contamination migration into the buffer area from
unclassified adjacent spaces.]
Incorporate the remaining relevant design criteria specified in chapter

797
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HD CSPs compounded in this CACI/C-SCA configuration may use the BUDs listed in chapter
797

based on risk levels and storage temperature.
5.5.4 CONFIGURATION 3 FOR STERILE COMPOUNDING

This configuration shall not be used for high-risk, sterile HD compounding. A BSC or CACI that
does not meet the requirements in 797 may be placed in a C-SCA that is physically
separated (i.e., a different room from other preparation areas) but does not need to be ISO
Class 7 nor have HEPA-filtered air. The C-SCA shall meet the following requirements:
Minimum of 12 ACPH
Maintained at a negative pressure of at least 0.01 inches of water column relative to all
adjacent spaces (rooms, above ceiling, and corridors). [Note—Although negative
pressure within the HD buffer area is important, the negative pressure should not be so
strong that it induces environmental contamination migration into the buffer area from
unclassified adjacent spaces.]
Incorporate the remaining relevant design criteria specified in chapter

797

HD CSPs compounded in this configuration shall not exceed a BUD of 12 hours.
5.6 Nonsterile and Sterile Compounding
For entities that compound both nonsterile and sterile HDs, the respective C-PECs shall be
placed in segregated rooms separate from each other, unless those C-PECs used for nonsterile
compounding are sufficiently effective that the room can continuously maintain ISO 7
classification throughout the nonsterile compounding activity.
5.6.1 FACULTY DESIGN
See Appendix E for example designs of HD compounding areas.
5.6.2 ENGINEERING CONTROL OPERATION
The C-PEC shall operate continuously. If it is necessary to power off the unit for repair or
moving, clean the C-PEC (see 14. Cleaning) and protect the unit by appropriately covering it
per the manufacturer’s recommendations. Once the C-PEC can be powered on, disinfect all
interior surfaces before resuming compounding, and wait the time required for the system to
purge as listed in the manufacturer’s instructions. Activities of handling HDs shall be
immediately suspended if there is an interruption of operation to the C-PEC or the C-SEC, such
as loss of room pressurization due to loss of power.
5.7 Containment Supplemental Engineering Controls
Some CSTDs have been shown to limit the potential for generating aerosols during
compounding; however, there is no certainty that all CSTDs will perform adequately. There
does not yet exist a universal performance protocol by which all CSTDs are evaluated for
containment. Until such a protocol is developed and adopted, users should carefully evaluate
the performance claims associated with available CSTDs. When a widely-accepted protocol for
CSTD performance evaluation is developed, users are encouraged to focus upon CSTD
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manufacturers that subject their CSTD devices to independent evaluation under this protocol.
CSTDs used as a supplemental control for compounding shall be used inside a C-PEC. CSTDs
should be used when compounding HDs when the dosage form allows. CSTDs shall be used
when administering HDs when the dosage form allows.
6. PERSONAL PROTECTIVE EQUIPMENT
PPE provides worker protection by supplementing engineering controls to reduce exposure to HD
aerosols and drug residue. When performing a task when engineering controls are not generally
available, such as cleaning a spill, additional PPE may be required.
Appropriate PPE shall be worn when handling HDs. See Appendix F for requirements for PPEs
based on function:
Receiving intact supplies (remote from the compounding area)
Receiving suspected/broken supplies
Transporting intact supplies or compounded HDs
Receiving intact supplies in the compounding area
Stocking and inventory control of the compounding area
Nonsterile compounding
Sterile compounding
Collecting and disposing compounding waste
Administering
Routine cleaning
Collecting and disposing patient waste
Managing spills
The garbing and gloving requirements listed here shall be used for compounding any HD
(nonsterile and sterile) in any setting and when using any and all C-PECs.
The SOP manual (see Appendix B) of the compounding facility shall specifically describe the
appropriate PPE to be worn based on a written safety and health program. PPE, in addition to
those listed below, may be used to reduce exposure or to protect workers from contamination.
6.1 Gloves
Gloves used shall be labeled as ASTM-tested chemotherapy gloves; this information is available
on the box or from the manufacturer.
Use powder-free gloves, because the powder can contaminate the work area and can
adsorb and retain HDs.
Inspect gloves for physical defects before use. Do not use gloves with pinholes or weak
spots.
Wear two pairs of ASTM-tested chemotherapy gloves when compounding, administering,
managing a spill, and disposing of HDs. For sterile preparations, the outer glove shall be
sterile. Wear the inner glove under the gown cuff and the outer glove over the cuff.
Place gloves with long cuffs over the cuff of the gown to protect the wrist and forearm.
The following work practices shall be followed:
Hand hygiene shall be performed in accordance with the CDC Guidelines for Hand
Hygiene in Healthcare Settings or WHO Guidelines on Hand Hygiene in Health Care
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before donning gloves and immediately after removal of the gloves.
When working within a CACI, the outer glove (over the isolator glove) shall be a sterile,
powder-free, ASTM-tested chemotherapy glove. Maintain an additional supply of gloves
near the CACI to don when needed during transfer of materials in or out of the CACI
antechamber.
Change gloves every 30 min or when torn, punctured, or contaminated. Carefully
remove and discard them immediately in an approved HD waste container inside the CPEC or contain them in a sealable bag for discarding outside the C-PEC.
6.2 Gowns
Disposable gowns that protect the worker from spills and splashes of HDs and waste materials
and that have been tested to resist permeability by HDs shall be worn when handling HDs.
Selection of gowns shall be based on the HDs used.
Disposable gowns made of polyethylene-coated polypropylene or other laminate materials offer
better protection than those of noncoated materials. Gowns shall close in the back (no open
front), have long sleeves, and have closed cuffs that are elastic or knit. Gowns shall not have
seams or closures that could allow drugs to pass through. Cloth laboratory coats, surgical
scrubs, isolation gowns, or other absorbent materials are not appropriate outer wear when
handling HDs, because they permit the permeation of HDs and can hold spilled drugs against the
skin and increase exposure.
The following work practices shall be followed:
Wear gowns whenever there is a possibility of HD contact with skin or clothing during
compounding or administration of HDs. Clothing may retain HD residue from contact, and
personnel may transfer this residue to patients, family members, staff, or other
surfaces. Washing of non-disposable clothing contaminated with HD residue may
transfer drug residue to other clothing.
Do not wear gowns outside the compounding or administration area if they have been
worn in the HD compounding area to avoid spreading drug contamination to other areas
and exposing unprotected workers.
Adhere to the time limit that the manufacturer lists for permeation of the gown. If no
permeation information is available for the gowns used, change them every 2–3 hours or
immediately after a spill or splash.
6.3 Head, Hair, Shoe, and Sleeve Covers
Head and hair (including beard and moustache, if applicable) and shoe covers shall be worn to
reduce the possibility of particulate or microbial contamination in HD compounding areas. Hair,
head, and shoe covers provide additional protection from contact with HD residue on surfaces
and floors.
The following work practices shall be followed:
Do not wear shoe covers outside the HD compounding areas to avoid spreading drug
contamination to other areas and possibly exposing unprotected workers.
If sleeve covers are used, they shall be constructed of coated materials to provide
additional protection for the areas of the arms that may come in contact with HDs
within BSCs. Use disposable sleeve covers to protect the wrist area, and remove the
covers carefully after the task is complete. Discard sleeve covers after one use, and
contain and dispose of them as trace contaminated or trace chemotherapy waste.
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6.4 Eye and Face Protection
Appropriate eye and face protection shall be worn when handling HDs outside an engineering
control. A full-facepiece respirator also provides eye and face protection. Goggles shall be used
when eye protection is needed; eye glasses alone or safety glasses with side shields do not
provide adequate protection to the eyes from splashes.
Many HDs are irritating to eyes and mucous membranes. Follow these work practices when
using eye and face protection:
Use eye and face protection when manipulating an HD outside of a C-PEC (e.g., in the
surgical suite), working at or above eye level, cleaning a C-PEC, or cleaning a spill.
Use face shields in combination with goggles to provide a full range of protection
against splashes to the face and eyes. Face shields alone do not provide full eye and
face protection.
6.5 Respiratory Protection
For most activities requiring respiratory protection, an NIOSH-certified N95 or more protective
respirator is sufficient to protect against airborne particles; however, these respirators offer no
protection against gases and vapors and little protection against direct liquid splashes (see
CDC’s Respirator Trusted-Source Information at
http://www.cdc.gov/niosh/npptl/topics/respirators/disp_part/RespSource3healthcare.html#e).
Surgical masks do not provide respiratory protection from drug exposure and should not be used
to compound or administer drugs. A surgical N95 respirator provides the respiratory protection
of an N95 respirator and the splash protection provided by a surgical mask.
Personnel unpacking HDs that are not contained in plastic should wear an elastomeric half-mask
with a multi-gas cartridge and P100-filter. If the type of drug can be better defined, then a
more targeted cartridge could be used.
Fit test the respirator and train workers to use respiratory protection. Follow all requirements in
the OSHA respiratory protection standard (29 CFR 1910.134)
(http://www.osha.gov/SLTC/etools/respiratory/index.html). An appropriate full-facepiece,
chemical cartridge-type respirator shall be worn when attending to HD spills larger than what
can be contained with a spill kit, or when there is known or suspected airborne exposure to
powders or vapors.
6.6 Disposal of Used PPE
Consider all PPE worn when handling HDs as being contaminated with, at a minimum, trace
quantity of HDs. Unless local regulations prohibit, these items shall be incinerated at a
regulated medical waste incinerator. They should not be placed into red bag or red sharps
containers.
7. HAZARD COMMUNICATION PROGRAM
OSHA requires each workplace to have a written Hazard Communication Program. The
Hazardous Communication Standard (HCS) (see
https://www.osha.gov/pls/oshaweb/owadisp.show_document?
p_table=STANDARDS&p_id=10099) applies to all workers. Employers are required to establish
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policies and procedures to ensure worker safety in all aspects of the distribution of these drugs
and chemicals.
The HCS requires each employer to provide training, proper labeling, and Safety Data Sheets
(SDS), based on the Globally Harmonized System of Classification of Labeling of Chemicals
(GHS).
Elements of the plan shall include:
A written plan that describes how the standard will be implemented.
All containers of hazardous chemicals shall be labeled, tagged, or marked with the
identity of the material and appropriate hazard warnings.
Chemical manufacturers and importers are required to obtain or develop an SDS for each
hazardous chemical they produce or import. Distributors are responsible for ensuring
that their customers are provided a copy of these SDSs. Employers shall have an SDS
for each hazardous chemical they use.
Each employee who may be exposed to hazardous chemicals when working shall be
provided information and training before initial assignment to work with a hazardous
chemical, and whenever the hazard changes.
Employers shall maintain in the workplace copies of the required SDSs for each hazardous
chemical and shall ensure that the SDSs are readily accessible to employees during each work
shift and when they are in their work areas.
8. TRAINING FOR COMPOUNDING PERSONNEL
Administrative controls include establishment of policies and procedures, a robust training
program, and implementation of appropriate work practices. All personnel who compound HDs
shall be fully trained in the storage, handling, and disposal of these materials. This training shall
occur before preparing or handling hazardous preparations, and the effectiveness of the
training shall be verified by testing specific HD preparation techniques. All training shall be
documented, and personnel competency shall be reassessed and documented at least every 12
months, or whenever a new HD is used or a new or significant change in process or SOP
occurs.
Personnel who compound sterile hazardous preparations shall be trained in aseptic and
negative-pressure techniques. Steps in the training procedure (for both nonsterile and sterile
compounding) include the following:
All compounders involved in hazardous compounding shall read and become familiar with
this chapter. They shall be knowledgeable with the contents of chapters

795 ,

797

, and 1163 ; specific publications of NIOSH Alert: Preventing Occupational
Exposures to Antineoplastic and Other Hazardous Drugs in Health Care Settings, Medical
Surveillance for Healthcare Workers Exposed to Hazardous Drugs, OSHA Technical
Manual, and Controlling Occupational Exposure to Hazardous Drugs; and other relevant
publications, including how to read and interpret SDSs.
All compounders shall read and become familiar with each of the entity’s SOPs (see
Appendix B) related to hazardous compounding, including those involving the facility,
equipment, PPE, compounding processes, hazardous waste disposal, evaluation,
packaging, storage, spill containment, decontamination, and dispensing or delivery.
The compounding supervisor or designee shall demonstrate the procedures for the
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compounder and shall observe and guide the employee throughout the training process.
The compounder shall then repeat the procedure without any assistance from, but
under the direct supervision of, the compounding supervisor or designee.
The compounding supervisor shall routinely monitor the work of the compounder and
ensure that the compounder is following appropriate HD precautions and that the
compounder’s calculations and work are accurate and adequately performed. The
monitoring shall be documented as part of the entity’s competency assessment
program.
The training shall include at least the following:
Didactic overview of types of HDs and their risks, including carcinogenic, genotoxic,
teratogenic, organ toxicity, and adverse reproductive properties
Review of the entity’s policies and procedures for personnel who handle HDs, including
the process to request alternative duty
Ordering, receiving, and stocking of HDs
Proper hand hygiene
Use of PPE
Use of C-PECs and other equipment and devices
Negative-pressure techniques when using C-PECs
Safe aseptic practices, if applicable
Containment, cleanup, and disposal procedures for normal use and for breakage and
spills
Treatment of personal contact and any unintended exposure
9. RECEIVING
The compounding supervisor shall ensure that the products and components received are
consistent with principles of Good Distribution Practices. HDs should be received from the
supplier sealed in impervious plastic to segregate them from other drugs, to allow for safety in
the receiving and internal transfer process, and should be immediately delivered to the C-SEC.
HDs shall only be stored in areas with the ventilation controls described in this chapter.
Receiving personnel shall be trained per the entity’s SOP (see Appendix B). Training shall be
documented.
PPE, including ASTM-tested, powder-free chemotherapy gloves, shall be worn when handling
HDs (see Appendix F for PPE requirements). A spill kit shall be accessible in the receiving area.
The entity shall enforce policies that include a tiered approach, including:
Visual examination of the shipping container for signs of damage or breakage
If shipping containers appear undamaged, they shall be handled per entitydefined procedures.
If shipping containers appear damaged, the following additional action is
required:
Don appropriate PPE.
Enact facility policies to determine whether the package will be sealed
and returned to the supplier or whether it will be opened.
If the intent is to return the package to the supplier, enclose the
package in an impervious container, label the outside container as
“Hazardous”, and contact the supplier for instructions. Transportation by
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common carrier will require compliance with Hazardous Materials Limited
Quantity Marking Requirements (see http://www.ecfr.gov/cgi-bin/textidx?rgn=div8&node=49:2.1.1.3.8.4.25.11).
If the damaged package must be opened, a Class I (see Appendix
C) containment device used for nonsterile HD compounding shall
be used.
Place a plastic-backed preparation mat on the work surface of
the Class I device.
Open the package and remove usable items.
Wipe the outside of the usable items with a disposable
wipe.
Enclose the damaged item(s) in an impervious container,
label the outside container as “Hazardous”, and contact
the supplier for instructions.
Clean the Class I device (see 14. Cleaning), and discard the mat
and cleaning disposables as hazardous waste.
Damaged packages or shipping cartons shall be considered spills that shall be reported to the
compounding supervisor and conform to other entity-defined reporting processes. Cleanup shall
comply with established SOPs (see Appendix B).
10. TRANSPORTING
10.1 Transporting from Receiving to the Storage/Compounding Area
Personnel transporting HDs shall be trained and their competency documented. HDs require
safeguards to maintain the integrity of the HD and to minimize the potential for breakage or spill
exposure of these products to the environment and to personnel who may come in contact
with them.
Drugs that have been identified as requiring HD handling precautions shall be clearly labeled at
all times during their transport and use. HDs shall be transported in closed containers that
minimize the risk of breakage or leakage.
10.2 Transporting from Compounding to Patient Areas Within the Healthcare Entity
The entity shall establish SOPs (see Appendix B) pertaining to packaging, transport, and
handling of HDs. The SOPs shall address prevention of accidental exposures or spills, personnel
training to respond to exposure, and use of a spill kit. Examples of special exposure-reducing
strategies include Luer lock syringes and connections, syringe caps, the capping of container
ports, sealed impervious plastic bags, impact-resistant and/or water-tight containers, and
cautionary labeling. HDs shall not be transported in pneumatic tubes because of potential
breakage and contamination.
10.3 Transporting from Compounding to Outside the Healthcare Entity
When HDs are distributed to locations outside the premises in which they are compounded,
compounding personnel shall select packing containers and materials that are expected to
maintain physical integrity, stability, and sterility (if needed) of HDs during transit. Packing shall
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be selected that simultaneously protects HDs from damage, leakage, contamination, and
degradation and protects personnel who transport packed HDs. The entity’s approved SOPs
(see Appendix B) shall specifically describe appropriate packing containers and insulating and
packing materials, based on information from product specifications, vendors, and the
experience of the compounding personnel. Written instructions that clearly explain how to
safely open containers of packed HDs shall be provided to patients and other recipients.
Transport of HDs shall be labeled, stored, and handled in accordance with applicable federal,
state, and local regulations.
Compounding personnel shall ascertain that temperatures of HDs during transit by the selected
mode do not deviate from the warmest temperature specified on the storage temperature range
on HD labels (see 1079 Good Storage and Distribution Practices for Drug Products).
Compounding personnel should communicate directly with the couriers to learn shipping
durations and exposure conditions that HDs may encounter. Refer to 795 and 797 for
additional storage information.
Compounding facilities that ship HDs to patients and other recipients outside their own premises
shall ascertain or provide, whichever is appropriate, the following assurances:
Delivery performance of couriers to ascertain that HDs are being efficiently and properly
transported.
Labels and accessory labeling for HDs include clearly readable BUDs, storage
instructions, disposal instructions for out-of-date units, and HD category labels that
shall be consistent with the carrier’s policies.
Each facility, patient, or other recipient can store the HD properly; including the use of
a properly functioning refrigerator or freezer if the HD is labeled for such storage.
11. DISPENSING HD DOSAGE FORMS NOT REQUIRING ALTERATION
HDs in unit-dose or unit-of-use packaging that do not require any further alteration before
delivery to the patient or the patient’s caregiver may be dispensed without any further
requirements for containment unless required by the manufacturer.
If the entity’s SOPs permit, non-antineoplastic HDs that require only transfer from the
manufacturer’s package to a prescription container may be dispensed without any further
requirements for containment unless required by the manufacturer. Counting of HDs should be
done carefully, and clean equipment should be dedicated for use with these drugs.
Tablet and capsule forms of HDs shall not be placed in automated counting machines, which
subject them to stress and may introduce powdered contaminants into the work area. Counting
coated tablets and capsules does not require a C-PEC, as long as they are not altered or
broken.
12. COMPOUNDING HD DOSAGE FORMS
Compounding personnel are responsible for ensuring that HDs are accurately identified,
measured, diluted, and mixed and are appropriately sterilized (when appropriate), packaged,
sealed, labeled, stored, dispensed, and distributed. These performance responsibilities include
maintaining clean conditions and providing labeling and supplementary instructions for the
proper administration of HDs.
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Work practices for compounding nonsterile HD dosage forms shall include:
Using requirements listed in chapter 795 .
Avoiding use of active pharmaceutical ingredients (APIs) if a suitable manufactured
product is available and appropriate for use, e.g., using an injection rather than a bulk
powder.
Manipulation of any HDs (such as crushing tablets or opening capsules) shall be
performed carefully, within a C-PEC using appropriate PPE. Clean equipment (such as
mortars and pestles, spatulas, and others) shall be dedicated for use with HDs. Crushing
tablets or opening capsules should be avoided if possible; liquid formulations should be
used if oral solids are not appropriate for the patient.
Handling bulk containers of liquid HDs carefully to avoid spills. These containers shall be
dispensed and maintained in sealable, impervious plastic bags or other suitable
containers to contain any inadvertent contamination.
Ensuring that processes for labeling the compound do not introduce contamination into
non-HD areas.
Dispensing in the final dose and form whenever possible.
Work practices for compounding sterile HD dosage forms shall include:
Using requirements listed in chapter 797 .
Avoiding the use of APIs if a suitable manufactured product is available and appropriate
for use, e.g., using an injection rather than a bulk powder.
Appropriately preparing materials used in compounding before introduction into the Class
II BSC or the pass-through of a CACI (see chapter 797 for details).
Ensuring that processes for labeling the compound do not introduce contamination into
non-HD areas.
The compounding areas shall be properly cleaned after compounding activities.
13. PROTECTION WHEN ADMINISTERING HDS
Work practices for administering HDs shall include:
Administering drugs safely by using protective medical devices (such as needleless and
closed systems) and techniques (such as spiking and priming of IV tubing by pharmacy
personnel inside a C-PEC, and/or priming in-line with nondrug solutions).
Using CSTDs when administering HDs, when the dosage form allows.
Complying with hand hygiene practices before and after manipulation of the HDs.
Wearing PPE (including two pairs of ASTM-tested gloves and protective gowns) for
activities associated with drug administration—opening the outer bag, assembling the
delivery system, delivering the drug to the patient, and disposing of all equipment used
to administer drugs. Wear eye protection where splashing is possible.
Removing outer gloves and gowns and bagging them for disposal in the approved
chemotherapy waste container at the site of drug administration.
Remembering that HDs administered in locations, such as the surgical suite, present
challenges to training and containment. Intracavitary administration of HDs (e.g., into
the bladder, peritoneal cavity, or chest cavity) frequently requires equipment for which
locking connections may not be readily available or possible.
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Ensuring that all staff members who handle HDs receive safety training that includes
recognition of HDs and appropriate spill response. HD spill kits, containment bags, and
disposal containers shall be available in all areas where HDs are handled.
Using techniques and ancillary devices that minimize the risk of open systems when
administering HDs through unusual routes or in non-traditional locations.
The Oncology Nursing Society (ONS) Safe Handling of Hazardous Drugs publication contains
additional details that may be incorporated into SOPs (see Appendix B).
14. CLEANING: DEACTIVATION, DECONTAMINATION, CLEANING, AND DISINFECTION
Personnel performing cleaning activities (including compounding, direct care, environmental
services, laundry, waste handling, and others) shall be protected from inadvertent exposure to
HDs.
14.1 Routine Cleaning, Decontaminating, and Waste Disposal
Work practices for environmental services and other personnel who handle HDs shall include:
Wearing two pairs of ASTM-tested chemotherapy gloves that are chemically resistant
to the decontamination or cleaning agents used. Consult manufacturers’ and suppliers’
information to determine appropriateness.
Wearing eye protection.
Wearing face shields, if splashing is possible.
14.2 Exposure to Biologic Waste from HD-Treated Patients
Follow applicable laws, regulations, guidelines, and entity policy.
14.3 Cleaning HD Areas
The entity shall establish cleaning routines consistent with this chapter and with
recommendations from the C-PEC manufacturer. The routines shall include periodic cleaning of
all work surfaces and equipment that may become contaminated, including administration carts
and trays. Details shall be included in the entity’s SOPs (see Appendix B), including processes,
solutions and dilutions used, and documentation requirements.
Personnel shall wear eye protection and ASTM-tested chemotherapy gloves for deactivating,
decontaminating, cleaning, and disinfecting. Gloves used shall be chemically resistant to the
cleaning agents used. Face shields shall be worn if splashing is possible.
The choice of cleaning products shall be related to the product and preparation, time, and
application of the decontamination product, equipment used, and resistance patterns.
The equipment used for compounding HDs shall be dedicated for HDs and shall be chosen so
that the equipment can be effectively cleaned (and sterilized, if necessary, by steam, dry heat,
or other methods). Perform cleaning in areas that are sufficiently ventilated to prevent build-up
of hazardous airborne drug concentrations and decontamination agents. Cleaning of nonsterile
compounding equipment shall not be done when sterile compounding is underway in the same
room.
14.4 Cleaning C-PEC and Other Devices Used for Compounding HDs
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Cleaning C-PEC, other devices and equipment, and areas used for compounding HDs involves
several steps that are discussed below:
14.4.1 Deactivation
14.4.2 Decontamination
14.4.3 Cleaning
14.4.4 Disinfecting
The entity’s SOPs shall include the procedure, the components and dilutions (if applicable)
used, and the documentation requirements for all four steps.
14.4.1 DEACTIVATION
Chemical deactivation of a hazardous substance is preferred, but no single process has been
found to deactivate all currently available HDs. Deactivation shall occur when an appropriate
agent is identified. Note that alcohol is not a deactivation agent, and the use of alcohol before
deactivating and decontamination may result in the spread of contamination rather than any
actual cleaning. A multi-component deactivation system is theoretically more efficient than a
single-agent system because of the diverse nature of HDs.
The SDSs of some HDs recommend use of sodium hypochlorite; generally, this should be a 2%
solution. Note that sodium hypochlorite will pit stainless steel surfaces; therefore, the sodium
hypochlorite must be removed with sodium thiosulfate or followed by use of a germicidal
detergent in sterile water.
14.4.2 DECONTAMINATION
Decontamination occurs by removing HD residue from surfaces, and transferring them to a lowlint wipe, which is then contained and discarded as contaminated waste. The amount of HD
contamination introduced into the BSC or CACI may be reduced by surface decontamination
(i.e., wiping down) of HD containers. Although no wipe-down procedures have been studied,
the use of low-lint wipes moistened with alcohol, sterile water, peroxide, or sodium hypochlorite
solutions may be effective. The solvent used for wiping vials must not alter the product label.
The BSC or CACI should be decontaminated at least weekly, any time a spill occurs, before and
after certification, voluntary interruption, or if the ventilation tool is moved.
14.4.3 CLEANING
The Cleaning section in chapter 797 is appropriate for both nonsterile and sterile HDs. The
products used for cleaning shall not contaminate the compounding equipment with substances
that are toxic, volatile, corrosive, or otherwise harmful to the surface. To clean C-PECs, refer
to manufacturer’s information and appropriate references for guidance in developing the entity’s
cleaning procedures.
14.4.4 DISINFECTING
The products used for disinfecting shall not contaminate the compounding equipment with
substances that are toxic, volatile, corrosive, or otherwise harmful to the surface. C-PECs used
for compounding HDs shall be disinfected at the beginning of the workday, between batches of

PF 40(3): May-Jun. 2014

80

compounding medications, at the beginning of each subsequent shift (if compounding takes
place over an extended period of time), routinely during compounding, and after anytime the CPEC has been powered off. The area under the work tray shall be cleaned at least monthly to
reduce the contamination level in the BSCs and CACIs. Clean as much as possible before
opening the area under the work tray. When cleaning a CACI, don a respirator when opening
the front of the cabinet.
15. SPILL CONTROL
Spills shall be contained and cleaned immediately by trained workers. Signs shall be available to
restrict access to the spill area. Only trained workers with appropriate PPE shall manage an HD
spill. All workers who may be required to clean up a spill of HDs shall receive proper training in
spill management and in the use of PPE and NIOSH-certified respirators (see 6. Personal
Protective Equipment).
Policies and procedures shall be developed to prevent spills and to govern cleanup of HD spills.
Written procedures shall specify who is responsible for spill management and shall address the
size and scope of the spill. Spill kits containing all of the materials needed to clean HDs spills
shall be readily available in all areas where HDs are routinely handled. If HDs are being prepared
or administered in a non-routine area (e.g., home setting, unusual patient care area), a spill kit
and respirator shall be available.
The circumstances and handling of spills shall be documented. Workers who are contaminated
during the spill or spill cleanup, or who have direct skin or eye contact with HDs, require
immediate treatment. Staff and nonemployees exposed to an HD spill should also complete an
incident report or exposure form and report to the designated emergency service for initial
evaluation. All spill materials shall be disposed of as hazardous waste.
SOPs (see Appendix B) shall be developed to include:
Management of HD spills.
Assurances that cleanup of a spill according to its size and type is handled by workers
who are trained in handling hazardous materials.
Recognition that the size and type of the spill might determine who is authorized to
conduct the cleanup and decontamination and how the cleanup is managed.
Description of the protective equipment required for various spill sizes, the possible
spreading of material, restricted access to HD spills, and signs to be posted.
Use of an appropriate full-facepiece, chemical cartridge-type respirator for spills that
exceed the capacity of the spill kit, such as when an IV bag breaks or a line
disconnects and leaks, or where there is known or suspected airborne exposure to
vapors or gases.
Location of spill kits and other cleanup materials in the immediate area where exposures
may occur.
The entity shall determine by policy when emergency management (including the entity’s safety
and hazardous materials personnel) shall be contacted.
16. DISPOSAL
Disposal of all HD waste (including unused and unusable HDs) shall comply with all applicable
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federal and state regulations. All personnel who perform routine custodial waste removal and
cleaning activities in storage and preparation areas for HDs shall be trained in appropriate
procedures to protect themselves and the environment and to prevent contamination.
17. ENVIRONMENTAL QUALITY AND CONTROL
To ensure containment of HDs, environmental wipe sampling to detect uncontained HDs should
be performed routinely (e.g., initially as a benchmark and at least every 6 months, or more
often as needed, to verify containment). This sampling should include surface wipe sampling of
the working area of C-PEC; countertops where finished preparations are placed; areas adjacent
to BSCs and CACIs, including the floor directly under the working area; and patient
administration areas.
Common marker HDs that can be assayed include cyclophosphamide, ifosfamide, methotrexate,
fluorouracil, and platinum-containing drugs. If any measurable contamination (cyclophosphamide
levels more than 1.00 ng/cm2 have been found to cause human uptake) is found by any of
these quality assurance procedures, practitioners shall identify, document, and contain the
cause of contamination. Such action may include reevaluating work practices, retraining,
thorough deactivation/decontamination/disinfection/cleaning, and improving engineering
controls. Examples of improving engineering controls include implementing use of CSTDs or reassessing the types of C-PEC used.
18. DOCUMENTATION
The entity shall establish policies and procedures to ensure that compounding and dispensing
records meet the requirement of this chapter, chapters 795 and 797 , entity policy, and
federal and state laws and regulations.
Activities that shall be documented include but are not limited to the acquisition, preparation,
and dispensing of a compounded HD, personnel training, and the use and maintenance of
equipment and supplies. These records shall be available for review by the applicable
authorities.
Policies and procedures shall be reviewed at least annually by the compounding supervisor, and
the review shall be documented. Revisions in forms or records shall be made as needed and
communicated to all compounding personnel.
19. MEDICAL SURVEILLANCE
The goal of medical surveillance is to minimize adverse health effects in workers exposed to
HDs. A medical surveillance program involves collecting and interpreting data to detect changes
in the health status of working populations potentially exposed to hazardous substances.
Medical surveillance augments and evaluates the protection afforded by engineering controls,
other administrative controls, good work practice, PPE, and worker education about the
hazards of the materials they work with or they may come into contact with in the course of
their duties.
Employers shall ensure that healthcare workers who are exposed to HDs are routinely monitored
as part of a medical surveillance program. Workers may be exposed to HDs when they create
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aerosols, generate dust, clean up spills, or touch contaminated surfaces when compounding,
administering, or disposing of HDs or patient waste. This includes workers who directly handle
HDs, such as nurses, pharmacists, and pharmacy technicians. In addition, other workers (e.g.,
patient care assistants, or environmental services staff), who may come directly into contact
with patient wastes within 48 hours after a patient has received an HD, should be included in a
medical surveillance program.
Workers who are potentially exposed to chemical hazards should be monitored in a systematic
program of medical surveillance intended to prevent occupational injury and disease. The
purpose of surveillance is to identify the earliest reversible biologic effects so that exposure
can be reduced or eliminated before the employee sustains irreversible damage. The information
should help affected workers and identify and correct system failures that may have resulted in
harmful exposures.
The elements of a medical surveillance program are used to establish a baseline of workers’
health and then monitor their future health for any changes that may result from exposure to
hazardous agents. Program results should be examined in aggregate for trends that may be a
sign of health changes related to exposure to HDs. Elements of a medical surveillance program
shall be consistent with the entity’s Human Resource policies and shall include:
Development of an organized approach to identify workers who are potentially exposed
to HDs on the basis of their job duties.
Design of medical surveillance that is appropriate to the exposure.
Establishment of an initial baseline (pre-placement) of workers’ medical health (including
reproductive history) and occupational history (as an estimate of prior exposure), such
as:
Records of drugs and quantities and dosage forms handled,
Hours spent handling these drugs per week, and
Number of preparations/administrations per week.
Exposure assessment of all employees who have worked with HDs is important, and the
maintenance of records is required by OSHA regulation concerning access to employee
exposure and medical records (29 CFR 1910.1020).
Monitor workers’ future health as it relates to potential exposures to hazardous agents
through periodic and routine physical examinations and reproductive and general health
questionnaires; exposure histories should also be updated. Track current exposure,
which includes careful documentation of an individual’s routine exposure and any acute
accidental exposures.
Monitoring of the data to identify prevention failure leading to disease
Development of a follow-up plan for workers who have shown health changes
suggesting toxicity or who have experienced an acute exposure. This follow-up shall
include evaluation of current engineering and administrative controls and equipment to
ensure that all systems are appropriately and accurately implemented.
Completion of an exit examination to document the information on the employee’s
medical, reproductive, and exposure histories. Examination and laboratory evaluation
should be guided by the individual’s history of exposures, and follow the outline of the
periodic evaluation.
19.1 Follow-up Plan
The occurrence of exposure-related disease or health changes should prompt immediate reevaluation of primary preventive measures (e.g., administrative and engineering controls, PPE,
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and others). In this manner, medical surveillance acts as a check on the appropriateness of
controls already in use.
The employer should take the following actions:
Post-exposure examinations: Post-exposure evaluation is tailored to the type of
exposure (e.g., spills or needle sticks from syringes containing HDs). An assessment of
the extent of exposure is made and included in the confidential database (discussed
below) and in an incident report. The physical examination focuses on the involved area
as well as other organ systems commonly affected (i.e., the skin and mucous
membranes; the pulmonary system for aerosolized HDs). Treatment and laboratory
studies follow as indicated and should be guided by emergency protocols.
Compare performance of controls with recommended standards: Conduct environmental
sampling when analytical methods are available.
Verify and document that all controls are in proper operating condition.
Verify and document that the worker complied with existing policies or when new
policies went into effect. Review policies for the use of PPE and employee compliance
with PPE use and policies. Review availability of appropriate PPE including ASTM-tested
chemotherapy gloves, low-permeation gowns, respiratory protection, and eye
protection.
Develop and document a plan of action that will prevent additional worker exposure.
Ensure a confidential two-way communication between the worker and the employee
health units regarding notification, discussions about a change in health condition, or
finding of an adverse health effect.
Provide and document a follow-up medical survey that the plan implemented is
effective.
Ensure confidential notification of any adverse health effect to an exposed worker and
offer alternative duty or temporary reassignment.
Provide ongoing medical surveillance of all workers at risk to determine whether the plan
implemented is effective.
Refer to the guidelines of professional organizations such as the American Society of HealthSystem Pharmacists (ASHP), NIOSH, and ONS, which recommend medical surveillance as the
recognized standard of occupational health practice for personnel who handle HD. The
American College of Occupational and Environmental Medicine (ACOEM) also recommends
surveillance for these workers in their Reproductive Hazard Management Guidelines.
APPENDIX A: ACRONYMS AND DEFINITIONS
Acronyms
ACOEM
ACPH
ALARA
API
ASHP
ASTM
BSC

American College of Occupational and Environmental Medicine
Air changes per hour
As low as reasonably achievable
Active pharmaceutical ingredient
American Society of Health-System Pharmacists
American Society for Testing and Materials
Biological safety cabinet
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BUD
CACI
CAI
CDC
CETA
CFR
C-PEC
C-SCA
C-SEC
CSP
CSTD
CVE
EPA
GHS
HCS
HD
HEPA
IV
LAFW
NIOSH
ONS
OSHA
PEC
PPE
RCRA
SDS
SOP
ULPA
USP
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Beyond-use date
Compounding aseptic containment isolator
Compounding aseptic isolator
Centers for Disease Control and Prevention
Controlled Environment Testing Association
Code of Federal Regulations
Containment primary engineering control
Containment segregated compounding area
Containment secondary engineering control
Compounded sterile preparation
Closed system drug-transfer device
Containment ventilated enclosure
Environmental Protection Agency
Globally harmonized system of classification and labeling of chemicals
Hazardous communication standard
Hazardous drug
High efficiency particulate air
Intravenous
Laminar air flow workbench
National Institute for Occupational Safety and Health
Oncology Nursing Society
Occupational Safety and Health Administration
Primary engineering control
Personal protective equipment
Resource Conservation and Recovery Act
Safety data sheet
Standard operating procedure
Ultra low particulate air
United States Pharmacopeia
Definitions

Active pharmaceutical ingredient (API): Any substance or mixture of substances intended
to be used in the compounding of a drug preparation, thereby becoming the active ingredient in
that preparation and furnishing pharmacological activity or other direct effect in the diagnosis,
cure, mitigation treatment, or prevention of disease in humans and animals or affecting the
structure and function of the body.
Alternative duty: Performance of other tasks that do not include the direct handling of HDs.
Anteroom: Transition area between the general area and the room containing the C-PEC. Hand
hygiene, garbing, staging of components, order entry, and other particle-generating activities
are performed in the anteroom. For sterile compounding, the anteroom shall meet ISO Class 7
(for all references to ISO classification, see Table 1) and also provides assurance that pressure
relationships between rooms are constantly maintained.
Batch: More than one unit of a compounded preparation that is intended to have uniform
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character and quality within specified limits, prepared in a single process, and completed during
the same and limited time period.
Beyond-use date (BUD): The date or time after which a compounded preparation shall not be
used, stored, or transported (see

795

and

797

for additional details).

Biohazard: Infectious agent or hazardous biological material that presents a risk or potential
risk to the health of humans, animals, or the environment. The risk can be direct through
infection or indirect through damage to the environment.
Biological safety cabinet (BSC): A ventilated cabinet often used for preparation of hazardous
drugs. BSCs shall be NSF/ANSI listed. These cabinets are divided into three general classes
(Class I, Class II, and Class III). Class II BSCs are further divided into types (Type A1, Type
A2, Type B1, and Type B2). See Appendix C for details.
Buffer room: Part of the HD compounding area under negative pressure where the C-PEC is
physically located. Activities that occur in this area are limited to the preparation and staging
of components and supplies used when compounding HDs.
Chemotherapy glove: A medical glove that meets the ASTM Standard Practice (D6978-052013) for Assessment of Resistance of Medical Gloves to Permeation by Chemotherapy Drugs.
Cleaning: The removal of soil (e.g., organic and inorganic material) from objects and surfaces,
normally accomplished manually or mechanically using water with detergents or enzymatic
products.
Cleanroom: A room in which the concentration of airborne particles is controlled through
directional airflow and HEPA-filtered air supply to meet a specified airborne particulate
cleanliness class. Microorganisms in the environment are monitored so that a microbial level for
air, surface, and personnel are not exceeded for a specified ISO-classified space (see 1116
Microbiological Control and Monitoring of Aseptic Processing Environments and also the
definition of Buffer room).
Closed system drug-transfer device (CSTD): A drug transfer device that mechanically
prohibits the transfer of environmental contaminants into the system and the escape of HD or
vapor concentrations outside of the system.
Compounded preparation: A nonsterile or sterile drug or nutrient preparation that is
compounded in a licensed pharmacy or other healthcare-related facility pursuant to the order
or anticipation of order of a licensed prescriber.
Compounding aseptic containment isolator (CACI): A specific type of CAI that is designed
for compounding of sterile HDs. The CACI shall be certified in accordance with CETA-CAG-002,
designed to provide worker protection from exposure to undesirable levels of airborne drugs
throughout the compounding and material transfer processes and to provide an aseptic
environment with unidirectional airflow for compounding sterile preparations. Air exchanged with
the surrounding environment shall not occur unless it is first passed through a microbially
retentive filter (HEPA minimum) system capable of containing airborne concentrations of the
physical size and state of the drug being compounded. Exhaust air from the isolator shall be
appropriately removed by properly designed building ventilation.
Compounding aseptic isolator (CAI): An isolator specifically designed for compounding
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sterile, non-hazardous pharmaceutical ingredients or preparations that shall be certified in
accordance with CETA-CAG-002. It is designed to maintain an aseptic compounding
environment within the isolator throughout the compounding and material transfer processes.
Air exchange into the isolator from the surrounding environment shall not occur unless the air
has first passed through a microbially retentive filter (HEPA minimum). A CAI shall not be used
for the manipulation of HDs.
Compounding personnel: Individuals who participate in the compounding process who are
competent and knowledgeable and are responsible for the preparation of HDs, using information
from this chapter, the entity’s SOPs, and instructions from the compounding supervisor.
Compounding supervisor: The individual who is responsible for developing and implementing
appropriate procedures; overseeing facility compliance with this chapter and other applicable
laws, regulations, and standards; ensuring competency of personnel; and assuring
environmental control of the compounding areas.
Containment primary engineering control (C-PEC): A ventilated device designed and
operated to minimize worker and environmental exposures to HDs by controlling emissions of
airborne contaminants through the following:
The full or partial enclosure of a potential contaminant source
The use of airflow capture velocities to capture and remove airborne contaminants near
their point of generation
The use of air pressure relationships that define the direction of airflow into the cabinet
The use of HEPA filtration on all potentially contaminated exhaust streams
Examples of C-PECs include Class I, II, or III BSCs, CACIs, and CVE (e.g., powder hood).
C-PECs used for nonsterile compounding do not need to have ISO Class 5 air quality.
C-PECs used for sterile compounding shall have ISO Class 5 air quality (see Table 2).
Containment secondary engineering control (C-SEC): The C-SEC is the room in which the
C-PEC is placed. It incorporates specific design and operational parameters required to contain
the potential hazard within the compounding room, e.g., restricted access, barriers, special
construction technique, ventilation, and room pressurization are components of the secondary
control strategy.
Containment segregated compounding area (C-SCA): A type of C-SEC with nominal airflow
and room pressurization requirements as they pertain to HD compounding. The C-SCA is limited
for use with a BSC when preparing low- or medium-risk level CSPs with 12-hour or less BUDs,
preparing CSPs in a CACI that meets the requirements in
a C-PEC.

797 , or preparing nonsterile HDs in

Containment ventilated enclosure (CVE): A full or partial enclosure that uses ventilation
principles to capture, contain, and remove airborne contaminants (through HEPA filtration) and
prevent their release into the work environment (see Table 2).
Critical area: An ISO Class 5 (see Table 1) environment.
Critical site: A location that includes any component or fluid pathway surfaces (e.g., vial
septa, injection ports, beakers) or openings (e.g., opened ampules, needle hubs) exposed and
at risk of direct contact with the air (e.g., ambient room or HEPA filtered), moisture (e.g., oral
and mucosal secretions) or touch contamination.
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Deactivation: Treatment of an HD with another chemical, heat, ultraviolet light, or other agent
to create a less hazardous agent.
Decontamination: Inactivation, neutralization, or removal of HDs, usually by chemical means.
Disinfectant: A chemical agent that destroys or inhibits the growth of microorganisms that
cause disease.
Engineering control: Primary, secondary, and supplemental devices designed to eliminate or
reduce worker exposure to a chemical, biological, radiological, ergonomic, or physical hazard,
and in the case of CSPs, to protect the compounded product from environmental
contamination. Examples include ventilation controls such as BSCs or CACIs, CSTDs, retracting
syringe needles, and safety interlocks.
Entity: Pharmacy, hospital, physician’s office, clinic, veterinary office, or other locations
wherever HDs are received, stored, prepared, dispensed, and distributed to a final user or
healthcare personnel who will administer the HD.
Expiration/expiry date: The expiration date identifies the time during which the article may
be expected to meet the requirements of the compendia monograph, provided it is kept under
the prescribed storage conditions (see General Notices and Requirements 10.40.100).
Globally harmonized system of classification and labeling of chemicals (GHS): A system
for standardizing and harmonizing the classification and labeling of chemicals.
Goggles: Tight-fitting eye protection that completely covers the eyes, eye sockets, and the
facial area that immediately surrounds the eyes and that provide protection from impact, dust,
and splashes. Some goggles will fit over corrective lenses.
Hazardous communication standard (HCS): A U.S. government regulation designed to
ensure that the hazards of all chemicals produced or imported are evaluated and that details
regarding their hazards are transmitted to employers and employees.
Hazardous drug (HD): Any drug identified by at least one of the following six criteria:
Carcinogenicity
Teratogenicity or developmental toxicity
Reproductive toxicity in humans
Organ toxicity at low doses in humans or animals
Genotoxicity
New drugs that mimic existing hazardous drugs in structure or toxicity
High efficiency particulate air (HEPA) filtration: An extended-medium, dry-type filter in a
rigid frame, having a minimum particle collection efficiency of 99.97% for 0.3-µm mass-median
diameter particles when tested at a rated airflow in accordance with MIL STD 282 using IEST
Recommended Standard RP-CC001.5.
Labeling: A term that designates all labels and other written, printed, or graphic matter on an
immediate container of an article or preparation, or on, or in, any package or wrapper in which
it is enclosed, except any outer shipping container. The term “label” designates that part of the
labeling on the immediate container [see General Notices and Requirements and 21 USC 321(k)
and (m)].
Laminar air flow workbench (LAFW): A primary engineering control designed for use when
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compounding sterile non-HDs. An LAFW shall not be used for the manipulation of HDs.
Negative-pressure room: A room that is at a lower pressure than the adjacent spaces and,
therefore, the net flow of air is into the room.
Pass-through: An enclosure with interlocking doors positioned between two spaces for the
purpose of reducing particulate transfer while moving materials from one space to another. A
pass-through serving negative-pressure rooms shall be equipped with sealed doors.
Personal protective equipment (PPE): Items such as gloves, gowns, respirators, goggles,
face shields, and others that protect individual workers from hazardous physical or chemical
exposures.
Pharmaceutical product: A commercially manufactured drug, biologic, or nutrient that has
been evaluated for safety and efficacy by the FDA. Products are accompanied by full
prescribing information, which is commonly known as the FDA-approved manufacturer’s labeling
or product package insert.
Positive-pressure room: A room that is at a higher pressure than the adjacent spaces and,
therefore, the net flow of air is out of the room.
Primary engineering control (PEC): A ventilated device that provides a prescribed
environment for the exposure of critical sites and when desired, protects workers and the
environment from exposure to the compounds under manipulation. PECs used for manipulation of
HDs shall be designed for containment (see also Containment primary engineering control).
Resource conservation and recovery act (RCRA) empty: A vial, ampule, IV bag, or other
container that once held a drug regulated under the Resource Conservation and Recovery Act,
if all the contents have been removed that can be removed by normal means and no more than
3% of the contents by weight remain.
Safety data sheet (SDS): An informational document that provides written or printed material
concerning a hazardous chemical that is prepared in accordance with the HCS [previously
known as a Material Safety Data Sheet (MSDS)].
Spill kit: A container of supplies, warning signage, and related materials used to contain the
spill of an HD.
Sterilization: A process that destroys or eliminates all forms of microbial life (including spores)
and is carried out by physical or chemical methods. Steam under pressure, dry heat, ethylene
oxide gas, hydrogen peroxide gas plasma, and liquid chemicals are the principal sterilizing
agents used in healthcare settings.
Supplemental engineering control: An adjunct control (e.g., CSTD) used in concurrence with
primary and secondary control strategies. Supplemental engineering controls offer additional
levels of protection and may facilitate enhanced occupational protection because the HD is
handled outside of the protective controls of primary and secondary control environments (e.g.,
post-compounding transit, administration, and disposal).
Trace chemotherapy waste: Components such as vials, ampules, IV bags, etc., which once
held antineoplastic agents but after use are considered to be “RCRA empty.”
Trace contaminated waste: Items used in the handling, compounding, dispensing,
administration, or disposal of antineoplastic agents which are not overtly contaminated (e.g.,
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gowns, gloves, goggles, wipes).
APPENDIX B: SUGGESTED STANDARD OPERATING PROCEDURES
Policies and procedures for the safe handling of HDs shall be in place for all situations in
which these drugs are used throughout a facility. Chapters 795 and 797 list
SOPs recommended for use for nonsterile and sterile compounding. Additionally, the
following HD-related procedures should be considered:
Comprehensive hazardous drug safety program
Hazard communication program
Entity policy for labeling containers from acquisition to disposal with hazardous
warnings
Procurement of HDs
Use of C-PECs, including work practices specific to the type of device used
Use of PPE, including receipt and transport, compounding, administration,
disposal, and handling waste
Cleaning of C-PEC and surrounding areas
Cleaning solutions and dilutions
Spill control, including use and contents of spill kit, cleaning, and notification
Waste management of trace chemotherapy and hazardous waste
Medical surveillance
APPENDIX C: TYPES OF BIOLOGICAL SAFETY CABINETS
Class I: A BSC that protects personnel and the environment but does not protect the
product/preparation. Personnel protection is provided as a minimum velocity of 75 linear
feet/min of unfiltered room air is drawn through the front opening and across the work
surface. The air is then passed through a HEPA/ULPA filter either into the room or to the
outside in the exhaust plenum, providing environmental protection.
Class II: Class II (Types A1, A2, B1, and B2) BSCs are partial barrier systems that rely on the
movement of air to provide personnel, environmental, and product/preparation protection.
Personnel and product/preparation protection is provided by the combination of inward and
downward airflow captured by the front grille of the cabinet. Side-to-side crosscontamination of products/preparations is minimized by the internal downward flow of
HEPA/ULPA filtered air moving toward the work surface and then drawn into the front and rear
intake grilles. Environmental protection is provided when the cabinet exhaust air is passed
through a HEPA/ULPA filter.
Type A1 (formerly, Type A): These Class II BSCs maintain a minimum inflow velocity of 75
ft/min, have HEPA-filtered, downflow air that is a portion of the mixed downflow and inflow
air from a common plenum, may exhaust HEPA-filtered air back into the laboratory or to the
environment through an exhaust canopy, and may have positive-pressure contaminated
ducts and plenums that are not surrounded by negative-pressure plenums. They are not
suitable for use with volatile toxic chemicals and volatile radionucleotides.
Type A2 (formerly, Type B3): These Class II BSCs maintain a minimum inflow velocity of
100 ft/min, have HEPA-filtered, downflow air that is a portion of the mixed downflow and
inflow air from a common exhaust plenum, may exhaust HEPA-filtered air back into the
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laboratory or to the environment through an exhaust canopy, and have all contaminated
ducts and plenums under negative pressure or surrounded by negative-pressure ducts and
plenums. If these cabinets are used for minute quantities of volatile toxic chemicals and
trace amounts of radionucleotides, they must be exhausted through properly functioning
exhaust canopies.
Type B1: These Class II BSCs maintain a minimum inflow velocity of 100 ft/min, have HEPAfiltered downflow air composed largely of uncontaminated, recirculated inflow air, exhaust
most of the contaminated downflow air through a dedicated duct exhausted to the
atmosphere after passing it through a HEPA filter, and have all contaminated ducts and
plenums under negative pressure or surrounded by negative-pressure ducts and plenums. If
these cabinets are used for work involving minute quantities of volatile toxic chemicals and
trace amounts of radionucleotides, the work must be done in the directly exhausted portion
of the cabinet.
Type B2 (total exhaust): These Class II BSCs maintain a minimum inflow velocity of 100
ft/min, have HEPA-filtered downflow air drawn from the laboratory or the outside, exhaust all
inflow and downflow air to the atmosphere after filtration through a HEPA filter without
recirculation inside the cabinet or return to the laboratory, and have all contaminated ducts
and plenums under negative pressure or surrounded by directly exhausted negative-pressure
ducts and plenums. These cabinets may be used with volatile toxic chemicals and
radionucleotides.
Class III: The Class III BSC is designed for work with highly infectious microbiological agents
and other hazardous operations. It provides maximum protection for the environment and the
worker. It is a gas-tight enclosure with a viewing window that is secured with locks and/or
requires the use of tools to open. Both supply and exhaust air are HEPA/ULPA filtered. Exhaust
air must pass through two HEPA/ULPA filters in series before discharge to the outdoors.
APPENDIX D: BEST PRACTICES FOR HANDLING HDS

Activity
Unpacking
HDs

Location
Designated
receiving
area

C-PEC

Unpacking
damaged
shipping
containers

Class I device
designated for this
purpose or Class I
device used only for
nonsterile HD
preparations

Separate
room for
Nonsterile nonsterile
preparations HDs

Negative-pressure,
ventilated enclosure,
such as a Class 1 BSC
or CVE

HEPA
filtration

Not required if
hazardous
preparations are
handled only in
the C-PEC

Minimum
ACPH

12

Pressure
(inches
of water
column)

Minimum
0.01"
negative
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Negativepressure
ISO Class 7
room
Class II BSC or CACI

NegativeSterile
pressure Cpreparations SCA
Class II BSC or CACI
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Required in
supply to
maintain room
state of control
Not required if
CACI meets
minimum criteria
established in the
chapter

30

Minimum
0.01"
negative

12

Minimum
0.01"
negative

APPENDIX E: EXAMPLES FOR DESIGN OF HAZARDOUS DRUG COMPOUNDING AREAS
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Activity
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Gloves

Gown

ASTM-tested
Disposable,
chemotherapy long-sleeved
gloves shall be and cuffed
worn for all
gowns, with a
handling of HDs. solid front and
Two pairs are
closure in the
required for
back, made of
compounding, polyethyleneadministering, coated polymanaging a spill, propylene or
and disposal of other laminate
Description
HDs.
material
a
Receiving intact +
supplies (remote If an industrial
from
glove is used for
compounding
receiving, at
area)
least one
ASTM-tested
chemotherapy
Receiving
glove shall be
+
suspected/broken worn over the
supplies
industrial glove.
Transporting
intact supplies or
+
compounded HDs
Receiving in
compounding
+
area
Stocking
compounding
+
area
Nonsterile
+
+
compounding
+
Outer glove
shall be sterile
+
Sterile
(including outer
compounding
glove in CACI).
+
Administering

+

Hair,
Face,
Beard,
Shoe
Covers

+

Eye and
Face
Protection
Not required
for routine use
when a C-PEC
is used.
Use eye and
face
protection
when
manipulating
HDs outside of
a C-PEC and
working at or
above eye
level, cleaning
a C-PEC, or
cleaning a
spill.

A NIOSHcertified N95
respirator is
generally
sufficient to
protect against
particles.
Consult the
SDS for
respiratory
protection
information.

+

+

+

+

Required when
splashing or
aerosolization
is possible

Respiratory
Protection
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Cleanup, routine
(such as
following
compounding or
administration)
Collection and
disposal of
patient waste
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+

+

+

+

+

+

+

+

+

Spills
a + = Required.

+

+

Use an
appropriate,
full-facepiece,
chemical
cartridge-type
respirator for
spills and when
there is known
or suspected
airborne
exposure to
vapors or
gases.
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BRIEFING
1010 Analytical Data—Interpretation and Treatment, USP 37 page 515. On the basis
of comments received, a revision of this chapter is proposed. In Use of Reference Standards
new text is introduced to clarify the use of secondary Reference Standards. A new Appendix F
is being added to explain the use of two one-sided tests (TOST) to assess equivalency of
analytical procedures. The term “method”, when referring to analytical testing, has been
replaced by “procedure” throughout the document to align with current USP terminology.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(STAT: H. Pappa.)
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1010

ANALYTICAL DATA—INTERPRETATION AND TREATMENT

Change to read:
INTRODUCTION
This chapter provides information regarding acceptable practices for the analysis and
consistent interpretation of data obtained from chemical and other analyses. Basic statistical
approaches for evaluating data are described, and the treatment of outliers and comparison of
analytical methods
procedures 1S (USP38)
are discussed in some detail.
Note—It should not be inferred that the analysis tools mentioned in this chapter form an
exhaustive list. Other, equally valid, statistical methods may be used at the discretion of the
manufacturer and other users of this chapter.
Assurance of the quality of pharmaceuticals is accomplished by combining a number of
practices, including robust formulation design, validation, testing of starting materials, inprocess testing, and final-product testing. Each of these practices is dependent on reliable test
methods
procedures. 1S (USP38)
In the development process, test procedures are developed and validated to ensure that the
manufactured products are thoroughly characterized. Final-product testing provides further
assurance that the products are consistently safe, efficacious, and in compliance with their
specifications.
Measurements are inherently variable. The variability of biological tests has long been
recognized by the USP. For example, the need to consider this variability when analyzing
biological test data is addressed in general chapter Design and Analysis of Biological Assays
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111
Analysis of Biological Assays 1034 . 1S (USP38)
The chemical analysis measurements commonly used to analyze pharmaceuticals are also
inherently variable, although less so than those of the biological tests. However, in many
instances the acceptance criteria are proportionally tighter, and thus, this smaller allowable
variability has to be considered when analyzing data generated using analytical procedures. If
the variability of a measurement is not characterized and stated along with the result of the
measurement, then the data can only be interpreted in the most limited sense. For example,
stating that the difference between the averages from two laboratories when testing a
common set of samples is 10% has limited interpretation, in terms of how important such a
difference is, without knowledge of the intralaboratory variability.
This chapter provides direction for scientifically acceptable treatment and interpretation of
data. Statistical tools that may be helpful in the interpretation of analytical data are described.
Many descriptive statistics, such as the mean and standard deviation, are in common use.
Other statistical tools, such as outlier tests, can be performed using several different,
scientifically valid approaches, and examples of these tools and their applications are also
included. The framework within which the results from a compendial test are interpreted is
clearly outlined in the General Notices and Requirements, Test Results. Selected references
that might be helpful in obtaining additional information on the statistical tools discussed in this
chapter are listed in Appendix F
Appendix G 1S (USP38)
at the end of the chapter. USP does not endorse these citations, and they do not represent an
exhaustive list. Further information about many of the methods cited in this chapter may also
be found in most statistical textbooks.
Change to read:
PREREQUISITE LABORATORY PRACTICES AND PRINCIPLES
The sound application of statistical principles to laboratory data requires the assumption that
such data have been collected in a traceable (i.e., documented) and unbiased manner. To
ensure this, the following practices are beneficial.
Sound Record Keeping
Laboratory records are maintained with sufficient detail, so that other equally qualified analysts
can reconstruct the experimental conditions and review the results obtained. When collecting
data, the data should generally be obtained with more decimal places than the specification
requires and rounded only after final calculations are completed as per the General Notices and
Requirements.
Sampling Considerations
Effective sampling is an important step in the assessment of a quality attribute of a population.
The purpose of sampling is to provide representative data (the sample) for estimating the
properties of the population. How to attain such a sample depends entirely on the question
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that is to be answered by the sample data. In general, use of a random process is considered
the most appropriate way of selecting a sample. Indeed, a random and independent sample is
necessary to ensure that the resulting data produce valid estimates of the properties of the
population. Generating a nonrandom or “convenience” sample risks the possibility that the
estimates will be biased. The most straightforward type of random sampling is called simple
random sampling, a process in which every unit of the population has an equal chance of
appearing in the sample. However, sometimes this method of selecting a random sample is not
optimal because it cannot guarantee equal representation among factors (i.e., time, location,
machine) that may influence the critical properties of the population. For example, if it requires
12 hours to manufacture all of the units in a lot and it is vital that the sample be representative
of the entire production process, then taking a simple random sample after the production has
been completed may not be appropriate because there can be no guarantee that such a
sample will contain a similar number of units made from every time period within the 12-hour
process. Instead, it is better to take a systematic random sample whereby a unit is randomly
selected from the production process at systematically selected times or locations (e.g.,
sampling every 30 minutes from the units produced at that time) to ensure that units taken
throughout the entire manufacturing process are included in the sample. Another type of
random sampling procedure is needed if, for example, a product is filled into vials using four
different filling machines. In this case it would be important to capture a random sample of vials
from each of the filling machines. A stratified random sample, which randomly samples an equal
number of vials from each of the four filling machines, would satisfy this requirement.
Regardless of the reason for taking a sample (e.g., batch-release testing), a sampling plan
should be established to provide details on how the sample is to be obtained to ensure that the
sample is representative of the entirety of the population and that the resulting data have the
required sensitivity. The optimal sampling strategy will depend on knowledge of the
manufacturing and analytical measurement processes. Once the sampling scheme has been
defined, it is likely that the sampling will include some element of random selection. Finally,
there must be sufficient sample collected for the original analysis, subsequent verification
analyses, and other analyses. Consulting a statistician to identify the optimal sampling strategy
is recommended.
Tests discussed in the remainder of this chapter assume that simple random sampling has been
performed.
Use of Reference Standards
Where the use of the USP Reference Standard is specified, the USP Reference Standard, or a
secondary standard traceable to the USP Reference Standard, is used.
Where USP or NF tests or assays call for the use of a USP Reference Standard, only those
results obtained using the specified USP Reference Standard are conclusive for purposes of
demonstrating conformance to such USP or NF standards. While USP standards apply at all
times in the life of an article from production to expiration, USP does not specify when testing
must be done, or any frequency of testing. Accordingly, users of USP and NF apply a range of
strategies and practices to assure articles achieve and maintain conformance with compendial
requirements, including when and if tested. Such strategies and practices can include the use
of secondary standards traceable to the USP Reference Standard, to supplement or support
any testing undertaken for the purpose of conclusively demonstrating conformance to
applicable compendial standards. 1S (USP38)
Because the assignment of a value to a standard is one of the most important factors that
influences the accuracy of an analysis, it is critical that this be done correctly.
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System Performance Verification
Verifying an acceptable level of performance for an analytical system in routine or continuous
use can be a valuable practice. This may be accomplished by analyzing a control sample at
appropriate intervals, or using other means, such as, variation among the standards,
background signal-to-noise ratios, etc. Attention to the measured parameter, such as charting
the results obtained by analysis of a control sample, can signal a change in performance that
requires adjustment of the analytical system. An example of a controlled chart is provided in
Appendix A.
Method
Procedure 1S (USP38)
Validation
All methods
analytical procedures

1S (USP38)

are appropriately validated as specified in Validation of Compendial Procedures 1225 .
Methods
Analytical procedures 1S (USP38)
published in the USP–NF have been validated and meet the Current Good Manufacturing
Practices regulatory requirement for validation as established in the Code of Federal
Regulations. A validated method
procedure 1S (USP38)
may be used to test a new formulation (such as a new product, dosage form, or process
intermediate) only after confirming that the new formulation does not interfere with the
accuracy, linearity, or precision of the method. It may not be assumed that a validated method
procedure 1S (USP38)
could correctly measure the active ingredient in a formulation that is different from that used in
establishing the original validity of the method
procedure. 1S (USP38)
[Note——The definition of accuracy in Validation of Compendial Procedures 1225 and in ICH
Q2 corresponds to unbiasedness only. In the International Vocabulary of Metrology (VIM) and
documents of the International Organization for Standardization (ISO), accuracy has a different
meaning. In ISO, accuracy combines the concepts of unbiasedness (termed trueness) and
precision. This chapter follows the definition in chapter
trueness.]

1225 , which corresponds only to

Change to read:
MEASUREMENT PRINCIPLES AND VARIATION
All measurements are, at best, estimates of the actual (“true” or “accepted”) value for they
contain random variability (also referred to as random error) and may also contain systematic
variation (bias). Thus, the measured value differs from the actual value because of variability
inherent in the measurement. If an array of measurements consists of individual results that are
representative of the whole, statistical methods can be used to estimate informative properties
of the entirety, and statistical tests are available to investigate whether it is likely that these
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properties comply with given requirements. The resulting statistical analyses should address the
variability associated with the measurement process as well as that of the entity being
measured. Statistical measures used to assess the direction and magnitude of these errors
include the mean, standard deviation, and expressions derived therefrom, such as the percent
coefficient of variation (%CV, also called the percent relative standard deviation, %RSD). The
estimated variability can be used to calculate confidence intervals for the mean, or measures of
variability, and tolerance intervals capturing a specified proportion of the individual
measurements.
The use of statistical measures must be tempered with good judgment, especially with regard
to representative sampling. Data should be consistent with the statistical assumptions used for
the analysis. If one or more of these assumptions appear to be violated, alternative methods
may be required in the evaluation of the data. In particular, most of the statistical measures
and tests cited in this chapter rely on the assumptions that the distribution of the entire
population is represented by a normal distribution and that the analyzed sample is a
representative subset of this population. The normal (or Gaussian) distribution is bell-shaped
and symmetric about its center and has certain characteristics that are required for these
tests to be valid. The data may not always be expected to be normally distributed and may
require a transformation to better fit a normal distribution. For example, there exist variables
that have distributions with longer right tails than left. Such distributions can often be made
approximately normal through a log transformation. An alternative approach would be to use
“distribution-free” or “nonparametric” statistical procedures that do not require that the shape
of the population be that of a normal distribution. When the objective is to construct a
confidence interval for the mean or for the difference between two means, for example, then
the normality assumption is not as important because of the central limit theorem. However,
one must verify normality of data to construct valid confidence intervals for standard
deviations and ratios of standard deviations, perform some outlier tests, and construct valid
statistical tolerance limits. In the latter case, normality is a critical assumption. Simple graphical
methods, such as dot plots, histograms, and normal probability plots, are useful aids for
investigating this assumption.
A single analytical measurement may be useful in quality assessment if the sample is from a
whole that has been prepared using a well-validated, documented process and if the analytical
errors are well known. The obtained analytical result may be qualified by including an estimate
of the associated errors. There may be instances when one might consider the use of
averaging because the variability associated with an average value is always reduced as
compared to the variability in the individual measurements. The choice of whether to use
individual measurements or averages will depend upon the use of the measure and its
variability. For example, when multiple measurements are obtained on the same sample aliquot,
such as from multiple injections of the sample in an HPLC method, it is generally advisable to
average the resulting data for the reason discussed above.
Variability is associated with the dispersion of observations around the center of a distribution.
The most commonly used statistic to measure the center is the sample mean (x):
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Analytical procedure 1S (USP38)
variability can be estimated in various ways. The most common and useful assessment of a
method's
procedure's 1S (USP38)
variability is the determination of the standard deviation based on repeated independent 1
measurements of a sample. The sample standard deviation, s, is calculated by the formula:

in which xI is the individual measurement in a set of n measurements; and x is the mean of all
the measurements. The percent relative standard deviation (%RSD) is then calculated as:

and expressed as a percentage. If the data requires log transformation to achieve normality
(e.g., for biological assays), then alternative methods are available.2
A precision study should be conducted to provide a better estimate of method
procedure 1S (USP38)
variability. The precision study may be designed to determine intermediate precision (which
includes the components of both “between run” and “within-run” variability) and repeatability

102
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(“within-run” variability). The intermediate precision studies should allow for changes in the
experimental conditions that might be expected, such as different analysts, different
preparations of reagents, different days, and different instruments. To perform a precision
study, the test is repeated several times. Each run must be completely independent of the
others to provide accurate estimates of the various components of variability. In addition,
within each run, replicates are made in order to estimate repeatability. See an example of a
precision study under Appendix B.
A confidence interval for the mean may be considered in the interpretation of data. Such
intervals are calculated from several data points using the sample mean (x) and sample
standard deviation(s) according to the formula:

in which t

/2, n

1

is a statistical number dependent upon the sample size (n), the number of

degrees of freedom (n 1), and the desired confidence level (1
). Its values are obtained
from published tables of the Student t-distribution. The confidence interval provides an
estimate of the range within which the “true” population mean (µ) falls, and it also evaluates
the reliability of the sample mean as an estimate of the true mean. If the same experimental
set-up were to be replicated over and over and a 95% (for example) confidence interval for the
true mean is calculated each time, then 95% of such intervals would be expected to contain
the true mean, µ. One cannot say with certainty whether or not the confidence interval
derived from a specific set of data actually collected contains µ. However, assuming the data
represent mutually independent measurements randomly generated from a normally distributed
population, the procedure used to construct the confidence interval guarantees that 95% of
such confidence intervals contain µ. Note that it is important to define the population
appropriately so that all relevant sources of variation are captured. [Note——In the documents
of the International Organization for Standardization (ISO), different terminology is used for
some of the concepts described here. The term s/ n, which is commonly called the standard
error of the mean, is called the standard uncertainty in ISO documents. The term t /2, n 1 S/
n is called the expanded uncertainty, and t /2, n 1 is called the coverage factor, by ISO. If
the standard deviation is found by combining estimates of variability from multiple sources, it is
called the combined standard uncertainty. Some of these sources could have nonstatistical
estimates of uncertainty, called Type B uncertainties, such as uncertainty in calibration of a
balance.]
Change to read:
OUTLYING RESULTS
Occasionally, observed analytical results are very different from those expected. Aberrant,
anomalous, contaminated, discordant, spurious, suspicious or wild observations; and flyers,
rogues, and mavericks are properly called outlying results. Like all laboratory results, these
outliers must be documented, interpreted, and managed. Such results may be accurate
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measurements of the entity being measured, but are very different from what is expected.
Alternatively, due to an error in the analytical system, the results may not be typical, even
though the entity being measured is typical. When an outlying result is obtained, systematic
laboratory and process investigations of the result are conducted to determine if an assignable
cause for the result can be established. Factors to be considered when investigating an
outlying result include—but are not limited to—human error, instrumentation error, calculation
error, and product or component deficiency. If an assignable cause that is not related to a
product or component deficiency can be identified, then retesting may be performed on the
same sample, if possible, or on a new sample. The precision and accuracy of the method
procedure, 1S (USP38)
the Reference Standard, process trends, and the specification limits should all be examined.
Data may be invalidated, based on this documented investigation, and eliminated from
subsequent calculations.
If no documentable, assignable cause for the outlying laboratory result is found, the result may
be tested, as part of the overall investigation, to determine whether it is an outlier.
However, careful consideration is warranted when using these tests. Two types of errors may
occur with outlier tests: (a) labeling observations as outliers when they really are not; and (b)
failing to identify outliers when they truly exist. Any judgment about the acceptability of data
in which outliers are observed requires careful interpretation.
“Outlier labeling” is informal recognition of suspicious laboratory values that should be further
investigated with more formal methods. The selection of the correct outlier identification
technique often depends on the initial recognition of the number and location of the values.
Outlier labeling is most often done visually with graphical techniques. “Outlier identification” is
the use of statistical significance tests to confirm that the values are inconsistent with the
known or assumed statistical model.
When used appropriately, outlier tests are valuable tools for pharmaceutical laboratories.
Several tests exist for detecting outliers. Examples illustrating three of these procedures, the
Extreme Studentized Deviate (ESD) Test, Dixon's Test, and Hampel's Rule, are presented in
Appendix C.
Choosing the appropriate outlier test will depend on the sample size and distributional
assumptions. Many of these tests (e.g., the ESD Test) require the assumption that the data
generated by the laboratory on the test results can be thought of as a random sample from a
population that is normally distributed, possibly after transformation. If a transformation is made
to the data, the outlier test is applied to the transformed data. Common transformations
include taking the logarithm or square root of the data. Other approaches to handling single and
multiple outliers are available and can also be used. These include tests that use robust
measures of central tendency and spread, such as the median and median absolute deviation
and exploratory data analysis (EDA) methods. “Outlier accommodation” is the use of robust
techniques, such as tests based on the order or rank of each data value in the data set
instead of the actual data value, to produce results that are not adversely influenced by the
presence of outliers. The use of such methods reduces the risks associated with both types of
error in the identification of outliers.
“Outlier rejection” is the actual removal of the identified outlier from the data set. However, an
outlier test cannot be the sole means for removing an outlying result from the laboratory data.
An outlier test may be useful as part of the evaluation of the significance of that result, along
with other data. Outlier tests have no applicability in cases where the variability in the product
is what is being assessed, such as content uniformity, dissolution, or release-rate
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determination. In these applications, a value determined to be an outlier may in fact be an
accurate result of a nonuniform product. All data, especially outliers, should be kept for future
review. Unusual data, when seen in the context of other historical data, are often not unusual
after all but reflect the influences of additional sources of variation.
In summary, the rejection or retention of an apparent outlier can be a serious source of bias.
The nature of the testing as well as scientific understanding of the manufacturing process and
analytical method
procedure 1S (USP38)
have to be considered to determine the source of the apparent outlier. An outlier test can
never take the place of a thorough laboratory investigation. Rather, it is performed only when
the investigation is inconclusive and no deviations in the manufacture or testing of the product
were noted. Even if such statistical tests indicate that one or more values are outliers, they
should still be retained in the record. Including or excluding outliers in calculations to assess
conformance to acceptance criteria should be based on scientific judgment and the internal
policies of the manufacturer. It is often useful to perform the calculations with and without the
outliers to evaluate their impact.
Outliers that are attributed to measurement process mistakes should be reported (i.e.,
footnoted), but not included in further statistical calculations. When assessing conformance to
a particular acceptance criterion, it is important to define whether the reportable result (the
result that is compared to the limits) is an average value, an individual measurement, or
something else. If, for example, the acceptance criterion was derived for an average, then it
would not be statistically appropriate to require individual measurements to also satisfy the
criterion because the variability associated with the average of a series of measurements is
smaller than that of any individual measurement.
Change to read:
COMPARISON OF ANALYTICAL METHODS
PROCEDURES 1S (USP38)
It is often necessary to compare two methods
procedures 1S (USP38)
to determine if their average results or their variabilities differ by an amount that is deemed
important. The goal of a method
procedure 1S (USP38)
comparison experiment is to generate adequate data to evaluate the equivalency of the two
methods
procedures 1S (USP38)
over a range of concentrations. Some of the considerations to be made when performing such
comparisons are discussed in this section.
Precision
Precision is the degree of agreement among individual test results when the analytical method
procedure 1S (USP38)
is applied repeatedly to a homogeneous sample. For an alternative method
procedure 1S (USP38)
to be considered to have “comparable” precision to that of a current method
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procedure, 1S (USP38)
its precision (see Analytical Performance Characteristics in Validation of Compendial
Procedures 1225 , Validation) must not be worse than that of the current method
procedure 1S (USP38)
by an amount deemed important. A decrease in precision (or increase in variability) can lead to
an increase in the number of results expected to fail required specifications. On the other hand,
an alternative method
procedure 1S (USP38)
providing improved precision is acceptable.
One way of comparing the precision of two methods
procedures 1S (USP38)
is by estimating the variance for each method
procedure 1S (USP38)
(the sample variance, s2, is the square of the sample standard deviation) and calculating a
one-sided upper confidence interval for the ratio of (true) variances, where the ratio is defined
as the variance of the alternative method
procedure 1S (USP38)
to that of the current method
procedure. 1S (USP38)
An example, with this assumption, is outlined in Appendix D. The one-sided upper confidence
limit should be compared to an upper limit deemed acceptable, a priori, by the analytical
laboratory. If the one-sided upper confidence limit is less than this upper acceptable limit, then
the precision of the alternative method
procedure 1S (USP38)
is considered acceptable in the sense that the use of the alternative method
procedure 1S (USP38)
will not lead to an important loss in precision. Note that if the one-sided upper confidence limit
is less than one, then the alternative method
procedure 1S (USP38)
has been shown to have improved precision relative to the current method
procedure. 1S (USP38)
The confidence interval method just described is preferred to applying the two-sample F-test
to test the statistical significance of the ratio of variances. To perform the two-sample F-test,
the calculated ratio of sample variances would be compared to a critical value based on
tabulated values of the F distribution for the desired level of confidence and the number of
degrees of freedom for each variance. Tables providing F-values are available in most standard
statistical textbooks. If the calculated ratio exceeds this critical value, a statistically significant
difference in precision is said to exist between the two methods
procedures. 1S (USP38)
However, if the calculated ratio is less than the critical value, this does not prove that the
methods
procedures 1S (USP38)
have the same or equivalent level of precision; but rather that there was not enough evidence
to prove that a statistically significant difference did, in fact, exist.
Accuracy
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Comparison of the accuracy (see Analytical Performance Characteristics in Validation of
Compendial Procedures 1225 , Validation) of methods
procedures 1S (USP38)
provides information useful in determining if the new method
procedure 1S (USP38)
is equivalent, on the average, to the current method
procedure. 1S (USP38)
A simple method for making this comparison is by calculating a confidence interval for the
difference in true means, where the difference is estimated by the sample mean of the
alternative method
procedure 1S (USP38)
minus that of the current method
procedure. 1S (USP38)
The confidence interval should be compared to a lower and upper range deemed acceptable, a
priori, by the laboratory. If the confidence interval falls entirely within this acceptable range,
then the two methods
procedures 1S (USP38)
can be considered equivalent, in the sense that the average difference between them is not of
practical concern. The lower and upper limits of the confidence interval only show how large
the true difference between the two methods
procedures 1S (USP38)
may be, not whether this difference is considered tolerable. Such an assessment can be made
only within the appropriate scientific context.
This approach is often referred to as TOST (see Appendix F) 1S (USP38)
The confidence interval method just described is preferred to the practice of applying a t-test
to test the statistical significance of the difference in averages. One way to perform the t-test
is to calculate the confidence interval and to examine whether or not it contains the value
zero. The two methods
procedures 1S (USP38)
have a statistically significant difference in averages if the confidence interval excludes zero. A
statistically significant difference may not be large enough to have practical importance to the
laboratory because it may have arisen as a result of highly precise data or a larger sample size.
On the other hand, it is possible that no statistically significant difference is found, which
happens when the confidence interval includes zero, and yet an important practical difference
cannot be ruled out. This might occur, for example, if the data are highly variable or the sample
size is too small. Thus, while the outcome of the t-test indicates whether or not a statistically
significant difference has been observed, it is not informative with regard to the presence or
absence of a difference of practical importance.
Determination of Sample Size
Sample size determination is based on the comparison of the accuracy and precision of the two
methods
procedures 1S (USP38)
3 and is similar to that for testing hypotheses about average differences in the former case and
variance ratios in the latter case, but the meaning of some of the input is different. The first
component to be specified is

, the largest acceptable difference between the two methods
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procedures 1S (USP38)
that, if achieved, still leads to the conclusion of equivalence. That is, if the two methods
procedures 1S (USP38)
differ by no more than

, on the average, they are considered acceptably similar. The

comparison can be two-sided as just expressed, considering a difference of in either
direction, as would be used when comparing means. Alternatively, it can be one-sided as in the
case of comparing variances where a decrease in variability is acceptable and equivalency is
concluded if the ratio of the variances (new/current, as a proportion) is not more than 1.0 + .
A researcher will need to state based on knowledge of the current method
procedure 1S (USP38)
and/or its use, or it may be calculated. One consideration, when there are specifications to
satisfy, is that the new method
procedure 1S (USP38)
should not differ by so much from the current method
procedure 1S (USP38)
as to risk generating out-of-specification results. One then chooses to have a low likelihood
of this happening by, for example, comparing the distribution of data for the current method
procedure 1S (USP38)
to the specification limits. This could be done graphically or by using a tolerance interval, an
example of which is given in Appendix E. In general, the choice for
scientific requirements of the laboratory.

must depend on the

The next two components relate to the probability of error. The data could lead to a conclusion
of similarity when the methods
procedures 1S (USP38)
are unacceptably different (as defined by ). This is called a false positive or Type I error. The
error could also be in the other direction; that is, the methods
procedures 1S (USP38)
could be similar, but the data do not permit that conclusion. This is a false negative or Type II
error. With statistical methods, it is not possible to completely eliminate the possibility of either
error. However, by choosing the sample size appropriately, the probability of each of these
errors can be made acceptably small. The acceptable maximum probability of a Type I error is
commonly denoted as and is commonly taken as 5%, but may be chosen differently. The
desired maximum probability of a Type II error is commonly denoted by

. Often,

is specified

indirectly by choosing a desired level of 1
, which is called the “power” of the test. In the
context of equivalency testing, power is the probability of correctly concluding that two
methods
procedures 1S (USP38)
are equivalent. Power is commonly taken to be 80% or 90% (corresponding to a

of 20% or

10%), though other values may be chosen. The protocol for the experiment should specify ,
, and power. The sample size will depend on all of these components. An example is given in
Appendix E. Although Appendix E determines only a single value, it is often useful to determine a
table of sample sizes corresponding to different choices of , , and power. Such a table
often allows for a more informed choice of sample size to better balance the competing
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priorities of resources and risks (false negative and false positive conclusions).
APPENDIX A: CONTROL CHARTS
Figure 1 illustrates a control chart for individual values. There are several different methods for
calculating the upper control limit (UCL) and lower control limit (LCL). One method involves the
moving range, which is defined as the absolute difference between two consecutive
measurements (xi
formulas:

xI

1 ).

These moving ranges are averaged (MR) and used in the following

where x is the sample mean, and d2 is a constant commonly used for this type of chart and is
based on the number of observations associated with the moving range calculation. Where n =
2 (two consecutive measurements), as here, d2 = 1.128. For the example in Figure 1, the MR
was 1.7:
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Other methods exist that are better able to detect small shifts in the process mean, such as
the cumulative sum (also known as “CUSUM”) and exponentially weighted moving average
(“EWMA”).

Figure 1. Individual X or individual measurements control chart for control samples. In this
particular example, the mean for all the samples (x) is 102.0, the UCL is 106.5, and the LCL is
97.5.
Change to read:
APPENDIX B: PRECISION STUDY
Table 1 displays data collected from a precision study. This study consisted of five independent
runs and, within each run, results from three replicates were collected.
Performing an analysis of variance (ANOVA) on the data in Table 1 leads to the ANOVA table
(Table 1A). Because there were an equal number of replicates per run in the precision study,
values for VarianceRun and VarianceRep can be derived from the ANOVA table in a
straightforward manner. The equations below calculate the variability associated with both the
runs and the replicates where the MSwithin represents the “error” or “within-run” mean square,

PF 40(3): May-Jun. 2014

111

and MSbetween represents the “between-run” mean square.
VarianceRep = MSwithin = 0.102

[Note—It is common practice to use a value of 0 for VarianceRun when the calculated value is
negative.] Estimates can still be obtained with unequal replication, but the formulas are more
complex. Many statistical software packages can easily handle unequal replication. Studying
the relative magnitude of the two variance components is important when designing and
interpreting a precision study. The insight gained can be used to focus any ongoing method
procedure 1S (USP38)
improvement effort and, more important, it can be used to ensure that methods
procedures 1S (USP38)
are capable of supporting their intended uses. By carefully defining what constitutes a result
(i.e., reportable value), one harnesses the power of averaging to achieve virtually any desired
precision. That is, by basing the reportable value on an average across replicates and/or runs,
rather than on any single result, one can reduce the %RSD, and reduce it in a predictable
fashion.
Table 2 shows the computed variance and %RSD of the mean (i.e., of the reportable value) for
different combinations of number of runs and number of replicates per run using the following
formulas:

For example, the Variance of the mean, Standard deviation of the mean, and %RSD of a test
involving two runs and three replicates per each run are 0.592, 0.769, and 0.76% respectively,
as shown below.
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RSD = (0.769/100.96) × 100% = 0.76%
where 100.96 is the mean for all the data points in Table 1. As illustrated in Table 2, increasing
the number of runs from one to two provides a more dramatic reduction in the variability of the
reportable value than does increasing the number of replicates per run.
No distributional assumptions were made on the data in Table 1, as the purpose of this
Appendix is to illustrate the calculations involved in a precision study.
Change to read:
APPENDIX C: EXAMPLES OF OUTLIER TESTS FOR ANALYTICAL DATA
Given the following set of 10 measurements: 100.0, 100.1, 100.3, 100.0, 99.7, 99.9, 100.2,
99.5, 100.0, and 95.7 (mean = 99.5, standard deviation = 1.369), are there any outliers?
Generalized Extreme Studentized Deviate (ESD) Test
This is a modified version of the ESD Test that allows for testing up to a previously specified
number, r, of outliers from a normally distributed population. For the detection of a single outlier
(r = 1), the generalized ESD procedure is also known as Grubb's test. Grubb's test is not
recommended for the detection of multiple outliers. Let r equal 2, and n equal 10.
Stage 1 (n = 10)—Normalize each result by subtracting the mean from each value and dividing
this difference by the standard deviation (see Table 3).4
Take the absolute value of these results, select the maximum value (R1 = 2.805), and compare
it to a previously specified tabled critical value 1 (2.290) based on the selected significance
level (for example, 5%). The maximum value is larger than the tabled value and is identified as
being inconsistent with the remaining data. Sources for -values are included in many
statistical textbooks. Caution should be exercised when using any statistical table to ensure
that the correct notations (i.e., level of acceptable error) are used when extracting table
values.
Stage 2 (n = 9)—Remove the observation corresponding to the maximum absolute normalized
result from the original data set, so that n is now 9. Again, find the mean and standard
deviation (Table 3, right two columns), normalize each value, and take the absolute value of
these results. Find the maximum of the absolute values of the 9 normalized results (R2 =
1.905), and compare it to

2

(2.215). The maximum value is not larger than the tabled value.

Conclusion—The result from the first stage, 95.7, is declared to be an outlier, but the result
from the second stage, 99.5, is not an outlier.
Dixon-Type Tests
Dixon's Test can be one-sided or two-sided, depending on an a priori decision as to whether
outliers will be considered on one side only. As with the ESD Test, Dixon's Test assumes that
the data, in the absence of outliers, come from a single normal population. Following the
strategy used for the ESD Test, we proceed as if there were no a priori decision as to side, and
so use a two-sided Dixon's Test. From examination of the example data, we see that it is the
two smallest that are to be tested as outliers. Dixon provides for testing for two outliers
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simultaneously; however, these procedures are beyond the scope of this Appendix. The
stepwise procedure discussed below is not an exact procedure for testing for the second
outlier, because the result of the second test is conditional upon the first. And because the
sample size is also reduced in the second stage, the end result is a procedure that usually lacks
the sensitivity of Dixon's exact procedures.
Stage 1 (n = 10)—The results are ordered on the basis of their magnitude (i.e., Xn is the
largest observation, Xn 1 is the second largest, etc., and X1 is the smallest observation).
Dixon's Test has different ratios based on the sample size (in this example, with n = 10), and to
declare X1 an outlier, the following ratio, r11, is calculated by the formula:

A different ratio would be employed if the largest data point was tested as an outlier. The r11
result is compared to an r11, 0.05 value in a table of critical values. If r11 is greater than r11, 0.05,
then it is declared an outlier. For the above set of data, r11 = (99.5 95.7)/(100.2 95.7) =
0.84. This ratio is greater than r11, 0.05, which is 0.52979 at the 5% significance level for a twosided Dixon's Test. Sources for r11, 0.05 values are included in many statistical textbooks.5
Stage 2—Remove the smallest observation from the original data set, so that n is now 9. The
same r11 equation is used, but a new critical r11, 0.05 value for n = 9 is needed (r11, 0.05 =
0.56420). Nowr11 = (99.7 99.5)/(100.2
significant at the 5% level.

99.5) = 0.29, which is less than r11, 0.05 and not

Conclusion—Therefore, 95.7 is declared to be an outlier but 99.5 is not an outlier.
Hampel's Rule
Step 1—The first step in applying Hampel's Rule is to normalize the data. However, instead of
subtracting the mean from each data point and dividing the difference by the standard
deviation, the median is subtracted from each data value and the resulting differences are
divided by MAD (see below). The calculation of MAD is done in three stages. First, the median
is subtracted from each data point. Next, the absolute values of the differences are obtained.
These are called the absolute deviations. Finally, the median of the absolute deviations is
calculated and multiplied by the constant 1.483 to obtain MAD.6
Step 2—The second step is to take the absolute value of the normalized data. Any such result
that is greater than 3.5 is declared to be an outlier. Table 4 summarizes the calculations.
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The value of 95.7 is again identified as an outlier. This value can then be removed from the
data set and Hampel's Rule re-applied to the remaining data. The resulting table is displayed as
Table 5. Similar to the previous examples, 99.5 is not considered an outlier.
Change to read:
APPENDIX D: COMPARISON OF METHODS
PROCEDURES 1S (USP38)
—PRECISION
The following example illustrates the calculation of a 90% confidence interval for the ratio of
(true) variances for the purpose of comparing the precision of two methods
procedures. 1S (USP38)
It is assumed that the underlying distribution of the sample measurements are wellcharacterized by normal distributions. For this example, assume the laboratory will accept the
alternative method
procedure 1S (USP38)
if its precision (as measured by the variance) is no more than four-fold greater than that of the
current method
procedure. 1S (USP38)
To determine the appropriate sample size for precision, one possible method involves a trial and
error approach using the following formula:

where n is the smallest sample size required to give the desired power, which is the likelihood of
correctly claiming the alternative method
procedure 1S (USP38)
has acceptable precision when in fact the two methods
procedures 1S (USP38)
have equal precision; is the risk of wrongly claiming the alternative method
procedure 1S (USP38)
has acceptable precision; and the 4 is the allowed upper limit for an increase in variance. Fvalues are found in commonly available tables of critical values of the F-distribution. F , n 1, n
percentile of an F-distribution with n 1 numerator and n 1 denominator
1 is the upper
degrees of freedom; that is, the value exceeded with probability . Suppose initially the
laboratory guessed a sample size of 11 per method
procedure 1S (USP38)
was necessary (10 numerator and denominator degrees of freedom); the power calculation
would be as follows:7
Pr [F > ¼F

,n

1, n

1]

= Pr [F > ¼F .05, 10, 10] = Pr [F > (2.978/4)] = 0.6751

In this case the power was only 68%; that is, even if the two methods
procedures 1S (USP38)
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had exactly equal variances, with only 11 samples per method
procedure, 1S (USP38)
there is only a 68% chance that the experiment will lead to data that permit a conclusion of no
more than a four-fold increase in variance. Most commonly, sample size is chosen to have at
least 80% power, with choices of 90% power or higher also used. To determine the appropriate
sample size, various numbers can be tested until a probability is found that exceeds the
acceptable limit (e.g., power >0.90). For example, the power determination for sample sizes of
12–20 are displayed in Table 6. In this case, the initial guess at a sample size of 11 was not
adequate for comparing precision, but 15 samples per method
procedure 1S (USP38)
would provide a large enough sample size if 80% power were desired, or 20 per method
procedure 1S (USP38)
for 90% power.
Typically the sample size for precision comparisons will be larger than for accuracy
comparisons. If the sample size for precision is so large as to be impractical for the laboratory
to conduct the study, there are some options. The first is to reconsider the choice of an
allowable increase in variance. For larger allowable increases in variance, the required sample
size for a fixed power will be smaller. Another alternative is to plan an interim analysis at a
smaller sample size, with the possibility of proceeding to a larger sample size if needed. In this
case, it is strongly advisable to seek professional help from a statistician.
Now, suppose the laboratory opts for 90% power and obtains the results presented in Table 7
based on the data generated from 20 independent runs per method
procedure. 1S (USP38)
Ratio = alternative method
procedure 1S (USP38)
variance/current method
procedure 1S (USP38)
variance = 45.0/25.0 = 1.8
Lower limit of confidence interval = ratio/F .05 = 1.8/2.168 = 0.83
Upper limit of confidence interval = ratio/F .95 = 1.8/0.461 = 3.90
For this application, a 90% (two-sided) confidence interval is used when a 5% one-sided test is
sought. The test is one-sided, because only an increase in standard deviation of the
alternative method
procedure 1S (USP38)
is of concern. Some care must be exercised in using two-sided intervals in this way, as they
must have the property of equal tails—most common intervals have this property. Because the
one-side upper confidence limit, 3.90, is less than the allowed limit, 4.0, the study has
demonstrated that the alternative method
procedure 1S (USP38)
has acceptable precision. If the same results had been obtained from a study with a sample
size of 15—as if 80% power had been chosen—the laboratory would not be able to conclude
that the alternative method
procedure 1S (USP38)
had acceptable precision (upper confidence limit of 4.47).
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Change to read:
APPENDIX E: COMPARISON OF METHODS
PROCEDURES 1S (USP38)
—DETERMINING THE LARGEST ACCEPTABLE DIFFERENCE,
PROCEDURES 1S (USP38)

, BETWEEN TWO METHODS

This Appendix describes one approach to determining the difference, , between two methods
procedures 1S (USP38)
(alternative-current), a difference that, if achieved, still leads to the conclusion of equivalence
between the two methods
procedures. 1S (USP38)
Without any other prior information to guide the laboratory in the choice of , it is a
reasonable way to proceed. Sample size calculations under various scenarios are discussed in
this Appendix.
Tolerance Interval Determination
Suppose the process mean and the standard deviation are both unknown, but a sample of size
50 produced a mean and standard deviation of 99.5 and 2.0, respectively. These values were
calculated using the last 50 results generated by this specific method
procedure 1S (USP38)
for a particular (control) sample. Given this information, the tolerance limits can be calculated
by the following formula:
x ± KS
in which x is the mean; s is the standard deviation; and K is based on the level of confidence,
the proportion of results to be captured in the interval, and the sample size, n. Tables providing
K values are available. In this example, the value of K required to enclose 95% of the
population with 95% confidence for 50 samples is 2.382.8 The tolerance limits are calculated as
follows:
99.5 ± 2.382 × 2.0
hence, the tolerance interval is (94.7, 104.3).
Comparison of the Tolerance Limits to the Specification Limits
Assume the specification interval for this method
procedure 1S (USP38)
is (90.0, 110.0) and the process mean and standard deviation have not changed since this
interval was established. The following quantities can be defined: the lower specification limit
(LSL) is 90.0, the upper specification limit (USL) is 110.0, the lower tolerance limit (LTL) is
94.7, and the upper tolerance limit (UTL) is 104.3. Calculate the acceptable difference, ( ), in
the following manner:
A = LTL

LSL for LTL

(A = 94.7
B = USL

LSL

90.0 = 4.7);

UTL for USL

UTL
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(B = 110.0

104.3 = 5.7); and

= minimum (A, B) = 4.7

Figure 2. A graph of the quantities calculated above.
With this choice of , and assuming the two methods
procedures 1S (USP38)
have comparable precision, the confidence interval for the difference in means between the
two methods
procedures 1S (USP38)
(alternative-current) should fall within
exists between the two methods
procedures. 1S (USP38)

4.7 and +4.7 to claim that no important difference

Quality control analytical laboratories sometimes deal with 99% tolerance limits, in which cases
the interval will widen. Using the previous example, the value of K required to enclose 99% of
the population with 99% confidence for 50 samples is 3.390. The tolerance limits are calculated
as follows:
99.5 ± 3.390 × 2.0
The resultant wider tolerance interval is (92.7, 106.3). Similarly, the new LTL of 92.7 and UTL
of 106.3 would produce a smaller

:
A = LTL

LSL for LTL

(A = 92.7
B = USL

90.0 = 2.7);

UTL for USL

(B = 110.0

LSL

UTL

106.3 = 3.7); and

= minimum (A, B) = 2.7
Though a manufacturer may choose any
equivalence, the choice of a larger
discriminating between methods
procedures. 1S (USP38)

that serves adequately in the determination of

, while yielding a smaller n, may risk a loss of capacity for

Sample Size
Formulas are available that can be used for a specified , under the assumption that the
population variances are known and equal, to calculate the number of samples required to be
tested per method
procedure, 1S (USP38)
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n. The level of confidence and power must also be specified. [Note—Power refers to the
probability of correctly concluding that two identical methods
procedures 1S (USP38)
are equivalent.] For example, if = 4.7, and the two population variances are assumed to
equal 4.0, then, for a 5% level test 9 and 80% power (with associated z-values of 1.645 and
1.282, respectively), the sample size is approximated by the following formula:

Thus, assuming each method
procedure 1S (USP38)
has a population variance, 2, of 4.0, the number of samples, n, required to conclude with 80%
probability that the two methods
procedures 1S (USP38)
are equivalent (90% confidence interval for the difference in the true means falls between 4.7
and +4.7) when in fact they are identical (the true mean difference is zero) is 4. Because the
normal distribution was used in the above formula, 4 is actually a lower bound on the needed
sample size. If feasible, one might want to use a larger sample size. Values for z for common
confidence levels are presented in Table 8. The formula above makes three assumptions: 1) the
variance used in the sample size calculation is based on a sufficiently large amount of prior data
to be treated as known; 2) the prior known variance will be used in the analysis of the new
experiment, or the sample size for the new experiment is sufficiently large so that the normal
distribution is a good approximation to the t distribution; and 3) the laboratory is confident that
there is no actual difference in the means, the most optimistic case. It is not common for all
three of these assumptions to hold. The formula above should be treated most often as an
initial approximation. Deviations from the three assumptions will lead to a larger required sample
size. In general, we recommend seeking assistance from someone familiar with the necessary
methods.
When a log transformation is required to achieve normality, the sample size formula needs to be
slightly adjusted as shown below. Instead of formulating the problem in terms of the population
variance and the largest acceptable difference, , between the two methods
procedures, 1S (USP38)
it now is formulated in terms of the population %RSD and the largest acceptable proportional
difference between the two methods
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1S (USP38)

where

and represents the largest acceptable proportional difference between the two methods
procedures 1S (USP38)
((alternative-current)/current), and the population %RSDs are assumed known and equal.
Add the following:
APPENDIX F: EQUIVALENCE TESTING AND TOST
In classical statistical hypothesis testing, there are two hypotheses, the null and the
alternative. For example, the null may be that two means are equal and the alternative that
they differ. With this classical approach, one rejects the null hypothesis in favor of the
alternative if the evidence is sufficient against the null. A common error is to interpret failure to
reject the null as evidence that the null is true. Actually, failure to reject the null just means
the evidence against the null was not sufficient. For example, the procedure used could have
been too variable or the number of determinations too small.
The consequence of this understanding is that, when one seeks to demonstrate similarity, such
as results from two laboratories, then one needs similarity as the alternative hypothesis. A
statistical test for an alternative hypothesis of similarity is referred to as an equivalence test.
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It is important to understand that “equivalence” does not mean “equality.” Equivalence should
be understood as “sufficiently similar” for the purposes of the laboratory(ies). As noted earlier
in this chapter, how close is close enough is something to be decided a priori.
As a specific example, suppose we are interested in comparing average results, such as when
transferring a procedure from one laboratory to another. (Such an application would also likely
include a comparison of precision; see Appendix D.) A priori, we determine that the means need
to differ by no more than some positive value,

, to be considered equivalent or sufficiently

similar. (Appendix E provides some guidance on choosing
Alternative (H1): |µ1
Null (H0): |µ1

.) Our hypotheses are then:

µ2 |

µ2 | >

where µ1 and µ2 are the two means being compared.
The two one-sided tests (TOST) approach is to convert the above equivalence hypotheses
into two one-sided hypotheses. The rationale is that one can conclude |µ1
can demonstrate both
µ1

µ2

+ and µ1

µ2 |

if one

µ2

As one-sided tests, they can be addressed with standard one-sided t-tests. In order for the
test of the equivalence hypotheses to be of level , both one-sided tests are conducted at
level (typically, but not necessarily, 0.05). Often, the two one-sided test is performed using
a confidence interval. In this case, reject the null in favor of the equivalence hypothesis if the
100(1 2 )% two-sided confidence interval is entirely contained in (
approach described earlier in the Accuracy section. 1S (USP38)

, + ). This is the

Change to read:
APPENDIX F
G: 1S (USP38)
ADDITIONAL SOURCES OF INFORMATION
There may be a variety of statistical tests that can be used to evaluate any given set of data.
This chapter presents several tests for interpreting and managing analytical data, but many
other similar tests could also be employed. The chapter simply illustrates the analysis of data
using statistically acceptable methods. As mentioned in the Introduction, specific tests are
presented for illustrative purposes, and USP does not endorse any of these tests as the sole
approach for handling analytical data. Additional information and alternative tests can be found
in the references listed below or in many statistical textbooks.
Control Charts:
1. Manual on Presentation of Data and Control Chart Analysis, 6th ed., American Society
for Testing and Materials (ASTM), Philadelphia, 1996.
2. Grant, E.L., Leavenworth, R.S., Statistical Quality Control, 7th ed., McGraw-Hill, New
York, 1996.
3. Montgomery, D.C., Introduction to Statistical Quality Control, 3rd ed., John Wiley and
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Sons, New York, 1997.
4. Ott, E., Schilling, E., Neubauer, D., Process Quality Control: Troubleshooting and
Interpretation of Data, 3rd ed., McGraw-Hill, New York, 2000.
Detectable Differences and Sample Size Determination:
1. CRC Handbook of Tables for Probability and Statistics, 2nd ed., Beyer W.H., ed., CRC
Press, Inc., Boca Raton, FL, 1985.
2. Cohen, J., Statistical Power Analysis for the Behavioral Sciences, 2nd ed., Lawrence
Erlbaum Associates, Hillsdale, NJ, 1988.
3. Diletti, E., Hauschke, D., Steinijans, V.W., “Sample size determination for bioequivalence
assessment by means of confidence intervals,” International Journal of Clinical
Pharmacology, Therapy and Toxicology, 1991; 29,1–8.
4. Fleiss, J.L., The Design and Analysis of Clinical Experiments, John Wiley and Sons, New
York, 1986, pp. 369–375.
5. Juran, J.A., Godfrey, B., Juran's Quality Handbook, 5th ed., McGraw-Hill, 1999, Section
44, Basic Statistical Methods.
6. Lipsey, M.W., Design Sensitivity Statistical Power for Experimental Research, Sage
Publications, Newbury Park, CA, 1990.
7. Montgomery, D.C., Design and Analysis of Experiments, John Wiley and Sons, New York,
1984.
8. Natrella, M.G., Experimental Statistics Handbook 91, National Institute of Standards and
Technology, Gaithersburg, MD, 1991 (reprinting of original August 1963 text).
9. Kraemer, H.C., Thiemann, S., How Many Subjects?: Statistical Power Analysis in
Research, Sage Publications, Newbury Park, CA, 1987.
10. van Belle G., Martin, D.C., “Sample size as a function of coefficient of variation and ratio
of means,” American Statistician 1993; 47(3):165–167.
11. Westlake, W.J., response to Kirkwood, T.B.L.: “Bioequivalence testing—a need to
rethink,” Biometrics 1981; 37:589–594.
General Statistics Applied to Pharmaceutical Data:
1. Bolton, S., Pharmaceutical Statistics: Practical and Clinical Applications, 3rd ed., Marcel
Dekker, New York, 1997.
2. Bolton, S., “Statistics” Remington: The Science and Practice of Pharmacy, 20th ed.,
Gennaro, A.R., ed., Lippincott Williams and Wilkins, Baltimore, 2000, pp. 124–158.
3. Buncher, C.R., Tsay, J., Statistics in the Pharmaceutical Industry, Marcel Dekker, New
York, 1981.
4. Natrella, M.G., Experimental Statistics Handbook 91, National Institute of Standards and
Technology (NIST), Gaithersburg, MD, 1991 (reprinting of original August 1963 text).
5. Zar, J., Biostatistical Analysis, 2nd ed., Prentice Hall, Englewood Cliffs, NJ, 1984.
General Statistics Applied to Analytical Laboratory Data:
1. Gardiner, W.P., Statistical Analysis Methods for Chemists, The Royal Society of

PF 40(3): May-Jun. 2014

2.
3.
4.
5.

6.
7.
8.
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Chemistry, London, England, 1997.
Kateman, G., Buydens, L., Quality Control in Analytical Chemistry, 2nd ed., John Wiley
and Sons, New York, 1993.
Kenkel, J., A Primer on Quality in the Analytical Laboratory, Lewis Publishers, Boca
Raton, FL, 2000.
Mandel, J., Evaluation and Control of Measurements, Marcell Dekker, New York, 1991.
Melveger, A.J., “Statististics in the pharmaceutical analysis laboratory,” Analytical
Chemistry in a GMP Environment, Miller J.M., Crowther J.B., eds., John Wiley and Sons,
New York, 2000.
Taylor, J.K., Statistical Techniques for Data Analysis, Lewis Publishers, Boca Raton, FL,
1990.
Thode, H.C., Jr., Testing for Normality, Marcel Dekker, New York, NY, 2002.
Taylor, J.K., Quality Assurance of Chemical Measurements, Lewis Publishers, Boca
Raton, FL, 1987.
Wernimont, G.T., Use of Statistics to Develop and Evaluate Analytical Methods,
Association of Official Analytical Chemists (AOAC), Arlington, VA, 1985.
Youden, W.J., Steiner, E.H., Statistical Manual of the AOAC, AOAC, Arlington, VA, 1975.

Nonparametric Statistics:
1. Conover, W.J., Practical Nonparametric Statistics, 3rd ed., John Wiley and Sons, New
York, 1999.
2. Gibbons, J.D., Chakraborti, S., Nonparametric Statistical Inference, 3rd ed., Marcel
Dekker, New York, 1992.
3. Hollander, M., Wolfe, D., Nonparametric Statistical Methods, 2nd ed., John Wiley and
Sons, NY, 1999.
Outlier Tests:
1. Barnett, V., Lewis, T., Outliers in Statistical Data, 3rd ed., John Wiley and Sons, New
York, 1994.
2. Böhrer, A., “One-sided and Two-sided Critical Values for Dixon's Outlier Test for Sample
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Replicate
Number
1
2
3
Mean
Standard Deviation
% RSD1

Table 1. Data from a Precision Study
Run Number
1
100.70
101.05
101.15
100.97
0.236
0.234%

2
99.46
99.37
99.59
99.47
0.111
0.111%

3
99.96
100.17
101.01
100.38
0.556
0.554%

4
101.80
102.16
102.44
102.13
0.321
0.314%

1 %RSD (percent relative standard deviation) = 100% × (standard deviation/mean)
Table 1A. Analysis of Variance Table for Data Presented in Table 1

5
101.91
102.00
101.67
101.86
0.171
0.167%
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Degrees of
Freedom
(df)
4
10
14

Mean
Squares1
(MS)
3.550
0.102

Sum of
Squares
(SS)
14.200
1.018
15.217

F=
Source of
Variation
MSB/MSW
Between Runs
34.886
Within Runs
Total
1 The Mean Squares Between (MSB) = SSBetween/dfBetween and the Mean Squares Within (MSW)
= SSWithin/dfWithin
Table 2. The Predicted Impact of the Test Plan (No. of Runs and No. of Replicates per
Run) on the Precision of the Mean
No. of
No. of
Variance
SD of the
Runs
Replicates per Run
of the Mean
Mean
% RSD1
1
1
1.251
1.118
1.11
1
2
1.200
1.095
1.09
1
3
1.183
1.088
1.08
2
1
0.625
0.791
0.78
2
2
0.600
0.775
0.77
2
3
0.592
0.769
0.76
1 A mean value of 100.96, based on the 15 data points presented in Table 1, was used (as
the divisor) to compute the %RSD.
Table 3. Generalized ESD Test Results
n = 10

Mean =
SD =

n=9

Data
100.3
100.2
100.1
100.0
100.0
100.0
99.9

Normalized
+0.555
+0.482
+0.409
+0.336
+0.336
+0.336
+0.263

Data
100.3
100.2
100.1
100.0
100.0
100.0
99.9

99.7

+0.117

99.7

1.089

99.5

0.029

99.5

1.905

95.7

2.805

99.54
1.369

Normalized
+1.361
+0.953
+0.544
+0.136
+0.136
+0.136
0.272

99.95
0.245
Table 4. Test Results Using Hampel's Rule
n = 10

Data
100.3

Deviations
from the
Median
0.3

Absolute
Deviations
0.3

Absolute
Normalized
1.35
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100.2
100.1
100
100
100
99.9

0.2
0.1
0
0
0
0.1

0.2
0.1
0
0
0
0.1

0.90
0.45
0
0
0
0.45

99.7

0.3

0.3

1.35

99.5

0.5

0.5

2.25

95.7

4.3

4.3

19.33

100

0.15
0.22

Table 5. Test Results of Re-Applied Hampel's Rule
n=9

Data
100.3
100.2
100.1
100
100
100
99.9

Median =
MAD =

Deviations
from the
Median
0.3
0.2
0.1
0
0
0
0.1

Absolute
Deviations
0.3
0.2
0.1
0
0
0
0.1

Absolute
Normalized
2.02
1.35
0.67
0
0
0
0.67

99.7

0.3

0.3

2.02

99.5

0.5

0.5

3.37

100

0.1
0.14

Table 6. Power Determinations for Various Sample Sizes (Specific to the Example in
Appendix D)
Sample Size
Pr[F > ¼ F0.05, n 1, n 1]
12
13
14
15
16
17
18
19
20

0.7145
0.7495
0.7807
0.8083
0.8327
0.8543
0.8732
0.8899
0.9044

Table 7. Example of Measures of Variance for Independent Runs (Specific to the
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Example in Appendix D)
Variance
(standard deviation)
45.0 (6.71)
25.0 (5.00)

Sample
Size
20
20

Degrees of
Freedom
19
19

Table 8. Common Values for a Standard Normal Distribution
z-values
Confidence level
99%
95%
90%
80%

One-sided ( )
2.326
1.645
1.282
0.842

Two-sided ( /2)
2.576
1.960
1.645
1.282

1 Multiple measurements (or, equivalently, the experimental errors associated with the multiple
measurements) are independent from one another when they can be assumed to represent a random sample
from the population. In such a sample, the magnitude of one measurement is not influenced by, nor does it
influence the magnitude of, any other measurement. Lack of independence implies the measurements are
correlated over time or space. C onsider the example of a 96-well microtiter plate. Suppose that whenever the
unknown causes that produce experimental error lead to a low result (negative error) when a sample is placed
in the first column and these same causes would also lead to a low result for a sample placed in the second
column, then the two resulting measurements would not be statistically independent. One way to avoid such
possibilities would be to randomize the placement of the samples on the plate.
2 When data have been log (base e) transformed to achieve normality, the %RSD is:

This can be reasonably approximated by:

where s is the standard deviation of the log (base e) transformed data.
3 In general, the sample size required to compare the precision of two methods
procedures 1S (USP38)
will be greater than that required to compare the accuracy of the methods
procedures. 1S (USP38)
4 The difference between each value and the mean is termed the residual. Other Studentized residual outlier
tests exist where the residual, instead of being divided by the standard deviation, can be divided by the
standard deviation times the square root of n
1 divided by n.
5 The critical values for r in this example are taken from Reference 2 under Appendix F
Appendix G, 1S (USP38)
Outlier Tests.
6 Assuming an underlying normal distribution, 1.483 is a constant used so that the resulting MAD is a
consistent estimator of the population standard deviation. This means that as the sample size gets larger, MAD
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gets closer to the population standard deviation.
7 This could be calculated using a computer spreadsheet. For example, in Microsoft® Excel the formula would
be: FDIST((R/A)*FINV(alpha, n
1, n
1), n
1, n
1), where R is the ratio of variances at which to
determine power (e.g., R = 1, which was the value chosen in the power calculations provided in Table 6) and A
is the maximum ratio for acceptance (e.g., A = 4). Alpha is the significance level, typically 0.05.
8 There are existing tables of tolerance factors that give approximate values and thus differ slightly from the
values reported here.
9 When testing equivalence, a 5% level test corresponds to a 90% confidence interval.

BRIEFING
1029 Good Documentation Guidelines. This proposed new general chapter provides
guidelines on how to develop and maintain good documentation practices within Good
Manufacturing Practice (GMP) operations. This chapter was created to address a need for
descriptions of what constitutes good documentation, for example, records of all types that are
clear, accurate, and complete. These records may include protocols, procedures, reports, and
raw data. The overarching goal of this chapter is to provide useful information to the GMPregulated industries, thereby assisting the user in designing procedures that will promote record
integrity and control. In turn, record integrity and control are essential for the evaluation and
reconstruction of GMP activities, and ultimately for ensuring the quality and safety of regulated
ingredients and products.
(GCPA: A. Hernandez-Cardoso.)
Correspondence Number—C140448
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GOOD DOCUMENTATION GUIDELINES
INTRODUCTION
Purpose

Documentation can be viewed as the foundation of all quality systems because clear, complete,
accurate records are essential to all operations and procedures. This general chapter provides
guidelines on good documentation practices for the Good Manufacturing Practice (GMP)regulated industries, to be used in the production and control of pharmaceutical products,
active pharmaceutical ingredients (APIs), excipients, dietary supplements, food ingredients, and
medical devices. This chapter describes the underlying principles of proper documentation for
GMP operations to assist the user in the evaluation and reconstruction of GMP activities. These
guidelines should be helpful for building the basic foundation of a quality system that will ensure
proper documentation as well as record integrity and control.
Scope
This chapter covers different levels and types of documentation, including paper and electronic
records that consist of raw data, reports, protocols, and procedures related to manufacturing
controls and analytical data. The chapter also includes recommendations on information that
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should be recorded for various types of GMP documents.
This chapter does not provide information about all applicable legal requirements, nor does it
affect any applicable requirements under GMP regulations, state laws governing pharmacy, or
provisions under approvals.
PRINCIPLES OF GOOD DOCUMENTATION
All steps related to the manufacturing, testing, packaging, or holding of a raw material,
component, API, finished product, or other similar item should be documented.
Good documentation principles for manual or electronic records include the following, as
applicable:
Records should be clear, concise, accurate, and legible.
Data entries should be recorded promptly when actions are performed.
Backdating and postdating are prohibited.
All corrections to the original entries should be initialed and dated, with an explanation
included in cases where the reason for the change is not obvious.
Data entries should be traceable to the person who made the entry.
Use of shorthand notations is not allowed.
Controls should be in place to protect the integrity of the records.
In the event that ink may have faded over time (e.g., thermal paper), a copy can be
used with verification of its accuracy; the analyst should initial and date the copy.
An adequate documentation system is needed to ensure the traceability and availability
of current and archived records.
Notebooks, data sheets, and worksheets should be prenumbered with a tracking system
to ensure the traceability and integrity of data.
Records should be retained per regulatory requirements.
Attachments (supporting documents) should be paginated with a reference to the
parent document.
DATA COLLECTION AND RECORDING
Formats for data collection and recording include, but are not limited to, the following:
Paper forms, data sheets, and worksheets
Notebooks and logbooks
Instrument printouts
Electronic data obtained with a system such as an electronic data system, laboratory
information management system (LIMS), or electronic laboratory notebook (ELN).
All data should be recorded directly and legibly in indelible ink when the activity is performed.
Sticky notes and other transitory loose papers must not be used for documentation of GMP
activities. All data entries should be traceable to who made the entry and when. Additionally,
electronic records must meet the requirements of the Code of Federal Regulations Title 21 (21
CFR), Part 11.
Any change to an entry should be made in a way that does not obscure the original entry, with
an explanation in cases where the reason for the change is not obvious. Changes should be
traceable to who made the change and when. Predefined correction codes may be used, for
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example, WD = wrong date.
Notebook pages and worksheets should be used consecutively, and information should be
recorded chronologically. GMP records such as batch records, test methods, and specifications
should be given unique identifiers using version control.
All data entry fields should be completed. A single line and/or “N/A” should be drawn through
portion(s) of a page that are not used. If the record is in an electronic system and the system
provides traceability of who filled each field and when, the field can be left blank.
Decimals less than one should be preceded by a zero. Rounding rules and guidelines on
significant figures are described in USP–NF General Notices and Requirements.
All dates should be expressed in a format that clearly indicates the day, month, and year.
All documentation should undergo appropriate review and signature by a second person to
confirm the accuracy, compliance, and completeness of the entries. Additional signatures may
be required on the basis of local Standard Operating Procedures (SOPs) for different levels of
review (e.g., performed by, verified by, checked by, reviewed by, approved by) as
accountability steps.
An official record of signature and initials should exist for each employee. Controls should be in
place for assigning signature approval requirements and delegation of signature authority, when
needed.
Instrument printouts and data sheets should be initialed and dated, and should contain a
unique, traceable reference or be affixed to a reference document.
In the event that verified copies of raw data have been prepared, the verified copy may be
substituted for the original source as raw data, if clearly marked as such.
All GMP documents with multiple-page printouts should be signed on the first page with a note
indicating the total number of pages. The first page and all subsequent pages should have a
unique, traceable reference to the activity being performed, such as the notebook reference,
study number, or worksheet reference.
DIFFERENT TYPES OF GMP DOCUMENTS
The following or similar documents created in the laboratory should include the following
information, but are not limited to these items.
Laboratory Records
Each record should be concise, clear, legible, and accurate, and detail the following:
Description of materials, such as reagents. This information typically includes the
material name, manufacturer and lot number, titer or concentration, expiration date,
quality (if known), and a reference to the lab notebook if prepared in the lab.
Identification of equipment used. This information typically includes equipment name,
unique control number, and calibration expiration date.
Procedures used
Measurements
Formulae and calculations
Results and conclusions
Equipment-Related Documentation
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All equipment used in manufacturing, testing, packing, or holding of a raw material, component,
API, finished product, or other similar item should be maintained and qualified for its intended
use. The documentation related to equipment includes:
Policies and procedures for operation and maintenance
Maintenance logs
Calibration or qualification records
Instrument labeling
Investigations and Deviations
All aberrations, anomalies, exceptions, and issues related to manufacturing, testing, packing, or
holding of a raw material, component, API, finished product, or other similar item should be
documented. Once documented, the deviation should be evaluated and investigated, as
appropriate. Planned and unplanned deviations should be justified. Procedures should be in
place for documenting, evaluating, and investigating such events. Documentation of the
investigation should include the following:
Description of the event
Root-cause investigation and trend analysis
Responsibilities of people involved in the investigation or deviations
Corrective Action and Preventive Action (CAPA) with timelines
Review and approval
Batch Records
A Master Batch Record (MBR) is created as a template for the manufacture of a specific
product. An Executed Batch Record, based on the MBR, is used to document the steps and
materials involved in the production of a specific batch of a raw material, component, API,
finished product, or other similar item. Typically, the following sections are included in a Batch
Record, and should be approved by an appropriate representative from the manufacturing site
or packaging site:
Header information (e.g., product name, batch number, manufacturing site)
Unit of operation (e.g., blending, coating, filling)
Manufacturing process
Target weights (raw materials)
Conditions (time, temperature)
Deviations and investigations
In-process sampling or testing
Critical information, as applicable
Sampling plan for release, stability, and retention
Review and approval with approval dates
Certificate of Analysis
The purpose of the Certificate of Analysis (C of A or CoA) is to report analytical results for a
specific batch of a raw material, component, API, finished product, or other similar item.
Typically, the following sections are included on a C of A and should be approved by an
appropriate representative from the testing site:
Vendor or supplier information
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Product information (name and strength)
Results for the specific batch, with name of test, acceptance criteria, and result for
each test
Conformance statement
Reference to method and specification document
Reference of data source
Approval and date
Expiration date or retest information
Standard Operating Procedures
The purpose of an SOP is to provide directions to trained personnel regarding a given set of
activities. SOPs should be clear and concise. The following sections are typically included in an
SOP:
Purpose and scope
Instructions and procedure
Responsibilities and roles
Materials or equipment, as appropriate
Definitions or references, as needed
Review and approval
Revision history
Protocols and Reports
Many tasks and activities in the laboratory are executed on the basis of a predefined,
preapproved protocol. The results of these activities are then documented in a final report with
conclusions. Examples of such activities are as follows:
Equipment qualification
Analytical method validation or verification
Manufacturing process validation
Analytical method or manufacturing technology transfer
Cleaning validation
Stability study or testing
Comparability study
Both the protocol and the report should typically include the following sections:
Purpose
Plan or instructions
Predetermined acceptance criteria
Deviations or investigations, including impact assessment
Assessment or evaluation
Data reference
Review and approval
Revision history
Analytical Methods
Analytical methods provide direction to an operator on how to perform a given analytical test.
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The following sections will typically be included in the analytical method:
Purpose
Test information
Product information
Safety information
Materials and equipment
Procedure, as applicable
System suitability
Preparation of solutions and reagents
Preparation of standards and samples
Instrument parameters
Calculations and reporting
Review and approval with approval dates
Revision history
Training Documentation
Personnel should be trained to perform their assigned tasks. The training should be
documented, and the training records should be retained and kept readily accessible. Training
records should be reviewed on a periodic basis for accuracy and completeness. In general,
training documentation should include:
Training description including name of training, version, and mode (self-training or
instructor led)
Completion date
Information on the trainer’s qualifications
Retention of Documents
An adequate policy for record retention and archiving should be established for the above
records. The required length of time depends on the regulatory requirements or company
procedures; however, it should be at least 1 year after the batch expiration date. 1S (USP38)
BRIEFING
1064 Identification of Articles of Botanical Origin by High-Performance Thin-Layer
Chromatography Procedure. Because there is no existing USP general information chapter on
this topic, a new one is proposed. High-performance thin-layer chromatography (HPTLC) is
widely used for botanical identification. Variability of the chromatographic conditions has the
potential to significantly impact the results. This informational general chapter describes, with
illustrations, the need to control the relevant variables in order to obtain reproducible results.
USP general chapter High-Performance Thin-Layer Chromatography Procedure for Identification
of Articles of Botanical Origin 203 , proposed elsewhere in this issue of PF, describes a
standardized procedure for achieving accurate identification of articles of botanical origin.
(GCCA: N. Sarma.)
Correspondence Number—C142333
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1064 IDENTIFICATION OF ARTICLES OF BOTANICAL ORIGIN BY HIGHPERFORMANCE THIN-LAYER CHROMATOGRAPHY PROCEDURE
INTRODUCTION
Identification of botanical articles can be achieved by the application of multiple techniques,
including macroscopic and microscopic descriptions, DNA analysis, and chemical means. The
general chapter Identification of Articles of Botanical Origin 563 provides a detailed
discussion of these approaches. Chemical identification typically employs chromatographic or
spectroscopic procedures to achieve the identification by fingerprint comparison against that of
a reference standard, monograph description, or a reference chromatogram. Thin-layer
chromatography (TLC) is one of the chromatographic techniques used in USP monographs for
botanical articles in this way. High-performance thin-layer chromatography (HPTLC) is the most
advanced version of TLC (see general chapter Chromatography 621 ), and a general
analytical procedure for the application of HPTLC to the identification of botanicals is described
in the general chapter High-Performance Thin-Layer Chromatography Procedure for
Identification of Articles of Botanical Origin

203 . In HPTLC, the stationary phase consists of

a uniform, typically 200-µm layer of porous (pore size 60 ), irregular particles of silica gel with
a size between 2 and 10 µm and an average particle size of 5 µm, plus a polymeric binder and a
fluorescence indicator (F 254) coated onto a support, which is typically a glass plate or
aluminum foil. Other stationary phases, such as chemically bonded phases (C8, C18, CN, NH2;
DIOL) or microcrystalline cellulose, are also available with and without a fluorescence indicator.
Because of the greater separation efficiency of the fine particles in HPTLC, the
chromatographic system is miniaturized, using smaller developing chambers and shorter
developing distances of 6–8 cm, in comparison to classical TLC, where 12–15 cm are required
for best separation. As a consequence, less mobile phase and less time are required for
chromatogram development. Another effect of miniaturization is the use of smaller sample
volumes and the resulting possibility of analyzing more samples per plate than in classical TLC.
In addition, improved layer quality due to smaller particle size positively affects the signal-tonoise ratio, and therefore affects the detectability of separated sample components. A system
suitability test is used to qualify the results. This feature is of great importance for the
identification of botanical ingredients, which have an intrinsic natural variability in chemical
composition. HPTLC features electronic images of chromatograms that allow convenient visual
comparison of results obtained for multiple samples against images of chromatograms generated
with reference materials. For purposes of identification, the complexity of botanical ingredients
is best represented by fingerprints obtained in multiple detection modes from the same
chromatogram, e.g., UV 254 nm and UV 366 nm light without derivatization, and white and UV
366 nm light after derivatization. Because compendial methods are used to determine
compliance, variability in the results caused by the analytical method selected should be
avoided. Since HPTLC can control the variables within narrow ranges using a rigorously
standardized methodology and appropriate equipment, HPTLC is able to increase significantly
the reproducibility of a chromatographic result from plate to plate compared to traditional TLC.
Following here is a discussion of the variables to be controlled in order to achieve reproducible
results in the identification of articles of botanical origin using HPTLC.
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VARIABLES OF HPTLC
The plate is an open system affected by environmental factors, which must be controlled
carefully. Unlike column chromatography, a closed system where samples are analyzed
sequentially, in HPTLC multiple samples can be analyzed in parallel on the same plate. All steps
of the planar chromatographic process are independent in time and location (an off-line
process). For each of the steps—sample application, chromatogram development, visualization,
detection, documentation, and evaluation—numerous parameters can be selected freely. This
unique feature adds immense flexibility to the method and makes the planar chromatographic
approach complementary to column-based techniques.
During method development, the many choices available for the various parameters can be
overwhelming, and depending on the combination selected, there may be multiple results that
all meet the respective analytical goal and yet are quite different. In this scenario, the labels
“better” or “worse” are often assigned to the parameters according to personal preferences. In
a cGMP (current Good Manufacturing Practices)-compliant environment, the reproducibility and
integrity of results are of great importance. This is why the individual parameters of the HPTLC
technique should be selected and combined thoughtfully in a standardized methodology so that
the final result is optimized and can be compared to results obtained by different analysts. It
may be important to avoid cumbersome and time-consuming steps, or to avoid the use of
hazardous or toxic chemicals. Simplicity and clarity are desirable aspects of practical methods.
Handling of Plates
HPTLC plates are delicate and must be handled with care to avoid damaging the layer. When
moving the plate, it should be touched only in the upper part above the region of
chromatography. Each plate should be labeled with a soft pencil in the upper right (or left)
corner. The expected developing distance can be marked on the right (or left) edge with a
short pencil mark that goes down to the glass support. Marking the developing distance across
the entire plate should be avoided because it is difficult to judge when the rather-diffuse mobile
phase front reaches that line. Aligning the front with a short mark on the edge is easier.
Plates should be stored in a place that is free of fumes and dust with the layer facing down to
the stack. Shrink wrap of the package should not be in contact with the layer in order to avoid
contamination with volatiles from the foil. Generally, HPTLC plates are ready for use without
any pretreatment. Older or improperly stored plates may have accumulated impurities and
therefore require precleaning. This is the case when after development, the solvent front (or
additional secondary fronts) can be seen under UV 254 nm as an intense, broad dark band
across the plate. Precleaning can be achieved by developing the plate in methanol to the upper
edge. Subsequently, the plate is dried in a clean oven at 120 for 20 min. For cooling down to
room temperature and for storage prior to further use, plates can be kept in an empty
desiccator or wrapped in aluminum foil. Precleaning may slightly change the selectivity of a
plate. Therefore, it is important to define in a method whether or not precleaned plates are to
be used. Precleaning with the mobile phase is usually not a good option because it may be
difficult to completely remove all components during the drying step.
Plate Layout and Sample Application
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The standard format of the HPTLC plate is 20 × 10 cm (width × height). Other sizes (e.g., 10
× 10 cm) could be used as well, but one should keep in mind that for obtaining reproducible
results, each size of plate requires a different chamber to maintain the same geometrical
aspects as, for example, a twin-trough chamber would have for the standard plate (see
Chromatogram Development). The optimum developing distance in HPTLC is 6 cm. Cutting
plates to less than 10 cm in height provides no additional advantages.
Exact positioning is essential for proper identification of separated zones. For the application of
samples with respect to plate layout (Figure 1), the following parameters must be considered.

Figure 1. Plate layout.
For proper identification (migration distance/RF values), all samples must be applied on a
(virtual) line parallel to the lower edge of the plate. The distance (y) must be large enough to
avoid the sample being immersed in the developing solvent. During development, the velocity of
the mobile phase decreases with increasing developing distance. Consequently, the final result
depends on the application position relative to the level of developing solvent (Figure 2).
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Figure 2. Upper part: Effect of the application position relative to the level of developing
solvent (5 mm). Distance from lower edge ranges from 8–50 mm in increments of 3 mm. Lower
part: RF values calculated for the different effective developing distances. Sample is
Houttuyniae herba; developing solvent is a combination of ethyl acetate, formic acid, and
water (15:1:1, v/v/v); derivatization is Natural Products reagent (NP); detection is UV 366 nm.
For reproducible results, the distance from the lower edge (y) must be kept constant, and the
amount of developing solvent placed into the chamber must also be fixed. To minimize solvent
consumption, twin-trough chambers are used. The level of developing solvent in such chambers
is typically 5 mm. A meniscus is formed on the plate at the immersion line. A sample applied at y
= 8 mm will be well above this meniscus.
The distance of the application position from the left and right edges of the plate (x) must be
sufficient to avoid the so called “edge effect” (Figure 3). During production, most precoated
plates develop a small rim on their edges where the layer is slightly thicker. This causes the
mobile phase to advance faster, and samples that are applied directly onto or too close to the
rim will migrate unevenly.
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Figure 3. The “edge effect”.
The position x1 is typically called “application position”. In order to avoid the edge effect, the
length of the applied band (l) has to be taken into account when defining x2 as the distance
from the edge of the plate. A minimum of 15 mm is necessary for x2. The distance between two
samples (d1) also considers the band length (l). For d2, a minimum of 3 mm is recommended so
that samples do not interfere with each other if larger volumes are applied. The band length (l)
must be fixed for each method because it affects the concentration of samples per band if a
defined volume of sample solution is applied. The applied quantity (across a defined band
length) has an effect on the intensity of the separated zones and may affect whether or not a
particular zone of a fingerprint is visible. An argument for selecting shorter bands would be that
more samples can be applied on the plate. However, because chromatogram evaluation is
primarily performed visually, it has to be noted that a band seems to look “sharper” (more like a
band and less oblong) when it is >5 mm (Figure 4). A band length of 8 mm is a good
compromise also from the perspective that
plates.

621

specifies bands of 5–10 mm for HPTLC
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Figure 4. Effect of band length on the visual impression of separation. From left to right, 3 µL/3
mm, 5 µL/5 mm, 8 µL/8 mm, 11 µL/11 mm, and 15 µL/15 mm. Sample is Tiliae flos; developing
solvent consists of ethyl acetate, formic acid, water, and methyl ethyl ketone (50:10:10:30,
v/v/v/v); derivatization is NP/Polyethylene glycol reagent (PEG); detection is at UV 366 nm.
With the parameters just discussed, the standard plate layout will feature 15 bands of 8-mm
length. If fewer samples are to be analyzed, it is recommended to either apply replicates or
leave some tracks on the plate blank.
During application, samples are precisely deposited onto the HPTLC plate at defined positions
and in defined quantities. Sample solutions can be applied by contact using a capillary or a
syringe, or by spraying the sample solution without touching the plate (spray-on technique).
During contact application, the sample's solvent can perform circular chromatography (Figure
5). Therefore, only small volumes should be applied in one stroke, and if possible, only nonpolar
solvents should be used. During spray-on application, the sample's solvent is nebulized and
evaporated, creating sharp zones regardless of the polarity of the solvent.
If samples are applied manually, a spotting guide can be used for proper positioning. Marking
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the application position with a pencil is not a good option, because the layer can be damaged
easily.

Figure 5. Lower part: Sample application as spot (tracks 1–4) and band (tracks 5–8) using
contact application (tracks 1, 2, 5, 6) or spray-on technique (tracks 3, 4, 7, 8); application
volumes were 2 µL (tracks 1, 3, 5, 7) or 5 µL (tracks 2, 4, 6, 8); test dye mixture in methanol.
Upper part: Chromatography with toluene as mobile phase.
Chromatogram Development
The processes in a chromatographic chamber are highly complex and difficult to describe. Unlike
column chromatography, which is assumed to take place in equilibrated chromatographic
systems, planar chromatography always begins in a state of nonequilibrium and never reaches
equilibrium. The sample has been applied onto the plate, which becomes the stationary phase
only when it comes in contact with a liquid in the chromatographic chamber. The advancing
mobile phase must be able to dissolve the sample for chromatography to begin. Driven by
capillary action, the mobile phase velocity decreases with increasing migration distance
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because the resistance of the stationary phase against the flow is also increasing.
It can be shown experimentally that the optimum migration distance for mobile phases on
HPTLC plates is about 6 cm. Depending on the viscosity of the mobile phase, development
takes place between 10 and 20 min. To further move the solvent front just 10 mm will extend
the developing time by 5–15 min, while moving an additional 20 mm will increase the developing
time by 15–40 min. The contribution of that extra developing distance to improved separation is
usually not justifiable, because the diffusion that occurs at decreased velocity of the mobile
phase often offsets any gain in distance of separated zones.
Four distinct processes occur in a chromatographic chamber. These processes always take
place simultaneously and affect each other (Figure 6).
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Figure 6. Processes occurring in the chromatographic chamber (twin-trough chamber): 1)
chamber saturation; 2) plate preconditioning; 3) evaporation; 4) formation of secondary fronts.
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Chamber saturation (Figure 6, process 1) is usually established before placement of the plate
into the chamber. The developing solvent, which has a known composition, is placed into both
troughs of the chamber, and the filter paper in the rear trough is wetted thoroughly. Chamber
saturation occurs once the liquid in the tank is in equilibrium with its own vapor, and this is a
function of time. After 20 min, the chamber will generally achieve a reproducible degree of
saturation.
The plate should be placed into the chamber so that it rests in a vertical position against the
front wall while the layer faces the rear wall. The dry portion of the layer absorbs solvent vapor
from the gas phase (process 2) in order to achieve adsorptive saturation, which occurs when
the surface is covered by a layer of solvent molecules. Generally, this process can lower RF
values and also affect the selectivity of the separation. In the lower portion of the plate, the
liquid in the chamber forms the mobile phase. Depending on the degree of saturation, a part of
the mobile phase may evaporate off the plate (process 3). Multicomponent mobile phases may
be separated by the stationary phase because of different interactions of the constituents.
This process is affected by the degree of preconditioning.
In an unsaturated chamber, the situation is quite different. The rear trough does not contain
liquid or filter paper. The plate is introduced immediately after the solvent, which does not allow
enough time to achieve gas–liquid saturation equilibrium. Preconditioning has little effect, while
evaporation and possibly formation of secondary fronts (process 4) dominate the
chromatographic process. Both of these processes typically cause alterations in the
chromatograms, thereby affecting the separation.
In conclusion, each chamber gives a somewhat different result, depending on the chamber's
geometry, the presence or absence of liquid and filter paper in one of the troughs, and the
waiting time before introducing the plate. The chromatograms shown in Figure 7 were obtained
with an automatic developing chamber with humidity control. In this example, a saturated
chamber (A) gives better separation than an unsaturated chamber (C). Chromatograms are
reproducible if all conditions are the same (A) and (B). If the filter paper for saturation is not
exchanged but is reused without drying, a completely different result is obtained (D).

Figure 7. Effects of different chamber configurations at relative humidity 33%: (A) and (B) are
saturated, (C) is unsaturated, and (D) is saturated with reused filter paper. Sample is Lapsana
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communis, references are chlorogenic acid (RF 0.38, Lane 1, Panel A), quercitrine (RF 0.58,
Lane 2, Panel A), developing solvent: water, methanol, glacial acetic acid, and methylene
chloride (2:3:8:15, v/v/v/v); derivatization NP/PEG; detection UV 366 nm.
For reproducible results, it is necessary to carefully standardize the development step. Chamber
saturation is easy to achieve, as is proper timing. Unsaturated chambers are extremely
sensitive to small changes and therefore, from a practical point of view, they should be
avoided, even if they can give “better” separation. It is a good practice to keep developing
distances constant (at optimum) for all methods, because other parameters, such as selectivity
and condition of the gas phase, affect separation to a much greater degree.
Drying
After the mobile phase has advanced the desired distance, the plate must be removed from the
chamber and reproducibly dried. This is best achieved by exposing the plate in the vertical
position to a flow of cold air. Elevated temperature during drying could cause volatile sample
components to diffuse or evaporate from the plate. During the evaporation of the mobile phase,
sample components move from deeper areas of the layer to the surface. Uneven drying across
the plate may result in different intensities for zones with equal amounts of substances.
Effects of Humidity
Silica gel has an extremely high affinity for water and is an effective drying agent. An HPTLC
plate is always at equilibrium with the water vapor in the laboratory atmosphere (relative
humidity, RH). Chromatographic results are affected by variation in the amount of water
adsorbed onto the silica gel surface. The higher the RH, the more water is adsorbed. In a first
approximation, this reduces the “activity” of the stationary phase and causes higher RF values.
Also, because the adsorbed water can become part of the stationary phase, the selectivity of
the chromatographic system often changes in response to variation in RH.
Unfortunately, it is nearly impossible to predict what effect a change in RH may have for a
given separation (Figure 8). Some separations are more affected than others, and sometimes
only parts of the chromatogram will change. In addition, there is no ideal activity of the plate
that can solve all separation problems, and it is difficult to use defined activity changes of the
stationary phase to influence separation in a desired way. The best option is to keep the RH
constant at a moderate level (e.g., 33%) and then, try to adjust the selectivity of the mobile
phase. One practical exemption is effective “drying off” of the plate using a molecular sieve.
Activating a plate by heat (120 for 20 min) is possible, because under these conditions water
adsorbed onto the silica gel is effectively removed, but when the plate is cooled down and
stored, or during sample application it re-equilibrates to ambient relative humidity.
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Figure 8. Effects of relative humidity on the separation of different samples. (A) Hoodia
gordonii, developing solvent: chloroform, methanol, and water (70:30:3, v/v/v); derivatization:
anisaldehyde reagent, detection white light. (B) Licorice root, developing solvent: ethyl
acetate, formic acid, acetic acid, and water (15:1:1:2, v/v/v/v); derivatization: sulfuric acid
reagent, detection white light. (C) Actein/Black cohosh rhizome, developing solvent: toluene,
ethyl formate, and formic acid (5:3:2, v/v/v); derivatization: sulfuric acid reagent, detection
UV 366 nm. Humidity: *ambient; 2%: molecular sieve; 33%: saturated solution of magnesium
chloride (MgCl2); 47%: saturated solution of potassium thiocyanate (KSCN); 75%: saturated
solution of sodium chloride (NaCl).
To achieve reproducible results independent of seasonal or regional changes in the RH in
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various laboratories, it is important to expose the plate to a defined RH before development and
with the samples already applied. This will keep the activity and the selectivity of the
stationary phase constant. Defined RH can be created in closed containers such as a
desiccator over saturated salt solutions. Between 20 and 25 , saturated solutions of
magnesium chloride establish 33% RH; of potassium thiocyanate (KSCN), 47% RH; and of
sodium chloride (NaCl), 75% RH.
Derivatization, Detection, and Evaluation
The possibility of convenient chemical derivatization of substances already separated on a
plate is an outstanding advantage of planar chromatography. Solutions of derivatizing reagents
can be applied onto the plate, either by spraying or immersion. For reproducible results, the
amount of reagent of a given concentration applied needs to be defined either by volume
(spraying) or by volume, and dwell time (immersion). Most derivatization reactions require a
heating step performed either on a plate heater or in a drying oven. The plate should be dried
in air before heating to avoid any disruption of the layer resulting from evaporation of residual
solvent. Before the plate is heated, the heating device should reach the required temperature.
For reproducible results, it is important that the entire derivatization process is strictly timed.
This includes any waiting time (e.g., for cooling) before the detection step.
Detection is performed under white light, typically by using a light source above the plate
(reflectance) in combination with light from below the plate (transmission). Additional
information (typically before any chemical derivatization) can be obtained under UV 254 nm.
The F 254 indicator of the HPTLC plate will emit a green light (blue for F 254s ). Any substance
that absorbs UV 254 nm will be visible as a dark “quenching” zone where the degree of
quenching corresponds to the amount of that substance (and its extinction coefficient). Some
substances can be excited to fluoresce by UV 366 nm, particularly after chemical
derivatization. Such substances are seen as zones of specific colors on the dark background.
HPTLC benefits from digital images taken of the plate in different detection/illumination modes.
Such images may sometimes look different from what the analyst's eye is seeing. This is due to
some physical limitations, but it is possible to standardize the imaging process so that “true”
data are generated. These parameters should always be the same for a given plate regardless
of where and by whom the image is taken. The use of image editing software to change certain
aspects is not permissible.
In the evaluation step, the analytical data obtained for a sample are compared against
specifications of the method. HPTLC for identification of botanical ingredients typically produces
fingerprints, i.e., sequences of zones that have specific positions, colors, and intensity. Those
fingerprints are compared against data obtained with reference materials. Ideally, comparison is
based on images rather than descriptions. Because of the natural variability of botanical
materials, there will always be a range associated with the acceptance criteria for a fingerprint
to pass the identity test. Fingerprints of different species (adulterants) should have
distinguishing features not present in samples that pass the evaluation (Figure 9). It is
necessary to include a range of botanical reference materials covering different accessions
when defining the acceptance criteria for identification. Multiple detection modes are helpful in
making decisions.
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Figure 9. Similarities and differences among multiple samples of related species: 1) Cimicifuga
racemosa; 2) Cimicifuga foetida; 3) Cimicifuga heracleifolia/dahurica; 4) Cimicifuga
pachypoda; 5) Cimicifuga americana.
System Suitability
Before evaluating and/or comparing data that originate from different HPTLC plates, each
developed plate must be qualified. This is possible with a system suitability test, which is part
of the analytical method. On each plate, the analyst selects two or more reference substances
that have similar but just separable RF values under the chromatographic conditions to be used
[e.g., chlorogenic acid (blue) and hyperoside (yellow-orange) in chromatographic systems used
for flavonoids]. The substances designated to check the system suitability for resolution,
position, and colors of the bands may be included in reference standard extracts or another
matrix. Description of the resolution position and colors for the key bands of the reference
material fingerprint should match the description in the reference within a specified tolerance
range. Only when the system suitability requirements have been satisfied can the results
obtained with the samples on the same plate be evaluated further to determine compliance. For
reference to a standardized procedure for identification of articles of botanical origin controlling
the variables described in this article, see
Pharmacopeial Forum.

203 , proposed elsewhere in this issue of

CONCLUSIONS
As HPTLC is widely used for botanical identification to monitor the quality of articles of
botanical origin on an increasingly globalized level, it seems important to thoroughly standardize
the involved analytical procedures. All parameters discussed above must always be selected for
each HPTLC analysis. Currently laboratories in different countries can make this selection widely
within the framework of the USP general chapters; however, guidance about how to achieve
specific HPTLC results in a reproducible manner is not available. A standardized procedure as
proposed in 203 could fill this gap and serve as basis for harmonization of results obtained in
different laboratories. 1S (USP38)
BRIEFING
1065 Ion Chromatography, USP 37 page 772. On the basis of comments received, the
General Chapters—Chemical Analysis Expert Commitee proposes to revise this general
information chapter. This revision is intended to align the text with current technology and
terminology. Relevant sections in this chapter, particularly Mobile Phases and Stationary
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Phases, are extensively revised.
Additionally, minor editoral changes have been made to update the chapter to current USP
style.
(GCCA: H. Pappa.)
Correspondence Number—C142380

Comment deadline: July 31, 2014
1065

ION CHROMATOGRAPHY

Change to read:
INTRODUCTION
Ion chromatography (IC) is a high-performance liquid chromatography (HPLC) instrumental
technique used in USP test procedures such as identification tests, and
1S (USP38)

assays,
limit tests, and related impurity tests 1S (USP38)
to measure inorganic anions and cations, organic acids, carbohydrates, sugar alcohols,
aminoglycosides, amino acids, proteins, glycoproteins,
amines, phosphonates, 1S (USP38)
and potentially
1S (USP38)

other analytes.
As dictated by the nature of the analyte,
1S (USP38)

IC has been applied to all aspects of the manufacturing and disposition of pharmaceutical
products, including characterization of active ingredients, excipients, degradation products,
impurities, and process streams. The following sample types are among those that have been
analyzed: raw
Raw 1S (USP38)
materials, intermediates (including media and culture broths), bulk active ingredients, diluents,
formulated products, production equipment cleaning solutions, and waste streams. The
technique is especially valuable for ionic or ionizable (in the mobile phase) analytes that have
little or no native UV absorbance. The ability to couple the ion-exchange separation with
numerous detection strategies, e.g., pulsed amperometric detection (PAD), expands IC
applications to instances where analyte-specific detection strategies can provide the required
degree of sensitivity or specificity. Utilization of such strategies allows IC applications to be
implemented on appropriately configured HPLC systems. Additionally, ion-exclusion separations
and pulsed amperometric detection expand the range of application of IC to aliphatic organic
acids as well as to nonionic analytes of significant pharmaceutical interest including alcohols,
alditols, carbohydrates, and amino acids. The wide dynamic range of the methodology makes it
applicable for the quantification of trace contaminants as well as major product components.
process water, and waste streams may be analyzed using IC. 1S (USP38)
Because
The majority of IC methods use either anion- or cation-exchange chromatography coupled
with suppressed conductivity detection. IC is especially valuable for ionic or ionizable (in the
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mobile phase) analytes that have little or no native UV absorbance. In addition to suppressed
conductivity detection, the ion-exchange separation can be coupled to other detection
strategies, including pulsed amperometric detection (PAD), UV/vis absorbance detection, and
mass spectrometric detection, providing a wide range of analyte sensitivity and specificity. Ionexclusion separations expand the range of IC applications to some nonionic analytes (e.g.,
alcohols) and provide a different selectivity for some analytes that can also be separated by
ion exchange. The wide dynamic range of the majority of the IC detection methods makes IC
applicable to the quantification of trace contaminants as well as major product components in
the same run. 1S (USP38)
IC typically uses dilute acids, alkalis, or salt solutions as the mobile phase, and does not use
rarely uses 1S (USP38)
an organic solvent, IC does not require the purchase of costly organic solvents and hazardous
reducing solvent cost and simplifying 1S (USP38)
disposal of the waste effluent
logistics. 1S (USP38)
The effluent can be disposed of after appropriate neutralization (to a pH of ~7) and, when
necessary, after dilution with water.
IC allows separation using ion exchange, ion exclusion, or ion-pair approaches. IC separations
are based on differences in charge density of the analyte species, which in turn depend on the
valence and size of the individual ionic species to be measured. Separations are also performed
on the basis of differences in the hydrophobic character of the ionic species. IC is typically
performed at ambient temperature. As with other forms of HPLC, IC separations are based on
varying capacity factors and typically follow the Knox equation. Ion chromatography is a
technique complimentary to the more commonly used reversed-phase and normal-phase HPLC
and to atomic absorption and ion-coupled plasma (plasma spectrochemistry) techniques in
pharmaceutical analysis.
IC is typically performed at or near ambient temperature. As with other forms of HPLC, IC
separations are based on varying capacity factors and typically follow the Knox equation. Ion
chromatography is a technique often complementary to reversed-phase and normal-phase HPLC
as well as atomic absorption and ion-coupled plasma techniques in pharmaceutical analysis.
1S (USP38)

Change to read:
APPARATUS
IC instruments closely resemble conventional HPLC instruments. Typical components include an
autosampler, a high-pressure pump, an injection valve with a sample loop of suitable size
(typically 10
5 1S (USP38)
–250 µL), a guard column, an analytical column, an optional
a 1S (USP38)
suppressor or other forms
another type 1S (USP38)
of post-column reaction system
device, 1S (USP38)
a flow-through detector, and a data system ranging in complexity from an integrator to a
computerized data system (Figure 1).
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Figure 1. Components of a typical IC system illustrated schematically; CD = conductivity
detector and PAD = pulsed amperometric detector.

Figure 1. Components of a typical IC system illustrated schematically; CD = conductivity
detector, MS= mass spectrometric detector, and PAD = pulsed amperometric detector.
[Note—Mobile phase is water when the optional Eluent Generator is used.]
1S (USP38)

Because mobile phases generally consist of dilute acids, alkalis, or salt solutions, the
components in contact with the mobile phase and the sample are typically made from inert
materials, such as polyetheretherketone Conventional HPLC systems also may be used provided
that their components are compatible with the mobile phase and injected sample solutions. A
metal-free system should be used for trace metal analysis. Following suitable preparation, the
sample is introduced via the injection valve. After the optional chemical suppression or other
post-column reaction on the column effluent, the analyte species are detected using
conductivity, amperometry, UV/VIS, or other detection modes. Because IC uses a
predominantly ionic mobile phase, a suppressor is often necessary prior to conductometric
detection, although nonsuppressed conductometric detection has been successfully used in
pharmaceutical analysis
(PEEK). A conventional HPLC system can be used provided that its components are compatible
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with the mobile phase and injected sample solutions. A metal-free system should be used for
trace metal analysis. Following suitable preparation, if needed, the sample is introduced via the
injection valve. Without column effluent treatment or after chemical suppression or other postcolumn reaction, the analyte species are detected using conductivity, amperometry, UV/VIS,
MS, or other detection mode. Because IC uses a predominantly ionic mobile phase, a suppressor
is typically necessary prior to conductometric detection when high sensitivity is needed,
although nonsuppressed conductometric detection has been successfully used in
pharmaceutical analysis. 1S (USP38)
Stationary and Mobile Phases
As IC has developed and matured as an instrumental technique, the number of ion-exchange
materials developed for IC has increased, facilitated by the understanding of the processes
taking place at the surface of the stationary phase. In contrast to the silica-based column
packing prevalent in classical HPLC, organic polymers are predominately used as support
materials for IC. Such materials have a higher stability with respect to extremes in pH and in
many cases are compatible with organic solvents. Typically, separation of anions requires the
use of polymer-based anion exchangers and dilute bases as mobile phases. However, for cation
separations, the stability over the entire pH range that is typical of organic polymers is not
necessary, because dilute acids serve as mobile phases. Therefore, silica-based cation
exchangers that exhibit a significantly higher chromatographic efficiency are commonly used for
the separation of cations.
Depending on the separation mode (ion exchange, ion exclusion, or ion-pair), different types of
stationary phases are used. For ion exchange, the stationary phase is either an anion or a
cation exchanger. Typically, a strong cation exchanger is used for the ion-exclusion separation
of organic acids, and a reversed-phase stationary phase is used when ion-pair is the separation
mode. The ion-exchange capacity of a resin is defined as the number of ion-exchange sites per
weight equivalent of the column packing and is typically expressed in terms of mEq per g of
resin. With ion exchange, the retention times for the analyte ions increase with increasing ionexchange capacity of the resin. This effect can be partly compensated for by using mobile
phases of higher ionic strength. Styrene/divinylbenzene copolymers, polymethacrylate, and
polyvinyl resins are the substrate materials used in the manufacturing process of the polymerbased ion exchangers. Organic polymers are functionalized directly at their surface, with the
exception of latex-based ion exchangers, where the totally porous latex particle acts as an ionexchange material. Surface-functionalized, “pellicular” substrates show a much higher
chromatographic efficiency compared with the fully functionalized resins.
With ion exchange, a mobile phase consisting of mono- or divalent ionic species, alone or mixed
at an optimum ratio, is used to accomplish the separation. In ion-exclusion methods,
particularly for organic acids, the mobile phase consists of mineral acids to maintain organic
acids in their undissociated forms. Often, the nature of the analyte dictates the mobile phase
and the detection mode used. Typical mobile phases used in IC are described below in the
section on detectors.
Mobile Phases
Nearly all IC separations require dilute acid or base mobile phases. The detection method, which
is chosen for its sensitivity and selectivity for the analyte of interest, usually dictates the
mobile phase choice. For suppressed conductivity detection, the bases and acids used are
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suppressed to water or weakly dissociated species. The mobile phase bases used for the
determination of anions by suppressed conductivity detection are sodium or potassium
hydroxide, sodium carbonate, sodium bicarbonate, and less often sodium tetraborate. The
mobile phase acids used for the determination of cations by suppressed conductivity detection
are methanesulfonic acid, sulfuric acid, and less often hydrochloric acid. When the detection
chosen is UV or visible absorbance, either with or without derivatization, then a wide variety of
salt solutions may be used for the mobile phase. The typical mobile phases used for IC with
nonsuppressed detection are phthalic acid and p-hydroxybenzoic acid for the determination of
anions, and methanesulfonic acid for the determination of cations. For nearly all IC methods
using amperometric detection either a strong acid or base solution is used for the mobile phase,
although some methods can use a salt solution near neutral pH or an acid or base solution
containing a salt. Most IC-MS methods use the same mobile phases used for suppressed
conductivity, though volatile amines and volatile salt solutions have also been used. IC methods
that use an ion-exclusion column use solutions of strong acids such as sulfuric acid as mobile
phases. Organic solvents commonly used for HPLC are sometimes added to the mobile phase,
typically at not more than 20% concentration. This addition is usually made to either modify
selectivity or to enhance solubility of sample components that might otherwise contaminate the
stationary phase.
Stationary Phases
Most IC separations rely on ion exchange, and therefore most stationary phases for IC are
anion or cation exchangers, and less commonly phases containing both functionalities. Silicabased stationary phases are less commonly used because of their incompatibility with extreme
mobile phase pHs often needed in IC separations. The ion exchangers used for IC are typically
constructed of polymers that allow them to be used over the entire pH range, or at a minimum,
over an extended pH range compared to silica. Also, most of the phases used today are
constructed with highly cross-linked polymers, making them compatible with the organic
solvents used for HPLC. Anion-exchange phases for IC are typically constructed starting with a
polystyrene/divinylbenzene, ethylvinylbenzene/divinylbenzene, or polyvinyl alcohol polymeric
substrate and polymethacrylate. Packed columns (there are also IC columns prepared from
porous polymeric monolithic backbones) have bead sizes that are as small as 4 µm, and
typically no larger than 15 µm. The substrate bead can be nonporous or have pores as large as
2000 angstroms. Pore size is increased to increase capacity. To complete the anion exchanger,
the anion-exchange groups are attached to the substrate typically in one of two manners,
electrostatically or covalently. Pellicular phases use electrostatic bonding. The substrate is first
sulfonated and then treated with small beads (<1 µm, the latex) that have bound anionexchange groups. The latex beads are electrostatically bound to the substrate beads. Capacity
and selectivity are varied by varying the latex size, its crosslinking, and the nature of the
anion-exchange group. Condensation polymerization (also know as step–growth polymerization)
also involves electrostatic bonding in distinct steps, the number of which allows control of both
selectivity and capacity. Cation-exchange phases for IC use the same polymeric substrates as
the anion-exchange phases, but because the mobile phases for cation IC are acidic, silica can
also be used. Most stationary phases for cation IC are grafted stationary phases, in which a
polymer containing multiple cation-exchange groups is covalently bound to the substrate.
Pellicular cation-exchange phases are less common. They are assembled with a second latex
coating (i.e., an anion-exchange phase is treated with latex containing cation-exchange
groups). For ion-exclusion chromatography, a porous strong cation-exchange stationary phase
is used. Ion-pair ion chromatography typically uses a polymer reversed-phase stationary phase.
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1S (USP38)

Detectors
Detection 1S (USP38)
Conductivity detection is by far
1S (USP38)

the most commonly employed mode of detection in IC, Although the original IC development
work included the use of low-capacity ion-exchange resins for efficient chromatographic
separation and conductometric detection of ions in a chemically suppressed mobile phase, the
advances in column technologies as well as instrumentation development allow the use of highcapacity ion exchange today.
especially suppressed conductivity detection. 1S (USP38)
In suppressed IC
conductivity detection, 1S (USP38)
the background conductance of the ionic mobile phase is significantly reduced as it flows
through the suppression device (suppresor). For example, diluted sodium hydroxide (10–50 mM)
used as the mobile phase in IC of anions is converted to water (poor conductivity) when the
column effluent containing sodium hydroxide flows through the suppressor device present in an
acidic form. The analyte ionic species in the column effluent are converted from their sodium or
other metal salt forms to highly conducting acid forms (due to higher equivalent conductance
of hydrogen ions compared to other cations). Analogous reactions occur in the hydroxide form
suppressor in IC of
using a suppressor for cations, 1S (USP38)
wherein the acidic mobile phase is converted to water, and the analyte cations are converted
to highly conducting hydroxide forms (due to higher equivalent conductance of hydroxide ions
compared to other anions).
The reduced background conductance and the enhanced signal due to the ionic species result
in an
a significantly 1S (USP38)
enhanced signal-to-noise ratio for the conductometric detection of ions in suppressed IC. This
results in reduced background noise and increasing sensitivity and reproducibility of the
analysis. The commonly used chemical suppression devices fall into three broad categories. In
the first type, the reactions occur across an ion-exchange membrane with the regenerant ions
furnished by either a chemical or as products of electrolysis of water.
This results in reduced baseline noise while increasing the sensitivity and reproducibility of the
analysis. Commonly used suppressors can be classified into two categories. In the first type,
the reactions occur across an ion-exchange membrane with the regenerant ions furnished by
either a chemical or as products of electrolysis of water. 1S (USP38)
In the second type, the suppression reactions occur in a packed bed of high-exchange
capacity resin
or monolith 1S (USP38)
material, with regeneration either by a chemical or by electrolysis of water. In the third type,
although not commonly used, the suppression reactions occur as the eluant stream mixes with
the flowing stream of high-capacity resin material.
For pharmaceutical analyses, suppressed conductometric detection may be used for detection
of trace ions in high purity waters. The commonly used mobile phases for the separation of
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anions by suppressed IC include hydroxide ions or a mixture of bicarbonate and carbonate ions.
The common mobile phases for separation of cations usually consist of mineral acids or
methanesulfonic acid.
Ion-chromatographic analyses also can be performed without chemical suppression, in which
case the analytical column effluent flows directly to a conductivity detector. The typical
eluants used in nonsuppressed IC are phthalic acid and p-hydroxybenzoic acid for the
determination of anions and methanesulfonic acid for the determination of cations. The
equivalent conductance values of chloride, sulfate, and other common anions are significantly
greater than that of the eluant anion, and therefore, a positive peak is detected as the anions
are carried through the detector. The equivalent conductance values of sodium, potassium,
calcium, magnesium, and other common cations are significantly lower than that of the cation
(H+) in the eluant. In this instance, a negative peak is detected as the cations are carried
through the detector.
Nonsuppressed IC is easier to perform, and it is a useful technique for determining ions of weak
acids such as cyanide and sulfide, which are nonconductive after chemical suppression but
show a higher baseline noise. Pharmaceutical analyses can be performed in the nonsuppressed
mode because the quantification limits are usually in the upper mg per L to low percentage
levels. While suppressor-based methodologies must often be implemented on the instrument
systems specifically designed for this purpose, IC may be performed without the suppressor on
an existing HPLC. This is possible because the commonly used eluants in IC include dilute bases
or acids that are compatible for use on existing HPLC instruments. When this approach is
considered, analysts are encouraged to consult the instrument manufacturer for applicability of
the instrument for the IC analysis.
OTHER DETECTORS
Other commonly used detection modes in IC include pulsed amperometry, direct UV detection,
or post-column derivatization followed by UV/VIS detection.
Pulsed amperometric detection mode (PAD)—PAD uses a specialized mode of the
conventional amperometric technique. This type of detector is commonly used for the detection
of electroactive species, e.g., organic compounds such as carbohydrates, sugar alcohols,
amino acids, and organic sulfur species. In PAD, analytes are detected by an oxidative
desorption process at the surface of an electrode located in the column effluent stream.
Following the detection process, a series of potentials are applied for fixed time periods to
clean the electrode surface. Unlike conventional amperometry that suffers from electrode
surface fouling, a rapidly repeating sequence of different working potentials, referred to as
waveform, helps the removal of the products of redox reactions from the electrode surface.
Direct and indirect UV detection—Direct UV detection is used for inorganic and organic ions
that possess a UV chromophore. These include organic acids, bromide, iodide, nitrate, nitrite,
thiosulfate, and cyano-metal complexes. Analogous to the inverse conductometric detection of
cations, UV detection may also be performed indirectly. This method is called indirect
photometric chromatography (IPC).
Photometric detection—Photometric detection involves chelation of the metal ions in column
effluent with a color-forming reagent prior to detection with a visible wavelength. A classic
example is the separation of metal ions in which the column effluent is chelated with 4-(2pyridylazo)-resorcinol followed by detection at 510 to 530 nm.
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Nonsuppressed (direct) conductivity detection is most often used for cation analysis and in
situations that do not require high sensitivity, detecting concentrations in the range of mg/L.
Other commonly used IC detection techniques include pulsed/integrated amperometry, direct
UV detection, mass spectrometry, and UV/VIS detection following post-column derivatization.
Pulsed/integrated amperometric detection (PAD/IPAD)—PAD and IPAD are modes of
amperometric detection that apply more than one potential to the working electrode. These
detection modes are commonly used for the detection of electroactive species, e.g., organic
compounds such as carbohydrates, sugar alcohols, amino acids, amines, and organic sulfur
species that can be easily oxidized. Analytes are detected by an oxidative desorption process
at the surface of an electrode located in the column effluent stream. PAD uses one potential
for detection while IPAD uses multiple potentials. The current generated during the fixed time
periods these detection potentials are applied is integrated to yield charge. Following detection,
a series of potentials are applied for fixed time periods to clean the electrode surface. Unlike
conventional direct current amperometry that suffers from electrode surface fouling, this rapidly
repeating sequence of potentials for detection and electrode cleaning, referred to as a
waveform, allows detection and removal of the products of redox reactions from the working
electrode surface.
Direct UV detection—Direct UV detection is used for inorganic and organic ions that absorb UV
light, typically at low wavelengths. These include organic acids, bromide, iodide, nitrate, nitrite,
thiosulfate, and cyano-metal complexes.
UV/visible detection after post-column reaction—Some analytes can be detected after the
column effluent is combined with a reagent that results in formation of a compound that
absorbs light at either a UV or visible wavelength. A classic example is the separation of metal
ions in which the metal ions in the column effluent are chelated with 4-(2-pyridylazo)-resorcinol
followed by detection at 510–530 nm.
Mass spectrometry (MS)—Typically analytes are detected after they have first passed
through a suppressor to make the resulting effluent compatible with the mass spectrometer.
Negative mode electrospray ionization is used for anions while the positive mode is used for
cations. The suppressor effluent is sometimes augmented with an organic solvent to improve
ionization for increased sensitivity. Certain metal ions can be determined by an ion-exchange
separation followed by ICP-MS.
1S (USP38)

Change to read:
SAMPLE PREPARATION
Typically sample preparation for IC includes dilution or filtering through a 0.45-µm filter, or both.
Under certain circumstances, samples may require removal of undesirable species through solidphase extraction (SPE) techniques. For example, a highly alkaline sample can be neutralized by
having it pass through an SPE cartridge packed with cation-exchange material in the acidic
form.
As in many other analytical techniques, sample preparation may range from simple sample
dissolution or dilution to the proper concentration, often followed by filtration, and in other
cases more complex preparations including SPE approaches are needed. If the solution is cloudy
and/or contains particulates, then filtration through a syringe filter of 0.45-µm pore size that is
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suitable for IC is needed. Samples containing a high concentration of ions of the same charge
as the target analyte may require a sample pretreatment to selectively remove the high
concentration ion. 1S (USP38)
Change to read:
PROCEDURE
Conductometric detection requires high purity water (generally, resistivity greater than 18
megohm-cm) and high-purity chemicals for the preparation of the mobile phase. For ion-pair
separation with UV detection, water and mobile phase components of low UV absorbance
should be used.
For ion exchange, the retention time of ions increases with a decrease in the ionic strength and
valency (charge) of the mobile phase components. For example, at equimolar concentrations of
sodium hydroxide or sodium carbonate mobile phase, capacity factors (k¢) for anions are smaller
with sodium hydroxide as the mobile phase than with sodium carbonate as the mobile phase.
Some mobile phases, such as sodium hydroxide, can absorb ambient carbon dioxide, resulting in
its composition change and often in baseline artifacts. In this instance, care should be taken to
prevent absorption of carbon dioxide by the sodium hydroxide mobile phase.
For ion exclusion, capacity factors of organic acids increase with an increase in ionic strength
or concentration of mineral acids but decrease with the increase of the column temperature.
Because permeation volume remains constant, these effects are usually small. Addition of a
solvent such as acetonitrile shortens the retention of organic acids.
Like other HPLC techniques, IC systems are calibrated by plotting peak responses in comparison
with known concentrations of a reference standard, using either an external or internal
standardization procedure.
Ion chromatography requires high-purity water (generally, resistivity greater than 18 megohmcm) for mobile phase preparation and any sample pretreatment. The choice of mobile phase is
typically dictated by the choice of column, which in turn is chosen based on the selectivity for
the analyte(s) compared to other ions of the same charge known or likely to be present. In
situations where the other ions are in high concentration, a column with higher capacity is
chosen to prevent column overload. This is especially important for many limit tests, where low
concentration of a target analyte is in the presence of a large concentration of another ion of
the same charge state). For anion IC, some mobile phases can be prepared from the solid or
from commercial concentrates or ready-to-use solutions, e.g., sodium bicarbonate/carbonate.
Other mobile phases should be prepared and handled with care, e.g., sodium hydroxide
solutions, minimizing air exposure, and prepared from 50% sodium hydroxide solutions. Sodium
hydroxide pellets and commercial dilute solutions contain large amounts of carbonate, thus
altering the desired composition of the mobile phase. The acid solutions for cation IC are
prepared by diluting high-purity concentrated acids. Alternately, carbonate/bicarbonate,
hydroxide, and methanesulfonic acid mobile phases can be produced by an eluent generator.
Most analyses will require the injection of 5–50 µL of sample solution, but larger volumes may
be required for the analysis of low concentration analytes. As in other LC techniques,
quantification is made by either internal or external standardization procedures, where the
concentration is calculated by interpolation of the sample response into a calibration curve. IC
methods are validated according to the recommendations described in general information
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chapter Validation of Compendial Procedures

1225 .

1S (USP38)

BRIEFING
1086 Impurities in Drug Substances and Drug Products, USP 37 page 828. As part of
an ongoing monograph modernization initiative, the United States Pharmacopeial Convention
(USP) is updating this general chapter,

1086

Impurities in Drug Substances and Drug

Products, and proposing a new chapter, 476 Organic Impurities in Drug Substances and
Drug Products, which addresses organic impurities testing for articles with monographs in
relevant USP compendia. 1086 has been updated to align it with current scientific and
regulatory standards and to help ensure the appropriate control of organic impurities and
degradation products in drug substances and drug products. In addition to providing updated
general guidelines, 1086 introduces definitions and a decision tree for addressing impurities
associated with drug substances and drug products. These new resources should assist the
user who may have questions related to implementation of 476 . Over time,
Impurities may be used less frequently and may be withdrawn.

466

Ordinary

Additionally, minor editorial changes have been made to update the monograph to current
USP style.
(GCPA: A. Hernandez-Cardoso.)
Correspondence Number—C133392

Comment deadline: July 31, 2014
1086

IMPURITIES IN DRUG SUBSTANCES AND DRUG PRODUCTS

Change to read:
INTRODUCTION
This general information chapter is intended to provide common terminology for impurities and
degradation products that may be present in compendial drug substances and drug products.
Impurities or degradation products in drug substances can arise during the manufacturing
process or during storage of the drug substance. The degradation products in drug products
can arise from drug substances or reaction products of the drug substance with the
environment, with an excipient, or an immediate container–closure system. Biological and
biotechnological products, fermentation products and semisynthetic products derived
therefrom, and radiopharmaceutical products are not covered in this chapter.
Communications about impurities and degradation products in compendial articles may be
improved by including in this Pharmacopeia the definitions of terms and the contexts in which
these terms are used. (See Definitions below.) There has been much activity and discussion in
recent years about the definition of terms. Certain industry-wide concerns about terminology
and context deserve widespread publication and ready retrievability and are included here. See
section 5.60, Impurities and Foreign Substances in section 5, Monograph Components under
General Notices and Requirements, as well as the general chapter Ordinary Impurities 466 .
Some other general chapters added over the years have also addressed topics of purity or
impurity as these have come into focus or as analytical methodology has become available.
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Analytical aspects are enlarged upon in the chapter Validation of Compendial Procedures
1225 .
Purity or impurity measurements for drug products present a challenge to Pharmacopeial
standards-setting. Where degradation of a drug product over time is at issue, the same
analytical methods that are stability-indicating are also purity-indicating. Resolution of the
active ingredient(s) from the excipients necessary to the preparation presents the same
qualitative problem. Thus, many monographs for Pharmacopeial preparations feature
chromatographic assays. Where more significant impurities are known, some monographs set
forth specific limit tests. In general, however, this Pharmacopeia does not repeat impurity tests
in subsequent preparations where these appear in the monographs of drug substances and
where these impurities are not expected to increase. It is presumed that adequate retention
specimens are in storage for the exact batch of drug substances used in any specific lot of a
drug product. Whenever analysis of an official article raises a question of the official attributes
of any of the drug substances used, subsequent analysis of retention specimens is in order.
DRUG SUBSTANCE
Classification of Impurities—Impurities can be classified into the following categories:
1. Organic impurities (process- and drug-related)
2. Inorganic impurities
3. Residual solvents
Organic impurities can arise during the manufacturing process and/or storage of the drug
substance. They can be identified or unidentified, volatile or nonvolatile, and include the
following:
1.
2.
3.
4.
5.
6.

Starting materials
Byproducts
Intermediates
Degradation products
Reagents, ligands, and catalysts
Geometric and stereoisomers

Inorganic impurities can result from the manufacturing process. They are normally known and
identified and include the following:
1.
2.
3.
4.

Reagents, ligands, and catalysts
Heavy metals or other residual metals
Inorganic salts
Other materials (e.g. filter aids, charcoal)

Residual solvents are organic liquids used as vehicles for the preparation of solutions or
suspensions in the synthesis of a drug substance. Because these are generally of known
toxicity, the selection of appropriate controls is easily accomplished (see Residual Solvents
467 ).
Concepts for setting impurity or degradation product limits in drug substances are based on
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chemistry and safety concerns. As such, limits for organic and inorganic impurities and residual
solvents should be established for drug substances. The basic tenet for setting limits is that
levels of impurities or degradation products in a drug substance must be controlled throughout
its development to ensure its safety and quality for use in a drug product.
Documented evidence that the analytical procedure used to evaluate impurities or degradation
products is validated and suitable for the detection and quantification of impurities or
degradation products should be established.
DRUG PRODUCT
The specification for a drug product should include a list of degradation products expected to
occur during manufacture of the commercial product and under recommended storage
conditions. Stability studies, knowledge of degradation pathways, product development studies,
and laboratory studies should be used to characterize the degradation profile. The selection of
degradation products in the drug product specification should be based on the degradation
products found in batches manufactured by the proposed commercial process.
This rationale should include a discussion of the degradation profiles observed in the safety and
clinical development batches and in stability studies, together with a consideration of the
degradation profile of batches manufactured by the proposed commercial process. For
degradation products known to be unusually potent or to produce toxic or unexpected
pharmacological effects, the quantitation/detection limit of the analytical procedures should be
commensurate with the level at which the degradation products should be controlled.
For drug products the concept for setting degradation product limits is based on sound
scientific judgment as applied to available data on the safety and stability of the drug product,
data that may include the degradation pathways of the drug substance, the manufacturing
process, known excipient interactions, any safety assessment studies, stability studies
conducted under the recommended storage conditions, and ancillary studies that may provide
additional information on the stability profile of the drug product. Impurities that are not
degradation products (e.g., process impurities from the drug substance) are often not
controlled in the drug product, as they are typically controlled in the drug substance and these
impurities are not expected to increase over time. Additional guidance for setting limits can be
found in various ICH and FDA guidance documents, as well as in the USP monograph submission
guidelines.
Documented evidence that the analytical procedure used to evaluate impurities or degradation
products is validated and suitable for the detection and quantification of impurities or
degradation products should be established.
Drug products should contain levels of residual solvents no higher than can be supported by
safety data (see Residual Solvents

467 ).
DEFINITIONS

Concomitant Components—Concomitant components are characteristic of many drug
substances and are not considered to be impurities in the Pharmacopeial sense. Limits on
contents, or specified ranges, or defined mixtures are set forth for concomitant components in
this Pharmacopeia. Examples of concomitant components are geometric and optical isomers (or
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racemates) and antibiotics that are mixtures. Any component that can be considered a toxic
impurity because of significant undesirable biological effect is not considered to be a
concomitant component.
Degradation Product—An impurity resulting from a chemical change in the drug substance
brought about during manufacture and/or storage of the drug product by the effect of, for
example, light, temperature, pH, water, or by reaction with an excipient and/or the
immediatecontainer–closure system.
Foreign Substances (Extraneous Contaminants)—An impurity that arises from any source
extraneous to the manufacturing process and that is introduced by contamination or
adulteration. These impurities cannot be anticipated when monograph tests and assays are
selected. The presence of objectionable foreign substances not revealed by monograph tests
and assays constitutes a variance from the official standard. Examples of foreign substances
include ephedrine in Ipecac or a pesticide in an oral liquid analgesic. Allowance is made in this
Pharmacopeia for the detection of foreign substances by unofficial methods. (See section 5.60,
Impurities and Foreign Substances in section 5, Monograph Components under General Notices
and Requirements.)
Identified Impurities and Identified Degradation Products—Impurities or degradation
products for which structural characterizations have been achieved.
Impurity—Any component of a drug substance that is not the chemical entity defined as the
drug substance and in addition, for a drug product, any component that is not a formulation
ingredient.
Inorganic Impurities—Inorganic impurities can result from the manufacturing process (e.g.,
residual metals, inorganic salts, filter aids, etc.). Inorganic impurities are typically controlled by
tests such as Heavy Metals
Plasma Spectrochemistry

231
730

and Residue on Ignition
and Ion Chromatography

281 . Information found in
1065

may also be of value.

Intermediate—A material that is produced during steps of the synthesis of a drug substance
and that undergoes further chemical transformation before it becomes a drug substance. The
intermediate is often isolated during the process.
Ordinary Impurities—Some monographs make reference to ordinary impurities. For more
details see Ordinary Impurities

466 .

Other impurities—See section 5. Monograph Components under General Notices and
Requirements.
Polymorphs—Different crystalline forms of the same drug substance. These can include
solvation or hydration products (also knows as pseudopolymorphs) and amorphous forms.
Although polymorphs are not impurities by definition, an understanding of the crystalline forms,
hydration or solvation states, or amorphous nature is critical to the overall characterization of
the drug substance.
Process Contaminants—Process contaminants are identified or unidentified substances
(excluding related substances and water), including reagents, catalysts, other inorganic
impurities (e.g., heavy metals, chloride, or sulfate); and may also include foreign substances
(extraneous contaminants). These contaminants may be introduced during manufacturing or
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handling procedures.
Reagent—A substance other than a starting material, intermediate, or solvent that is used in
the manufacture of a drug substance.
Related Substances—Related substances are structurally related to a drug substance. These
substances may be (a) identified or unidentified impurities arising from the synthesis
manufacturing process, such as starting materials, intermediates, or by-products, and do not
increase on storage, or (b) identified or unidentified degradation products that result from drug
substance or drug product manufacturing processes or arise during storage of a material.
Residual Solvents—An organic liquid used as a vehicle for the preparation of solutions or
suspensions in the synthesis of a drug substance (see Residual Solvents

467 ).

Specified Impurities and Specified Degradation Products—Previously referred to as Signal
Impurities, specified impurities or specified degradation products are impurities or degradation
products that are individually listed and limited with specific acceptance criteria in individual
monographs as applicable. Specified impurities or specified degradation products can be
identified or unidentified.
Starting Material—A material that is used in the synthesis of a drug substance and is
incorporated as an element into the structure of an intermediate and/or of the drug substance.
Starting materials are often commercially available and have well-defined chemical and physical
properties and structure.
Stereomeric Impurity—A compound with the same 2-dimensional chemical structure as the
drug substance but differs in the 3-dimensional orientation of substituents at chiral centers
within that structure. In those cases where all chiral centers are in the opposite orientation,
the impurity is an enantiomer (enantiomeric impurity). Determinations of impurities in this
category often require special chiral chromatographic approaches. Diastereomeric or epimeric
impurities occur when only some of the chiral centers are present in the opposite orientation.
Toxic Impurities—Toxic impurities have significant undesirable biological activity, even as
minor components, and require individual identification and quantification by specific tests.
These impurities may arise out of the synthesis, preparation, or degradation of compendial
articles. Based on validation data, individualized tests and specifications are selected. These
feature comparison to a Reference Standard of the impurity, if available. It is incumbent on the
manufacturer to provide data that would support the classification of such impurities as toxic
impurities.
Unidentified Impurities and Unidentified Degradation Products—Impurities or degradation
products for which structural characterizations have not been achieved and that are identified
solely by qualitative analytical properties (e.g., chromatographic retention times).
Unspecified Impurities and Unspecified Degradation Products—Impurities or degradation
products that are limited by general acceptance criteria but not individually listed with their
own specific acceptance criteria in individual monographs.
INTRODUCTION
This general information chapter provides guidance regarding impurities that may be present in
drug substances and drug products (see Appendix 1: Definitions and Appendix 2: Additional
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Sources of Information and Guidance for further information).
Because of scientific and technological advancements, impurity measurements and control
strategies continue to evolve. These changes, in combination with advancements in the field of
toxicology, have contributed to the evolution of regulatory and compendial standards for the
control of impurities in drug substances and drug products.
Manufacturers should consider the chemical characteristics and safety aspects of impurities
when they identify and classify impurities in a drug substance or drug product. They should list
impurities in specifications for the drug substance and drug product, and should describe the
analytical procedures used to identify and quantify these impurities. Analytical procedures
should be validated and demonstrated to be suitable for the detection and quantitation of
impurities (for additional information, see Validation of Compendial Procedures

1225 ).

For impurities that are known or suspected to be highly toxic (e.g., genotoxic) or that produce
undesired pharmacological effects, the quantitation/detection limit of the analytical procedures
should be commensurate with the acceptance criteria. However, analytical procedures should
be developed for those impurities at levels NMT the identification threshold.
DRUG SUBSTANCE
Acceptance criteria for impurities in drug substances should be based on chemical
characteristics and safety considerations. As such, acceptance criteria for organic and
inorganic impurities and residual solvents should be established for drug substances.
Impurities in drug substances are classified into the following three categories: 1) organic
impurities (process- and drug-related), 2) inorganic impurities, and 3) residual solvents.
Organic impurities can arise during the manufacturing process and/or storage of the drug
substance. They can be identified or unidentified, volatile or nonvolatile, and may include the
following:
1.
2.
3.
4.
5.
6.

Starting materials
Byproducts
Intermediates
Degradation products
Reagents, ligands, and catalysts
Residual solvents

Inorganic impurities can result from the manufacturing process. They are usually known and
identified, and may include the following:
1.
2.
3.
4.

Reagents, ligands, and catalysts
Heavy metals or other residual metals
Inorganic salts
Other materials (e.g., filter aids, charcoal)

The control of inorganic impurities is defined in chapters Elemental Impurities—Limits
Elemental Impurities—Procedures

233 , and Residue on Ignition

information in Plasma Spectrochemistry

730

232 ,

281 . Additional

and Ion Chromatography

1065

may also be
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of value. The control of residual solvents is described in Residual Solvents

467 .

Organic impurities in drug substances are often specific to the manufacturing process and
starting materials. Drug substances manufactured by alternative processes should be evaluated
to ensure that a different synthetic route does not introduce any new impurities that are not
described in the monograph. When new impurities are identified, the manufacturer should inform
USP and provide additional tests and acceptance criteria to be applied to the applicable
monograph.
Impurities in drug substances may need to be reported, identified, and/or qualified. A thresholdbased approach as described in ICH Q3A, shown below in Table 1, is used for the reporting,
identification, and/or qualification of impurities. Thresholds are based on the amount of drug
substance administered per day. Higher thresholds may be applied if scientifically justified.
Lower thresholds may be appropriate if the impurity is unusually toxic.
Table 1. Drug Substance Impurity Thresholds
Impurity Thresholds
Maximum daily dose
2g
Reporting
Identification
Qualification

0.05%
0.10% (1.0 mg)a
0.15% (1.0 mg)a

2g
0.03%
0.05%
0.05%

a The total daily intake in parentheses applies if it is lower than the calculated value.

DRUG PRODUCT
Potential sources of organic impurities in drug products include the following:
Residual impurities from the drug substance
Degradation products
Extractables and leachables
Impurities present in, or derived from, excipients
Organic impurities in drug products should be controlled. This chapter addresses only those
impurities in drug products that are classified as degradation products of the drug substance or
reaction products of the drug substance with excipients and/or the primary container closure—
collectively referred to as “degradation products” in this chapter.
In addition to degradation products, elemental impurities (see
(see

232 ) and residual solvents

467 ) are also to be controlled in drug products.

Generally, drug substance-related process impurities present in the drug product need not be
monitored or specified in the drug product unless they are also degradation products. Principles
of setting acceptance criteria for degradation products in drug products are discussed in ICH
and Food and Drug Administration (FDA) guidances for new drug application (NDA) and
abbreviated new drug application (ANDA) products.
A threshold-based approach as described in ICH Q3B (R2 or current version), shown below in
Table 2, is used for the reporting, identification, and/or qualification of impurities. Thresholds
are based on the amount of drug substance administered per day. Higher thresholds may be
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applied if scientifically justified. Lower thresholds may be appropriate if the degradation product
is unusually toxic.
Table 2. Drug Product (NDA & ANDA) Degradation Product Thresholds
Degradation Product Thresholds
Maximum daily
dose
<1 mg
1–10 mg
>10–100 mg >100 mg–1 g
>1–2 g
Reporting
0.10%
0.10%
0.10%
0.10%
0.05%
1.0% or 5 µg 0.5% or 20 0.2% or 2 mg 0.2% or 2 mg 0.2% or 2 mg
a
Identification
TDIb
µg TDIb
TDIb
TDIb
TDIb
1.0% or 50
1.0% or 50
0.5% or 200 0.2% or 3 mg 0.2% or 3 mg
Qualificationa
µg TDIb
µg TDIb
µg TDIb
TDIb
TDIb
a Lower threshold may be appropriate for toxic impurities.
b Whichever is lower, calculated value or Total Daily Intake (TDI).

>2 g
0.05%
0.10%
0.15%

Similar principles may be applied to set thresholds and acceptance criteria for degradation
products in drug products not discussed in ICH or FDA guidances [e.g., those for over-thecounter (OTC) drug products]. Degradation products in these drugs may also need to be
reported, identified, and/or qualified. Thresholds should be justified based on historical
information such as drug product stability and safety data, as well as the amount of drug
substance administered per day. Higher thresholds may be applied if scientifically justified.
Lower thresholds may be appropriate if the degradation product is unusually toxic.
Measurement of drug product impurities can be a challenging aspect of pharmacopeial
standards-setting for products containing multiple drug substances and complex excipients
(e.g., OTC products). The use of placebo products as controls in stability studies may aid in
the deconvolution of chemical changes that could be related to flavors and dyes rather than
the drug substance. For drug products that contain multiple drug substances, it is appropriate
to quantify unidentified degradation products based on the drug substance present in the
highest dose (i.e., to obtain the lowest threshold value).
The decision tree for impurities in drug substances and drug products (Figure 1) provides
guidance regarding control of impurities, including organic impurities that may be present in drug
substances and drug products.
Technical factors (e.g., the manufacturing process, a low drug substance-to-excipients ratio,
or the use of excipients of animal or plant origin) may also be considered as part of the
justification for selection of alternative thresholds based on manufacturing experience with the
commercial process. However, acceptance criteria should not be based solely on process
capability.
In cases of complex impurity profiles, it may not be feasible to resolve each impurity
individually. Limits on combinations of impurities may be established, as appropriate.
Manufacturers also can consider the use of multiple analytical procedures.
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Figure 1. Decision tree for control of organic impurities in drug substances and drug products.
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APPENDIX 1: DEFINITIONS
Degradation product: An impurity resulting from a chemical change in the drug substance
brought about during manufacture or storage of the drug product by the effect of, for example,
light, temperature, pH, or water, or by reaction with an excipient or the primary container–
closure system.
Extraneous contaminants (foreign substances): An impurity that arises from any source
extraneous to the established manufacturing process and that is introduced by contamination
or adulteration.
Identified impurity/degradation product: An impurity or degradation product for which
structural characterization has been established.
Identification threshold: A limit above which an impurity should be identified.
Impurity: For a drug substance, any component of the drug substance that is not the
chemical entity that is defined as the drug substance; for a drug product, any component of a
drug product that is not the drug substance or an excipient in the drug product.
Qualification: The process of acquiring and evaluating data that establish the biological safety
of an individual impurity or a given impurity profile at the level(s) specified.
Qualification threshold: A limit above which an impurity should be qualified.
Reporting threshold: A limit above which an impurity should be reported.
Specified impurity/degradation product: An impurity or degradation product that is
individually listed and limited with a specific acceptance criterion in the drug substance or drug
product specification. A specified impurity or specified degradation product can be either
identified or unidentified.
Unidentified impurity/degradation product: An impurity or degradation product for which a
structural characterization has not been achieved and that is defined solely by qualitative
analytical properties (e.g., chromatographic retention time).
Unspecified impurity/degradation product: An impurity or degradation product that is
limited by a general acceptance criterion, but not individually listed with its own specific
acceptance criterion, in the drug substance or drug product specification.
APPENDIX 2: ADDITIONAL SOURCES OF INFORMATION AND GUIDANCE

ICH. Q3A(R2) Impurities in new drug substances. 2006.
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q3A_R2/Step4/Q3A_R
Accessed 24 January 2014.
ICH. Q3B(R2) Impurities in new drug substances. 2006.
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM0705
Accessed 24 January 2014.
FDA. Guidance for industry. NDAs: impurities in drug substances. 2000.
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM0705
Accessed 24 January 2014.
FDA. Guidance for industry. ANDAs: impurities in drug products. 2010.
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM0728
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Accessed 24 January 2014.
Impurities in Drug Substances and Drug Products 1086 . USP. In: USP37–NF32.
Rockville (MD): United States Pharmacopeial Convention; 2014. pp. 828–831.
Consumer Healthcare Products Association. Your health at hand book: guide to OTC
active ingredients in the United States. 2010.
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BRIEFING
1106.1 Immunogenicity Assays—Design and Validation of Assays to Detect AntiDrug Neutralizing Antibody. This proposed new general information chapter provides useful
recommendations on best practices for the design and validation of assays to detect anti-drug
neutralizing antibodies. Neutralizing antibodies (NAbs), a specific type of anti-drug antibodies
(ADA), have the ability to impact the biological activity of a specific natural source or
recombinant drug product. This can limit the drug's therapeutic efficacy and also potentially
cause adverse clinical sequelae for some patients being treated with the specific biological
medicine. NAb assays are an important part of safety assessment during clinical drug
development and postmarketing approval. This chapter follows from a related, overarching
general information chapter Immunogenicity Assays—Design and Validation of Immunoassays
to Detect Anti-Drug Antibodies 1106 . The primary objective of this proposed chapter is to
address the growing need for practical recommendations on selecting reliable, sensitive
methods for immunogenicity assays that will detect, and characterize, neutralizing antibodies.
Both cell-based and non-cell-based assay formats for NAb detection are discussed.
(GCBA: M. Kibbey.)
Correspondence Number—C134266

Comment deadline: July 31, 2014
Add the following:
1106.1

IMMUNOGENICITY ASSAYS—DESIGN AND VALIDATION OF ASSAYS TO
DETECT ANTI-DRUG NEUTRALIZING ANTIBODY
INTRODUCTION AND SCOPE

Administration of natural source or recombinant biologic medicines may elicit some degree of
immune response leading to development of anti-drug antibodies (ADAs) in treated subjects.
Neutralizing antibodies (NAbs) are a subset of ADAs that affect the biological activity of the
biologic drug product. For the purposes of this chapter, NAbs are defined by their ability to
neutralize the biological activity of a therapeutic in an in vitro system. This chapter does not
address antibodies that may impact drug clearance. Further clinical studies would be needed to
assess changes in biologic activity on therapeutic outcomes.
NAbs can alter the biological activity of the therapeutic molecule by binding to one or more
epitopes that lie within its active site(s). In addition, NAbs can interfere with active sites
through steric hindrance (i.e., binding to areas of the protein that are near the active site), or
by allosteric interactions (i.e., binding to a site on the drug and inducing a change in
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conformation that can interfere with the drug's activity). Therefore, it is important to monitor
the immunogenicity of biological therapeutics throughout the drug product development cycle
by using sensitive and reliable methods that not only determine the presence or absence of
ADAs but also characterize whether they have neutralizing capability. The objective of this
general information chapter is to provide practical recommendations on best practices that may
be used for risk-based design and validation of anti-drug NAb assays.
As described in general information chapter Immunogenicity Assays—Design and Validation of
Immunoassays to Detect Anti-Drug Antibodies 1106 , immunoassays (or ligand binding
assays) are typically used to screen for the presence of ADAs. Several assay formats can be
used to determine whether a detected ADA is also a NAb. The first assay format, defined here
as a functional NAb assay (thus having an actual biological readout), is most commonly used
and can take the form of either a cell-based functional assay or non-cell-based functional
assay (e.g., a biochemical assay for an enzyme therapeutic). Another major group of assay
formats is based on NAb-mediated inhibition of ligand binding between therapeutics and their
targets. These assays can take the form of either cell-based binding assays (e.g., where a
cell-surface target exists) or non-cell-based binding assays (e.g., where a purified soluble
receptor or drug target is utilized).
The decision to use a cell-based assay versus a non-cell-based assay is dependent on factors
that include the drug's mechanism of action (MoA) and immunogenicity risk assessment, as well
as the availability of relevant and sensitive NAb assays (Figure 1). Another important
consideration in selecting the assay format is the degree of risk to patient safety that NAb
formation would pose; thus, for therapeutics with high risk to patients, the assay format should
be sufficiently sensitive for detecting clinically relevant NAbs. The speed at which results are
required can have an influence on the type of assay selected if the cell-based assay requires
extended time to execute. Some practical considerations for making this decision are presented
in the section Risk-Based Approach to Assessing Neutralizing Antibodies and Their
Consequences.
Detection of drug-neutralizing activity in such in vitro assays facilitates improved understanding
of any observed clinical effects resulting from altered pharmacological activity. A thorough
investigation of the presence of NAbs and their characterization in relation to clinical
parameters such as pharmacokinetics (PK), pharmacodynamics (PD), efficacy, and safety is
therefore strongly recommended. NAbs would have to be produced at a concentration that is
biologically relevant such that the effect of the antibodies could be detected in an in vitro
assay, and these antibodies could bind with sufficient affinity to remain tightly bound to the
therapeutic. In contrast, a low-affinity-binding antibody that recognizes an active region of a
therapeutic protein might not remain bound to the therapeutic, and thus would not readily
mediate a biological effect. However, one cannot rule out the possibility of low-affinity
antibodies having an effect in vivo, and thus NAb assays should be designed to detect the
widest range of antibody affinities that is practical (e.g., limit the number of wash steps).
Although the principles described in this chapter are generally applicable to most commonly
used cell-based and non-cell-based NAb assays, modified approaches to assay design and
validation may be required for certain products (e.g., enzymes), clinical uses (e.g., different
dosing regimens or routes of administration), or patient populations. [Note—A list of helpful
regulatory guidances and white papers is contained in the Appendix.]
FACTORS THAT INFLUENCE THE DEVELOPMENT OF NEUTRALIZING ANTIBODIES
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Although it is not entirely clear why biological therapeutics induce NAbs only in some
individuals, or why certain therapeutics induce more NAbs than others, research has shown
that certain factors are typically associated with the generation of NAbs. The initial low-affinity
response to a therapeutic protein (primarily composed of IgM antibodies) is rarely able to
effectively neutralize the biological effect of the therapeutic protein. However, antibody
response to a therapeutic protein can mature, usually upon repeated exposure. As the immune
response matures, more epitopes of the therapeutic protein are recognized by ADAs that are
NAbs, as epitopes within the active region of the therapeutic protein are now recognized.
Ultimately, those factors that trigger development of a robust immune response require the
trigger of T-cell mediated immune responses. Some of these factors include the presence of
multiple T-cell epitopes (linear, 7–9 amino acid sequence recognized in the context of the major
histocompatability complex class II or MHC II); specific product attributes, such as
aggregation, that would encourage uptake into antigen-presenting cells; genetic sequence
differences between the therapeutic protein and endogenous counterparts; degree of
immunologic tolerance; and the amount, route, and schedule of the administration of the
protein therapeutic. There is also a potential for residual host cell proteins to act as adjuvants.
Therapeutic proteins that are very close in amino acid sequence to endogenous proteins are
less likely to trigger a robust immune response. When the sequence is identical and the
endogenous counterpart is fully exposed to the immune system, a high level of tolerance to the
therapeutic protein is anticipated. In subjects with autoimmune disorders, this may not be the
case, as tolerance to self-proteins has already been compromised.
NAbs are always defined within the context of the assay that identifies them. Thus, it is
possible that not all subjects with NAbs are identified in any program. Also, it is important to
recognize that if the sensitivity of a NAb assay improves, then the number of subjects with
NAbs that are detected may increase. If the incidence of NAb-positive subjects increases, it is
important to determine whether the change is related to assay performance or to an alteration
in the product quality attributes of the therapeutic protein. NAb specificity is also important.
For assays with relatively poor specificity, baseline (pretreatment) samples may show positive
responses; however, such a response may not be due to antibodies directed specifically to the
therapeutic under study.
DETERMINATION OF PRECLINICAL AND CLINICAL IMMUNOGENICITY
Nonclinical: Relevance and Scope of Preclinical Immunogenicity
Preclinical toxicology studies are generally used to suggest dosimetry and to define safety
margins by evaluating idiosyncratic toxicity and specific target-organ toxicity caused by
therapeutics. The primary requirement for these studies is to demonstrate that the animals are
exposed to the therapeutic at the intended dosage levels throughout the study. As stated in
the ICH S6 Guidance, this can be accomplished by analyzing the circulating drug concentration
(PK data) in combination with data on PD markers, and/or by using immunogenicity assessments
to facilitate interpretation of the exposure-to-toxicity correlation. As discussed in 1106 ,
animal test systems have significant limitations in their ability to support specific conclusions on
the potential for clinical immunogenicity, especially as it relates to MHC restriction, Tdependent B-cell responses, and the potential to neutralize the pharmacological effect of the
therapeutic. However, evaluation of immunogenicity in nonclinical studies may be useful when
there is substantial homology of the therapeutic to an endogenous counterpart in animals [e.g.,
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erythropoietin (EPO) and thrombopoietin (TPO)]. Severe thrombocytopenia was reported in
several animal species after dosing with autologous TPO molecules, due to development of
circulating anti-TPO NAbs. In these studies, NAbs directly affected the pharmacological activity
of both the endogenous protein and the exogenously administered therapeutic, making it
difficult to interpret the toxicology study findings.
NAbs are usually directly detected and characterized by in vitro assays. However, a decrease
in the expression or activity level of a PD marker may be indicative of NAbs, but this should be
confirmed with a NAb assay as a surrogate to infer the presence of NAbs. It is important to
confirm that the change in the reduced PD marker is not merely due to clearance of drug from
the circulation, an effect that can be caused by ADA, rather than due to “true” neutralization.
As part of the immunogenicity evaluation, it also may be useful to characterize the immunedominant epitopes for such high-risk proteins. Nonclinical sample collection and related
considerations are discussed in 1106 .
Although the measured incidence and titer of NAbs may not be the same in different animal
species, induction of NAbs in multiple species may suggest a higher probability of NAb
development in humans where significant homology exists within the biologically active site.
Immunogenicity studies in transgenic animals expressing the gene encoding the protein of
interest may be useful to help predict the relative potential of various forms of drug product to
induce NAbs.
Clinical: Relevance and Scope of Immunogenicity Assessments
Evaluation of immunogenicity, including development of NAbs, remains an important part of the
safety assessment in clinical drug development.
The scope of the immunogenicity assessment for therapeutics is based on the type of
therapeutic, selected indication, pharmacology, route of administration, duration of treatment,
and immune competence of the patient. The frequency of sample collection and analysis should
be based on the timing and incidence of antibody responses as well as the occurrence and
severity of clinical sequelae (see 1106 for more information). Because NAbs can trigger a
range of possible clinical effects, specific and sensitive analytical methods are needed to (1)
investigate the characteristics of antibodies induced over time (non-neutralizing and
neutralizing), (2) reveal the duration of the ADA response (transient versus persistent), and (3)
clarify the implications of the potential immunogenicity for clinical outcomes.
Adequate patient follow-up for measuring neutralizing ADAs should be implemented, because
persistent NAbs generally develop later in the course of treatment and it is important to fully
characterize the temporal nature of the antibody response. For example, careful follow-up
could reveal a transient response in which antibodies appear, yet then disappear after a period
of time such as 2–3 months. In addition to the scheduled, routine repetitive sampling, patients
should be evaluated clinically in a symptom-driven manner whenever antibody development is
suspected. Pre-approval clinical trials may fail to detect rare immunogenic events due to
insufficient patient numbers for adequate statistical evaluation and/or an inadequate duration
of drug exposure. Therefore, a postapproval immunogenicity surveillance program may be
necessary for any therapeutic protein that carries a risk of generating clinically meaningful
NAbs.
RISK-BASED APPROACH TO ASSESSING NEUTRALIZING ANTIBODIES AND THEIR
CONSEQUENCES
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Chapter 1106 describes in detail the principles of risk-based approaches to detection and
characterization of antibodies directed against biologic drug products. The two primary
concerns related to NAbs are (1) the therapeutic can lose pharmacological activity, which in
turn can affect its efficacy, and (2) NAbs can cross-react with an endogenous, nonredundant
protein. In addition, as with all ADAs, NAbs can contribute to other adverse effects such as the
formation of immune complexes and potential deposition of these complexes in tissues and the
vascular system. Table 1 in 1106 summarizes important risk factors that may influence the
severity of the clinical consequences from an ADA or NAb response. The basic risk assessment
criteria outlined in Table 1 in 1106 provide a useful orientation to this type of risk
assessment. The various combinations of factors from the three risk categories (lower, medium,
and higher risk), as well as the actual antibody properties, could result in a continuum of
intermediate risks. For example, NAbs directed against recombinant human growth hormone can
neutralize endogenous growth hormone, which is a vital, nonredundant factor. Yet decades of
therapy with a number of different recombinant human growth hormone preparations have
shown that attenuation of growth was not observed, even in the presence of the crossreactive NAbs detected with an in vitro assay. Therefore, the actual risk associated with the
recombinant human growth hormone could be viewed as intermediate between the high- and
medium-risk categories, despite the existence of the endogenous counterpart.
Potential assay formats are selected based on MoA on a case-by-case basis with proper
consultation with regulatory agencies when needed, while the bioanalytical strategy is driven
by the risk of immunogenicity for the specific therapeutic. Figure 1 presents a flow chart with
some useful options for NAb assay format selection.
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Figure 1. NAb assay format selection examples.
For agonistic therapeutics that interact directly with cellular receptors, such as growth factors
and hormones, development of cell-based NAb assays is appropriate to reflect the MoA of the
drug. This category includes therapeutics with a nonredundant endogenous counterpart that
may generate clinical sequelae with a high level of risk to patients. For these therapeutics,
assays with the capability to determine NAb levels with high specificity and sensitivity are
required; the results are generally expressed in titers or equivalents of neutralized drug. These
recommendations stem from the concern that NAbs induced by therapeutic proteins can crossreact with and neutralize vital endogenous homologs and cause autoimmune-type deficiency
syndromes [e.g., that seen with megakaryocyte growth and development factor (MGDF) and
EPO]. Early detection and continued testing for NAbs directed against high-risk molecules are
also recommended because NAb data can influence therapeutic decisions.
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For antagonistic therapeutics, some regulatory agencies have accepted competitive ligand
binding assays for detection of NAbs that are directed against therapeutics with humoral
targets (e.g., anti-IgE or recombinant coagulation factors). However, for antagonistic
therapeutics that interact with a receptor and a coreceptor to exert a pharmaceutical effect
on target cells, cell-based assays are generally recommended as this type of MoA cannot be
reflected accurately in a non-cell-based ligand binding assay because an ADA that does not
block drug–target interactions may interfere with target coreceptor interactions, causing
functional neutralization. Some regulatory agencies have also accepted non-cell-based
competitive ligand binding assays for the detection of NAbs that are directed against
therapeutics with humoral targets (e.g., anti-IgE or recombinant coagulation factors).
In terms of other therapeutics, such as antibody-drug conjugate (ADC), antibody therapeutics
with effector functions for clinical efficacy, and enzyme therapeutics that function in target
cells, cell-based assays are generally recommended to reflect the drug's MoA. However, for
lysosomal enzyme therapeutics that function at pH 4–5, it may be challenging to generate any
NAb controls that can inhibit the enzyme at low pH with sufficient sensitivity. In this situation,
the development of a non-cell-based assay (e.g. inhibition of binding between an enzyme drug
and its cognate receptor) is warranted in consultation with a regulatory agency. In addition, a
non-cell-based enzyme activity assay could be appropriate for enzyme therapeutics, even
those that exert their activities within cells. However, results of such an assay will be
conclusive only if the conditions required for the intracellular activity of an enzyme drug also
allow for the effective binding of a putative NAb to the drug.
Generally, more frequent NAb testing (e.g., monthly or bimonthly) is recommended for high-risk
situations. Sampling should be extended post-study for patients who test positive until they
test negative in two consecutive tests at least 2 months apart, or based on the half-life of the
ADA (e.g., 3–5 half-lives). This may include post-marketing testing. For medium- and lower-risk
situations, testing should be conducted on case-by-case basis in consultation with regulatory
agencies.
To fully assess the potential risk associated with NAbs, it is also important to understand the
exposure–response relationship of a given biotherapeutic, because this relationship could
suggest the extent to which NAbs can affect drug activity in vivo. For example, a high dose of
drug would be more difficult to neutralize because more NAb would be necessary; thus, there is
a lower risk of efficacy loss. In contrast, when a low concentration of drug is sufficient to
achieve therapeutic effect, low levels of NAbs could neutralize drug activity, hence increasing
the risk level. Similar situations can occur when the concentration of an endogenous drug
counterpart is low; even low levels of NAb could neutralize its physiological function and
thereby increase the antibody-related risk.
DESIGN OF NAB TEST METHODS
General Considerations
The selection of a NAb assay type is heavily driven by the MoA of the therapeutic, as well as
the nature of its target. An example is a monoclonal antibody therapeutic that binds to a
receptor on the cell surface, which in turn affects interactions with other cell surface
receptors. For this situation, the analyst should use a cell-based NAb assay because it is
unlikely that such interactions could be mimicked on a microtiter plate surface. Figure 1 shows
various selections of NAb assays, categorized by their dependence on the MoA of the
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therapeutic. NAb assay results are generally reported as quasi-quantitative values using a titer,
or are qualitative, with just a positive or negative result. Certain technology platforms report
quantitative values, such as a surface plasmon resonance (SPR) assay (see

1106

and

general information chapter Immunological Test Methods—Surface Plasmon Resonance 1105
) or in special cases, neutralization of specific amounts of drug. It could be argued that any
numerical value of sample neutralizing capacity is quasi-quantitative when using an antibody
preparation as a reference standard, because the affinities and nature of the antibodies within
the standard are unlikely to mimic exactly what is contained in a test sample. In addition,
comparing sample values between different laboratories that use different standard
preparations will likely yield different results for the same sample. Therefore, although a NAb
sample value in mass units is helpful for making relative comparisons, all the caveats associated
with that value should be considered. A titer value is recommended as the primary readout for
NAb assays and is created by testing a sample using serial dilutions. The reciprocal of the test
sample dilution that produces a positive result, as defined by the assay cut-point, represents
the assay titer. This assay titer should be multiplied by the initial minimum required dilution
(MRD; see also
sample matrix.

1106 ), if not accounted for, to report the titer of NAbs present in the neat
Cell-Based Methods for NAb Assessment

As stated previously, cell-based NAb assays can have two general types of readouts: one
based on binding events and the other requiring a series of intracellular events that lead to a
functional readout. Drug binding to a receptor or surface ligand on the cell can result in its
internalization, phosphorylation, or changes in cyclic adenosine monophosphate (cAMP).
Functional assays have more complex cellular readouts, such as proliferation, reporter gene
expression, or protein synthesis and secretion.
As shown in Figure 1, if a cell-based NAb assay is appropriate, it is important to study the
performance parameters of the critical components in the assay system, namely the cell line,
drug product, positive control (PC) NAb, and test species matrix. Initially, the cells used for the
drug's biological potency assay could be evaluated for use in the NAb assay. Use of the same
cell line provides several advantages in that cell line maintenance and culture conditions have
been optimized. Often, this system can be adapted for a biological matrix. Alternatively,
commercial sources of cell lines are available, or a drug-responsive cell line could be genetically
engineered. Cell lines transfected with target receptors can offer the advantage of more
controlled receptor density, specificity, and enhanced signaling. Reporter gene expression cell
lines can provide sensitive assay endpoints.
The cells' responsiveness to the drug should be characterized, particularly before and after
freezing, as well as during continuous culture (see also general information chapter
Cryopreservation of Cells 1044 ). Drug dose-response experiments in the appropriate
biological matrix (e.g., serum) can identify early interference issues. Ideally, several matrix
samples should be evaluated. Specificity should be studied to allow use with serum from the
species of interest that developed NAb after exposure to the drug. PC antibodies are often
isolated from antisera of this species, but because this is not always available during assay
development, a surrogate control antibody reagent is produced to use during assay
development and validation (see the section Development of Positive and Negative Controls in
NAb Assays). Cell-based assay formats that have been used successfully in drug product
development are shown in Table 1. The type of assay format chosen is influenced by the
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mechanism by which the drug interacts with cells. These interactions can either be direct or
indirect. A direct interaction is one in which the drug product exerts its effect by acting
directly on cells, such as with cytokines, peptides, or monoclonal antibodies to cell surface
determinants. Indirect interactions are those where the drug product blocks the interaction of
a ligand with its cell surface receptor and consequently interferes with the biologic activity of
the ligand. Examples of such drugs include therapeutic monoclonal antibodies to soluble factors
and soluble receptors.
Table 1. Frequently Used Cell-Based NAb Assay Formats
Assay Endpoint

Assay Platform
Examples

NAb Action
Advantages

Drug, target, and
NA b interaction
occurs only on
Interferes with binding the surface of
of drug to target site cells, which may
Fluorescence cytometry, on the cell, or affects result in simple
Cell surface
plate-based cell surface internalization of drug and robust
interactions
binding
product into the cell. assays.
A ffects drug-induced
phosphorylation of
Kinase receptor
target
Utilizes early
activation, enzymereceptor/substrate, or event in cell
Phosphorylation of
linked immunosorbent
affects ligand-induced signaling, which
intracellular
assays (ELISA s),
phosphorylation by
may result in a
substrates
intracellular staining
blocking drug.
shorter assay.
A ffects cell
Well-established
proliferation that is
assay endpoint
induced or inhibited by for growth
drug, or affects ligand- factor-type
induced cell
drugs reflects
3H incorporation, A lamar proliferation by
what happens to
Cell proliferation
Blue
blocking drug.
the cells.
A ffects reporter gene
expression by drug
product, or affects
Luciferase, ligand-induced
galactosidase,
reporter gene
A ssay can be
Reporter gene
chloramphenicol
expression by
quick, sensitive,
expression
transacetylase
blocking drug.
and robust.
ELISA , enzyme
immunoassay,
Influences protein
The protein can
radioimmunoassay,
expression by drug, or be measured in
electrochemiluminescent influences ligandthe cell
assay (ECL),
induced protein
supernatant or in
Protein expression or scintillation proximity
expression by
cell lysate by
secretion
assays
blocking drug.
using an ELISA .
Required for
antibody
Complement-dependent Influences target cell therapeutics
fate mediated by
where both Fab
cytotoxicity (CDC),
effector functions of
and Fc domains
A DCC, Fc receptor
therapeutic
are involved in
Effector functions
binding
antibodies.
function.
A ffects cell
cytotoxicity/apoptosis
Luminescent cell
induced by drug, or
viability assays, terminal affects ligand-induced Directly reflects
deoxynucleotidyl
cell
MoA of cell
transferase dUTP nick
cytotoxicity/apoptosis killing mediated
Cytotoxicity/apoptosis end labeling assay
by blocking drug.
by therapeutics.

Disadvantages

Does not apply to drugs with a
MoA involving signaling pathways
within cells;
inadequate receptor expression on
cell may be a limitation.

Needs phosphorylation sitespecific antibodies; multiple assay
steps are needed if using ELISA to
detect phosphorylation.
A ssay endpoint is the outcome of
multiple intracellular pathways and
steps, which may result in a long
assay; prone to interference by
serum factors; assay needs to
show specificity.

Need to invest time to construct
reporter gene cell line that can
respond robustly in presence of
test species serum; need to
demonstrate specificity.
A ssay endpoint is the outcome of
multiple intracellular pathways and
steps, which may result in a long
assay; assay involves cell culture
followed by ligand binding assay to
detect synthesized protein, thus
two assays are required.
Multiple effector functions (A DCC,
CDC, phagocytosis, etc.) may be
involved, which can make assay
choice, assay development, and
interpretation of results
challenging.

Needs to demonstrate specificity.

Consideration is given to the assay endpoint, which can reflect either early or late cellular
responses. Early responses include the initial binding to the cell surface, internalization, an early
event in cell signaling, or gene expression. Late responses reflect the outcome of multiple
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intracellular pathways that result in a biological outcome such as proliferation, induction of
measurable products, apoptosis, or effector functions such as ADCC or CDC.
Care should be taken to optimize the concentrations of critical assay components that
influence its sensitivity for detecting NAbs. In the case of a direct NAb assay, the dose
response at several concentrations of the drug product should be evaluated. The amount of
drug product used in the assay should be within the linear portion of the dose-response curve
that produces a reproducible response (e.g., often a 30%–80% maximal assay response). The
sensitivity of an indirect NAb assay depends on both the ligand concentration and the drug
product concentration.
In all cases, the appropriate controls should be incorporated. For example, in a direct assay
format in which the drug acts directly on the cells to induce a biological response, the assay
controls should include cells alone, cells with drug product, and cells with drug product and PC
NAb. An indirect assay format should include cells alone, cells with ligand, cells with ligand and
drug product, and cells with ligand, drug product, and PC NAb. The assay can be set up as a
single dilution to provide qualitative information (positive or negative), as is generally the case
for preclinical studies, or can use multiple dilutions to give a quasi-quantitative readout, such
as the titer. Designing well-controlled assays facilitates monitoring of assay performance over
time and identification of factors to consider as root causes of assay failure.
Non-Cell-Based Methods for NAb Assessment
Cell-based functional assay formats have traditionally been recommended by the regulatory
agencies for NAb assessment. However, non-cell-based immunoassay platforms, especially
competitive ligand binding assays (CLBAs) when relevant to the MoA of the drug, can be used
for NAb assessment if proven to specifically detect NAbs (Figure 2A and Figure 2B).
Cell-based NAb assays can be technically challenging because of the need to optimize the cell
line, culture conditions, and sample matrix components. Lack of optimization can compromise
assay precision, robustness, and sensitivity. In comparison, non-cell-based immunoassays are
capable of overcoming some of the technical limitations inherent to the cell-based bioassays,
and have therefore become another useful technology platform for NAb evaluation.
For a range of biological therapeutics (e.g., antagonistic MAb therapeutics against a soluble
ligand), the drug exerts its pharmaceutical effect by binding to its target and blocking the
interaction of the ligand with its cell surface receptor; consequently, the drug interferes with
the biological activity of the ligand. In this instance, a non-cell-based assay method is
appropriate for NAb assessment because the assay method reflects the MoA of the drug by
measuring drug binding to its target and inhibition of such binding activity by NAbs.
The CLBA-based NAb assay design is based on the competition between the ligand and NAbs
for a limited number of binding sites on the ligand binding therapeutic. As the level of NAb
increases, less ligand binds to the drug and the measured assay response decreases when
compared to a control sample that does not contain any neutralizing activity. Therefore, within
the linear range of the assay, the NAb concentration is proportional to the percentage change
in assay response. In theory, any ligand binding assays, such as solid- or liquid-phase
immunoassays (e.g., radioligand, ELISAs, chemiluminescence, and ECL assays),
radioimmunoprecipitation assays (RIPA), and SPR, may be adapted to the CLBA format for the
detection of NAb in test samples (see Appendix and general information chapters Immunological
Test Methods—General Considerations
Linked Immunosorbent Assay (ELISA)

1102

and Immunological Test Methods—Enzyme-

1103 , and

1105

for more information).
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Two assay formats are available for non-cell-based CLBA (Figure 2A for direct format and
Figure 2B for indirect format).

Figure 2A. Direct CLBA format: In this assay format example, the therapeutic product is coated
on a plate and serves as a capture molecule to bind to the ligand labeled with a detection
molecule (e.g., an enzyme, a fluorescent label, or an ECL label). Binding between the
therapeutic and the ligand is inhibited when NAb is present in test samples, resulting in a lower
signal. “T” represents “therapeutic product” and “L” represents “ligand.”

Figure 2B. Indirect CLBA format: In this assay format example, the ligand is coated on the
plate, and the therapeutic competes with the labeled receptor for binding to the ligand. When
NAb is present in test samples, it binds to the therapeutic and the neutralized therapeutic is
unable to bind to the ligand; therefore, the signal will increase because the labeled receptor is
now able to access and bind to the ligand.
The direct CLBA NAb assay format, based on measuring the binding of a drug to its target, is a
simple approach (Figure 2A and Table 2), whereas the indirect CLBA NAb assay format monitors
drug-mediated inhibition of ligand–receptor binding (Figure 2B and Table 2). The two assay
formats both utilize the MoA of the drug (inhibition of drug–ligand or ligand–receptor binding)
but measure the neutralizing activity using different assay endpoints.
Table 2. CLBA NAb Assay Format and Critical Assay Components
Assay
Format

Assay
Measurement

Assay Design for SolidPhase Immunoassays

Assay Components

Advantage

Disadvantage
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Direct
CLBA

Indirect
CLBA

The drug as capture
molecule and the labeled
ligand as detection
Binding of a
molecule (the reverse
drug to its
format is more prone to
ligand (target) drug interference)
The ligand as capture
molecule and the labeled
Drug-mediated receptor as detection
inhibition of
molecule (the reverse
ligand–receptor format is feasible)
binding

177
If the binding prevents
signaling or attachment of
Unlabeled or labeled drug,
another ligand to its
conjugated target, test
receptor, only the very early
species samples, positive Simple assay binding step is reflected in
and negative controls
design
this assay.
Unlabeled or conjugated Reflects a
The complexity of receptor
ligand, conjugated
consequence purification makes it
receptor, unconjugated
of NA b
challenging to maintain
drug, test species
activity that proper protein folding and
samples, positive and
is further
consistent assay
negative controls
downstream. performance.

For the direct CLBA NAb assay format applied in a solid-phase immunoassay, the immobilized
drug usually serves as the capture molecule, while the labeled target serves as the detection
molecule, generating an assay signal after it binds to the drug. The neutralizing activity can be
assessed as the level of inhibition of drug-target binding when NAbs are present in test
samples. The assay sensitivity of the direct CLBA NAb assay format is largely determined by the
drug concentration selected. A lower drug concentration typically leads to a more sensitive NAb
assay, but a low dynamic range may limit the detection of a broad range of NAbs. Therefore, it
is important to optimize the drug concentration during assay development. To further optimize
the assay, implementation of design of experiment (DoE) can be considered to systematically
assess the interactions among key assay-operation parameters and identify the most optimal
assay conditions.
In certain cases, such as when the ligand or receptor is a highly charged molecule and tends to
bind nonspecifically to surfaces, the assay format also can be reversed by using the ligand or
receptor protein as the capture molecule and the drug as the detection molecule. However,
because of the use of the ligand as a coating agent, this reverse format can be much more
prone to drug interference even if comparable assay sensitivity is achieved. Therefore, the
direct CLBA NAb assay format using the drug as the capture molecule and the conjugated
ligand as the detection molecule is usually preferred.
An indirect CLBA NAb assay format, which is based on drug-mediated inhibition of ligand–
receptor binding, also can be used for the detection of NAb to antagonistic therapeutics that
neutralize soluble ligands. One applicable format for an indirect CLBA NAb assay uses the ligand
as the capture molecule and the conjugated receptor protein as the detection molecule in a
solid-phase immunoassay. The reverse format also may be feasible. The immobilized ligand binds
to the conjugated receptor, generating an assay signal. Ligand–receptor binding is inhibited in
the presence of drug, but occurs when the drug is neutralized by NAb. The neutralizing activity
in the test sample is thereby estimated by the level of restoration of ligand–receptor binding
when drug function is blocked by NAb.
The sensitivity of the indirect CLBA NAb assay is largely dependent on the concentrations of
both the ligand and drug. A lower ligand concentration will result in a lower drug concentration
selected for the assay, leading to a higher NAb assay sensitivity. Other operational parameters
also can be effectively evaluated through the DoE approach to determine the optimal assay
conditions.
When an oligomeric receptor protein is included in the non-cell-based NAb assay, specific
consideration should be given to the challenges presented by this type of receptor, which may
be less likely to retain the original conformation necessary to bind to the ligand when not
associated with the cellular membrane. In addition, cellular receptors typically have one or
multiple transmembrane domains that need to be truncated to facilitate receptor purification.
Therefore, concerns arise regarding proper protein folding of these truncated ectodomains and
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retention of the structure necessary for ligand–receptor binding. The complexity of receptor
purification further requires that lot-to-lot variation and stability of the protein products be
effectively managed in order to maintain consistent assay performance.
Positive and negative controls are critical for monitoring NAb assay performance. Unlike cellbased NAb assays, the design of assay controls for non-cell-based CLBA assays is usually more
straightforward, without the need to include background controls. The selection of positive and
negative controls is described in detail in the section Development of Positive and Negative
Controls in NAb Assays.
VALIDATION OF NAB ASSAYS
As described above, there are two main formats for NAb assays: cell-based functional assays
and binding-based assays. The various components of validation that should be carried out
prior to study initiation are described in the sections that follow. The principles of each aspect
of validation apply to both assay formats unless noted otherwise.
Minimum Required Dilution
Determination of the appropriate dilution of assay matrix is an important part of NAb assay
optimization because this will affect the minimal test sample dilution and therefore the assay
sensitivity. The considerations for defining the minimum-required dilution (MRD) used for the
ADA screening immunoassay described in 1106 also may be applied to NAb assays. The
effect of sample matrix on assay capability should be evaluated at multiple dilutions, preferably
by using different pools of the test species matrix. The dilution of sample matrix that has a
minimal effect on the assay response should be selected and further evaluated using the PC
antibody spiked into sample matrix. A NAb assay should be able to detect antibodies in the
presence of assay matrix components that may be expected to be present. These might
include complement, coagulation factors, soluble targets, lipids, concomitant medications, and
the endogenous homologous counterpart, as well as the administered drug product. As
described in 1106 , the MRD can be objectively determined and defined as a dilution level
that achieves an optimal signal-to-background ratio with acceptable variability.
Factors such as soluble targets that either bind the drug product or act directly on the cells
can interfere in the assay, leading to false positive results. Alternatively, certain factors may
alter the assay response in a manner that masks the presence of a NAb in the sample (e.g., as
noted with the presence of interfering levels of biotherapeutics or growth factors). Confirmation
of assay specificity can help to determine the presence of such interfering substances (see the
section Assay Specificity). Assessment of matrix effects during assay development can be
accomplished using pooled matrix. Ideally, the assay matrix should be defined using multiple
individual matrix samples because of heterogeneity of the various possible interfering
substances. Diseased-state (treatment-naive) matrix may contain additional factors that
interfere in the assay and should be evaluated whenever possible.
If lipemic, hemolyzed, incompletely clotted, and, preferably, disease-state sera from naive
subjects are available, they should be screened in the assay both with and without the addition
of the PC NAb. If the unspiked sera give a response in the assay, and/or the sera interfere in
the detection of the control, the analytical procedure should state that samples compromised
in such a manner may not yield reliable results and may have to be excluded from testing.
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Development of Positive and Negative Controls in NAb Assays
NAb assays, including cell-based functional assays and non-cell-based immunoassays, are
designed to detect heterogeneous and often polyclonal anti-drug immunoglobulins. Because of
the diverse nature of immune responses to the drug, it is not possible to generate a true NAb
reference standard. Assay performance is therefore monitored by utilizing surrogate positive
and negative controls (PCs and NCs). Typically, an NC sample is generated by pooling relevant
matrix that is negative for ADA, such as matrix collected from subjects with no previous
exposure to the drug. One should consider whether the NC pool can appropriately represent the
target study population, such as by comparing assay response produced by the NC to the
mean response produced by the individual target population matrix samples (at least 20
individuals). In some cases, it can be difficult to obtain a sufficient number of study populationrelevant matrix samples or to ensure that samples used in assay validation accurately represent
matrix characteristics of the study population samples. The incurred study baseline samples
should be assessed for any evidence of predose reactivity to the compound.
NAb assay PCs typically consist of a hyperimmunized animal serum, a monoclonal Ab, or material
that otherwise has specific, and generally high, affinity neutralizing ADA reactivity. The
antibody preparation used to generate a NAb-assay PC must be able to neutralize the biological
activity of the drug compound in vitro. Ideally, the PC may be prepared by spiking
immunoaffinity-purified ADA (polyclonal or monoclonal), or a protein-A/G purified preparation
spiked into an appropriate neat matrix may be used. Alternatively, for preclinical studies only,
whole hyperimmunized animal serum spiked into appropriate neat matrix can be used. For MAb
biotherapeutics, the PC generally has anti-idiotypic antibody reactivity. The PC antibody is
considered a critical reagent and should be documented and characterized for use in the assay.
Pertinent documentation and evaluations that should be considered include immunization
scheme, purification procedure and yield, protein concentration, relative affinity, crossreactivity, isotype, and NAb titer. Thorough characterization will promote reagent consistency
over time and minimize lot-to-lot variation. Refer to 1106 for stability monitoring of assay
controls.
Although PCs are used to develop, validate, and monitor performance of NAb assays, these
controls are not assumed to represent actual incurred study samples. A great diversity of
immune responses to drug molecule, with a broad range of binding affinity and specificity
characteristics, should be expected. Therefore, PC and NC performance is used primarily to
ensure that the assay performs as expected (i.e., to confirm system suitability).
Assay Cut-Points
The cut-point of a NAb assay is the assay response used to determine whether a sample is
positive for neutralizing activity. All individual drug-naive subject samples and NC samples used
for the cut-point evaluation should be spiked with a fixed concentration of drug determined
prior to validation. The assay response can be expressed as assay signal or as the ratio of
assay signal from a test sample to that derived from the NC. The NAb-positive samples would
have a response above the cut-point if NAb increases the assay response and below the cutpoint if NAb reduces the assay response. Alternatively, the assay response may be normalized
and computed as percentage change from the NC.
Because 1106 includes an outline of the cut-point evaluation process, this chapter only
provides a summary of the evaluation process, with emphasis on and clarification of some key
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steps for NAb assays (additional helpful resources can be found in the Appendix). Alternative
statistical methods can be applied in some steps of the cut-point evaluation process (e.g.,
outlier evaluation) with appropriate justification.
Based on statistical and practical considerations, at least 30 individual subject sera from the
target disease population (if available) or healthy donors should be used for cut-point
evaluation. Samples from these subjects should be tested over at least three independent runs
by at least two analysts using a balanced-design framework. At least three reportable results
for the negative control should be available from each plate, where a reportable result may be
the average of duplicate sample results if the study samples are also tested in duplicate. Also,
these three results should come from different locations in the plate, such as the first column,
middle column, and last column of the plate.
If the cut-point is estimated from only healthy donor sera during this validation phase, data
from the target disease population should be evaluated during the in-study phase to determine
statistically whether the distributions of assay response are similar to those of the healthy
population. If the variances are significantly different, the cut-point should be re-evaluated
using the target disease population. If only the means are significantly different, the same cutpoint can be used after redefining the NC based on the target population. Other population
differences relevant to the clinical study with respect to gender, age, and other factors also
should be considered in the sample selection process.
The distributions of original data and log-transformed data (or other transformations), averaged
across assay runs, can be evaluated in terms of the skewness coefficient and normal
probability plot. Data from the scale (e.g., original, log) that provides the most symmetric or
close-to-normal distribution should be used in all subsequent analyses, such as outlier
evaluation, cut-point calculations, and comparisons of means and variances across assay runs.
Analytical and biological outliers should be identified using appropriate statistical methods such
as using the conditional residuals and subject mean estimates from a mixed-effects model that
includes the relevant sources of variation in the cut-point experiment (e.g., this model may
include Subjects nested within Subject Groups, Run Number nested within Analyst, and Plate ID
as random-effects, as well as Subject Groups, Analyst, Plate Testing Order and the interaction
of Analyst and Plate Testing Order as fixed-effects).
The analytical outliers should be identified and removed before identifying the biological outliers,
and the distribution of assay response should be evaluated after removing the analytical and
biological outliers. If the distribution is adequately normal (i.e., Shapiro–Wilk test is not
significant), the parametric approach [mean +2.33 × standard deviation (SD), if NAb increases
the assay response, and mean 2.33 × SD, if NAb reduces the assay response] can be used
for determining the cut-point from these validation data. This calculation will yield a 1%
untreated false positive rate from a normal distribution. The cut-point may be defined in terms
of other false positive rates, such as 0.1%–5% on a case-by-case basis, with appropriate
justification and discussions with regulatory agencies. If the distribution is not adequately
normal (i.e., Shapiro–Wilk test is significant) but is still symmetric enough (skewness coefficient
<1), and the departure from normality is mostly due to the heavy tails or some extreme values
that may not have been identified as statistical outliers, robust alternatives to the mean and
SD, such as the median and 1.4826 times the median absolute deviation, respectively, can be
used in the above cut-point calculation formula. If the distribution is highly nonsymmetric
(skewness coefficient >1), the nonparametric 99th percentile is recommended, although this
should be a last resort as it requires a much larger number of subjects (>100) to obtain a
reliable estimate.
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Another important consideration is that the SD estimate used in the cut-point estimation should
include all the different sources of variation that are relevant to the context where study
samples will be tested during the in-study phase. Because study samples are typically tested
by multiple analysts over several plates and assay runs, the SD used in the cut-point
evaluation in such cases should include, at the minimum, interanalyst, interplate/run,
intraplate/run, and intersubject variability.
In order to understand the nature of variability in the assay, and to determine whether the
same cut-point evaluated during the validation phase can be used for identifying samples with
neutralizing activity during the in-study phase, the means and variances of the distribution of
the assay signal from approximately six runs should be compared using a mixed effects model
and Levene's test, respectively (see 1106 ). If these are not significantly different, then the
same cut-point (fixed cut-point) can be used during the in-study phase. Otherwise, the cutpoint evaluated as above using these validation data should be divided by (or subtracted from)
the NC. This is called a multiplicative (or additive) normalization factor. This factor may be
multiplied (or added) to the NC used during each run of the bioanalysis phase to define the runor plate-specific cut-point. Such a cut-point is called the floating cut-point. If the original data
are found to be approximately symmetric or normal, then an additive correction factor may be
used. If a log transformation is necessary to ensure approximate symmetry or normality of the
distribution or if the distribution of the ratio of original sample results (assay signal) to NC has
been shown to be adequately symmetric or normal, then a multiplicative correction factor may
be used. In such cases, all of the analyses for cut-point evaluation also may be done in terms
of the ratio of assay signal from the individual subject sample to the NC from the corresponding
plate.
In practice, regardless of whether the means and variances are significantly different between
assay plates or runs, the use of a floating cut-point is recommended as it is more
accommodating to minor drifts between assay runs during the in-study sample testing phase.
If a fixed cut-point is justified from the above evaluations and therefore is implemented during
the in-study phase, a higher level of attention is required to monitor and validate changes in
reagents and other assay conditions. Because the cut-point has been fixed in relation to that
assay as it existed at the time of the experiments that determined the cut-point, it is essential
to ensure that the assay signal results from the controls and test samples are consistent and
stable in the event that any changes are made to the assay (e.g., new reagents, analysts, or
machinery).
System Suitability Criteria
NAb assays typically have an intricate design with multistep operations. These assays use
complex reagents and equipment and also require extensive data collection. It is therefore
important to conduct system suitability assessments in order to evaluate and verify overall
method validity and utility.
Specifically, negative and positive assay controls and additional background controls (e.g., cells
alone and/or cells with drug product) should be included as part of each analytical run during
assay validation and during the sample testing phase. The exact nature of background controls
will depend on the type of NAb assay developed (see the section Design of NAb Test Methods).
Data obtained during assay validation are used to develop assay acceptance criteria.
Generally, monitoring performance of the PC at low level (LPC) and high level (HPC) is most
critical. Inclusion of the LPC helps monitor the established assay sensitivity. Exclusive use of a
mid-level PC (MPC) should be avoided because the middle range of the assay response versus
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PC concentration may not be affected as significantly by changes in assay conditions (e.g.,
reagent, changes) as are LPC and HPC. Alternatively, performing an analysis of a PC tested in a
dilution series provides coverage of multiple PC levels, including LPC. In some circumstances,
use of an NC that includes a non-neutralizing antibody may be helpful for identifying run failure
and preventing reports of false positive results. Typical acceptance criteria for the assay
control samples include (a) precision of the raw assay signal for PC and NC samples, (b)
performance of the LPC sample or reportable titer value for the PC, and (c) upper and/or low
limit for the assay response generated by the assay NC. Other criteria may be applied.
When the floating cut-point approach is used for the NAb assay cut-point evaluation, the
system suitability criteria or limits can be defined for the ratio of the LPC to the NC and for the
ratio of the HPC to the LPC, instead of defining limits separately for each PC. For the in-study
phase, it is also useful to apply acceptance criteria for intra-assay precision (variability of
response of replicates in an assay). As discussed in 1106 , setting criteria for passing or
failing assays in pre-study validation experiments should be avoided and all assays performed
during pre-study validation should be included except for those rejected for an assignable
cause. The appropriate choice of LPC concentration and the acceptable range of performance
are important for ensuring the ability to monitor sustained assay sensitivity. The failure rate for
LPC is expected to be 1% based on the PC performance. Similarly, an assay failure rate can be
set at 1% based on the performance of the NC. If applicable, higher rates of failure (e.g., 5%)
may be used. To set a specific failure rate based on the NC and LPC sample performance,
appropriate assay response limits should be calculated based on control performance during
assay pre-study validation. Alternatively, limits may be established for the PC titer value. These
should be defined based on the PC performance observed during the pre-study assay validation
phase. Importantly, depending on the specifics of the NAb assay format, the signal in the assay
is expected to increase (Figure 3A) or decrease (Figure 3B) in response to the increasing PC
concentration. Hence, an appropriate NC limit should be set. For example, in the first case,
where the assay signal is increased, an upper limit for the NC should be established. In the
second case, a lower limit for the NC will be most important.
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Figure 3A. NAb assay response as a function of PC concentration. Assay signal increases with
increasing PC concentrations.
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Figure 3B. NAb assay response as a function of PC concentration. Assay signal decreases with
increasing PC concentrations.
Initial assay control acceptance criteria may be based on the existing information about assay
performance obtained during the assay development and qualification phase. Alternatively,
standard criteria that are based on the specific, existing NAb assay validation standard
operating procedure may apply. Important technical details such as instrument signal readout
capabilities should be considered when setting expectations for the assay control performance.
Actual criteria for the assay controls can only be determined after a holistic evaluation of the
assay validation information in its entirety.
Because of the complexity of the NAb assays, specifically the cell-based NAb protocols, an
effort should be made to identify particular steps and conditions with the highest potential to
affect assay performance. Generally, assay control performance should be monitored during the
study support phase to ensure consistency of reported data. Assay control performance data
should be monitored for any short- or long-term trends and variations relative to the predefined
range. If a suspicious trend in the control sample performance is identified or the signal falls
close to a limit of the acceptable range, an investigation should be considered.
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Relative Sensitivity
NAb assay sensitivity is defined as the lowest concentration of an assay PC antibody that can
be detected reliably by the method. The result obtained for this validation parameter is highly
dependent on the characteristics of the PC used to conduct the experiments, including its
neutralizing capacity and binding affinity to the drug. The relative sensitivity of NAb assays is
also inversely dependent on the concentration of drug used in the assay.
To conduct the experiment, PC is spiked into assay-relevant pooled matrix. These spiked
samples are tested in multiple runs, commonly in at least three independent runs by two
operators for a total of six runs. It is recommended that more than one antibody curve be
performed per run per operator.
Generally, linear interpolation between values just above and below the assay cut-point is
conducted to calculate the assay sensitivity parameter. In some cases, a four-parameter model
is used for which at least six values generated by various concentrations of PC should be
available to appropriately analyze the resulting data set. One of the values should fall below
the assay cut-point. When using linear interpolation or a four-parameter-fit approach, the PC
concentration that would generate an assay response equal to the cut-point value is
calculated. Values generated in multiple tests over multiple days are averaged, and the result is
reported as the relative sensitivity of the assay. Once established, the assay sensitivity value
can be used to guide selection of a LPC concentration to be used when monitoring assay
performance during assay validation and when testing incurred study samples. Generally, the
LPC concentration is chosen so that the rate of assay failure due to performance of the PC is
NMT 5%.
Because the assay sensitivity depends greatly on the characteristics of the assay PC, assay
sensitivity will vary between different NAbs. The assay sensitivity value determined during
assay validation cannot be used to predict the actual NAb concentration that could be
detected in study samples. The NAb assay sensitivity parameter is useful when evaluating
various analytical platforms, during assay development and optimization, and for selecting
appropriate PC concentrations for assay validation and system suitability testing. Typical
targets for the NAb assay sensitivity are often 0.5–2 µg/mL; however, because NAb assays are
complex, a case-by-case, fit-for-purpose approach to selecting an appropriate assay
sensitivity is used with the goal of detecting clinically relevant NAbs.
Assay Specificity
Assay specificity is defined as the ability to unambiguously detect the analyte of interest. For
example, in the case of cell-based assays, an initial assessment should be done to investigate
the ability of the chosen cell line to respond to biological components expected to be present in
the assay matrix that may structurally or functionally resemble the drug molecule or its
molecular target; the goal is to ensure the specificity of the NAb format. Such an assessment
may aid in determining the assay format, the analytical platform, the type of cell line to be
used in the assay, any sample pretreatment, and other assay conditions. Careful attention
should be paid to potential differences between normal and disease-state samples. Assessment
of assay specificity may include the testing of irrelevant ADA (e.g., antibodies to other similar
molecules) and should include, where possible, specific binding ADA that are known to lack
neutralizing activity. The comparison may be made either by evaluating an antibody dilution
profile or by spiking the antibody in excess into a pooled negative matrix sample. The irrelevant
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antibodies are not expected to score positive in a well-designed, specific NAb assay. Other
matrix components (e.g., soluble forms of receptors or other drug binding partners) may exhibit
inhibitory effects on the drug activity. It is important to understand whether true confirmatory
testing should be included as part of an incurred sample analysis routine. Such confirmatory
testing should demonstrate that the inhibition of the drug activity is specific to NAbs and not
other factors found in the assay matrix. NAb confirmatory testing, also referred to as matrix
interference assays, generally employ a cut-point-based approach. If a decision is made to
include a matrix interference NAb confirmatory assay during routine sample testing, the
validation should follow the general principles described above for the assay cut-point
determination.
Selectivity and Interference
Selectivity evaluates the ability of a NAb assay to detect a NAb PC in a matrix sample
containing potential interfering factors. These matrix factors may bind to NAb through specific
or nonspecific interactions, interfering with NAb detection. General matrix interference can be
investigated by evaluating the recovery of the NAb assay response generated by the HPC and
LPC prepared in 10–20 individual relevant matrix samples.
One of the major interfering agents in a NAb assay is the drug itself, when present in test
samples from dosed subjects. The drug interferes with the ability of the assay to detect NAbs,
causing false negative or false positive results, depending on assay design. The magnitude of
drug interference is dependent on multiple factors such as the circulating drug concentration,
the concentration and other characteristics (affinity, avidity) of the PC antibody, the half-life
of the drug, and the assay design. Therefore, it is not possible to establish a universal “drug
tolerance level” for all NAb assays. Nevertheless, drug interference in the NAb assay should be
addressed in the assay design and testing strategies. During assay development or
optimization, drug interference may be assessed by adding titrated concentrations of drug into
undiluted matrix containing fixed concentrations of a positive NAb control, based on assay
sensitivity. The limit of drug tolerance is reported as the highest concentration of drug at which
PC NAb remains detectable, where detectability should be defined (e.g., a certain signal-tonoise ratio, a selected level above background). To ensure that the assay method is sensitive
enough to detect NAbs in the presence of circulating drug, the positive NAb control could be
titrated in undiluted pooled matrix sample at 250 ng/mL or 500 ng/mL for clinical studies or 1000
ng/mL for nonclinical studies to assess drug tolerance level for the assay method. The drug
tolerance level can vary considerably when different concentrations of the positive NAb control
are added to the assay matrix. NAbs may also differ in affinity and/or avidity. Therefore, the
drug tolerance level assessed using a PC may not predict the actual levels of drug interference
in study samples.
Because NAb assays tend to be highly susceptible to drug interference, it is generally not
recommended to test for NAbs in samples from time points when drug levels are expected to be
high. However, it may be necessary to analyze NAb activity in study samples containing
circulating drug to investigate when the onset of the NAb response occurs and its impact on
drug exposure. Under these circumstances, methods need to be applied to overcome drug
interference and enable NAb detection in the presence of high levels of circulating drug.
Strategies commonly used to improve drug tolerance level include acid dissociation and removal
of excess drug through physical separation or solid-phase absorption. An alternate approach is
a drug quantitation-based approach in which samples are tested for the bioactivity of
circulating or exogenously added drug. Each method has its own caveat. For example, acid
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pretreatment may affect the activity of NAbs. In cell-based NAb assays, excess acid contained
in samples may negatively affect the cellular response and decrease the assay signal, thereby
compromising the advantage offered by using the acid dissociation procedure.
In addition to drug interference, soluble drug ligands may also interfere with NAb assays,
potentially generating false positive results. Target interference also can be introduced when
the drug target is released from drug–target complexes during acid dissociation. These
interfering factors may be addressed by optimizing sample pretreatment methods. One feasible
approach is to pretreat the samples with beads conjugated to an anti-target antibody. After
removal of beads, the target-depleted samples can be used in the NAb assay.
Precision
Precision—intra-assay and interassay—is the quantitative expression of variability, and it
provides a measure of the amount of random error that occurs during the execution of an
analytical procedure. Precision estimates are useful indicators of assay performance in the
specified assay matrix.
Qualitative NAb Assays
Per general information chapter Validation of Compendial Procedures 1225 and ICH Q2(R1),
intra-assay precision (repeatability) is the degree of agreement between results generated by
consecutive analysis (replicate testing) of the same assay controls or samples under the same
operating conditions, by the same operator using the same equipment in a laboratory, within a
short period of time. Four to six independent preparations of LPC, HPC, and/or NC samples in a
single lot of pooled donor serum (normal or disease state) are evaluated in duplicate or
triplicate, in multiple positions on the same plate in a randomized manner, to determine the
relevant sources contributing to response variability. The imprecision of the assay response
(optical density, fluorescence unit, luminescence unit, or percentage change in assay signal
after normalization or interpolation), is calculated and reported as percent coefficient of
variation (%CV), which equals (SD/mean) × 100. The %CV values of the mean assay response
obtained with the various assay controls should suffice for assessment of intra-assay precision.
The %CV may vary depending on the technology used for detection, assay methodology, and
procedural complexity. The expected target CV or pooled %CV for intra-assay precision should
therefore be defined based on assay capability, as well as on intended use. It is not possible to
generalize acceptable precision as it depends on the use of the assay and drug type, risk to
patient, and other factors, but the need to rely on the assay result should drive acceptable
limits.
Interassay precision (also called intermediate or total precision) encompasses within-laboratory
variation among assay runs, and therefore represents the overall precision of the assay. The
experiment described above should be executed over multiple days with at least two operators,
especially if the sample testing will be executed by more than one operator in the study phase.
The pooled intraplate SD and the SD of the mean for each sample tested on multiple plates
over multiple days can be used to calculate the intermediate precision, assuming that most of
the variability is attributable to plate variability and that the sample size is the same on every
plate. Intermediate precision is highly dependent on the assay methodology and procedural
complexity. The target intermediate precision, therefore, should be defined based on assay
capability, as well as on intended use (fit-for-purpose).
Using an alternate approach, interassay precision may be assessed by deriving the mean, SD,
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and %CV of the NCs and PCs from all of the experiments conducted during assay development
(provided that the plate location effects are negligible), with a few exclusions. The runs to be
excluded are those with an assignable operator or equipment error, or with method variations
introduced intentionally for robustness testing.
Quasi-Quantitative NAb Assays
To assess the precision of the reported titers, operators generally use the LPC and one to two
concentrations of the HPC. The HPCs (minimum of three independent preparations) should be
diluted in a two- or three-fold titration series using undiluted pooled assay matrix as the diluent
and then should be tested in the assay. To measure intra-assay precision, it is generally
recommended that three titration curves of the low and high PC be analyzed by one operator
on the same day. To measure interassay precision, three titration curves each of the low and
high PC should be analyzed on a minimum of 2–3 different days by two operators. Titers are
determined as a reciprocal value of the highest dilution of the PC that tests positive. Target
titers can be determined and assigned to each low and high PC or can be calculated as mean
values by averaging the titer values obtained for the low and high PCs in the precision
assessment. Intra-assay and interassay precisions of titers are then evaluated by comparing
titers obtained for individually prepared curves to the target titer assigned for the low PC and
high PC, respectively. As described in 1106 , a recommended but more rigorous approach is
to use these data to define a minimum significant ratio (MSR). The calculated MSR reflects the
smallest fold-change in the titer values that can be considered statistically significant (P <
0.05); for instance, if MSR = 5, then titers that are different by more than five-fold can be
considered significant.
In general, the acceptance criterion for titer precision is that the assigned titer value should be
within one dilution of the target titer in independent titration series. This, however, will depend
on the method capability, the dilution level (e.g., this criterion may be suitable for a two- or
three-fold serial dilution assay format but not a 10-fold serial dilution format), and the intended
use of the reported titer data in the clinical setting. If using the calculated mean titer
approach, occasionally the mean titer may fall in between the dilutions because it is derived
from observed values from multiple analyses. In this scenario, the ±1 dilution rule needs to be
modified, and titers observed for a defined PC are rounded to the nearest dilution to yield the
target titer.
Robustness and Reproducibility
Robustness and reproducibility of immunogenicity assays are discussed in

1106 , which is in

harmony with 1225 and ICH Q2(R1).
Robustness testing should be done as part of assay optimization during assay development, if
at all possible. This is because it is unlikely that during validation an analyst would specifically
attempt to make changes that might routinely occur (e.g., switching lots of materials or
varying incubation times within certain limits). It is therefore necessary to understand which
parameters of the method require strict adherence (e.g., concentration of coating antibody),
with precise limits for the parameter delineated in the method, versus parameters that need
less control and can have “approximate” descriptions in the method.
Robustness experiments can be performed in a simple fashion by varying one or two variables at
a time or by DoE approaches, depending on how many factors will be tested at any one time
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and the extent to which interactions among parameters will be examined. The breadth of
robustness testing depends on the intended use of the assay (e.g., a small study looking for
gross changes in a toxicology experiment might need less robustness testing than some other
studies). However, any assay used for clinical studies involving the registration of a drug should
be examined thoroughly to ensure that it performs as expected on a routine basis over an
extended period. Plate edge effect (or uniformity) should be examined during assay
development. Other common factors that should be evaluated for impact include incubation
times and temperatures, reagent concentrations, and cell densities.
If an assay needs to be transferred to a different laboratory, analysts should assess the
reproducibility of the method in the new laboratory. This can be done as part of the assay
transfer qualification and/or the validation of the method at the new facility. It is important to
note that a properly designed and optimized assay, where critical parameters have been
understood and controlled, should be robust enough to transfer without any issues. However,
to ensure that the assay will perform in the same manner in each laboratory, several useful
indicators can be assessed. Shared samples can be tested at both sites, and estimates of
assay variability and quality control performance can be evaluated (see also the section
Transfers to Other Laboratories in Life Cycle Management).
Stability
It is important to understand the optimal storage and handling conditions for assay samples,
controls, materials, and reagents (see 1106 for additional guidance). For example, it may be
important to provide advice to clinics on aliquoting procedures, time to freeze samples, storage
temperature, and shipping conditions.
A key consideration for cell-based NAb assays is the stability of the cell line itself. Cell lines, as
living entities, exhibit inherent variability and the potential to change over time or react to the
environment in a way that can influence their response in the assay. For example, variations in
levels of cell surface receptors may be affected by the number of cell doublings, time in
culture, presence of certain media components (e.g., serum), and/or cell density. Therefore,
during NAb assay development, cell line performance should be thoroughly characterized.
Appropriate controls should be established for parameters including passage number, reagents,
and media changes. An example is that the use of frozen cell aliquots of the same passage
number for each assay can sometimes reduce variation because of changes in continuous
culture.
Documentation of Pre-Study and In-Study Validation
The recommended documentation is described in chapter
study validation.

1106

for both pre-study and in-

IN-STUDY VALIDATION ASSAY MONITORING
The ability of a NAb assay to perform in a reliable manner over time is important for conducting
historical comparisons of NAb incidence for a single biotherapeutic as it advances through the
clinical development life cycle. Also, verification that a validated assay continues to perform as
expected is an ongoing process, and once the NAb assay is implemented, it is good scientific
practice to monitor its performance by trending the results obtained with assay controls over
time. It is recommended to use a statistical approach (e.g., Westgard rules) for assigning the
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threshold for assay failure and investigation based on behavior of the assay control (positive or
negative). This may be easier to accomplish for highly precise assays than for assays that tend
to be more variable. Regardless, it is recommended to tabulate the assay control values
obtained from a minimum of 10 runs over an appropriate time period to establish a threshold and
an approach for identifying assays that seem to be trending toward the assay limits. If the
assay performs outside pre-established expectations, an investigation should be performed to
identify the cause of the observation; implementation of appropriate step(s) may be necessary.
If corrective step(s) are required, assay performance verification may be necessary to
demonstrate that performance has returned to its original level. It is also important to identify
variables that are likely to contribute to assay drift, such as the use of a new working cell
bank, changes in lots of critical reagents, and different assay operators.
LIFE CYCLE MANAGEMENT
Changing the NAb Assay Format
During the drug development phase, it may be necessary to change the NAb assay format. For
example, the assay format might be changed from cell-based to non-cell-based or vice versa to
obtain an assay with better sensitivity or specificity, or other desirable characteristics. If NAbrelated adverse events tend to be serious or life threatening (e.g., in the case of growth factor
or cytokine drug products that have a nonredundant function), it is recommended to seek
regulatory agency advice when considering a different assay format to ensure its suitability for
detection of clinically relevant NAbs.
For all NAb assay format changes, an assessment of assay sensitivity and specificity is
important. If the switch is being made for greater ease of performance without a significant
improvement in assay characteristics, the ability of the previous and new formats to detect
NAbs should be compared. This comparison should be made by using donor serum samples
spiked with the PC antibody, as well as incurred study samples that have previously tested
positive for NAbs. For the latter, a rate of concordance for sample results should be
predetermined and met.
Transfers to Other Laboratories
NON-CLIA LABORATORIES
If the receiving laboratory is not certified under the Clinical Laboratory Improvement
Amendments (CLIA) program, the capability of this lab to follow good laboratory practices (GLP)
should be assessed before initiating any assay transfer activities. CLIA-certified laboratories are
regulated by the Centers for Medicare and Medicaid Services of the U.S. Department of Health
and Human Services. These regulations are defined in 24 CFR Part 493 and apply to laboratories
testing human specimens for the purpose of disease diagnosis, prevention, monitoring, or
treatment. For non-CLIA labs, the capability assessment may include evaluation of existing
infrastructure for conducting cell-based or non-cell-based NAb assays, review of staff training
records, and other activities. An informal feasibility study may be useful for assessing assay
performance in the receiving lab. The transferring lab can simply provide the assay and
reagents to the receiving lab, which can attempt a few runs and evaluate the assay controls.
This exercise helps evaluate both the clarity of the written method and the receiving lab's
ability to conduct the assay. The feasibility study results should be useful when determining
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the level of formal training that the transferring lab should provide to the receiving lab. Formal
training, if needed, should adhere to a documented training plan. Assay controls and training
samples prepared by spiking matrix samples with the PC NAb may be run by both the trainer and
trainee following the same detailed method. The acceptance criteria for successful training
should be clearly described in the training plan.
Formal assay transfer activities may commence after the receiving lab has been trained
successfully and its equipment has been qualified. An assay transfer protocol should be written
to describe the experiments that will be conducted during the assay transfer phase. The
acceptance criteria for the experiments should be clearly defined. Some typical experiments
that should be conducted by the receiving lab during assay transfer may include (a) running PC
antibody curves, (b) testing matrix samples that have been left unspiked or have been spiked
with PC NAb, and (c) testing different lots of critical reagents, performed by more than one
analyst. For the experiments designated (b) and (c), it may be useful for both the transferring
lab and receiving lab to conduct the experiments using the same training samples. Statistical
analyses then should be performed on the data generated, to assess the degree of
concordance between the two labs. The extent of concordance required for a successful assay
transfer should be detailed in the protocol. In certain situations, it may be necessary to derive
a new assay cut-point or a change in assay sensitivity because of a change in reagents or PC
NAb. All changes to the method should be captured in a revised method supplemented by an
assay transfer report that details all the experiments that support the changes. After a
successful assay transfer, the receiving lab may implement the method for analyzing study
samples. Appropriate assay trending approaches should be implemented to monitor assay
performance and thereby ensure that it remains within recommended specifications.
CLIA LABORATORIES
For NAb assay transfers to a CLIA lab, one should follow the relevant guidelines for laboratory
staff qualifications and for review and approval of the assay training and transfer documents by
personnel who provide oversight to CLIA tests. The approach for NAb assay transfer to GLP
(non-CLIA) labs, described above, may be used for CLIA lab transfers as well. Annual
competency assessments, quality assurance monitoring and review of assay controls, reporting
of individual patient test results to treating physicians, and proficiency testing are required of
the CLIA-compliant laboratory. Proficiency testing (PT) should be performed twice annually.
The testing may include preparation of pooled matrix samples that are tested to establish a
baseline. Aliquots are then provided to the testing group in a blinded manner (at least 5 PT
samples/PT event), and the results are compared to baseline. Overall, 4 of 5 samples must pass
PT, and any discrepant results are investigated.
Cross-Validation and Bridging
Cross-validation may be necessary if the same assay needs to be run or maintained at multiple
labs simultaneously. The first step is training of the personnel who run the assay at the new
location; this is often provided by the originator lab. Several components of the assay transfer
activities mentioned above may be applied during a cross-validation effort. Assay performance
may be monitored using assay controls and matrix samples, which are spiked or left unspiked at
both locations. If the NAb assay is altered within a study, bridging experiments should be
performed. This may be accomplished by running incurred samples previously tested by the old
method in the new method and assessing concordance. For a certain period of time, study
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samples may be run in both the old and new methods at the same time to ensure that the new
method is acceptable.
Method Improvements or Changes
The laboratory should implement a process for introducing any known change in the assay that
might impact assay performance. Appropriate qualification experiments should be conducted
before introducing the change to ensure that it will not interfere with the historical performance
of the assay. If the change requires an adjustment of the assay acceptance criteria,
appropriate documentation may be required to show the impact of the adjustment on the
intended use of the assay. A statistician should be consulted if needed.
For cell-based NAb assays, a change in the method might involve use of a different cell line or
selection of a different assay endpoint with the same cell line to achieve improved assay
characteristics. A change in the NAb assay readout platform is sometimes made (e.g., ELISA
yielding absorbance values versus ECL values). In cases of method improvement, both assay
development and assay validation will be needed.
CROSS-VALIDATION TO OTHER SPECIES
During the drug development cycle, there may be a need to change the assay matrix from one
species to another (e.g., cynomolgus or chimp to human) or across patient populations. The
change of assay matrix may require an investment in both assay development and assay
validation efforts to ensure that the assay shows acceptable sensitivity, specificity, and other
characteristics.
REAGENT REPLACEMENT
Reagent qualification is required if a critical reagent needs replacement using previously
established qualification criteria. Ideally, the reference lot and the new lot should be compared
by preparing assay controls. However, in many cases a reference lot may not be available for
conducting a comparison. In this case, the new reagent should be tested and if the assay
behaves as expected, it may be considered acceptable.
Assay Standardization
There is an emerging clinical need and apparent value in assay standardization (i.e., use of
reference standards, platform, and reference method) to facilitate harmonization of the
approach used for the detection of NAbs directed toward drugs in the same class of
therapeutic [e.g., interferons, anti-tumor necrosis factor (TNF) MAbs, or erythropoiesisstimulating agent therapies]. If several companies are involved, a consensus approach to
standardizing the method should be undertaken. This requires agreement on a universal method
and protocol with a common set of reagents in all laboratories concerned. For cell-based NAb
assays, establishment and implementation of a common, master cell bank is critical. The
reporting units for NAb-positive samples also must be unified, such as, expressing results as
positive or negative versus specific values with units and/or using a standard protocol and
common reagents for calculation of NAb activity. To confirm that standardization has been
implemented successfully, the universal method should be used by all labs involved in the
standardization effort to analyze a set of matrix samples spiked or unspiked with NAb PC in a
blinded manner. Analysis of known positive and negative study samples also should be
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performed.
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BRIEFING
1160 Pharmaceutical Calculations in Prescription Compounding, USP 37 page 1033.
It is proposed to change the title of this general information chapter to Pharmaceutical
Calculations in Pharmacy Practice 1160 . This change will provide a better description of the
contents of the revised general chapter. The proposed general chapter is revised with new
material that includes the deletion of problem types that are no longer relevant, more practical
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pharmaceutical calculations and problem examples, updated definitions, new sections, and
added resources. The new information proposed in this chapter will educate the reader on the
advancements in pharmacy practice.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
The proposed chapter is posted online at www.usp.org/usp-nf/notices/GC1160compounding-notice with line numbers. To ensure that your comments are received and
addressed, please provide the line numbers corresponding to your comments when submitting
comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C135267

Comment deadline: July 31, 2014
Change to read:
1160

PHARMACEUTICAL CALCULATIONS IN PRESCRIPTION COMPOUNDING
PHARMACY PRACTICE 1S (USP38)

Change to read:
INTRODUCTION
The purpose of this chapter is to provide general information to guide and assist pharmacists in
performing the necessary calculations when preparing or compounding any pharmaceutical
article (see Pharmaceutical Compounding—Nonsterile Preparations
Compounding—Sterile Preparations

795 , Pharmaceutical

797 , and Good Compounding Practices

1075 ) or

when simply dispensing prescriptions (see Stability Considerations in Dispensing Practice

1191

).
Correct pharmaceutical calculations can be accomplished by using, for example, proper
conversions from one measurement system to another and properly placed decimal points, by
understanding the arithmetical concepts, and by paying close attention to the details of the
calculations. Before proceeding with any calculation, pharmacists should do the following: (a)
read the entire formula or prescription carefully; (b) determine which materials are needed; and
then (c) select the appropriate methods of preparation and the appropriate calculation.
There are often several ways to solve a given problem. Logical methods that require as few
steps as possible should be selected in order to ensure that calculations are done correctly.
The best approach is the one that yields results that are accurate and free of error. The
pharmacist must double-check each calculation before proceeding with the preparation of the
article or prescription order. One way of double-checking is by estimation. This involves
rounding off the quantities involved in the calculation, and comparing the estimated result with
the calculated value.
Finally, the following steps should be taken: the dosage of each active ingredient in the
prescription should be checked; all calculations should be doubly checked, preferably by
another pharmacist; and where instruments are used in compounding, they should be carefully
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checked to ascertain that they will function properly. See USP general chapters Aerosols, Nasal
Sprays, Metered-Dose Inhalers, and Dry Powder Inhalers
Density of Solids

699 , Osmolality and Osmolarity

Compounding—Nonsterile Preparations
Preparations

797 , Viscosity

1051 , Medicine Dropper

601 , Deliverable Volume

785 , pH

698 ,

791 , Pharmaceutical

795 , Pharmaceutical Compounding—Sterile

911 , Specific Gravity

841 , Cleaning Glass Apparatus

1101 , Prescription Balances and Volumetric Apparatus

Teaspoon

1221 , Weighing on an Analytical Balance

Practices

1075

1176 ,

1251 , and Good Compounding

for information on specific instruments.
BASIC MATHEMATICAL CONCEPTS
significant figures

Expressed values are considered significant to the last digit shown (see Significant Figures and
Tolerances in the General Notices). Significant figures are digits with practical meaning. The
accuracy of the determination is implied by the number of figures used in its expression. In
some calculations zeros may not be significant. For example, for a measured weight of 0.0298
g, the zeros are not significant; they are used merely to locate the decimal point. In the
example, 2980 g, the zero may also be used to indicate the decimal point, in which case the
zero is not significant. Alternately, however, the zero may indicate that the weight is closer to
2981 g or 2979 g, in which case the zero is significant. In such a case, knowledge of the
method of measurement would be required in order to indicate whether the zero is or is not
significant. In the case of a volume measurement of 298 mL, all of the digits are significant. In
a given result, the last significant figure written is approximate but all preceding figures are
accurate. For example, a volume of 29.8 mL implies that 8 is approximate. The true volume falls
between 29.75 and 29.85. Thus, 29.8 mL is accurate to the nearest 0.1 mL, which means that
the measurement has been made within ±0.05 mL. Likewise, a value of 298 mL is accurate to
the nearest 1 mL and implies a measurement falling between 297.5 and 298.5, which means
that the measurement has been made within ±0.5 mL and is subject to a maximum error
calculated as follows:
(0.5 mL/298 mL) × 100% = 0.17%
A zero in a quantity such as 298.0 mL is a significant figure and implies that the measurement
has been made within the limits of 297.95 and 298.05 with a possible error calculated as
follows:
(0.05 mL/298.0 mL) × 100% = 0.017%
examples—
1. 29.8 mL = 29.8 ± 0.05 mL (accurate to the nearest 0.1 mL)
2. 29.80 mL = 29.80 ± 0.005 mL (accurate to the nearest 0.01 mL)
3. 29.800 mL = 29.800 ± 0.0005 mL (accurate to the nearest 0.001 mL)
The degree of accuracy in the last example is greatest. Thus, the number of significant figures
provides an estimate both of true value and of accuracy.
examples of significant figures—
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Measurement
2.98
2.980
0.0298
0.0029

Number of Significant
Figures
3
4
3
2

Calculations—All figures should be retained until the calculations have been completed. Only
the appropriate number of significant figures, however, should be retained in the final result.
Determining the number of significant figures—
Sums and Differences—When adding or subtracting, the number of decimal places in the result
shall be the same as the number of decimal places in the component with the fewest decimal
places.
example—
11.5 + 11.65 + 9.90 = 33.1
Products and Quotients—When multiplying or dividing, the result shall have no more significant
figures than the measurement with the smallest number of significant figures entering into the
calculation.
example—
4.266 × 21 = 90
Rounding Off—For rules on rounding off measurements or calculated results, see Interpretation
of Requirements under Significant Figures and Tolerances in the General Notices. Note,
however, that in the example above, if 21 is an absolute number (e.g., the number of doses),
then the answer, 89.586, is rounded off to 89.59 which has 4 significant figures.
logarithms
The logarithm of a number is the exponent or the power to which a given base must be raised
in order to equal that number.
Definitions—
pH = log [H+], and
pKa = log Ka
pH = log [H+], and pKa = log Ka, where [H+] is the hydrogen ion concentration in an
aqueous solution and Ka is the ionization constant of the acid in an aqueous solution. The [H+]
= the antilogarithm of ( pH), and the Ka = the antilogarithm of ( pKa).
The pH of an aqueous solution containing a weak acid may be calculated using the HendersonHasselbalch equation:
pH = pKa + log [salt]/[acid]
example—
A solution contains 0.020 moles per L of sodium acetate and 0.010 mole per L of acetic acid,
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which has a pKa value of 4.76. Calculate the pH and the [H+] of the solution. Substituting into
the above equation, pH = 4.76 + log (0.020/0.010) = 5.06, and the [H+] = antilogarithm of (
5.06) = 8.69 × 10 6.
BASIC PHARMACEUTICAL CALCULATIONS
The remainder of this chapter will focus on basic pharmaceutical calculations. It is important to
recognize the rules involved when adding, subtracting, dividing, and multiplying values. The
interrelationships between various units within the different weighing and measuring systems
are also important and have to be understood.
CALCULATIONS IN COMPOUNDING
The pharmacist must be able to calculate the amount or concentration of drug substances in
each unit or dosage portion of a compounded preparation at the time it is dispensed.
Pharmacists must perform calculations and measurements to obtain, theoretically, 100% of the
amount of each ingredient in compounded formulations. Calculations must account for the
active ingredient, or active moiety, and water content of drug substances, which includes that
in the chemical formulas of hydrates. Official drug substances and added substances must meet
the requirements under Loss on Drying 731 , which must be included in the calculations of
amounts and concentrations of ingredients. The pharmacist should consider the effect of
ambient humidity on the gain or loss of water from drugs and added substances in containers
subjected to intermittent opening over prolonged storage. Each container should be opened for
the shortest duration necessary and then closed tightly immediately after use.
The nature of the drug substance that is to be weighed and used in compounding a prescription
must be known exactly. If the substance is a hydrate, its anhydrous equivalent weight may
need to be calculated. On the other hand, if there is adsorbed moisture present that is either
specified on a certificate of analysis or that is determined in the pharmacy immediately before
the drug substance is used by the procedure under Loss on Drying 731 , this information
must be used when calculating the amount of drug substance that is to be weighed in order to
determine the exact amount of anhydrous drug substance required.
There are cases in which the required amount of a dose is specified in terms of a cation [e.g.,
Li+, netilmicin (n+)], an anion [e.g., F ], or a molecule (e.g., theophylline in aminophylline). In
these instances, the drug substance weighed is a salt or complex, a portion of which
represents the pharmacologically active moiety. Thus, the exact amount of such substances
weighed must be calculated on the basis of the required quantity of the pharmacological
moiety.
The following formula may be used to calculate the exact theoretical weight of an ingredient in
a compounded preparation:
W = ab/de
in which W is the actual weighed amount; a is the prescribed or pharmacist-determined weight
of the active or functional moiety of drug or added substance; b is the chemical formula weight
of the ingredient, including waters of hydration for hydrous ingredients; d is the fraction of dry
weight when the percent by weight of adsorbed moisture content is known from the loss on
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drying procedure (see Loss on Drying 731 ); and e is the formula weight of the active or
functional moiety of a drug or added substance that is provided in the formula weight of the
weighed ingredient.
Example 1: Triturate Morphine Sulfate USP and Lactose NF to obtain 10 g in which there are 30
mg of Morphine Sulfate USP for each 200 mg of the morphine-lactose mixture. [Note—Clinical
dosages of morphine mean Morphine Sulfate USP, which is the pentahydrate. ]
Equation Factor
W
a
b
d
e

Numerical Value
weight, in g, of Morphine Sulfate USP
1.5 g of morphine sulfate pentahydrate in the prescription
759 g/mole
1.0
759 g/mole

W = (1.5 g × 759 g/mole)/(1.0 × 759 g/mole) = 1.5 g
Example 2: Accurately weigh an amount of Aminophylline USP to obtain 250 mg of anhydrous
theophylline. [Note—The powdered aminophylline dihydrate weighed contains 0.4% w/w
adsorbed moisture as stated in the Certificate of Analysis. ]
Equation Factor
W
a
b
d
e

Numerical Value
weight, in mg, of Aminophylline USP (dihydrate)
250 mg of theophylline
456 g/mole
0.996
360 g/mole

W = (250 mg × 456 g/mole)/(0.996 × 360 g/mole) = 318 mg
Example 3: Accurately weigh an amount of Lithium Citrate USP (containing 2.5% moisture as
stated in the Certificate of Analysis) to obtain 200 mEq of lithium (Li+). [Note—One mEq of Li+
is equivalent to 0.00694 g of Li+. ]
Equation Factor
W
a
b
d
e

Numerical Value
weight, in g, of Lithium Citrate USP (tetrahydrate)
200 mEq of Li+ or 1.39 g of Li+
282 g/mole
0.975
3 × 6.94 g/mole or 20.8 g/mole

W = (1.39 g × 282 g/mole)/(0.975 × 20.8 g/mole) = 19.3 g
Example 4: Accurately weigh an amount of Netilmicin Sulfate USP, equivalent to 2.5 g of
netilmicin. [Note—Using the procedure under Loss on Drying
that was weighed lost 12% of its weight. ]

731 , the Netilmicin Sulfate USP

Equation Factor
Numerical Value
W
weight, in g, of Netilmicin Sulfate USP
a
2.5 g
b
1442 g/mole
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d
e

0.88
951 g/mole

W = (2.5 g × 1442 g/mole)/(0.88 × 951 g/mole) = 4.31 g
BUFFER SOLUTIONS
Definition—A buffer solution is an aqueous solution that resists a change in pH when small
quantities of acid or base are added, when diluted with the solvent, or when the temperature
changes. Most buffer solutions are mixtures of a weak acid and one of its salts or mixtures of a
weak base and one of its salts. Water and solutions of a neutral salt such as sodium chloride
have very little ability to resist the change of pH and are not capable of effective buffer action.
Preparation, Use, and Storage of Buffer Solutions—Buffer solutions for Pharmacopeial tests
should be prepared using freshly boiled and cooled water (see Standard Buffer Solutions under
Buffer Solutions in Reagents, Indicators, and Solutions). They should be stored in containers
such as Type I glass bottles and used within 3 months of preparation.
Buffers used in physiological systems are carefully chosen so as not to interfere with the
pharmacological activity of the medicament or the normal function of the organism. Commonly
used buffers in parenteral products, for example, are acetic, citric, glutamic, and phosphoric
acids and their salts. Buffer solutions should be freshly prepared.
The Henderson-Hasselbalch equation, noted above, allows the pH of a buffer solution of a weak
acid and its salt to be calculated. Appropriately modified, this equation may be applied to buffer
solutions composed of a weak base and its salt.
Buffer Capacity—The buffer capacity of a solution is the measurement of the ability of that
solution to resist a change in pH upon addition of small quantities of a strong acid or base. An
aqueous solution has a buffer capacity of 1 when 1 L of the buffer solution requires 1 gram
equivalent of strong acid or base to change the pH by 1 unit. Therefore, the smaller the pH
change upon the addition of a specified amount of acid or base, the greater the buffer capacity
of the buffer solution. Usually, in analysis, much smaller volumes of buffer are used in order to
determine the buffer capacity. An approximate formula for calculating the buffer capacity is
gram equivalents of strong acid or base added per L of buffer solution per unit of pH change,
i.e., (Eq/L)/(pH change).
example—
The addition of 0.01 g equivalents of sodium hydroxide to 0.25 L of a buffer solution produced a
pH change of 0.50. The buffer capacity of the buffer solution is calculated as follows:
(0.01/0.25)/0.50 = 0.08(Eq/L)/(pH change)
DOSAGE CALCULATIONS
Special Dosage Regimens—Geriatric and pediatric patients require special consideration when
designing dosage regimens. In geriatric patients, the organs are often not functioning efficiently
as a result of age-related pharmacokinetic changes or disease. For these patients,
modifications in dosing regimens are available in references such as USP Drug Information.
For pediatric patients, where organs are often not fully developed and functioning, careful
consideration must be applied during dosing. Modifications in dosing regimens for pediatric
patients are also available in references such as USP Drug Information. General rules for
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calculating doses for infants and children are available in pharmacy calculation textbooks.
These rules are not drug-specific and should be used only in the absence of more complete
information.
The usual method for calculating a dose for children is to use the information provided for
children for the specific drug. The dose is frequently expressed as mg of drug per kg of body
weight for a 24-hour period, and is then usually given in divided portions.
The calculation may be made using the following equation:
(mg of drug per kg of body weight ) × (kg of body weight) = dose for an individual for a 24hour period
A less frequently used method of calculating the dose is based on the surface area of the
individual's body. The dose is expressed as amount of drug per body surface area in m2, as
shown in the equation below:
(amount of drug per m2 of body surface area) × (body surface area in m2) = dose for an
individual for a 24-hour period
The body surface area (BSA) may be determined from nomograms relating height and weight in
dosage handbooks. The BSA for adult and pediatric patients may also be determined using the
following equations:
BSA (m2) = square root of {[Height (in) × Weight (lb)]/3131}
or
BSA (m2) = square root of {[Height (cm) × Weight (kg)]/ 3600}
example—
Rx for Spironolactone Suspension 25 mg/tsp. Sig: 9 mg BID for an 18 month-old child who
weighs 22 lbs.
The USP DI 2002, 22nd ed., states that the normal pediatric dosing regimen for Spironolactone
is 1 to 3 mg per kg per day. In this case, the weight of the child is 22 lbs, which equals 22
lbs/(2.2 lbs/kg) = 10 kg. Therefore the normal dose for this child is 10 to 30 mg per day and the
dose ordered is 18 mg per day as a single dose or divided into 2 to 4 doses. The dose is
acceptable based on published dosing guidelines.
PERCENTAGE CONCENTRATIONS
Percentage concentrations of solutions are usually expressed in one of three common forms:
Volume percent (v/v) = Volume of solute/Volume of solution × 100%
Weight percent (w/w) = (Weight of solute × 100%)/Weight of solution
Weight in volume percent (w/v) = (Weight of solute (in g)/Volume of solution (in mL)) × 100%
See also Percentage Measurements under Concentrations in the General Notices. The above
three equations may be used to calculate any one of the three values (i.e., weights, volumes,
or percentages) in a given equation if the other two values are known.
Note that weights are always additive, i.e., 50 g plus 25 g = 75 g. Volumes of two different
solvents or volumes of solvent plus a solid solute are not strictly additive. Thus 50 mL of water
+ 50 mL of pure alcohol do not produce a volume of 100 mL. Nevertheless, it is assumed that in
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some pharmaceutical calculations, volumes are additive, as discussed below under
Reconstitution of Drugs Using Volumes Other than Those on the Label.
examples—
1. Calculate the percentage concentrations (w/w) of the constituents of the solution
prepared by dissolving 2.50 g of phenol in 10.00 g of glycerin. Using the weight percent
equation above, the calculation is as follows.
Total weight of the solution = 10.00 g + 2.50 g = 12.50 g
Weight percent of phenol = (2.50 g × 100%)/12.50 g = 20.0% of phenol
Weight percent of glycerin = (10 g × 100%)/12.50 g = 80.0% of glycerin
2. A prescription order reads as follows:
Eucalyptus Oil 3% (v/v) in Mineral Oil.
Dispense 30.0 mL.
What quantities should be used for this prescription? Using the volume percent equation
above, the calculation is as follows.
Amount of Eucalyptus Oil:
3% = (Volume of oil in mL/30.0 mL) × 100%
Solving the equation, the volume of oil = 0.90 mL.
Amount of Mineral Oil: To 0.90 mL of Eucalyptus Oil add sufficient Mineral Oil to prepare
30.0 mL.
3. A prescription order reads as follows:
Zinc oxide
7.5 g
Calamine
7.5 g
Starch
15 g
White petrolatum 30 g
Calculate the percentage concentration for each of the four components. Using the
weight percent equation above, the calculation is as follows.
Total weight = 7.5 g + 7.5 g + 15 g + 30 g = 60.0 g
Weight percent of zinc oxide = (7.5 g zinc oxide/60 g ointment) × 100% = 12.5%
Weight percent of calamine = (7.5 g calamine/60 g ointment) × 100% = 12.5%
Weight percent of starch = (15 g starch/60 g ointment) × 100% = 25%
Weight percent of white petrolatum = (30 g white petrolatum/60 g ointment) × 100% =
50%
SPECIFIC GRAVITY
The definition of specific gravity is usually based on the ratio of weight of a substance in air at
25 to that of the weight of an equal volume of water at the same temperature. The weight of
1 mL of water at 25 is approximately 1 g. The following equation may be used for calculations.
Specific Gravity = (Weight of the substance)/(Weight of an equal volume of water)
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examples—
1. A liquid weighs 125 g and has a volume of 110 mL. What is the specific gravity?
The weight of an equal volume of water is 110 g.
Using the above equation,
specific gravity = 125 g/110 g = 1.14
2. Hydrochloric Acid NF is approximately a 37% (w/w) solution of hydrochloric acid (HCl) in
water. How many grams of HCl are contained in 75.0 mL of HCl NF? (Specific gravity of
Hydrochloric Acid NF is 1.18.)
Calculate the weight of HCl NF using the above equation.
The weight of an equal volume of water is 75 g.
Specific Gravity 1.18 = weight of the HCl NF g/75.0 g
Solving the equation, the weight of HCl NF is 88.5 g.
Now calculate the weight of HCl using the weight percent equation.
37.0 % (w/w) = (weight of solute g/88.5 g ) × 100
Solving the equation, the weight of the HCl is 32.7 g.
DILUTION AND CONCENTRATION
A concentrated solution can be diluted. Powders and other solid mixtures can be triturated or
diluted to yield less concentrated forms. Because the amount of solute in the diluted solution or
mixture is the same as the amount in the concentrated solution or mixture, the following
relationship applies to dilution problems.
The quantity of Solution 1 (Q1 ) × concentration of Solution 1 (C1 ) = the quantity of Solution 2
(Q2 ) × concentration of Solution 2 (C2 ), or
(Q1 )(C1 ) = (Q2 )(C2 )
Almost any quantity and concentration terms may be used. However, the units of the terms
must be the same on both sides of the equation.
examples—
1. Calculate the quantity (Q2 ), in g, of diluent that must be added to 60 g of a 10% (w/w)
ointment to make a 5% (w/w) ointment. Let
(Q1 ) = 60 g, (C1 ) = 10%, and (C2 ) = 5%
Using the above equation,
60 g × 10% = (Q2 ) × 5% (w/w)
Solving the above equation, the quantity of product needed, Q2 , is 120 g. The initial
quantity of product added was 60 g, and therefore an additional 60 g of diluent must be
added to the initial quantity to give a total of 120 g.
2. How much diluent should be added to 10 g of a trituration (1 in 100) to make a mixture
that contains 1 mg of drug in each 10 g of final mixture?
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Determine the final concentration by first converting mg to g. One mg of drug in 10 g of
mixture is the same as 0.001g in 10 g. Let
(Q1 ) = 10 g, (C1 ) = (1 in 100),
and
(C2 ) = (0.001 in 10)
Using the equation for dilution,
10 g × (1/100) = (Q2 ) g × (0.001/10)
Solving the above equation,
(Q2 ) = 1000 g
Because 10 g of the final mixture contains all of the drug and some diluent, (1000 g
10 g) or 990 g of diluent is required to prepare the mixture at a concentration of 0.001
g of drug in 10 g of final mixture.
3. Calculate the percentage strength of a solution obtained by diluting 400 mL of a 5.0%
solution to 800 mL. Let
(Q1 ) = 400 mL, (C1 ) = 5%, and (Q2 ) = 800 mL
Using the equation for dilution,
400 mL × 5% = 800 mL × (C2 )%
Solving the above equation,
(C2 ) = 2.5% (w/v)
USE OF POTENCY UNITS
See Units of Potency in the General Notices.
Because some substances may not be able to be defined by chemical and physical means, it
may be necessary to express quantities of activity in biological units of potency.
examples—
1. One mg of Pancreatin contains not less than 25 USP Units of amylase activity, 2.0 USP
Units of lipase activity, and 25 USP Units of protease activity. If the patient takes 0.1 g
(100 mg) per day, what is the daily amylase activity ingested?
1 mg of Pancreatin corresponds to 25 USP Units of amylase activity.
100 mg of Pancreatin corresponds to
100 × (25 USP Units of amylase activity) = 2500 Units
2. A dose of penicillin G benzathine for streptococcal infection is 1.2 million units
intramuscularly. If a specific product contains 1180 units per mg, how many milligrams
would be in the dose?
1180 units of penicillin G benzathine are contained in 1 mg.
1 unit is contained in 1/1180 mg.
1,200,000 units are contained in
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(1,200,000 × 1)/1180 units = 1017 mg
BASE VS SALT OR ESTER FORMS OF DRUGS
Frequently, for stability or other reasons such as taste or solubility, the base form of a drug is
administered in an altered form such as an ester or salt. This altered form of the drug usually
has a different molecular weight (MW), and at times it may be useful to determine the amount
of the base form of the drug in the altered form.
examples—
1. Four hundred milligrams of erythromycin ethylsuccinate (molecular weight, 862.1) is
administered. Determine the amount of erythromycin (molecular weight, 733.9) in this
dose.
862.1 g of erythromycin ethylsuccinate corresponds to 733.9 g of erythromycin.
1 g of erythromycin ethylsuccinate corresponds to (733.9/862.1) g of erythromycin.
0.400 g of erythromycin ethylsuccinate corresponds to (733.9/862.1) × 0.400 g or
0.3405 g of erythromycin.
2. The molecular weight of testosterone cypionate is 412.6 and that of testosterone is
288.4. What is the dose of testosterone cypionate that would be equivalent to 60.0 mg
of testosterone?
288.4 g of testosterone corresponds to 412.6 g of testosterone cypionate.
1 g of testosterone corresponds to 412.6/288.4 g of testosterone cypionate.
60.0 mg or 0.0600 g of testosterone corresponds to (412.6/288.4) × 0.0600 = 0.0858 g
or 85.8 mg of testosterone cypionate.
RECONSTITUTION OF DRUGS USING VOLUMES OTHER THAN THOSE ON THE LABEL
Occasionally it may be necessary to reconstitute a powder in order to provide a suitable drug
concentration in the final product. This may be accomplished by estimating the volume of the
powder and liquid medium required.
examples—
1. If the volume of 250 mg of ceftriaxone sodium is 0.1 mL, how much diluent should be
added to 500 mg of ceftriaxone sodium powder to make a suspension having a
concentration of 250 mg per mL?
500 mg × (1 mL/250 mg) = 2 mL
Volume of 500 mg of ceftriaxone sodium = 500 mg × (0.1 mL/250 mg) = 0.2 mL
Volume of the diluent required = (2 mL of suspension)
= 1.8 mL

(0.2 mL of Ceftriaxone Sodium)

2. What is the volume of dry powder cefonicid, if 2.50 mL of diluent is added to 1 g of
powder to make a solution having a concentration of 325 mg per mL?
Volume of solution containing 1 g of the powder = 1 g of cefonicid × (1000 mg/1 g) ×
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(1 mL of solution/325 mg of cefonicid) = 3.08 mL
Volume of dry powder cefonicid = 3.08 mL of solution

2.50 mL of diluent = 0.58 mL.

ALLIGATION ALTERNATE AND ALGEBRA
Alligation—Alligation is a rapid method of determining the proportions in which substances of
different strengths are mixed to yield a desired strength or concentration. Once the proportion
is found, the calculation may be performed to find the exact amounts of substances required.
Set up the problem as follows.
1. Place the desired percentage or concentration in the center.
2. Place the percentage of the substance with the lower strength on the lower left-hand
side.
3. Place the percentage of the substance with the higher strength on the upper left-hand
side.
4. Subtract the desired percentage from the lower percentage, and place the obtained
difference on the upper right-hand side.
5. Subtract the higher percentage from the desired percentage, and place the obtained
difference on the lower right-hand side.
The results obtained will determine how many parts of the two different percentage strengths
should be mixed to produce the desired percentage strength of a drug mixture.
examples—
1. How much ointment having a 12% drug concentration and how much ointment having a
16% drug concentration must be used to make 1 kg of a preparation containing a 12.5%
drug concentration?

In a total of 4.0 parts of 12.5% product, 3.5 parts of 12% ointment and 0.5 parts of
16% ointment are needed.
4 parts correspond to 1 kg or 1000 g.
1 part corresponds to 250 g.
3.5 parts correspond to 3.5 × 250 g or 875 g.
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0.5 parts correspond to 0.5 × 250 g or 125 g.
2. How many mL of 20% dextrose in water and 50% dextrose in water are needed to make
750 mL of 35% dextrose in water?

In a total of 30 parts of 35% dextrose in water, 15 parts of 50% dextrose in water and
15 parts of 20% dextrose in water are required.
30 parts correspond to 750 mL.
15 parts correspond to 375 mL.
Thus use 375 mL of the 20% solution and 375 mL of the 50% solution to prepare the
product.
Algebra—Instead of using alligation to solve the above problems, algebra may be used,
following the scheme outlined below.
In order to represent the total quantity (weights, parts, or volumes) of the final mixture or
solution, 1 or a specified quantity is used.
Let x be the quantity of one portion and [1 (or the specified amount) x] be the remaining
portion. Set up the equation according to the statement below, and solve.
The amount of drug in one part plus the amount of drug in the other part equals the total
amount in the final mixture or solution.
examples—
1. How much ointment having a 12% drug concentration and how much ointment having a
16% drug concentration must be used to make 1 kg of a preparation containing a 12.5%
drug concentration?
Let 1 kg be the total quantity of ointment to be prepared, let x be the quantity, in kg,
of the 12% ointment, and let (1
equation is as follows:

x) be the quantity in kg of the 16% ointment. The

(12/100) x + (16/100)(1

x) = (12.5/100)(1)
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Solving the equation, x equals 0.875 kg of the 12% ointment and (1 x) equals (1
0.875) or 0.125 kg of the 16% ointment.
2. How many mL of 20% dextrose in water and 50% dextrose in water are needed to make
750 mL of 35% dextrose in water?
Let x be the volume, in mL, of the 20% solution, and let (750
of the 50% solution. The equation is as follows:
(20/100)x + (50/100)(750

x) be the volume in mL

x) = (35/100)(750)

Solving the equation, x equals 375 mL of the 20% solution and (750
375) or 375 mL of the 50% solution.

x) equals (750

MOLAR, MOLAL, AND NORMAL CONCENTRATIONS
See Concentrations in the General Notices.
Molarity—The molar concentration, M, of the solution is the number of moles of the solute
contained in one L of solution.
Molality—The molal concentration, m, is the number of moles of the solute contained in one
kilogram of solvent.
Normality—The normal concentration, N, of a solution expresses the number of milliequivalents
(mEq) of solute contained in 1 mL of solution or the number of equivalents (Eq, gram-equivalent
weight) of solute contained in 1 L of solution. When using normality, the pharmacist must apply
quantitative chemical analysis principles using molecular weight (MW). Normality depends on
the reaction capacity of a chemical compound and therefore the reaction capacity must be
known. For acids and bases, reaction capacity is the number of accessible protons available
from, or the number of proton binding sites available on, each molecular aggregate. For electron
transfer reactions, reaction capacity is the number of electrons gained or lost per molecular
aggregate.
examples—
1. How much sodium bicarbonate powder is needed to prepare 50.0 mL of a 0.07 N solution
of sodium bicarbonate (NaHCO3 )? (MW of NaHCO3 is 84.0 g per mol.)
In an acid or base reaction, because NaHCO3 may act as an acid by giving up one
proton, or as a base by accepting one proton, one Eq of NaHCO3 is contained in each
mole of NaHCO3 . Thus the equivalent weight of NaHCO3 is 84 g. [Note—The volume, in
L, × normality of a solution equals the number of equivalents in the solution. ]
The number of equivalents of NaHCO3 required = (0.07 Eq/L)(50.0 mL/1000 mL /L) =
0.0035 equivalents.
1 equivalent weight is 84.0 g.
0.0035 equivalents equals 84.0 g/Eq × 0.0035 Eq = 0.294 g.
2. A prescription calls for 250 mL of a 0.1 N hydrochloric acid (HCl) solution. How many mL
of concentrated hydrochloric acid are needed to make this solution? [Note—The specific
gravity of concentrated hydrochloric acid is 1.18, the molecular weight is 36.46 and the
concentration is 37.5% (w/w). Because hydrochloric acid functions as an acid and
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reacts by giving up one proton in a chemical reaction, 1 Eq is contained in each mole of
the compound. Thus the equivalent weight is 36.46 g. ]
The number of equivalents of HCl required is 0.250 L × 0.1 N = 0.025 equivalents.
1 equivalent is 36.46 g.
0.025 equivalents correspond to 0.025 Eq × 36.46 g/Eq = 0.9115 g.
37.5 g of pure HCl are contained in 100 g of concentrated HCl.
Thus 1 g of pure HCl is contained in (100/37.5) g = 2.666 g of concentrated acid, and
0.9115 g is contained in (0.9115 × 2.666) g or 2.43 g of concentrated acid.
In order to determine the volume of the supplied acid required, use the definition for
specific gravity as shown below.
Specific gravity = (weight of the substance)/(weight of an equal volume of water).
1.18 = 2.43 g/(weight of an equal volume of water).
The weight of an equal volume of water is 2.056 g or 2.06 g, which measures 2.06 mL.
Thus, 2.06 mL of concentrated acid is required.
MILLIEQUIVALENTS AND MILLIMOLES
Note—This section addresses milliequivalents (mEq) and millimoles (mmol) as they apply to
electrolytes for dosage calculations.
The quantities of electrolytes administered to patients are usually expressed in terms of mEq.
This term must not be confused with a similar term used in quantitative chemical analysis as
discussed above. Weight units such as mg or g are not often used for electrolytes because the
electrical properties of ions are best expressed as mEq. An equivalent is the weight of a
substance (equivalent weight) that supplies one unit of charge. An equivalent weight is the
weight, in g, of an atom or radical divided by the valence of the atom or radical. A
milliequivalent is one-thousandth of an equivalent (Eq). Because the ionization of phosphate
depends on several factors, the concentration is usually expressed in millimoles, moles, or
milliosmoles, which are described below. [Note—Equivalent weight (Eq.wt) = wt. of an atom or
radical (ion) in g/valence (or charge) of the atom or radical. Milliequivalent weight (mEq.wt) =
Eq.wt. (g)/1000. ]
examples—
1. Potassium (K+) has a gram-atomic weight of 39.10. The valence of K+ is 1+. Calculate
its milliequivalent weight (mEq wt).
Eq wt = 39.10 g/1 = 39.10 g
mEq wt = 39.10 g/1000 = 0.03910 g = 39.10 mg
2. Calcium (Ca2+) has a gram-atomic weight of 40.08. Calculate its milliequivalent weight
(mEq wt).
Eq wt = 40.08 g/2 = 20.04 g
mEq wt. = 20.04 g/1000 = 0.02004 g = 20.04 mg
Note—The equivalent weight of a compound may be determined by dividing the
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molecular weight in g by the product of the valence of either relevant ion and the
number of times this ion occurs in one molecule of the compound.
3. How many milliequivalents of potassium ion (K+) are there in a 250-mg Penicillin V
Potassium Tablet? [Note—Molecular weight of penicillin V potassium is 388.48 g per mol;
there is one potassium atom in the molecule; and the valence of K+ is 1. ]
Eq wt = 388.48 g/[1(valence) × 1 (number of charges)] = 388.48 g
mEq wt = 388.48 g/1000 = 0.38848 g = 388.48 mg
(250 mg per Tablet)/(388.48 mg per mEq) = 0.644 mEq of K+ per Tablet
4. How many equivalents of magnesium ion and sulfate ion are contained in 2 mL of a 50%
Magnesium Sulfate Injection? (Molecular weight of MgSO4 ·7H2 O is 246.48 g per mol.)
Amount of magnesium sulfate in 2 mL of 50% Magnesium Sulfate Injection
2 mL of Injection × (50 g of magnesium sulfate/100 mL of Injection) = 1 g
Eq wt of MgSO4 ·7H2 O = MW (g)/(valence of specified ion × number of specified ions in
one mole of salt).
For the magnesium ion:
The number of equivalents is calculated as follows:
246.48/[2(valence) × 1 (number of ions in the compound)] = 123.24 g/Eq of magnesium
ion
The number of equivalents in 1 g is 1g/123.24 g/Eq = 0.008114 Eq.
The number of mEq may be calculated as follows:
The mEq wt = Eq wt (g)/1000 = (123.24 g/Eq)/1000 = 0.12324 g
The number of milliequivalents of magnesium ion in 1 g is
1g/0.12324 g/mEq = 8.114 mEq
For the sulfate ion:
The number of equivalents is calculated as follows:
246.48/[2(valence) × 1 (number of ions in the compound)] = 123.24 g/Eq of sulfate ion
The number of equivalents in 1 g is
1g/123.24 g/Eq = 0.008114 Eq
The number of mEq may be calculated as follows:
The mEq wt = Eq wt (g)/1000 = (123.24 g/Eq)/1000 = 0.12324 g
The number of milliequivalents of sulfate ion in 1 g is
1g/0.12324 g/mEq = 8.114 mEq
5. A vial of Sodium Chloride Injection contains 3 mEq of sodium chloride per mL. What is
the percentage strength of this solution? (Molecular weight of sodium chloride is 58.44 g
per mol.)
1 mEq = 1 Eq/1000 = 58.44 g/1000 = 0.05844 g = 58.44 mg
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Amount of sodium chloride in 3 mEq per mL = 58.44 mg per mEq × 3 mEq per mL =
175.32 mg per mL.
175.32 mg/1 mL = 17532 mg/100 mL = 17.532 g/100 mL = 17.5%
Using mols and mmols—
A number of countries have adopted the International System of Units and no longer calculate
doses using mEq as described above, but instead use the terms moles (mol) and millimoles
(mmol). In USP–NF or in the Pharmacists' Pharmacopeia the International System of Units is
used except for the labeling of electrolytes.
Definitions—
A mole equals one gram atomic weight or gram molecular weight of a substance.
A millimole equals 1/1000 of a mole.
examples—
1. Potassium (K) has a gram-atomic weight of 39.10. Calculate its weight in millimoles
(mmol).
The weight of one mole is 39.10 g and the weight in millimoles is
39.10 g/1000 = 0.0391 g or 39.1 mg
2. How many millimoles of Penicillin V are in a tablet that contains 250 mg of Penicillin V
Potassium? (Molecular weight of penicillin V potassium is 388.48 g per mol.)
The weight of one mole is 388.48 and the weight in millimoles is
388.48/1000 = 0.3848 g or 388.48 mg
Thus there are 250 mg/388.48 mg/mmol = 0.644 mmol of Penicillin V ion per tablet.
ISOOSMOTIC SOLUTIONS
The following discussion and calculations have therapeutic implications in preparations of
dosage forms intended for ophthalmic, subcutaneous, intravenous, intrathecal, and neonatal
use.
Cells of the body, such as erythrocytes, will neither swell nor shrink when placed in a solution
that is isotonic with the body fluids. However, the measurement of tonicity, a physiological
property, is somewhat difficult. It is found that a 0.9% (w/v) solution of sodium chloride, which
has a freezing point of 0.52 , is isotonic with body fluids and is said to be isoosmotic with
body fluids. In contrast to isotonicity, the freezing point depression is a physical property. Thus
many solutions that are isoosmotic with body fluids are not necessarily isotonic with body
fluids, e.g., a solution of urea. Nevertheless many pharmaceutical products are prepared using
freezing point data or related sodium chloride data to prepare solutions that are isoosmotic with
the body fluids. A closely related topic is osmolarity (see Osmolality and Osmolarity

785 ).

Freezing point data or sodium chloride equivalents of pharmaceuticals and excipients (see Table
1 below) may be used to prepare isoosmotic solutions, as shown in the examples below.
Table 1. Sodium Chloride Equivalents (E) and Freezing Point (FP) Depressions for a 1%
Solution of the Drug or Excipient
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Drug or Excipient
Atropine sulfate
Sodium chloride

E
0.13
1.00

FP Depression
0.075
0.576

example—
Determine the amount of sodium chloride required to prepare 60 mL of an isoosmotic solution of
atropine sulfate 0.5% using the sodium chloride equivalent values and also the freezing point
depression values.
Using the sodium chloride equivalent values—
The total amount of substances equivalent to sodium chloride (for a 0.9% solution) = (0.9
g/100 mL) × 60 mL = 0.54 g.
The amount of atropine sulfate required = (0.5 g/100 mL) × 60 mL = 0.3 g.
1 g of atropine sulfate is equivalent to 0.13 g of sodium chloride.
0.3 g atropine sulfate is equivalent to 0.3 × 0.13 g = 0.039 g of sodium chloride.
Thus the required amount of sodium chloride is 0.54

0.039 = 0.501 g or 0.50 g.

Using freezing point depression values—
The freezing point depression required is 0.52 .
A 1% solution of atropine sulfate causes a freezing point depression of 0.075 .
A 0.5% solution of atropine sulfate causes a freezing point depression of
0.075 × 0.5 = 0.0375
The additional freezing point depression required is
0.52

0.0375 = 0.482

A 1% solution of sodium chloride causes a freezing point depression of 0.576 .
A (1%/ 0.576) solution of sodium chloride causes a freezing point depression of 1 .
A (1%/ 0.576) × 0.482 = 0.836% solution of sodium chloride causes a freezing point depression
of 0.482 .
The required amount of sodium chloride is
(0.836 g/100 mL) × 60 mL = 0.502 g or 0.50 g
FLOW RATES IN INTRAVENOUS SETS
Some calculations concerning flow rates in intravenous sets are provided below. [Note
—Examples below are not to be used for treatment purposes. ]
examples—
1. Sodium Heparin 8,000 units in 250 mL Sodium Chloride Injection 0.9% solution are to be
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1. Sodium Heparin 8,000 units in 250 mL Sodium Chloride Injection 0.9% solution are to be213
infused over 4 hours. The administration set delivers 20 drops per mL.
What is the flow rate in mL per hour?
In 4 hours, 250 mL are to be delivered.
In 1 hour, 250 mL/4 = 62.5 mL are delivered.
What is the flow rate in drops per minute?
In 60 minutes, 62.5 mL are delivered.
In 1 minute, 62.5 mL/60 = 1.04 mL are delivered.
1 mL = 20 drops.
1.04 mL = 1.04 × 20 drops = 20.8 drops.
Thus in 1 minute, 20.8 or 21 drops are administered.
2. A 14.5 kg patient is to receive 50 mg of Sodium Nitroprusside in 250 mL of dextrose 5%
in water (D5W) at the rate of 1.3 µg per kg per minute. The set delivers 50 drops per
mL.
Calculate the flow rate in mL per hour.
The dose for 1 kg is 1.3 µg per minute.
The 14.5 kg patient should receive 14.5 × 1.3 µg = 18.85 µg per minute.
50 mg or 50,000 µg of drug are contained in 250 mL of D5W.
18.85 µg are contained in 250 mL × 18.85/50,000 = 0.09425 mL D5W, which is
administered every minute.
In 1 minute, 0.09425 mL are administered.
In 1 hour or 60 minutes, 60 × 0.09425 mL = 5.655 or 5.7 mL are administered.
Calculate the flow rate in drops per minute.
1 mL corresponds to 50 drops per minute.
0.09425 mL corresponds to 0.09425 × 50 = 4.712 or 4.7 drops per minute.
TEMPERATURE

The relationship between Celsius degrees ( C) and Fahrenheit degrees ( F) is expressed by the
following equation:
9 ( C) = 5 ( F)

160

in which C and F are the numbers of Celsius degrees and Fahrenheit degrees, respectively.
examples—
1. Convert 77 F to Celsius degrees.
9( C) = 5( F)

160
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C = [5( F)

160]/9 = [(5 × 77)

160]/9 = 25 C

2. Convert 30 C to Fahrenheit degrees.
9( C) = 5( F)

160

F = [9( C) + 160]/5 = [(9 × 30) + 160]/5 = 86 F
The relationship between the Kelvin and the Celsius scales is expressed by the equation:
K = C + 273.1
in which K and C are the numbers of Kelvin degrees and Celsius degrees, respectively.
APPLICATION OF MEAN KINETIC TEMPERATURE
See Good Storage and Distribution Practices for Drug Products 1079 for the definition of
mean kinetic temperature (MKT). MKT is usually higher than the arithmetic mean temperature
and is derived from the Arrhenius equation. MKT addresses temperature fluctuations during the
storage period of the product. The mean kinetic temperature, T K, is calculated by the following
equation:

in which DH is the heat of activation, which equals 83.144 kJ per mol (unless more accurate
information is available from experimental studies); R is the universal gas constant, which
equals 8.3144 × 10 3 kJ per degree per mol; T 1 is the average temperature, in degrees Kelvin,
during the first time period, e.g., the first week; T 2 is the average temperature, in degrees
Kelvin, during the second time period, e.g., second week; and T n is the average temperature, in
degrees Kelvin during the nth time period, e.g., nth week, n being the total number of
temperatures recorded. The mean kinetic temperature is calculated from average storage
temperatures recorded over a one-year period, with a minimum of twelve equally spaced
average storage temperature observations being recorded (see Good Storage and Distribution
Practices for Drug Products 1079 ). This calculation can be performed manually with a
pocket calculator or electronically with computer software.
examples—
1. The means of the highest and lowest temperatures for 52 weeks are 25 C each.
Calculate the MKT.
n = 52
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DH/R = 10,000 K
T 1 , T 2 , ...,T n = 25 C = 273.1 + 25 = 298.1 K
R = 0.0083144 kJ K 1mol 1
DH = 83.144 kJ per mol

= 10,000K/(ln[(52 × e DH/R × 298.1)/52)]
= 10,000K/(ln[(52 × e 33.5458)/52)]
10,000K/ 33.5458 = 298.1K = 25.0 C
The calculated MKT is 25.0 C. Therefore the controlled room temperature requirement
is met by this pharmacy. [Note—If the averages of the highest and lowest weekly
temperatures differed from each other and were in the allowed range of 15 C to 30 C
(see 659 Packaging and Storage Requirements), then each average would be
substituted individually into the equation. The remaining two examples illustrate such
calculations, except that the monthly averages are used. ]
2. A pharmacy recorded a yearly MKT on a monthly basis, starting in January and ending in
December. Each month, the pharmacy recorded the monthly highest temperature and
the monthly lowest temperature, and the average of the two was calculated and
recorded for the MKT calculation at the end of the year (see Table 2). From these data
the MKT may be estimated or it may be calculated. If more than half of the observed
temperatures are lower than 25 C and a mean lower than 23 C is obtained, the MKT
may be estimated without performing the actual calculation.
Table 2. Data for Calculation of MKT

n

Month

1

Jan.

2

3

Feb.

Mar.

Lowest
Temperature (in

Highest
Temperature (in

Average
Temperature (in

C)

C)

C)

15

27

21

20

17

25

25

22.5

21

Average
Temperature (in
K)

D H/RT

294.1

34.002

1.710 ×

33.830

10 15
2.033 ×

34.002

10 15
1.710 ×

295.6

294.1

e

10

D H/RT

15
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5

6

7

8

9

10

11

12

A pr.

May

June

July

A ug.

Sept.

O ct.

Nov.

Dec.

216
20

22

15

20

22

23

20

20

22

25

27

25

26

26

27

28

24

28

22.5

24.5

20

23

24

25

24

22

25

295.6

297.6

293.1

296.1

297.1

298.1

297.1

295.1

298.1

33.830

2.033 ×

33.602

10 15
2.551 ×

34.118

10 15
1.523 ×

33.772

10 15
2.152 ×

33.659

10 15
2.411 ×

33.546

10 15
2.699 ×

33.659

10 15
2.411 ×

33.887

10 15
1.919 ×

33.546

10 15
2.699 ×
10

15

a. To estimate the MKT, the recorded temperatures are evaluated and the average
is calculated. In this case, the calculated arithmetic mean is 22.9 C. Therefore,
the above requirements are met and it can be concluded that the mean kinetic
temperature is lower than 25 C. Therefore, the controlled room temperature
requirement is met.
b. The second approach is to perform the actual calculation.
n = 12

= 10,000K/ln[(2.585 × 10 14)/12]
10,000K/ 33.771 = 296.11K = 23.0 C
The calculated MKT is 23.0 C, so the controlled room temperature requirement is met.
[Note—These data and calculations are used only as an example. ]
3. An article was stored for one year in a pharmacy where the observed monthly average
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of the highest and lowest temperatures was 25 C (298.1 K), except for one month with
an average of 28 C (301.1 K). Calculate the MKT of the pharmacy.
n = 12

= 10,000K/(ln[(11 × e 33.546 + 1 × e 33.212)/12])
= 10,000K/(ln[(2.9692 × 10 14 + 3.7705 ×10 15)/12])
= 10,000K/(ln[(3.3463 × 10 14)/12])
= 10,000K/[ln(2.7886 × 10 15)]
= 10,000K/ 33.513 = 298.39K = 25.29 C
The controlled room temperature requirement is not met because the calculated MKT
exceeds 25 C. (See Note in Example 2 above.)
4. Using the same calculation technique for controlled room temperature, the MKT for
controlled cold temperatures can also be calculated.
a. For example, if the mean of the highest and lowest temperatures for each week
over a period of 52 weeks was 8 C (i.e., the same mean for each week), then
the MKT can be calculated as follows:
T K = 10,000/[ln(52e DH/(R × 281.1))/52]
T K = 10,000/[ln(e DH/(R × 281.1))]
T K = 10,000/[ln(e 35.575)]
= 10,000/[ln(3.548 × 10 16)]
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= 10,000/ 35.575
T k = 281.1K
C = 281.1

273.1

C =8
b. In another example, where a variety of average temperatures are used, as
would be the case in reality, if the average of the highest and lowest
temperatures ranges from 0 to 15 C, then these averages would be individually
substituted into the equation. For simplification of the mathematical process, 10
intervals are shown in Table 3 below. This illustration is intended for calculation
of MKT at storage or in transit; i.e., during shipping or distribution of the critical
drug product. These calculations can be performed manually or with a computer.
Table 3. Sample Data for MKT Calculations
Low
Temperature

High
Temperature

Average
Temperature

Intervals

(in C)

(in C)

1
2
3
4
5
6
7
8
9
10

0
2
3
3
7
1
5
2
2
3

5
8
9
14
15
6
15
14
6
10

(in C)

Average
Temperature
(in K)

D H/RT

1016

2.5
5
6
8.5
11
3.5
10
8
4
6.5

275.6
278.1
279.1
281.6
284.0
276.6
283.1
281.1
277.1
279.6

36.284
35.958
35.829
35.511
35.211
36.153
35.323
35.575
36.088
35.765

1.746
2.419
2.752
3.782
5.106
1.990
4.565
3.548
2.124
2.934
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19. APPENDIX 1: LOGARITHMS (with Table 9 and Table 10)
1. INTRODUCTION
The purpose of this general chapter is to provide general information to assist pharmacists and
support personnel in performing the necessary calculations for compounding and dispensing
medications. This general chapter is not inclusive of all the information necessary for performing
pharmaceutical calculations. For additional information regarding pharmaceutical calculations,
consult a pharmaceutical calculations textbook. For additional information on pharmaceutical
compounding and drug stability, see: Pharmaceutical Compounding—Nonsterile Preparations
795 , Pharmaceutical Compounding—Sterile Preparations
Requirements

797 , and Packaging and Storage

659 ; Quality Assurance in Pharmaceutical Compounding

Considerations in Dispensing Practice

1163

and Stability

1191 .

Correct pharmaceutical calculations can be accomplished by using proper conversions from one
measurement system to another and properly placing decimal points (or commas, in countries
where it is customary to use these in the place of decimal points), by understanding the
arithmetical concepts, and by paying close attention to the details of the calculations. Before
proceeding with any calculation, pharmacists should do the following: (a) read the entire
formula or prescription carefully; (b) determine the materials that are needed; and then (c)
select the appropriate methods of preparation and the appropriate calculations.
Logical methods that require as few steps as possible should be selected to ensure that
calculations are done accurately and correctly. A pharmacist should double-check each
calculation or have someone else double-check, e.g., a technician, if another pharmacist is not
available, before proceeding with compounding the preparation. One expedient method of
double-checking is estimation, which consists of convenient rounding (e.g., 0.012 to 0.01, 0.44
to 0.5, 18.3 to 20, and 476 to 500) to approximate the magnitude of answers.
2. CALCULATING AMOUNTS OF ACTIVE INGREDIENTS
The pharmacist must be able to calculate the amount or concentration of drug substances in
each unit or dosage portion of a compounded preparation at the time it is prepared and again
at the time it is dispensed. Pharmacists must perform calculations and measurements to obtain,
theoretically, 100% of the amount of each ingredient in compounded formulations. Calculations
must account for the active ingredient, or active moiety, and water content of drug
substances, which includes that in the chemical formulas of hydrates. Official drug substances
and added substances must meet the requirements in general chapter Loss on Drying 731 ,
which must be included in the calculations of amounts and concentrations of ingredients. The
pharmacist should consider the effect of ambient humidity on the gain or loss of water from
drugs and added substances in containers subjected to intermittent opening over prolonged
storage. Each container should be opened for the shortest duration necessary and then closed
tightly immediately after use.
The nature of the drug substance to be weighed and used in compounding a prescription must
be known. If the substance is a hydrate, its anhydrous equivalent weight may need to be
calculated. On the other hand, if there is adsorbed moisture present that is either specified on

PF 40(3): May-Jun. 2014

220

a Certificate of Analysis (CoA) or that is determined in the pharmacy immediately before the
drug substance is used in the preparation (see chapter 731 ), this information must be used
when calculating the amount of drug substance that is to be weighed to determine the exact
amount of anhydrous drug substance required.
There are cases in which the required amount of a dose is specified in terms of a cation (e.g.,
Li+), an anion (e.g., F ), or a molecule (e.g., theophylline in aminophylline). In these
instances, the drug substance weighed is a salt or complex, a portion of which represents the
pharmacologically active moiety. Thus, the exact amount of such substances weighed must be
calculated on the basis of the required quantity of the pharmacological moiety.
The following formula may be used to calculate the theoretical weight of an ingredient in a
compounded preparation:
W = AB/CD
W = actual weighed amount
A = prescribed or pharmacist-determined weight of the active or functional moiety of drug or
added substance
B = molecular weight (MW) of the ingredient, including waters of hydration for hydrous
ingredients
C = MW of the active or functional moiety of a drug or added substance that is provided in
the MW of the weighed ingredient
D = the fraction of dry weight when the percent by weight of adsorbed moisture content is
known from the loss on drying procedure (see chapter
should be lot specific.

731 ) or from the CoA. The CoA

2.1 Active Ingredients
2.1.1 CALCULATING DRUGS DOSED AS SALT FORM AND HYDRATE
Examples—Drugs dosed as salt form and hydrate
1. Drugs dosed as salt form and hydrate
Triturate morphine sulfate and lactose to obtain 10 g in which there are 30 mg of morphine
sulfate for each 200 mg of the morphine–lactose mixture. [Note—Morphine is dosed as the
morphine sulfate, which is the pentahydrate.]
W= weight of morphine sulfate (g)
A= weight of morphine sulfate pentahydrate in the prescription, 1.5 g
B= MW of morphine sulfate pentahydrate, 759 g/mol
C= MW of morphine sulfate pentahydrate, 759 g/mol
D= 1.0
To solve the equation:
W = (1.5 g × 759 g/mol)/(759 g/mol × 1) = 1.5 g of morphine sulfate pentahydrate
2. Active drug moiety and correction for moisture
Accurately weigh an amount of aminophylline to obtain 250 mg of anhydrous theophylline. [Note
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—In this example, the powdered aminophylline dihydrate weighed contains 0.4% w/w absorbed
moisture as stated in the CoA received by the pharmacy.]
W = AB/CD
W= weight of aminophylline dihydrate (mg)
A= weight of anhydrous theophylline, 250 mg
B= MW of aminophylline dihydrate, 456 g/mol
C= MW of anhydrous theophylline, 360 g/mol
D= 0.996
[Note—One mol of aminophylline contains 2 mol of theophylline. Theophylline has a MW of 180.]
To solve the equation:
W = (250 mg × 456 g/mol)/(360 g/mol × 0.996) = 318 mg of aminophylline dihydrate
2.2 Hydrates, Salts, and Esters
Frequently, for stability or other reasons such as taste or solubility, the base form of a drug is
administered in another form such as a salt or an ester. This altered form of the drug usually
has a different MW, and at times it may be useful to determine the amount of the base form of
the drug in the altered form.
2.2.1 CALCULATING HYDRATES, SALTS, AND ESTERS
Examples—Hydrates, salts, and esters
1. Hydrates
If a prescription for 100 g of lidocaine hydrochloride 2% gel is to be made, 2 g of anhydrous
lidocaine hydrochloride could be used, or the equivalent amount of lidocaine hydrochloride
monohydrate could be calculated as follows:
W= weight of lidocaine hydrochloride monohydrate (g)
A= weight of anhydrous lidocaine hydrochloride in the prescription, 2 g
B= MW of lidocaine hydrochloride monohydrate, 288.81 g/mol
C= MW of anhydrous lidocaine hydrochloride, 270.80 g/mol
D= 1.0
To solve the equation:
W = (2 g × 288.81 g/mol)/(270.80 g/mol × 1) = 2.133 g of lidocaine hydrochloride monohydrate
2. Salts
A prescription calls for 10 mL of a fentanyl topical gel at a concentration 50 µg fentanyl/0.1 mL
prepared from fentanyl citrate. The amount of fentanyl citrate required for the preparation
could be calculated as follows:
Amount of fentanyl needed for the preparation:
(50 µg fentanyl/0.1 mL) × 10 mL = 5000 µg of fentanyl
W= weight of fentanyl citrate in the prescription (µg)
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A= weight of fentanyl in the prescription, 5000 µg
B= MW of fentanyl citrate, 528.59 g/mol
C= MW of fentanyl, 336.47 g/mol
D= 1.0
To solve the equation:
W = (5000 µg × 528.59 g/mol)/(336.47 g/mol × 1) = 7855 µg of fentanyl citrate
3. Esters
The amount of cefuroxime axetil contained in a single 250-mg cefuroxime tablet can be
calculated as follows:
W= weight of cefuroxime axetil in tablet (mg)
A= weight of cefuroxime in the prescription, 250 mg
B= MW of cefuroxime axetil, 510.47 mg/mmol
C= MW of cefuroxime, 424.39 mg/mmol
D= 1.0
To solve the equation:
W = (250 mg × 510.47 g/mol)/(424.39 g/mol × 1) = 300 mg of cefuroxime axetil
3. DOSAGE CALCULATIONS
3.1 Dosing by Weight
Doses are frequently expressed as mg of drug per kg of body weight per a dosing interval.
3.1.1 CALCULATING DOSING BY WEIGHT
Example—Dosing by weight
A physician orders azithromycin for oral suspension at a dose of 15 mg/kg/day, divided every 12
h, for a child that weighs 36 lb. Calculate the volume of oral suspension, in mL, that should be
administered for each dose of a 200-mg/5-mL suspension as follows:
a. Calculate the child's weight in kg:
36 lb × kg/2.2 lb = 16.4 kg
b. Multiply the weight, in kg, by the dosing rate:
16.4 kg × 15 mg/kg/day = 246 mg/day
c. Divide the total daily dose by the number of doses/day:
246 mg/2 doses = 123 mg/dose
d. Calculate the volume of each dose using ratio and proportion:
(123 mg/dose)/(200 mg/5 mL) = 3.1 mL/dose
Some calculations may also be completed using dimensional units analysis (DUA). The DUA
should begin at the left end with a factor containing the numerator answer units. All units other
than those in the answer should cancel. If using DUA, the preceding equation would be as
follows:
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3.2 Dosing by Body Surface Area (Humans)
Some medications, including chemotherapeutic agents, require dosing by body surface area
(BSA). The dose is expressed as amount of drug per meter squared (m2). BSA may be
calculated using the following formulas:

3.2.1 CALCULATING BY BODY SURFACE AREA (HUMAN)
Example—Dosing by BSA (humans)
A physician orders rituximab at a dose of 375 mg/m2 every week for 6 weeks for a patient who
is 6 ft 2 in tall and weighs 183 lb. Calculate the volume, in mL, of 10-mg/mL rituximab injection
needed to make each IV infusion dose as follows:
a. Calculate the patient’s BSA:

b. Multiply the BSA by the dosing rate:
2.08 m2 × 375 mg/m2 = 780 mg/dose
c. Calculate the volume of each dose using ratio and proportion:
(780 mg/dose)/(10 mg/mL) = 78 mL/dose
The preceding calculation may also be completed using DUA as follows:

3.3 Dosing By Body Surface Area (Animals)
BSA for cats and dogs may be calculated using the following formulas. For other animals,
consult an appropriate veterinary medicine reference.
Body surface area for cats:
BSA (m2) = {10 × [body weight (g)]0.667}/10,000
Body surface area for dogs:
BSA (m2) = {10.1 × [body weight (g)]0.667}/10,000
3.3.1 CALCULATING DOSING BY BODY SURFACE AREA (ANIMALS)
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Example—Dosing by BSA (animals)
A veterinarian orders oral cyclophosphamide therapy at a dose of 50 mg/m2 for a cat who
weighs 5.8 kg. Calculate the dose of cyclophosphamide as follows:
a. Calculate the cat’s BSA:
BSA (m2) = [10 × (5800 g)0.667]/10,000 = 0.324 m2
b. Multiply the BSA by the dosing rate:
0.324 m2 × 50 mg/m2 = 16.2 mg
4. USE OF POTENCY UNITS
Because some substances cannot be completely characterized by chemical and physical means,
it may be necessary to express quantities of activity in biological units of potency (see the USP
General Notices and Requirements 5.50.10, Units of Potency (Biological)).
4.1 Calculating by Use of Potency Units
Examples—Use of potency units
1. Potency units-to-milligrams conversion
A dose of penicillin G benzathine for streptococcal infection is 1.2 million units administered
intramuscularly. If a specific product contains 1180 units/mg, calculate the amount, in mg, of
penicillin G benzathine in the dose as follows:
(1,200,000 units)/(1180 units/mg) = 1017 mg of penicillin G benazathine
2. Potency units-to-milligrams conversion
A prescription calls for 60 g of an ointment containing 150,000 units of nystatin per gram.
Calculate the quantity of nystatin with a potency of 4400 units/mg that should be weighed for
the prescription as follows:
60 g × (150,000 units of nystatin/g) = 9,000,000 units
9,000,000 units/(4400 units/mg) = 2045 mg of nystatin
5. VOLUME AND WEIGHT SUMS
Weights are additive in most mixtures of liquids, semisolids, and solids. Volumes in mixtures of
miscible solutions and pure liquids may or may not be additive, based primarily on the effects of
volume proportions and intermolecular hydrogen bonding. For example, mixtures containing
equal or near-equal volumes of water and ethanol (and other miscible mono-hydroxy alcohols)
will be exothermic and result in a volume contraction of <5%, e.g., 50 mL water + 50 mL
ethanol yield 97–98 mL at 20 –25 . Negligible volume contraction occurs between water and
polyhydroxy or polyhydric alcohols, e.g., glycerin and propylene glycol. Volumes are additive
with usually negligible error in aqueous mixtures that contain <10% of mono-hydroxy alcohols,
i.e., there is <0.5% volume contraction.
6. DENSITY AND SPECIFIC GRAVITY
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Density is defined as the mass of a substance in air at a specific temperature (typically 25 )
per unit volume of that substance at the same temperature. Density may be calculated with
the following equation:
Density = (mass of substance/volume of substance) at a particular temperature and pressure
Specific gravity (SG) is the unitless ratio of the density of a substance to the density of water
at 4 , or [(g of substance/mL)/1.00 g/mL]. Alternatively, SG can be calculated at a particular
temperature in some common units of density from density of substance per density of water.
SG may be calculated with the following equation:
SG = (weight of the substance)/(weight of an equal volume of water)
6.1 Calculating Density and Specific Gravity
Examples—Density and specific gravity
1. Density calculation
2.3 g of activated charcoal powder occupies a bulk volume of 5.2 mL at 20 and 1 atm. The
density of activated charcoal powder can be calculated as follows:
Density = 2.3 g/5.2 mL = 0.44 g/mL
2. SG calculation
125.0 g of glycerin occupies a volume of 99.0 mL at 25 . [Note—The density of water at 25 is
0.997 g/mL.] The SG of glycerin can be calculated as follows:
SG = (125 g/99 mL)/(0.997 g/mL) = 1.266
3. Concentrated acid calculation
Hydrochloric acid is approximately a 37% w/w solution of hydrochloric acid in water. Calculate
the amount, in g, of hydrochloric acid contained in 75.0 mL of hydrochloric acid as follows.
[Note—The SG of hydrochloric acid is 1.18.]
37% w/w × 1.18 = 43.7% w/v
(43.7 g/100 mL) × 75 mL = 32.8 g of hydrochloric acid
7. MILLIEQUIVALENTS AND MILLIMOLES
[Note—This section addresses milliequivalents (mEq) and millimoles (mmol) as they apply to
electrolytes for dosage calculations. See also the 8. Concentrations Expressions section of this
chapter.]
The quantities of electrolytes administered to patients are usually expressed in terms of mEq.
Weight units such as mg or g are not often used for electrolytes because the electrical
properties of ions are best expressed as mEq. An equivalent (Eq) is the weight of a substance
that supplies 1 unit of charge. An equivalent weight is the weight, in g, of an atom or radical,
divided by the valence of the atom or radical. A mEq is 1/1000th of an Eq. The equivalent
weight of a compound may be determined by dividing its formula or MW in g by the valence of
its largest valence ion.
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A mole equals one gram-atomic weight or gram-molecular weight of a substance. A millimole
equals 1/1000th of a mole.
7.1 Calculating Milliequivalents and Millimoles
Examples—Milliequivalents and millimoles
1.Calculate the mEq weight of calcium. [Note—Calcium has a MW of 40.08, and the valence of
calcium is 2+.]
Eq weight = 40.08 g/2 = 20.04 g
mEq weight = 20.04 g/1000 = 0.02004 g = 20.04 mg
2.Calculate the quantity, in mEq, of potassium in a 250-mg Penicillin V Potassium Tablet. [Note
—Penicillin V potassium has a MW of 388.48 g, there is one potassium atom in the molecule,
and the valence of potassium is 1+.]
Eq weight = 388.48 g/1 = 388.48 g
mEq weight = 388.48 g/1000 = 0.38848 g = 388.48 mg
(250 mg/tablet)/(388.48 mg/mEq) = 0.644 mEq of potassium/tablet
3. Calculate the mEq of magnesium and sulfate in a 2-mL dose of 50% Magnesium Sulfate
Injection. [Note—Magnesium sulfate (MgSO4 ·7H2 O) has a MW of 246.47, and the highest
valence ion is magnesium 2+ and sulfate 2−.]
(50 g/100 mL) × (2 mL/dose) = 1 g/dose
Eq weight = 246.47 g/2 = 123.24 g/Eq
(1g/dose)/(123.24 g/Eq) = 0.008114 Eq = 8.114 mEq of both magnesium and sulfate per dose
This problem may also be worked using DUA as follows:

4.A vial of sodium chloride injection contains 3 mEq/mL of sodium chloride. Calculate the
strength, in % w/v, of the injection. [Note—Sodium chloride has a MW of 58.44.]

(0.1753 g/mL) × 100 mL = 17.53 g in 100 mL = 17.53% w/v
5.Calculate the weight of potassium in mmol. [Note—Potassium has a MW of 39.1.]
The weight of 1 mol is 39.1 g and the weight in mmol is:
39.1 g/1000 = 0.0391 g or 39.1 mg
6.Calculate the mmol of penicillin V potassium in a 250-mg Penicillin V Potassium Tablet. [Note
—Penicillin V potassium has a MW of 388.48.]
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The weight of 1 mol is 388.48 g, and the weight of 1 mmol is:
388.48 g/1000 = 0.38848 g or 388.48 mg

8. CONCENTRATION EXPRESSIONS
The concentration expressions in this section refer to homogeneous mixtures of the following
states of matter at a temperature of 20 –30 and pressure of 1 atm (29.92 in Hg, 760 mm Hg,
101.3 kPa, 1013.3 mb): gas in gas, gas in liquid, liquid in liquid, liquid in semisolid, solid in liquid,
solid in semisolid, and solid in solid. Concentration expressions used in pharmacy practice and
pharmaceutical research include, but are not limited to, those listed in Table 1. Common metric
drug strength and clinical concentrations include, for example, µg/mL, mg/dL, g or mg per L,
and ng/µL (see General Notices and Requirements 8.240, Weights and Measures).
Table 1
Title
Mass in
volume
ratios
mEqa per
volume
Molality
Molarity

Abbreviation

Mass of a dispersed or dissolved ingredient per volume amount
None is standard of mixtures containing that ingredient
mEq of an electrolyte or salt per unit of volume of solutions
mEq/volume unit containing that electrolyte or salt
m
molb of a solute/kg of a solvent containing that solutec
M
mol of a solute/L of a solvent containing that soluted
Equivalents (Eqf ) of a solute/L of a solvent containing that
N
soluteg
Parts of a gas, liquid, or solid per 1 million part of another gas,
ppm
liquid, or solid containing the first gas, liquid, or solid

Normalitye
Parts per
million
% volume in
volume
% v/v
% weight in
volume
% w/v
% weight in
weight
% w/w
1:R
1 in R
X:Y

Ratio
strength

Definition

mL of liquid per 100 mL of a solvent containing that liquid
g of a solute per 100 mL of a solvent containing that solute
g of a solute per 100 g of a mixture containing that solute
1 part of an ingredient per Rh parts of a mixture containing that
ingredient
1 part of an ingredient in Rh parts of a mixture containing that
ingredient
Xh parts of one ingredient per Y h parts of another ingredient in
a mixture
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1 mEq = Eq/1000.
The abbreviation for mole is mol.
1 mol of solute per 1 kg of solvent is a 1 molal (1 m) solution.
1 mol of solute per 1 L of solution of that solute is a 1 molar (1 M) solution.
Normality = (Molarity × largest valence ion of a compound), e.g., (18 M H2 SO4 × 2) = 36 N

H2 SO4 , where 2 derives from the 2 valence of SO4 .
f Eq of a compound = (1 mol × largest valence ion of a compound), e.g., 1 mol of lithium
citrate = 3 Eq of lithium citrate; 1 mol of Ca(gluconate)2 = 2 Eq of Ca(gluconate)2 ; and 1 mol
of KCl = 1 Eq of KCl.
g 1 Eq of solute per 1 L of solution of that solute is a 1 normal (1 N) solution.
h R, X, and Y are whole numbers.
8.1 Calculating Normality
Example—Normality
Calculate the amount of sodium bicarbonate powder needed to prepare 50 mL of a 0.07 N
solution of sodium bicarbonate (NaHCO3 ). [Note—Sodium bicarbonate has a MW of 84.01.]In an
acid or base reaction, because NaHCO3 may act as an acid by giving up one proton, or as a
base by accepting one proton, one Eq of NaHCO3 is contained in each mole of NaHCO3

8.2 Calculating Percentage Concentrations
Percentage concentrations of solutions and other homogeneous mixtures are usually expressed
in one of three common forms in which numerator and denominator quantities are in g and mL
measurement units.
1. Volume percent (% v/v) = (volume of liquid solute/volume of solution or suspension) ×
100
or % v/v = mL of liquid solute in 100 mL of solution or suspension
2. Weight percent (% w/w) = (weight of solute/weight of mixture) × 100
or % w/w = g of ingredient in 100 g of mixture
3. Weight in volume percent (% w/v) = (weight of solute/volume of solution or suspension)
× 100
or % w/v = g of solute in 100 mL of solution or suspension
The preceding three equations may be used to calculate any one of the three values (i.e.,
weights, volumes, or percentages) in a given equation if the other two values are known (see
also General Notices and Requirements 8.140, Percentage Concentrations).
Examples—Percentage concentrations
1. Weight percent
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A prescription order reads as follows (see Table 2):
Table 2
Zinc oxide
7.5 g
Calamine
7.5 g
Starch
15 g
White petrolatum 30 g
Calculate the percentage concentration for each of the four components using the preceding
weight percent equation as follows:
a. The total weight of ointment = 7.5 g + 7.5 g + 15 g + 30 g = 60.0 g
b. The weight percent of zinc oxide = (7.5 g of zinc oxide/60 g of ointment) × 100% =
12.5%
c. The weight percent of calamine = (7.5 g of calamine/60 g of ointment) × 100% =
12.5%
d. The weight percent of starch = (15 g of starch/60 g of ointment) × 100% = 25%
e. The weight percent of white petrolatum = (30 g of white petrolatum/60 g of ointment)
× 100% = 50%
2. Volume percent
A prescription order reads as follows:
Rx: Eucalyptus Oil 3% v/v in Mineral Oil.
Dispense 30 mL.
Calculate the quantities of ingredients in this prescription using the volume percent equation as
follows:
a. The amount of eucalyptus oil.
3% v/v = (volume of oil in mL/30.0 mL) × 100%
volume in oil = 0.9 mL of eucalyptus oil
b. The amount of mineral oil.
30 mL

0.9 mL = 29.1 mL of mineral oil

8.3 Conversions of Concentration Expressions
8.3.1 SOLID-IN-LIQUID SOLUTION CONVERSIONS
The calculations used to convert from percent weight in volume, % w/v, to other
concentrations and vice versa, using the same densities and formula or molecular weights, are
illustrated as follows for calcium chloride, magnesium sulfate, and potassium chloride solutions
in water.
8.3.1.1 Calculating solid-in-liquid conversions:
Examples—Solid-in-liquid conversions
1. Convert 10% w/v calcium chloride (CaCl2 ·2H2 O) to molality (m). [Note—Calcium chloride has
a MW of 147.01 g; 10% w/v solution has a density of 1.087 g/mL.]
10% w/v = 10 g of calcium/100 mL of solution
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Using the density of the solution:
100 mL of solution × 1.087 g/mL = 108.7 g of solution
108.7 g of solution

10 g of calcium chloride = 98.7 g of water = 0.0987 kg of water

10 g of calcium chloride/(147.01 g of calcium chloride/mol of calcium chloride) = 0.068 mol of
calcium chloride
0.068 mol of calcium chloride/0.0987 kg of water = 0.689 m
2. Convert 50% w/v magnesium sulfate (MgSO4 ·7H2 O) to molarity (M). [Note—Magnesium
sulfate has a MW of 246.47 g.]

3. Convert 10% w/v calcium chloride (CaCl2 ·2H2 O) to normality (N).

*2 Eq/mol derived from the 2+ valence of calcium
4. Convert 10% w/v calcium chloride (CaCl2 ·2H2 O) to mEq/mL.

5. Convert 0.1% w/v calcium chloride (CaCl2 ·2H2 O) to ppm.
(0.1 g/100 mL) × (1 × 106 ppm) = 1000 ppm
6. Convert 33% w/v potassium chloride (KCl) to 1:R ratio strength.
(1/R) = (33 g/100 mL)
R = 3.03
1:R = 1:3
8.3.2 LIQUID-IN-LIQUID SOLUTION CONVERSIONS
The calculations used to convert from percent weight in weight, % w/w, and volume in volume,
% v/v, to other concentrations and vice versa using the same densities and formula or MWs,
are illustrated for glycerin and isopropyl alcohol in water. Besides liquid-in-semisolid, solid-insemisolid, and solid-in-solid mixtures, % w/w is used for viscous liquids, such as coal tar,
glycerin, and concentrated acids.
8.3.2.1 Converting liquid-in-liquid solutions:
Examples—Liquid-in-liquid conversions
1. Convert 50% w/w glycerin to % w/v. [Note—50% w/w glycerin has a density of 1.13 g/mL.]
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(50 g/100 g) × (1.13 g/mL) = 56.5 g
56.5 g/100 mL = 56.5% w/v
2.Convert 70% v/v isopropyl alcohol to % w/w. [Note—Isopropyl alcohol has a density of 0.79
g/mL, and 70% v/v isopropyl alcohol has a density of 0.85 g/mL.]
70 mL of isopropyl alcohol × (0.79 g/mL) = 55.3 g of isopropyl alcohol
100 mL of solution × (0.85 g/mL) = 85 g of solution
(55.3 g of isopropyl alcohol/85 g of solution) × 100 = 65.06% w/w
3. Convert 70% v/v isopropyl alcohol to % w/v. The following values are from example 2.
55.3 g of isopropyl alcohol/100 mL of solution = 55.3% w/v
4.Convert 50% w/w glycerin to molality (m). [Note—Glycerin has a MW of 92.1.]
50 g of glycerin/(92.1 g/mol) = 0.543 mol of glycerin
100 g of solution

50 g of glycerin = 50 g of water = 0.05 kg of water

(0.543 mol of glycerin/0.05 kg of water) = 10.86 m
5.Convert 70% v/v isopropyl alcohol to molality (m). [Note—Isopropyl alcohol has a density of
0.79 g/mL and a MW of 60.1; 70% v/v isopropyl alcohol has a density of 0.85 g/mL.]
70 mL of isopropyl alcohol × (0.79 g/mL) = 55.3 g of isopropyl alcohol
100 mL of solution × (0.85 g/mL) = 85 g of solution
(85 g of solution

55.3 g of isopropyl alcohol) = 29.7 g of water = 0.0297 kg of water

55.3 g of isopropyl alcohol/(60.1 g/mol) = 0.92 mol of isopropyl alcohol
(0.92 mol of isopropyl alcohol/0.0297 kg of water) = 30.98 m
6.Convert 50% w/w glycerin to molarity (M). [Note—Glycerin has a MW of 92.1 g.]
From example 1, 50% w/w glycerin = 56.5% w/v glycerin
(56.5 g/100 mL) × (mol/92.1 g) × (1000 mL/L) = 6.13 M
7.Convert 50% w/w glycerin to % v/v. [Note—50% w/w of glycerin has a density of 1.13 g/mL;
100% glycerin has a density of 1.26 g/mL.]
50 g of glycerin/(1.26 g/mL) = 39.7 mL of glycerin
100 g of solution/(1.13 g/mL) = 88.5 mL of solution
(39.7 mL of glycerin/88.5 mL of solution) × 100% = 44.8% v/v
9.Convert 50% w/w glycerin to 1 in R ratio strength.
1/R = (50 g of glycerin/100 g of solution)
R=2
1 in R = 1 in 2
8.3.3 SOLID AND SEMISOLID IN SOLID AND SEMISOLID MIXTURE CONVERSIONS
The calculations used to convert from percent weight in weight (% w/w) to ppm and ratio
strengths are illustrated as follows for fluocinonide and tolnaftate in topical semisolids and
powders.
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8.3.3.1 Calculating solid and semisolid in solid and semisolid mixture conversions:
Examples—Solid and semisolid in solid and semisolid mixture conversions
1.Convert 0.05% w/w fluocinonide ointment to ppm.
(0.05 g/100 g) × (1 × 106 ppm) = 500 ppm
2.Convert 1.5% w/w tolnaftate powder to 1:R ratio strength.
1/R = (1.5 g of tolnaftate/100 g of powder)
R = 67
1:R = 1:67
3.Convert 1% w/w tolnaftate in talcum powder to X:Y ratio strength.
100 g of powder

1 g of tolnaftate = 99 g of talcum

X:Y = 1 g of tolnaftate:99 g of talcum
8.4 Dilution and Concentration
A more concentrated solution can be diluted to a lower concentration to obtain appropriate
strength and precision when compounding preparations. Powders and semisolid mixtures can be
triturated or mixed to achieve lower concentrations. The amount of an ingredient in the diluted
mixture is the same as that in the portion of the more concentrated source used to make the
dilution; thus, the following equation can be applied to dilution problems (Q1)(C1) = (Q2)(C2),
where Q1 and Q2 are the quantity of solutions 1 and 2, respectively, and C1 and C2 are
concentrations of solutions 1 and 2, respectively. Any quantities and concentration terms may
be used but the units of those terms must be the same on both sides of the equation.
8.4.1 CALCULATING DILUTION AND CONCENTRATION
Examples—Dilutions and fortifications
1. Semisolid dilution
Calculate the quantity (Q2), in g, of diluent that must be added to 60 g of a 10% w/w ointment
to make a 5% w/w ointment.
(Q1) = 60 g, (C1) = 10% w/w, and (C2) = 5% w/w
60 g × 10% w/w = (Q2) × 5% w/w
(Q2) = 120 g
120 g

60 g = 60 g of diluent to be added

2.Solid dilution
Calculate the amount of diluent that should be added to 10 g of a trituration (1 in 100) to make
a mixture that contains 1 mg of drug in each 10 g of the final mixture.
Convert mg to g: 1 mg of drug = 0.001 g of drug
10 g of mixture should contain 0.001 g of drug
(Q1) = 10 g, (C1) = (1 in 100), and (C2) = (0.001 in 10)
10 g × (1/100) = (Q2) × (0.001/10)
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(Q2) = 1000 g
Because the final mixture of 1000 g contains 10 g of the trituration, 990 g (or 1000 g 10 g)
of diluent is required to prepare the mixture at a concentration of 0.001 g of drug in each 10 g.
3. Liquid dilution
Calculate the percentage strength (C2) of a solution obtained by diluting 400 mL of a 5.0% w/v
solution to 800 mL.
(Q1) = 400 mL, (C1) = 5.0% w/v, and (Q2) = 800 mL
400 mL × 5% w/v = 800 mL × (C2)
(C2) = 2.5% w/v
4. Liquid fortification
Calculate the additional amount, in g, of codeine phosphate that need to be added to 180 mL
of a 12 mg/5 mL elixir of acetaminophen with codeine to have a final concentration of 30 mg/5
mL of codeine phosphate.
Amount to add = Total amount required

Amount present

Total amount required: (30 mg/5 mL) × 180 mL = 1080 mg of codeine phosphate
Amount present = (12 mg of codeine/5 mL) × 180 mL = 432 mg of codeine phosphate
Amount to add: 1080 mg

432 mg = 648 mg of codeine phosphate
9. ALCOHOL

To achieve compliance with the statements in the General Notices and Requirements about
Alcohol and the USP monograph for Alcohol, some conventions and special calculations are
needed. See General Notices and Requirements 5.20.20.1, In Compounded Preparations, 8.30,
Alcohol Content, and 10.40.80, Labeling Alcohol for information. The USP monograph for Alcohol
states that it contains 92.3%–93.8% by weight corresponding to 94.9%–96.0% by volume of
alcohol (C2 H5 OH) at 15.56 . The percent concentration for alcohol is generally taken to be 95%
v/v of alcohol (C2 H5 OH) in water.
In summary:
When the word alcohol is written on a prescription order or in a formula, as for example
“alcohol 10 mL” or “dissolve in 5 mL of alcohol”, the compounder should use the Alcohol,
USP [that is 95% alcohol (C2 H5 OH)].
When the word alcohol is written with a percent, for example “alcohol 20%”, this means
20% v/v of alcohol (C2 H5 OH). If this percent is on a label of a commercial product, it
means the product contains 20% v/v alcohol (C2 H5 OH). If this is part of a compounding
formula, it means the compounder must add the equivalent of 20% v/v alcohol
(C2 H5 OH), which may require special calculations.
Labels of products and compounded preparations are to include the content of alcohol
(C2 H5 OH) in % v/v. For compounded preparations, this value must often be calculated
based on the volume(s) of alcohol-containing ingredients added.
For calculations when preparing compounded drug preparations using Alcohol, USP, the first
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step is to determine the quantity, in mL, of alcohol needed, and the second step is to
determine the % v/v of alcohol (C2 H5 OH) in the final preparation so that it can be properly
labeled.
9.1 Calculating Alcohol
Examples—Alcohol
1. Determine the quantity of alcohol needed for the prescription (see Table 3):
Table 3
Clindamycin
1%
Alcohol
15%
Propylene glycol
5%
Purified water, a sufficient quantity to make 60 mL
a. In this prescription order, the alcohol 15% means the preparation contains 15% v/v of
alcohol (C2 H5 OH).
b. For 60 mL of preparation, calculate the quantity of alcohol (C2 H5 OH) needed:
15% v/v × 60 mL = 9 mL of alcohol
c. Because the source of alcohol (C2 H5 OH) is Alcohol, USP, calculate the volume, in mL, of
Alcohol, USP needed to give 9 mL of alcohol (C2 H5 OH):
9 mL alcohol/95% v/v Alcohol, USP = 9.5 mL of Alcohol, USP
Therefore, add 9.5 mL of Alcohol, USP to this preparation.
d. Determine the % v/v alcohol content for labeling.
Because labeling of alcohol is in % v/v of alcohol (C2 H5 OH), the alcohol content of this
preparation would be labeled: Alcohol 15%.
2. Determine the alcohol content, in % v/v, for the prescription (see Table 4):
Table 4
Castor oil
40 mL
Acacia
As needed
Alcohol
15 mL
Cherry syrup
20 mL
Purified water, a sufficient quantity to make 100 mL
Because the USP monograph for Alcohol is to be used when alcohol is called for in formulas,
measure 15 mL of Alcohol, USP.
95% Alcohol, USP × 15 mL = 14.25 mL of alcohol
14.25 mL of alcohol/100 mL of preparation = 14.25% alcohol
10. ALLIGATION ALTERNATE AND ALGEBRA METHODS
10.1 Alligation Alternate
Alligation is a method of determining the proportions in which substances of different strengths
are mixed to yield a desired strength or concentration. Once the proportion is found, the
calculation may be performed to find the exact amounts of substances required.
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Set up the problem as follows.
1. Place the desired percentage or concentration in the center.
2. Place the percentage of the substance with the lower strength on the lower left-hand
side.
3. Place the percentage of the substance with the higher strength on the upper left-hand
side.
4. Subtract the lower percentage from the desired percentage, and place the obtained
difference on the upper right-hand side.
5. Subtract the desired percentage from the higher percentage, and place the obtained
difference on the lower right-hand side.
The results on the right side determine how many parts of the two different percentage
strengths should be mixed to produce the desired percentage strength of a drug mixture. The
total parts will equal the final weight or volume of the preparation.
10.1.1 CALCULATING BY USING THE ALLIGATION ALTERNATE
Examples—Alligation alternate
1.Determine the amount of ointment containing 12% drug concentration and the amount of
ointment containing 16% drug concentration must be used to make 1 kg of a preparation
containing a 12.5% drug concentration.

In a total of 4 parts of 12.5% preparation, 3.5 parts of 12% ointment and 0.5 parts of 16%
ointment are needed.
4 parts correspond to 1 kg or 1000 g.
1 part corresponds to 250 g.
3.5 parts correspond to 3.5 × 250 g or 875 g of 12% ointment.
0.5 parts correspond to 0.5 × 250 g or 125 g of 16% ointment.
2. Determine the volume, in mL, of 20% dextrose in water and 50% dextrose in water needed
to make 750 mL of 35% dextrose in water.
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In a total of 30 parts of 35% dextrose in water, 15 parts of 50% dextrose in water and 15
parts of 20% dextrose in water are required.
30 parts correspond to 750 mL.
15 parts correspond to 375 mL.
Thus, use 375 mL of the 20% solution and 375 mL of the 50% solution to prepare the
preparation.
10.2 Algebra Method
The following algebraic equation may be used instead of alligation to solve problems of mixing
two different strengths of the same ingredient:
(Cs × Qs ) + (Cw × Qw) = (Cf × Qf ), where C is concentration or strength, Q is the quantity;
and the subscript s identifies the strongest strength, w identifies the weakest strength, f
represents the final mixture with a strength less than s and greater than w, (Qs + Qw) = Qf , Qs
= (Qf

Qw), and Qw = (Qf

Qs ).

10.2.1 CALCULATING BY USING THE ALGEBRA METHOD
Examples—Algebra method
1. Determine the amount, in g, of 16% w/w drug ointment and 12% w/w drug ointment required
to prepare 1 kg of 12.5% w/w drug ointment.
(16% × Qs ) + [12% × (1000 g
16% Qs + 120 g

Qs )] = 12.5% × 1000 g

12% Qs = 125 g

4% Qs = 5 g
Qs = 5 g/4% = 125 g of 16% ointment
Qw = 1000 g

125 g = 875 g of 12% ointment

2. Determine the volume, in mL, of 10% dextrose injection and 50% dextrose injection needed
to make 750 mL of 35% dextrose injection.
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(50% × Cs ) + [10% × (750 mL
50% Cs + 75 mL

Cs )] = 35% × 750 mL

10% Cs = 262.5 mL

40% Cs = 187.5 mL
Cs = 187.5 mL/40% = 468.75 mL (470 mL practically)
Cw = 750 mL

468.75 mL = 281.25 mL (280 mL practically)
11. ALIQUOT CALCULATIONS

When the quantity of drug desired requires a degree of precision in measurement that is beyond
the capability of the available measuring devices, the pharmacist may use the aliquot method
of measurement. It applies when potent drug substances are compounded, or when the total
amount of the active drug in a single dose or individualized doses is less than the minimum
accurately weighable quantity (MAWQ). Even if the amount of drug needed is greater than the
MAWQ per unit, an aliquot will provide more material per unit, which will aid in handling and
administration. Aliquot means “containing an exact number of times in something else”; the
aliquot must be a proportional part of the total. Therefore, 5 is an aliquot part of 15, because 5
is contained exactly 3 times in 15. Both the total volume of solution or weight of powder
triturate and the aliquot volume/weight should be easily and accurately measurable. If the
solution or powder triturate is highly concentrated and a small error is made in measuring the
aliquot, a large error can occur in the quantity of drug brought to the final formulation.
Aliquots can be: solid–solid, when the active drug and the diluents are solids; solid–liquids,
when the active drug is solid and is to be incorporated into a liquid preparation, such as a
solution, an emulsion, or a suspension; and liquid–liquid, when the active drug is liquid and the
diluents are liquids. It can be a pure liquid or a concentrated solution of a drug. Aliquots of pure
liquids are relatively uncommon because few drugs are liquid in their pure state. Aliquots
involving concentrated solutions are more common.
There are two general methods to prepare aliquots:
1. Aliquot method 1 is applicable to drugs or substances that have to be within the degree
of accuracy provided by the measuring device. It is the simplest method and can be
applied to solid and liquid aliquots.
2. Aliquot method 2, also known as the dilution factor method, is useful when there is more
flexibility in the amount of drug that may be measured.
Aliquot
a.
b.
c.

Method 1:
The MAWQ amount of drug is measured.
The drug is diluted with an arbitrary amount of diluent.
The amount of dilution that will give the desired amount of drug is calculated, and the
amount is measured.

Aliquot Method 2:
a. The quantity of drug to be measured is determined by multiplying the amount of drug
needed by an appropriately determined factor, called the dilution factor. The dilution
factor must be a whole number more than or equal to the MAWQ divided by the amount
of drug needed.

PF 40(3): May-Jun. 2014

238

b. An arbitrary amount of diluent is measured and added. The amount of diluent used can
be determined by different methods, provided the amount of diluent chosen will give an
aliquot greater than or equal to the MAWQ.
c. The amount of aliquot needed is determined by multiplying the weight or volume of the
dilution by the inverse of the dilution factor. Dilution factors are usually chosen to be
whole numbers.
The general calculations can be shown as:
A/B = C/D
A= amount of drug desired
B= amount of drug measured
C= amount of drug in aliquot
D= aliquot total amount
11.1 Calculating Aliquots
Examples—Aliquots
1. Solid-in-liquid dilution (Aliquot Method 1)
Prepare 100 mL of a solution containing 0.2 mg/mL of clonidine using water as the diluent. To
prepare this solution, 20 mg of clonidine is needed.
a. Select the weight of drug desired (A) to be equal to or greater than the MAWQ. In this
situation, the MAWQ of the balance is 120 mg.
b. Select the aliquot volume (D) in which the desired amount of drug (C) will be contained.
This establishes the concentration of the solution to be prepared. Clonidine solubility is
1 g/13 mL, so if 5 mL is selected as the aliquot volume, the concentration in that
solution will be 20 mg/5 mL. Therefore, solubility will not be a problem in this aqueous
solution.
c. Using the preceding formula, calculate the volume of solution (B) to be prepared.
120 mg of clonidine/B = 20 mg of clonidine/5 mL of aliquot
B = 30 mL
d. Prepare the solution containing 120 mg of clonidine in 30 mL of Purified Water. Transfer
a 5-mL aliquot from this solution to a final container, and add sufficient Purified Water
to bring the formulation to a final volume of 100 mL.
2. Solid-in-solid dilution (Aliquot Method 2)
Prepare an individual dose of codeine phosphate 20 mg.
a. Select a dilution factor that will yield a quantity that is greater than or equal to the
MAWQ, and weigh this amount. In this case, the dilution factor may be greater than or
equal to 6 because 6 × 20 mg = 120 mg. The smallest dilution factor that may be
chosen is 6 if the MAWQ of the balance is 120 mg.
b. Weigh an amount of diluent that will give an aliquot greater than or equal to the MAWQ.
In this example, 600 mg of diluent is weighed.
c. Mix the two powders thoroughly by geometric trituration in a mortar.
d. Calculate the total weight of the dilution: 120 mg codeine phosphate + 600 mg diluent =
720 mg.
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e. Calculate the aliquot part of the dilution that contains 20 mg of codeine phosphate by
multiplying the total weight of the dilution by the inverse of the dilution factor: 720 mg
× (1/6) = 120 mg.
f. Weigh this calculated amount of the dilution (120 mg) to get the desired 20 mg of
codeine phosphate per dose.
12. POWDER VOLUME CALCULATIONS
12.1 Displacement in Suspension
12.1.1 CALCULATING POWDER VOLUME
Examples—Powder volume
1. Powder displacement in suspension
The directions to reconstitute a 150 mL bottle of an amoxicillin for oral suspension of 250 mg/5
mL require 111 mL of Purified Water. The physician has requested that the product be
reconstituted at a concentration of 500 mg/5 mL. Calculate the amount of Purified Water
required for the higher concentration.
a. Calculate the volume of the suspension occupied by the amoxicillin powder:
150 mL

111 mL = 39 mL

b. Calculate the quantity of amoxicillin present in the entire bottle:
150 mL × (250 mg/5 mL) = 7500 mg
c. Calculate the total volume of the suspension at the requested concentration (500 mg/5
mL):
7500 mg/(500 mg/5 mL) = 75 mL
d. Calculate the volume of Purified Water needed to reconstitute the powder by
subtracting the powder volume calculated in step a:
75 mL

39 mL = 36 mL of Purified Water

Note—Such formulations may be too viscous to flow freely.
2.Powder volume in drugs for injection
If the powder volume of 250 mg of ceftriaxone for injection is 0.1 mL, calculate the amount of
diluent that should be added to 500 mg of ceftriaxone for injection to make a suspension with a
concentration of 250 mg/mL.
a. Calculate the total volume of injection:
500 mg/(250 mg/mL) = 2 mL
b. Calculate the volume occupied by 500 mg of ceftriaxone for injection:
500 mg/(250 mg/0.1 mL) = 0.2 mL
c. Calculate the volume of the diluent required:
(2 mL of suspension)

(0.2 mL of ceftriaxone for injection) = 1.8 mL of diluent

13. INTRAVENOUS FLOW OR INFUSION RATES
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Intravenous (IV) solutions and emulsions may be administered by gravity flow and infusion or
syringe pumps. Gravity-flow IV sets are regulated by an adjustable clamp on the tubing, and
the approximate flow rate is determined by counting the number of drops per 10–15 seconds,
then adjusting that to a per minute rate. Manufactured IV sets are typically calibrated to
deliver from 15 to 60 drops/mL, depending on the particular set.
13.1 Solving by Multiple or Separate Steps
As in previous sections, the following examples may be solved by multiple separate steps, or a
single-DUA procedure.
13.1.1 CALCULATING INTRAVENOUS FLOW OR INFUSION RATES
Examples—IV or infusion rates
1.An IV infusion of dextrose 5% in water with 20 mEq of potassium chloride is to be
administered to a 6-year-old child at the rate of 12 mL/hour. An IV administration set that
delivers 60 drops/mL is available. Calculate the flow rate in drops/minute:

2.A 63.6-kg patient is admitted to the Emergency Department and requires a dopamine
hydrochloride infusion to maintain an adequate blood pressure. The drug is ordered at an initial
rate of 2 µg/kg/minute. A 400-mg/250-mL dopamine hydrochloride injection is available.
Calculate the flow rate in mL/hour to be administered by infusion pump:

14. ISOOSMOTIC SOLUTIONS
The following discussion and calculations have therapeutic implications in preparations of
dosage forms intended for ophthalmic, subcutaneous, intravenous, and intrathecal
administration as well as for neonatal use.
14.1 Tonicity
Cells of the body, such as erythrocytes, will neither swell nor shrink when placed in a solution
that is isotonic with body fluids. The measurement of tonicity, however, which is a physiological
property, is somewhat difficult. A 0.9% w/v sodium chloride injection, which has a freezing
point (FP) of 0.52 , is both isotonic and isoosmotic with body fluids. In contrast to
isotonicity, FP depression is a physical property. Some solutions that are isoosmotic with body
fluids are not isotonic, because they contain solutes to which cells are freely permeable rather
than semipermeable. Freely permeable solutes (e.g., boric acid and urea) can cause
erythrocyte lysis, i.e., behave as if they were hypotonic in concentrations that are
hyperosmotic relative to body fluids. Nevertheless, many pharmaceutical products are prepared
using FP data or related sodium chloride data to prepare solutions that are isoosmotic with
body fluids. A closely related topic is osmolarity (see chapter Osmolality and Osmolarity

785
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).
FP data or sodium chloride equivalents of pharmaceuticals and excipients (see Table 5) may be
used to prepare isoosmotic solutions, as shown in the following examples.
14.1.1 CALCULATING TONICITY
Example—Tonicity
Determine the amount of sodium chloride (NaCl) required to prepare 60 mL of an isoosmotic
solution of atropine sulfate injection 0.5% using the E values and the FP depression values in
Table 5.
Table 5. Sodium Chloride Equivalents (E) and FP Depressions for a 1% Solution of the
Drug or Excipient
Drug or Excipient
E
FP Depression
Atropine sulfate
0.13
0.075
Sodium chloride
1.00
0.576
Using the E values:
a. The total amount of substances equivalent to a 0.9% sodium chloride injection = (0.9
g/100 mL) × 60 mL = 0.54 g.
b. The amount of atropine sulfate required = (0.5 g/100 mL) × 60 mL = 0.3 g.
c. 1 g of atropine sulfate is equivalent to 0.13 g of sodium chloride.
d. 0.3 g of atropine sulfate is equivalent to 0.3 × 0.13 g = 0.039 g of sodium chloride.
e. Thus, the required amount of sodium chloride is 0.54 g

0.039 g = 0.501 g or 0.5 g.

Using FP depression values:
a. The FP depression required is 0.52 .
b. A 1% solution of atropine sulfate causes an FP depression of 0.075 .
c. A 0.5% solution of atropine sulfate causes an FP depression of 0.5 × 0.075 = 0.0375 .
d. The additional FP depression required is 0.52

0.0375 = 0.483 .

e. A 1% solution of sodium chloride causes an FP depression of 0.576 .
f. Therefore, an FP depression of 1 is caused by a 1%/0.576 = 1.736% solution of sodium
chloride.
g. 1.736% × 0.483 = 0.838% solution of sodium chloride causes an FP depression of 0.482
.
h. The required amount of sodium chloride is (0.838%) × 60 mL = 0.502 g or 0.5 g.
15. PH AND BUFFER CALCULATIONS
15.1 pH Calculations
See Appendix 1 for logarithmic definitions and applications.
pH = log [H3 O+], and pKa = log ([H3 O+][A ])/[HA], where [H3 O+] is the hydrodium ion
concentration in an aqueous solution, [A ] is the ionic form of the relevant acid, and Ka is the
ionization constant of either a monoprotic acid or a particular proton from a polyprotic acid in
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aqueous solution. The [H+] = the antilogarithm of ( pH) or 10 pH; and Ka = the antilogarithm
of ( pKa) or 10 pKa .
The pH of an aqueous solution containing a weak acid may be calculated using the Henderson–
Hasselbalch equation:
pH = pKa + log [(base form)/(acid form)]
The buffer equation symbol ( ) represents the equilibrium between conjugate base and acid
forms or pairs of the same molecule. It is called the buffer equation, because small changes in
the ratio of concentrations of the conjugate forms result in a logarithmically smaller change in
pH. The salt form can be an acid or base, depending on structure; thus, its conjugate form is a
base or acid, respectively.
Example 1:
B and BH+ represent a nonionized or “free” base and cationic acid pair, BH+

B+H+

Example 2:
HA and A

represent a nonionized or “free” acid and anionic base pair, HA

A

+ H+

Example 3:
HnA

and Hn

1A

2

, such as H2 PO4

and HPO4 2 , represent an anionic acid and anionic base

relative to each other; the pKa = 7.2 for H2 PO4

HPO4 2

+ H+.

15.1.1 CALCULATING PH
Example—pH
A solution contains 0.020 mol/L of sodium acetate and 0.010 mol/L of acetic acid, which has a
pKa value of 4.76. Calculate the pH and the [H+] of the solution as follows:
pH = 4.76 + log (0.020/0.010) = 5.06
[H+] = antilogarithm of ( 5.06) = 8.69 × 10 6
15.2 Buffer Solutions
15.2.1 DEFINITION
A buffer solution is an aqueous solution that resists a change in pH when small quantities of
acid or base are added, when diluted with the solvent, or when the temperature changes. Most
buffer solutions are mixtures of a weak acid and one of its salts, or mixtures of a weak base
and one of its salts. Water and solutions of a neutral salt, such as sodium chloride, have very
little ability to resist the change of pH and are not capable of effective buffer action.
15.2.2 PREPARATION, USE, AND STORAGE OF BUFFER SOLUTIONS
Buffer solutions for Pharmacopeial tests should be prepared using freshly boiled and cooled
water (see Reagents, Indicators and Solutions). They should be stored in containers such as
Type I glass bottles and used within 3 months of preparation.
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Buffers used in physiological systems are carefully chosen so as to not interfere with the
pharmacological activity of the medicament or the normal function of the organism. Commonly
used buffers in parenteral products, for example, include: the nonionized acid and base salt
pairs of acetic acid and sodium acetate, citric acid and sodium citrate, glutamic acid and
sodium glutamate, and monopotassium or monosodium phosphate and dipotassium or disodium
phosphate; and the acid salt and nonionized base pair tris(hydroxymethyl)aminomethane
hydrochloride and tris(hydroxymethyl)aminomethane. Buffer solutions should be freshly
prepared.
The Henderson–Hasselbalch equation, noted in 15.1 pH Calculations, allows calculation of the
pH and concentrations of conjugate pairs of weak acids and their salts and weak bases and
their salts in buffer solutions when the pKa of the acid form of the buffer pair is known.
Appropriately modified, this equation may be applied to buffer solutions composed of a weak
base and its salt.
15.2.3 BUFFER CAPACITY
The buffer capacity of a solution is the measurement of the ability of that solution to resist a
change in pH upon addition of small quantities of a strong acid or base. An aqueous solution
has a buffer capacity of 1 when 1 L of the buffer solution requires 1 g equivalent of strong acid
or base to change the pH by 1 unit. Therefore, the smaller the pH change upon the addition of
a specified amount of acid or base, the greater the buffer capacity of the buffer solution.
Usually, in analysis, much smaller volumes of buffer are used to determine the buffer capacity.
An approximate formula for calculating the buffer capacity is g equivalents of strong acid or
base added per L of buffer solution per unit of pH change, i.e., (g equivalents/L)/(pH change).
15.2.4 CALCULATING BUFFER CAPACITY
Example—Buffer capacity
The addition of 0.01 g equivalents of sodium hydroxide to 0.25 L of a buffer solution produced a
pH change of 0.50. The buffer capacity of the buffer solution is calculated as follows:
(0.01 Eq/0.25 L)/0.50 pH change = 0.08(Eq/L)/(pH change)
16. TEMPERATURE
The relationship between Celsius or Centigrade ( C) and Fahrenheit ( F) temperature scale is
expressed by the following equations:
C =( F

32) × (5/9)

F = ( C × 1.8) + 32
16.1 USP Temperatures
According to the General Notices and Requirements 8.180, Temperatures, temperatures are
expressed in centigrade (Celsius) degrees, and all other measurements are made at 25 unless
otherwise indicated. For instructional purposes, F is shown in the examples.
16.1.1 CALCULATING TEMPERATURES
Examples—Temperatures
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1.Convert 77 F to Celsius degrees.
C = (77 F

32) × (5/9) = 25 C

2.Convert 30 C to Fahrenheit degrees.
F = (30 C × 1.8) + 32 = 86 F
The relationship between the Kelvin or absolute (K) and the Celsius ( C) scales is expressed by
the equation:
K = C + 273.1
17. ENDOTOXINS
An endotoxin is a lipopolysaccharide that comes from a particular source, where species and
strain number are usually indicated.
17.1 Endotoxin Concentrations
For more information concerning endotoxins, see Bacterial Endotoxins Test

85 .

17.1.1 CALCULATING ENDOTOXINS
Example—Endotoxins
A 71.8-kg patient is to receive an intrathecal infusion of morphine sulfate at a rate of 0.3
mg/hour. The solution will be prepared by diluting preservative-free morphine sulfate injection,
which contains 10 mg/mL of morphine sulfate, with 0.9% sodium chloride injection to produce
an infusion rate of 2 mL/h.
1. Determine the volume, in mL, of morphine sulfate injection (10 mg/mL) and 0.9% sodium
chloride injection needed to prepare a 24-hour infusion.
0.3 mg of morphine sulfate/hour × 24 hours = 7.2 mg of morphine sulfate
7.2 mg of morphine sulfate/(10 mg/mL) = 0.72 mL of morphine sulfate injection
2 mL of infusion/h × 24 h = 48 mL of total volume
48 mL total volume

0.72 mL morphine sulfate injection = 47.28 mL of 0.9% sodium
chloride injection

2. Calculate the maximum potential endotoxin load/hour for this preparation. [Note—USP
monographs specify upper limits of 14.29 USP Endotoxin Units (EU)/mg of morphine
sulfate in injections for intrathecal use, and 0.5 EU/mL for injections containing 0.5%–
0.9% sodium chloride.]
7.2 mg of morphine sulfate injection × 14.29 EU/mg of morphine sulfate = 102.89 EU
from morphine sulfate
47.28 mL of sodium chloride injection × 0.5 EU/mL = 23.64 EU from 0.9% sodium
chloride injection
Endotoxin load = 102.89 EU + 23.64 EU = 126.53 EU
126.53 EU/24 hour = 5.27 EU/hour
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3. Determine if the endotoxin load in step 2 exceeds the allowable USP limit for this
patient. [Note—The maximum endotoxin load by intrathecal administration is 0.2
EU/kg/hour (see chapter

85 ).]

Maximum endotoxin load = (0.2 EU/kg/hour) × 71.8 kg-patient = 14.36 EU/hour
The endotoxin load of 5.27 EU/hour does not exceed the allowable limit of 14.36
EU/hour.
18. STABILITY AND EXPIRATION DATE CALCULATIONS
18.1 Stability Based on Rate Calculations
Calculation of a predetermined minimum percentage of initial drug strength or other quality
parameter, e.g., in vitro dissolution of active pharmaceutical ingredients (APIs) or active drugs
in solid oral dosage forms, is based on component-specific assays and other validated scientific
testing. The expiration date or time elapsed until such minimum acceptable limits are reached
for a specific manufactured product is exclusive to the specific formulation, packaging, and
environmental conditions, e.g., temperature, humidity, and illumination, to which the item is
subjected. See also chapters

659 ,

795 ,

797 ,

1163 , and

1191 .

The degradation or concentration loss rates or kinetics of most APIs can be accurately
represented or modeled by either zero order (constant) or first order (mono-exponential) rate
equations. Zero order calculations are generally applicable to solids, semisolids, suspensions in
which a majority of the drug strength is present as solid particles, and auto-oxidation in
solutions. First order calculations are generally applicable for drug hydrolysis in solutions.
18.2 Zero Order Rate Calculations
The isothermal zero order or constant rate equation for a particular formulation is C = C0 kt,
where C is the concentration of API at any time, C0 is the concentration at origination or time
zero, k is the reaction rate constant, and t is any time after origination or zero. The values and
units of the rate, dC/dt, and rate constant, k, are the same for zero order processes, i.e., the
units are concentration/time, such as mg/mL/day.
18.2.1 ZERO ORDER RATE EQUATION DERIVED FROM ORIGINAL DATA
The following examples illustrate calculations of the zero order rate equation from original
concentration assay and time data, and an expiration date using that equation.
18.2.1.1 Calculating zero order rate:
Examples—Zero order rate
1.Calculate the zero order rate equation based on the assay results for a drug suspension at 25
(see Table 6):
Table 6
C (mg/mL)
t (days)
49
3
47.5
8
44.8
17
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42.3

26

Linear regression of the C (ordinate) versus t (abscissa) values yields the equation, C = 49.84
0.292t with a correlation coefficient of

0.9998.

2. Calculate the time when C = 0.9 × C0, i.e., the expiration date where the concentration will
be 90% of the original concentration (t 90):
C = 49.84

0.292t

0.9 × 49.84 = 49.84
t 90 = (44.86

0.292(t 90)

49.84)/ 0.292 = 17.05 days

3.Using the previous linear regression equation, calculate the C of the drug suspension at 25
when t = 12 days:
C = 49.84

(0.292 × 12) = 43.34 mg/mL

4. Calculate t when C = 45 mg/mL:
45 = 49.84
t = (45

0.292t

49.84)/ 0.292 = 16.6 days

18.2.2 ZERO ORDER VALUES CALCULATED FROM A RATE EQUATION
The following are examples of expiration dates calculated from a rate equation derived from
original concentration assay and time data.
18.2.2.1 Calculating zero order values from a rate equation:
Examples—Zero order from a rate equation
1. Calculate the t 80 expiration date of a drug cream at 25 using the equation, C = 0.05
0.0003t, where the C unit is % w/w and the t unit is months. At t 80, C = 0.8C0.
0.8 × 0.05 = 0.05

0.0003(t 80)

t 80 = 33.3 months
2. Calculate the t 80 expiration date of the drug cream formulation in example 1, but for which
C0 is 0.1:
0.8 × 0.1 = 0.1

0.0003(t 80)

t 80 = 66.7 months
18.3 First Order Rate Calculations
The isothermal first order rate equation for a particular formulation in exponential form is C =
C0e kt, and in linear form is ln(C) = ln(C0) kt, where C is the concentration of an API at any
time, C0 is the concentration at origination or time zero, k is the reaction rate constant, and t
is any time after origination or zero. The constantly changing rate, dC/dt, and rate constant, k,
are not the same for first order processes. The rate units are concentration/time, e.g.,
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mg/mL/hour, but the rate constant unit is reciprocal time, time 1, e.g., hour 1.
18.3.1 FIRST ORDER LINEAR RATE EQUATION DERIVED FROM ORIGINAL DATA
The following examples illustrate calculation of the linear first order rate equation from original
concentration assay and time data and calculation of an expiration date using that equation.
18.3.1.1 Calculating first order linear rate equations:
Example—First order linear rate
1. Calculate the linear first order rate equation based on the assay results for a drug solution at
27 (see Table 7):
Table 7
C (mg/mL)
t (hour)
12.3
2
11.9
6
11.5
14
10.6
24
Linear regression of the ln(C) (ordinate) versus t (abscissa) values yields the equation, ln(C) =
2.522

0.0065t with a correlation coefficient of 0.992.

2. From the linear regression equation, calculate the time when 95% of the original
concentration is reached, t 95, when C = 0.95C0, which is the predetermined expiration date:
ln(C0) = 2.522; thus, C0 = e2.522 = 12.45 mg/mL
ln(0.95 × 12.45) = 2.522
t 95 = (2.470

0.0065(t 95)

2.522)/ 0.0065 = 8 hours

18.3.2 FIRST ORDER VALUES CALCULATED FROM A LINEAR EQUATION
The following are examples of an expiration date, concentration, and time calculated for the
same drug solution at 22 from the rate equation, ln(C) = 4.382 0.076t, where the C units
are µg/mL and the t unit is days, derived from the original concentration assay and time data.
18.3.2.1 Calculating first order values from a linear rate equation:
Examples—First order from a linear rate
1.Calculate the t 90 expiration date:
ln(C0) = 4.382; thus, C0 = e4.382 = 80
ln(0.9 × 80) = 4.382
t 90 = (4.277

0.076(t 90)

4.382)/ 0.076 = 1.4 days

2.Calculate the time at which C = 75 µg/mL:
ln(75) = 4.382

0.076t
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t = (4.317

4.382)/ 0.076 = 0.86 day

3.Calculate whether C = 70 µg/mL occurs before or after t 90:
ln(70) = 4.382
t = (4.248

0.076t

4.382)/ 0.076 = 1.8 days

C = 70 µg/mL occurs at 1.8 days, after a t 90 of 1.4 days
18.3.3 FIRST ORDER EXPIRATION DATE CALCULATED FROM TWO VALUES OF CONCENTRATION
AND TIME
When degradation or other cause of concentration loss is known from experience or reference
information to obey first order kinetics, the rate constant can be accurately estimated from
accurate assays of only two concentrations at their respective times. In this case, the linear
first order rate equation, ln(C) = ln(C0)

kt, may be transformed or integrated as ln(C2) =

ln(C1) k(t 2 t 1), which when rearranged is k = ln(C1/C2)/(t 2 t 1). The following examples
apply these equations to calculate expiration dates, concentrations, and times.
18.3.3.1 Calculating first order expiration date from two values:
Examples—First order expiration date from two values
1.At 25 , the concentration of an antibiotic in solution was 89 mg/mL after 3 hours and 74
mg/mL after 8 hours. Calculate the initial concentration at time zero:
k = ln(89/74)/(8
ln(89) = ln(C0)

3) = 0.037 hour 1

(0.037 hour 1 × 3 hour)

ln(C0) = 4.489 + 0.111 = 4.6
C0 = e4.6 = 99.5 mg/mL
2.Calculate the t 90 expiration date using the data in example 1. At t 90, C = 0.9C0.
ln(0.9 × 99.5) = ln(99.5)
t 90 = (4.495

0.037(t 90)

4.600)/ 0.037 hour 1 = 2.8 hour

3.Calculate the concentration at 6 hour using the data in example 1:
ln(C) = ln(99.5)

(0.037 × 6)

ln(C) = 4.378
C = e4.378 = 79.7 mg/mL
18.3.4 FIRST ORDER TIMES, TN, FOR 0.N FRACTION OR N% OF REMAINING ORIGINAL
CONCENTRATION
The two most common first order pharmaceutical t n values are the t 50, which is a primary
parameter factor in clinical pharmacokinetics, and the t 90, which is the most common stability
shelf life or expiration date. Values of any t n, where 0 < n < 100, are derived from the linear
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first order equation, ln(C) = ln(C0) kt. The equations for t 50 and t 90 in particular are derived
in the following examples. The value of k by definition is constant for a specific drug chemical in
a specific formulation at a specific temperature; thus, t n values derived from such values of k
are also constant.
18.3.4.1 Calculating first order times for remaining original concentrations:
Examples—First order times for remaining original concentrations
1.At t n, C = 0.n × C0.
ln(0.n × C0) = ln(C0)
t n = [ln(0.n × C0)

kt n

ln(C0)]/ k = ln[(0.n × C0)/C0]/ k = ln(0.n)/ k
t n = ln(0.n)/ k

2.At t 50, C = 0.5(C0).
ln(0.5 × C0) = ln(C0)
t 50 = [ln(0.5 × C0)

kt 50

ln(C0)]/ k = ln[(0.5 × C0)/C0]/ k = ln(0.5)/ k = 0.693/ k = 0.693/k
t 50 = 0.693/k

3.At t 90, C = 0.9(C0).
ln(0.9 × C0) = ln(C0)
t 90 = [ln(0.9 × C0)

kt 90

ln(C0)]/ k = ln[(0.9 × C0)/C0]/ k = ln(0.9)/ k = 0.105/ k = 0.105/k
t 90 = 0.105/k
18.4 Stability Prediction Based on Arrhenius Theory

The basis of the Arrhenius theory is that reaction rates and rate constants change
exponentially in the direction of arithmetic temperature change. The pharmaceutical application
of the Arrhenius theory is based on scientifically accurate and statistically valid assay data
obtained at three or more temperatures that are 10 warmer than the intended drug storage
temperature and each other. The Arrhenius equation may be expressed in an exponential form,
k = Ae (Ea/RT), a linear form, ln(k) = ln(A)

(Ea/RT), and an integrated form, ln(k2/k1) = Ea(T 2

T 1)/[R(T 2 × T 1)], where k, k1, and k2 are isothermal rate constants, A is a thermodynamic
factor, Ea is energy of activation for the degradation reaction, R is the gas constant (1.987 ×
10 3 kcal mol 1K 1 or 8.314 × 10 3 J K 1 mol 1), and T, T 1, and T 2 are absolute or Kelvin
temperatures.
18.4.1 ARRHENIUS LINEAR EQUATION DERIVED FROM ORIGINAL DATA
The following examples illustrate derivation of a linear Arrhenius equation from original assay
data and its application to predicting a drug stability expiration date at a cooler or lower
storage temperature.
18.4.1.1 Calculating Arrhenius equations:
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Examples—Arrhenius equations
1.Calculate the linear Arrhenius equation based on the rate constants and temperatures for a
beta-lactam antibiotic that decomposes in solution at a first order rate (see Table 8):
Table 8
T ( C)

T (K)

1/T (K 1)

k (hour 1)

40

313

3.195 × 10 3

0.0014

6.571

50

323

3.096 × 10 3

0.005

5.298

60

333

3.003 × 10 3

0.016

4.135

ln(k)

Linear regression of the ln(k) (ordinate) versus 1/T (abscissa) values yields the equation, ln(k)
= 33.977

(12,689/T) with a correlation coefficient of 0.99997.

2.Calculate the t 90 shelf life expiration date, in days, at 25 C (298 K) using the equation in
example 1:
ln(k25) = 33.977

(12,689/298) = 33.977

42.581 = 8.604

k25 = e 8.604 = 1.834 × 10 4 hour 1 = 4.402 × 10 3 day 1
t 90 = 0.105/k = 0.105/4.402 × 10 3 day 1 = 23.85 days
t 90 at 25 C = 23.85 days
18.4.2 STABILITY PREDICTIONS USING THE INTEGRATED ARRHENIUS EQUATION
The following examples illustrate stability predictions based on one accurately determined
isothermal rate constant and adherence to the same degradation rate order, e.g., first order,
at temperatures at which stability is to be calculated from the equation, ln(k2/k1) = Ea(T 2
T 1)/[R(T 2 × T 1)].
18.4.2.1 Calculating stability prediction using integrated Arrhenius equation:
Example—Stability using integrated Arrhenius equations
1.Calculate the t 85 stability expiration date at 4 C (277 K) for an ester hydrolysis with an Ea =
15 kcal/mol and k = 0.0045 hour 1 at 23 C (296 K):
ln(k277/0.0045) = 15(277
ln(k277)

296)/[1.987 × 10 3 (277 × 296)]

ln(0.0045) = 285/162.92

ln(k277) = 1.749 + ln(0.0045) = 7.153
k277 = e 7.153 = 7.825 × 10 4 hour 1
t 85 = ln(0.850)/k277 = 0.163/ 7.825 × 10 4 hour 1 = 208.3 hours
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t 85 at 4 C = 208.3 hours (t 85 at 23 C is 36.2 hours)
18.4.3 ARRHENIUS-BASED Q10 STABILITY ESTIMATION
The temperature coefficient (Q10 ) represents the multiplicative factor by which a chemical
reaction rate constant changes in the same direction as the temperature for each 10 C
change. For drug molecules, Q10 ranges from 2 to 5, corresponding to an Ea range of 10–25
kcal/mol or 42–105 kJ/mol. A Q10 of 3 yields reasonable estimates of drug stability in the

equation, (t n at T 2) = (t n at T 1)/{Q10
}, where n
is a percentage of remaining C0, T 1 is the temperature at which t n is known, and T 2 is the
temperature at which t n is to be estimated. Calculations using Q10 values of both 2 and 4 may
be used to obtain the shortest or most conservative stability estimate, but Q10 = 3 is applied in
the following two example.
18.4.3.1 Calculating Arrhenius-based Q10 stability estimation:
Example—Arrhenius-based Q10 stability
1.Estimate the t 90 expiration date in hours of an antibiotic suspension stored in a closed
automobile at 57 for which the 8 refrigeration t 90 is 14 days.
t 90 at 57 = [14 days × (24 hours/day)]/{3[(57 8)/10]} = 336 hours/34.9 = 336 hours/217.7 =
1.54 hours
t 90 at 57 = 1.54 hours
APPENDIX 1: LOGARITHMS
The logarithm of a number is the exponent or power to which a given base number must be
raised to equal that number. Thus, the logarithm of Y to the base, b, equals X, or logb(Y) = X.
The logarithm of 0 and all negative numbers is undefined or nonexistent. The logarithm of 1 is 0
and of numbers <1 is negative in all systems (see Table 9).
Table 9. Common (or Briggsian) and Natural (or Napierian) Logarithms
Antilogarithm
Logarithmic
Abbreviation or
Base
or Inverse
System
Symbol
Number
Format
Logarithm
Common
Log
10
log Y = X 10X = Y
Natural
Ln
ln Y = X
e or 2.7183a
eX = Y
a e is an irrational number derived from an infinite series of reciprocal whole number factorials,
e = 1 + 1/1! + 1/2! + 1/3! + 1/4! ... + 1/n!, where n = infinity. e rounds to 2.7183 when n
8.
2. The relationships between common and natural logarithms are the following:
a. log Y = ln Y/ln 10 = ln Y/2.303
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b. ln Y = ln 10 × log Y = 2.303 × log Y
3. Rules for some common calculations with logarithms are shown in Table 10.

Additions and
multiplications

Subtraction and
quotients

Simple non-base
exponentials

Table 10. Rules for Calculating with Logarithms
Formula
Example
ln(0.62) + ln(1.73) = ln(0.62 × 1.73) =
ln(1.0726) = 0.070
ln(A) + ln(B) = ln(A × B)
log(5.7) + log(0.43) = log (5.7 × 0.43) =
log(A) + log(B) = log(A × B)
log(2.451) = 0.389

ln(A) ln(B) = ln(A/B)
log(A) log(B) = log(A/B)

ln(0.5) ln(4) = ln(0.5/4) = ln(0.125) =
2.079
log(1.57) log(2.48) = log(1.57/2.48) =
log(0.6330645) = 0.199

ln(Y z) = Z × ln(Y)
log(Y z) = Z × log(Y)

13.6 Z = 1.25
ln(1.25) = Z × ln(13.6)
Z = ln(1.25)/ln(13.6) = 0.223/2.610 =
0.085
0.57Z = 2.3
log(2.3) = Z × log(0.57)
Z = log(2.3)/log(0.57) = 0.362/ 0.244 =
1.484

In (a × e±b) = ln(x)
± b = ln(x)
log (a × 10±b) = log(x)
Base exponentials log(a) ± b = log(x)

ln(a)
67 × 10b = 15.1
log(67) + b = log(15.1)
1.826 + b = 1.179
b = 1.179 1.826 = 0.647

1S (USP38)

BRIEFING
1228.1 Dry Heat Depyrogenation. Parenteral products not only need to be sterile, but
also free from harmful levels of pyrogens, or fever-causing agents. For an overview of
depyrogenation, see general information chapter Depyrogenation 1228 . Of the several
modes of depyrogenation, dry heat is employed for the depyrogenation of heat stable materials.
Dry heat depyrogenation is a temperature- and time-dependent process. Depyrogenation using
dry heat can be accomplished in a batch oven mode or in a continuous process using a tunnel
system. Depyrogenation in ovens is typically performed at temperatures in excess of 170 .
Tunnels for depyrogenation ordinarily operate at higher temperatures. This new chapter
proposal 1228.1
validation.

provides an overview of the process, routine process control, and its

(GCM: R. Tirumalai.)
Correspondence Number—C142047

Comment deadline: July 31, 2014
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Add the following:
1228.1

DRY HEAT DEPYROGENATION
INTRODUCTION

Dry heat is the method most frequently used for the depyrogenation of heat stable materials.
Dry heat depyrogenation is dependent upon two parameters: time and temperature. As a
result, dry heat depyrogenation processes can be easily monitored/controlled and are highly
reproducible. Depyrogenation processes typically operate at a range of temperatures from
approximately 170 up to about 400 .
The pyrogenic agents that are of greatest concern in healthcare are bacterial endotoxins,
found in the outer cell walls of Gram-negative bacteria. The inactivation of bacterial endotoxins
(depyrogenation) by dry heat has been studied extensively and has been shown to follow first
order kinetics. The well-defined kinetics of inactivation makes it possible to predict the efficacy
of dry heat processes operating at different times and temperatures.
It is important to consider that the range of temperatures used for dry heat depyrogenation
overlaps the upper range of temperatures used for dry heat sterilization (see general chapter
Dry Heat Sterilization 1229.8 ). However, the temperatures most commonly used for
inactivation of endotoxins are considerably higher than those used for sterilization. This is
because bacterial endotoxins are more resistant to the effects of dry heat than are even the
most heat-resistant bacterial spores. Therefore, dry heat processes that deliver a combination
of temperature and exposure time sufficient for achieving typical endotoxin inactivation targets
can also be counted upon to reliably sterilize materials. This chapter provides an overview of
the process of dry heat depyrogenation, its control, and validation.
TECHNOLOGIES USED FOR DEPYROGENATION BY DRY HEAT
Although all dry heat depyrogenation processes rely strictly on time of exposure and
temperature to assure effectiveness, the equipment used typically falls into two distinct
categories: the dry heat “batch” oven and continuous tunnel systems. Batch ovens are used
for the depyrogenation of not only product containers, most often glass, but also other heat
stable product contact parts or laboratory equipment. Continuous tunnels, on the other hand,
are used primarily to depyrogenate glass product containers.
Batch Ovens
Circulating heated air is used to heat the load items, which may be individually covered or
wrapped in a material that is unaffected by the temperature used, or placed in a lidded
container to protect them during pre- and post-process handling. When depyrogenation and
sterilization are to be achieved in the same process, air supplied to the oven is passed through
one or more high efficiency particulate air (HEPA) filter(s) to maintain sterility within the oven
after completion of the dwell period. These forced air ovens typically operate at a positive air
pressure differential relative to the surrounding room and the heated air is often recirculated
through a battery of heaters and the HEPA filter(s) to improve thermal efficiency. This design
results in particulate air quality that can meet ISO 5 requirements to reduce particulate matter
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and microbial contamination risk throughout processing.
Process control mandates that the oven's control probe(s) attain and remain at the set-point
temperature for a predefined time period before cooling. The limited heat transfer capacity of
air requires that items in the oven be placed in fixed locations confirmed acceptable during the
cycle development/validation effort. Caution should be exercised in defining variable load
patterns as minimum load sizes may result in inadvertent slower heating of the load and greater
temperature variability. Smaller facilities may use a single door oven, but the principles of
operation and validation are the same as with larger double door production units. The
important batch oven process variables are set-point temperature, duration of dwell period,
load type and configuration, airflow characteristics, and container size.
Continuous Tunnels
The use of tunnels for dry heat depyrogenation of glass containers on a moving conveyor
allows for substantially higher throughput and packing densities than the batch process and is
ordinarily linked directly to a filling system. Tunnels typically use forced heated air systems or
radiant IR systems that recirculate air through a battery of HEPA filters. Load items in tunnels
are unwrapped and placed directly on the moving belt.
Depyrogenation tunnels have separate zones for heating and cooling, allowing for continuous
in-feed and discharge at temperatures appropriate for production purposes. The tunnel is
maintained at constant airflow and temperature conditions during use, and as glass passes
through the tunnel it is heated to depyrogenating temperatures and cooled before exiting.
Although the conditions within the tunnel are essentially constant and well controlled, the
temperature of the glass as it passes through the tunnel on the conveyor will change with its
location. Dwell time is controlled by adjusting the conveyor speed,1 which in the
depyrogenation tunnel is the process parameter that governs exposure time.
The air in the tunnel is most commonly heated using electrical coils but other heat sources,
such as infrared or high-pressure steam, have been used. For energy conservation, heated air
in depyrogenation tunnels is often recirculated. The important continuous tunnel process
variables are heating zone temperature, cooling zone temperature, belt speed, and container
mass/geometry.
DRY HEAT DEPYROGENATION FUNDAMENTALS
Dry heat depyrogenation uses air first to heat and then to cool the items. The limited heat
capacity of dry air results in relatively slow heating and cooling of the load items. Variability in
temperature distribution in dry heat ovens and tunnels is typically much higher than that
observed in moist heat systems. The limited heat capacity of air requires that items in ovens be
placed in the same locations as confirmed acceptable in the cycle development/validation
effort. Packing and thermal mass will also play critical roles in temperature management.
Caution must also be exercised with varying load mass and distribution as in some instances
(resulting from oven design, air flow characteristics, and control probe position) minimum load
sizes may result in process variability.
DEPYROGENATION PROCESS CONTROL

PF 40(3): May-Jun. 2014

255

Process temperatures in dry heat depyrogenation are controlled by calibrated temperature
sensors placed at specific locations within the equipment. The exposure portion of the process
is designed to attain a minimum dwell time at a predefined minimum temperature ensuring that
depyrogenation conditions are adequately uniform. The defined dwell time is determined by
using measurement devices (e.g., thermocouples) directly in contact with the items to be
depyrogenated during development. The inactivation of bacterial endotoxins by dry heat
involves the control of only two parameters: time and temperature. Together they provide
dosimetric measurement of the dry heat depyrogenation process.
The simplicity of process control for these parameters provides a predictable depyrogenation
effect; thus it is not necessary to use an indicator such as endotoxin to establish process
efficacy. The dosimetric measurement for dry heat depyrogenation processes is the F H unit. An
F H = 1 is defined as the depyrogenation effect achieved by 1 min of heating at 250 . The F Hvalue enables the integration of temperature over the process duration (time). By convention
the rate at which depyrogenation destruction rate (D-value) varies as a function of
temperature change is defined as the z-value. The z-value for dry heat depyrogenation has
been shown to be in the range of 45 –55 . For the purposes of this chapter, 50 is used as a
standard z-value (1,2).
A widely used dry heat depyrogenation process is 250 for 30 min, which is equivalent to a
total F H of 30. Studies on the resistance (D-value) of endotoxin to dry heat have been
published and have reported considerable variability (1,2,3,4). The D-value must be referenced
to a specific depyrogenation temperature and is by convention the amount of time required to
reduce endotoxin concentration by 1 log. The D250-value of Reference Standard Endotoxin
(RSE) has been found to vary from about 1.7–4.9 min. Thus, an F H = 30 process will
demonstrate at least a ~6-log reduction of the most resistant RSE reported. Therefore, a
process demonstrating an F H of 30 min during the exposure period can be considered extremely
safe in terms of pyrogen inactivation.
Given the frequency with which processes that yield an F H of 30 min have proven to be safe
and effective, USP considers any process that yields an F H NLT 30 min during the exposure
period to require no endotoxin challenge. For the purposes of this chapter, only time at or
above 250 is considered in the F H accumulation, which adds an additional margin of safety
because heat-up and cool-down add to the accumulated F H. Given the much higher D250-values
for endotoxin as compared to intact microorganisms, these conditions are also sterilizing,
provided appropriate precautions are made so as to maintain sterility of treated materials from
the end of the process until their use.
The F H approach is used as a means to compare dry heat depyrogenation effects produced by
processes that operate at varying temperature targets. Basic mathematics can be used to
calculate the depyrogenation effect produced at temperatures other than 250 to determine
equivalence to that provided at 250 .
Using a reference temperature of 250 and an assumed z-value of 50 , the F H calculation can
be determined:
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F H = accumulated destruction
t 1 = time when temperature first exceeded 250
t 2 = time when temperature last exceeded 250
T = temperature at each time increment
Dt = time interval between temperature measurements
[Note—Only the contributions to destruction at T > 250 should be used in this calculation.]
Summing the instantaneous temperature contributions over the entire depyrogenation process
allows for the calculation of the overall process efficacy or F H delivered over the course of the
process. Many commercial data loggers are equipped with software that enables them to make
this calculation and integrate the total F H accumulated during a process. The F H calculation is
used during initial validation, validation maintenance, and change control. The mathematical
principles of the F H calculation are essentially the same as those used to calculate lethality (F 0)
values in moist heat sterilization.
VALIDATION
Because dry heat depyrogenation is appropriate only for heat stable materials, a high margin for
safety is always attainable. Times and temperatures used for the purpose of destroying
bacterial endotoxins can result in extreme challenges to material integrity and stability.
Equipment Qualification (EQ)
EQ is a predefined program that focuses on the processing equipment to confirm that it has
been properly installed and operates as intended prior to evaluation of the process. In some
companies, equipment qualification may be separated into installation qualification (IQ) and
operational qualification (OQ), or lumped together under a joint terminology of
installation/operational qualification (I/OQ). Equipment qualification provides a baseline for
preventive maintenance and change control assuring reproducibility of equipment operation
over time.
Empty Chamber Temperature Distribution for Ovens
The oven should be evaluated for empty chamber temperature distribution. This is assessed by
measurement of temperature at each corner of oven, near the controlling probe(s) and other
locations as justified. Differences in the cycle dwell period can be discounted in this evaluation,
as only the shortest dwell period need be evaluated. The evaluation is best performed over the
last few minutes of the dwell period once the system has fully equilibrated. The acceptance
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criteria for this test vary with the oven's capabilities and customary usage, however,
temperature distribution is typically substantially less uniform than observed in autoclaves and
may be ±15 or more. Depyrogenation ovens that are located at floor level may have even
greater ranges in temperature. Endotoxin inactivation studies of any kind are not required in the
evaluation of empty chamber temperatures.
Temperature Distribution in Tunnels
While these studies are often done, they are of limited value. Unloaded depyrogenation tunnels
will always produce far more variability in temperature attained and distribution than will a fully
loaded tunnel. This is because the absence of glass on the conveyor belt results in heated
airflow that is too unidirectional to allow for optimal heat transfer. Therefore, for
depyrogenation tunnels, temperature studies under only fully loaded conditions are indicated.
Component Mapping
The ability of heat to penetrate load items and to bring them to the required temperature
should be determined.
Load items that are complex, with enclosed volumes and product contact surfaces that must
be depyrogenated, should be subjected to component mapping to determine internal cold
spots. All load items should be prepared and oriented in a manner consistent with how they will
be processed. Mapping of glass components to be processed in tunnels is not necessary; all
monitoring of temperature is accomplished with probes placed at the bottom of the container.
Load Mapping
Fixed loading patterns are necessary in oven depyrogenation because of the limited heat
capacity of the air; fully packed conditions because of their greater mass ordinarily result in the
best process temperature uniformity. Load mapping assures that items placed throughout the
load attain the required depyrogenation conditions. Information from the load mapping is used
to adjust cycle timing to assure appropriate efficacy across the entire load. It may be possible
to validate maximum and minimum loads (as determined by either the number of items or their
mass).
Load mapping for tunnels is not particularly useful, as load density based on container size may
vary substantially in actual use due to intermittent feeding of the tunnel, and loads that have
substantial gaps in the glass typically exhibit higher temperatures. The operation of the tunnel
is such that the initial entry of the glass pack and the exit of the last glass in the system at
the end of the operation routinely show the highest temperature variability and the lowest
depyrogenation effect. Tunnel designs or equipment fixtures that create air turbulence at the
front and end of the glass pack can minimize this condition.
Glass temperature can be assessed using sets of calibrated thermocouples (i.e., trailing or
wireless thermocouples) positioned within the glass pack as it moves through the tunnel.
Thermocouples should be placed into direct contact with the item(s) at the bottom of the
container.
ROUTINE PROCESS CONTROL
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As with all processes, after the dry heat depyrogenation process has been validated, it must be
subject to ongoing parametric controls that maintain it within the validated state at all times.
Temperature and exposure time, which are the only two critical depyrogenation parameters,
should be measured with each load in an oven. The accumulated depyrogenation effectiveness
can easily be measured for each process cycle where a depyrogenation tunnel is used. The
overall depyrogenation effectiveness of the cycles or processes can easily be determined on
each event by using the F H value to ensure that safe depyrogenation conditions were
achieved. Where direct assessment of F H is not possible, assuring that the temperature and
exposure time conditions were met results in an equivalent confidence that the depyrogenation
system operated in a validated state of control.
General chapter Depyrogenation 1228 details the general practices that are appropriate for
all depyrogenation systems. This is accomplished by a number of related practices that are
essential for the continued use of the process over an extended period of time. The essential
practices to maintain validated status include calibration, physical measurements, periodic
endotoxin assessment on incoming materials, ongoing process control, change control,
preventive maintenance, and periodic reassessment and training.
REFERENCES
Tsuji K, Lewis A. Dry heat destruction of lipopolysaccharide: a mathematical approach to
process evaluation. Appl Environ Microbio. 1978; 36(5):7157–9.
Akers MJ, Ketron KM, Thompson, BR. F value requirements for the destruction of endotoxin in
the validation of dry-heat sterilization/depyrogenation cycles. J Parenteral Sci Technol. 1982;
(36):12–6.
Tsuji K, Harrison S. Dry heat destruction of lipopolysaccharide: dry heat destruction kinetics.
Appl Environ Microbio. 1978; 36(5):710–4.
Ludwig J. Avis KE. Dry heat inactivation of endotoxin on the surface of glass. J Parenteral Sci
Technol. 1990; 44(1):4–12. 1S (USP38)

1 Not all tunnels have a variable speed capacity.

BRIEFING
Bismuth. It is proposed to add this new reagent used in the monographs related to Bismuth
Subsalicylate.
(HDQ: M. Marques.)

Correspondence Number—C141898

Comment deadline: July 31, 2014
Add the following:
Bismuth, Bi—208.98 [7440-69-9]— Use a suitable grade with a content of NLT 99.999%.
1S (USP38)

BRIEFING
15-Epicarboprost. It is proposed to add this new reagent used in the test for Organic
Impurities in the revision proposal for Carboprost Tromethamine, published elsewhere in this
issue of PF.
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(HDQ: M. Marques.)
Correspondence Number—C122488

Comment deadline: July 31, 2014
Add the following:
15-Epicarboprost (15(R)-Methyl prostaglandin F2 ), C21 H36 O5 —368.5 [35864-81-4]—
Use a suitable grade with a content of NLT 98%. Store at 20 .
[Note—A suitable grade is available as catalog number 16730 from www.caymanchem.com.]
1S (USP38)

BRIEFING
Molybdenum. It is proposed to add this new reagent.
(HDQ: M. Marques.)
Correspondence Number—C143123

Comment deadline: July 31, 2014
Add the following:
Molybdenum, Mo—95.94 [7439-98-7]—Wire. Use a suitable grade with a content of NLT
99.9%. 1S (USP38)
BRIEFING
1-Monodecanoyl-rac-glycerol. It is proposed to add this new reagent used in the test for
Contents of Monoglycerides, Diglycerides, and Triglycerides in the monographs for Glyceryl
Monocaprylate and Glyceryl Monocaprylocaprate, published elsewhere in this issue of PF.
(HDQ: M. Marques.)
Correspondence Number—C107715

Comment deadline: July 31, 2014
Add the following:
1-Monodecanoyl-rac-glycerol (Glycerol 1-decanoate; Capric acid -monoglyceride; (2RS)2,3-Dihydroxypropyl decanoate; -Monocaprin), C13 H26 O4 —246.34 [2277-23-8]—Use a
suitable grade with a content of NLT 99%. 1S (USP38)
BRIEFING
1-Monooctanoyl-rac-glycerol. It is proposed to add this new reagent used in the test for
Contents of Monoglycerides, Diglycerides, and Triglycerides in the monographs for Glyceryl
Monocaprylate and Glyceryl Monocaprylocaprate, published elsewhere in this issue of PF.
(HDQ: M. Marques.)
Correspondence Number—C107715

Comment deadline: July 31, 2014
Add the following:
1-Monooctanoyl-rac-glycerol (Glycerol 1-octanoate; 1-Capryloyl-rac-glycerol; (2RS)-2,3Dihydroxypropyl octonoate; -Monocaprylin), C11 H22 O4 —218.29 [502-54-5]—Use a
suitable grade with a content of NLT 99%. 1S (USP38)
BRIEFING
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Buffer Solutions, USP 37 page 1443. It is proposed to add instructions to prepare Citrate
Buffer Solutions with pH from 3.0 to 6.2.
(HDQ: M. Marques.)
Correspondence Number—C142915
1. DEFINITION
A solution is said to be buffered if it resists changes in the activity of an ion on the addition of
substances that are expected to change the activity of that ion. Buffers are substances or
combinations of substances that impart this resistance to a solution. Buffered solutions are
systems in which the ion is in equilibrium with substances capable of removing or releasing the
ion.
2. BUFFER CAPACITY
It refers to the amount of material that may be added to a solution without causing a
significant change in ion activity. It is defined as the ratio of acid or base added (in gramequivalents/L) to the change in pH units. The capacity of a buffered solution is adjusted to the
conditions of use, usually by adjustment of the concentrations of buffer substances.
3. USES
Buffers are used to establish and maintain an ion activity within narrow limits. The most
common systems are used for the following:
a. to establish hydrogen-ion activity for the calibration of pH meters
b. in the preparation of dosage forms that approach isotonicity
c. in analytical procedures
d. to maintain stability of various dosage forms
Buffers used in physiological systems are carefully chosen so as not to interfere with
pharmacological activity of the medicament or normal function of the organism.
It is essential that buffers used in chemical analysis be compatible with the substance
determined and the reagents used.
Change to read:
4. STANDARD BUFFER SOLUTIONS
Standard solutions of definite pH are readily available in buffer solutions prepared from the
appropriate reagents.
Buffer solutions, buffer tablets, and buffer solids may be obtained from commercial sources in
convenient prepackaged form.
4.1 Preparation
Previously dry the crystalline reagents at 110 –120 for 1 h, except for boric acid and sodium
acetate trihydrate.
Where water is specified for solution or dilution of test substances in pH determinations, use
carbon dioxide-free water.
Store the prepared solutions in chemically resistant, tight containers such as Type 1 glass
bottles. Use the solutions within 3 months.
Standard buffer solutions for various ranges between pH 1.2 and 10.0 may be prepared by
appropriate combinations of the solutions described herein, used in the proportions shown in
the table below.
The volumes shown in the table below are for 200 mL of buffer solution, except for Acetate
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Buffer where the volumes are for 1000 mL of buffer solution
and for Citrate Buffer where the volumes are for 100 mL. 1S (USP38)
1. Hydrochloric Acid, 0.2 M and Sodium Hydroxide, 0.2 M: Prepare and standardize as
directed in Volumetric Solutions.
2. Potassium Biphthalate, 0.2 M: 40.85 g/L of potassium biphthalate in water.
3. Potassium Phosphate, Monobasic 0.2 M: 27.22 g/L of monobasic potassium phosphate in
water.
4. Boric Acid and Potassium Chloride, 0.2 M:
12.37 g/L of boric acid (ERR 1-Dec-2013)
and 14.91 g/L of potassium chloride in water.
5. Potassium Chloride, 0.2 M: 14.91 g/L of potassium chloride in water.
6. Acetic Acid, 2 N: Prepare and standardize as directed in Volumetric Solutions.
7. Citric Acid, 0.1 M: 21.01 g/L of citric acid in water.
8. Sodium Citrate, 0.1 M: 29.41 g/L of sodium citrate dihydrate in water. 1S (USP38)
Composition of Standard Buffer Solutions
Hydrochloric Acid Buffer
Place 50 mL of the potassium chloride solution in a 200-mL volumetric flask, add the specified
volume of the hydrochloric acid solution, then add water to volume.
pH
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1 2.2
0.2 M HCl, mL
85.0 67.2 53.2 41.4 32.4 26.0 20.4 16.2 13.0 10.2 7.8
Acid Phthalate Buffer
Place 50 mL of the potassium biphthalate solution in a 200-mL volumetric flask, add the
specified volume of the hydrochloric acid solution, then add water to volume.
pH
2.2
2.4
2.6
2.8
3.0
3.2
3.4
3.6 3.8 4.0
0.2 M HCl, mL
49.5 42.2 35.4 28.9 22.3 15.7 10.4 6.3 2.9 0.1
Neutralized Phthalate Buffer
Place 50 mL of the potassium biphthalate solution in a 200-mL volumetric flask, add the
specified volume of the sodium hydroxide solution, then add water to volume.
pH
4.2 4.4 4.6
4.8
5.0
5.2
5.4
5.6
5.8
0.2 M NaOH, mL
3.0 6.6 11.1
16.5
22.6
28.8
34.1
38.8
42.3
Phosphate Buffer
Place 50 mL of the monobasic potassium phosphate solution in a 200-mL volumetric flask, add
the specified volume of the sodium hydroxide solution, then add water to volume.
pH
5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0
0.2 M NaOH, mL
3.6 5.6 8.1 11.6 16.4 22.4 29.1 34.7 39.1 42.4 44.5 46.1
Alkaline Borate Buffer
Place 50 mL of the boric acid and potassium chloride solution in a 200-mL volumetric flask, add
the specified volume of the sodium hydroxide solution, then add water to volume.
pH
8.0 8.2 8.4 8.6
8.8
9.0
9.2
9.4
9.6
9.8
10.0
0.2 M NaOH, mL
3.9 6.0 8.6 11.8 15.8 20.8 26.4 32.1 36.9 40.6 43.7
Acetate Buffer
Place the specified amount of sodium acetate NaC2 H3 O2 ·3H2 O in a 1000-mL volumetric flask,
add the specified volume of the acetic acid solution, then add water to volume, and mix.
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4.1
4.10
1.5
19.5

4.3
4.29
1.99
17.7

4.5
4.51
2.99
14.0

4.7
4.70
3.59
11.8

4.9
4.90
4.34
9.1

5.1
5.11
5.08
6.3

5.2
5.18
5.23
5.8

5.3
5.30
5.61
4.4

5.4
5.40
5.76
3.8

5.5
5.48
5.98
3.0

Citrate Buffer
Mix 0.1 M Citric acid with 0.1 M Sodium citrate in the proportions given below.
pH
3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2
0.1 M 82.0 77.5 73.0 68.5 63.5 59.0 54.0 49.5 44.5 40.0 35.0 30.5 25.5 21.0 16.0 11.5 8.0
Citric
Acid,
mL
0.1 M 18.0 22.5 27.0 31.5 36.5 41.0 46.0 50.5 55.5 60.0 65.0 69.5 74.5 79.0 84.0 88.5 92.0
Sodium
Citrate,
mL
1S (USP38)

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 6455 of the First Supplement to
USP 37.
(HDQ.)
Correspondence Number—C93610; C101356; C120629; C129280; C130687
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Add the following:
Almotriptan Tablets

T, LR

Add the following:
Anastrozole Tablets

T

1S (USP38)

1S (USP38)
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Add the following:
Metaxalone Tablets

W, LR

1S (USP38)

Add the following:
Minocycline Hydrochloride Extended-Release Tablets

T

1S (USP38)

Add the following:
Propafenone Hydrochloride Extended-Release Capsules

T

1S (USP38)

BRIEFING
Description and Relative Solubility of USP and NF Articles, page 6465 of the First
Supplement to USP 37.
(HDQ.)
Correspondence Number—C107715; C107849; C128789; C129739; C138300
Add the following:
Almotriptan Malate:
White to slightly yellow, crystalline powder. Soluble in water; slightly soluble in methanol and in
N,N-dimethylformamide; very slightly soluble in acetone, in acetonitrile, in ethanol, in ethyl
acetate, in propanol, in tetrahydrofuran, and in toluene; practically insoluble in chloroform and
in methylene chloride. 1S (USP38)
Add the following:
Glyceryl Monocaprylate:
Colorless or slightly yellow, oily liquid or semisolid. Very soluble in alcohol; freely soluble in
methylene chloride; practically insoluble in water. NF category: Lubricant; emulsifying agent.
1S (NF33)

Add the following:
Glyceryl Monocaprylocaprate:
Colorless or slightly yellow, oily liquid or semisolid. Very soluble in alcohol; freely soluble in
methylene chloride; practically insoluble in water. NF category: Lubricant; emulsifying agent.
1S (NF33)

Add the following:
Metaxalone:
White to almost-white, crystalline powder. Freely soluble in chloroform; soluble in methanol and
in alcohol; practically insoluble in ether and in water. 1S (USP38)
BRIEFING
Astragalus Root. A new dietary supplement monograph is being proposed. The liquid
chromatographic procedure in the test for Content of Isoflavonoids and Saponins is
performed using UV detection for isoflavonoids and ELSD detection for cycloartane saponins,
with the two detectors connected in series. The separation is conducted on the Agilent
Zorbax ODS brand of L1 column with 5-µm packing. Typical retention times for calycosin
7-O- -d-glucopyranoside, ononin, calycosin, astragaloside IV, astragaloside II,
formononetin, and astragaloside I are 12.3, 28.5, 34.3, 43.7, 48.1, 49.2, and 56.1 min,
respectively.
(DS: A. Bzhelyansky.)
Correspondence Number—C117009
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Comment deadline: July 31, 2014
Add the following:
Astragalus Root
DEFINITION
Astragalus Root consists of the dried root of Astragalus membranaceus (Fisch.) Bge. var.
mongholicus (Bge.) Hsiao or Astragalus membranaceus (Fisch.) Bge. (Fam. Fabaceae).
Astragalus root is typically harvested from a 2- to 3-year-old plant in early fall. It contains NLT
0.04% of cycloartane saponins and NLT 0.03% of isoflavonoids calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution A: 1 mg/mL of USP Astragaloside IV RS in methanol
Standard solution B: 2 mg/mL of USP Daidzin RS and 1 mg/mL of USP Daidzein RS in
methanol
Standard solution C: 50 mg/mL of USP Astragalus Root Dry Extract RS in methanol.
Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Heat 3 g of Astragalus Root, finely powdered, in 50 mL of methanol for
50 min under reflux. Centrifuge, withdraw the supernatant, and evaporate to dryness
under reduced pressure. Dissolve the residue in 1.0 mL of water. Transfer the resulting
solution onto a 6-mL solid-phase extraction column containing 500 mg of sorbent
previously conditioned with 3 mL of methanol and 3 mL of water.1 Wash with 15 mL of
water followed by 15 mL of 30% methanol, and discard the rinsate. Elute with 20 mL of
methanol, collect the eluate, evaporate to dryness under reduced pressure, and dissolve
the residue in 2 mL of methanol.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plate)2
Application volume: 3 µL each of Standard solution A, Standard solution B, Standard
solution C, and Sample solution as 8-mm bands
Temperature: Room temperature
Developing solvent system: Ethyl acetate, methanol, and water (100: 13.5: 10)
Derivatization reagent: 10% Sulfuric acid in methanol. [Note—Prepare fresh. Slowly and
gradually add sulfuric acid to ice-cold methanol, and mix well.]
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Chromatographic pattern: Under long-wave UV light (365 nm), following
derivatization, Standard solution A exhibits an orange band in the middle of the lower
third of the plate due to astragaloside IV, with a retardation factor (RF) of
approximately 0.15. In Standard solution B, daidzin and daidzein form bluish-grey bands
with RF of approximately 0.34 and 0.76, respectively; the proximal band is sharper,
while the distal is somewhat diffuse. In Standard solution C, four orange bands are
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seen in the lower third of the plate, corresponding to astragalosides IV, III, II, and I
with RF of approximately 0.15, 0.18, 0.24, and 0.34, respectively. The RF of the
astragaloside I band approximates that of daidzin in Standard solution B. The upper
two-thirds of the plate typically display a number of bluish, greenish, and pinkish
diffuse bands, one of which corresponds to that of daidzein in Standard solution B.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the Samples as bands and dry in air. Condition at a relative humidity of about 33%.
Develop in a saturated chamber until the solvent front has migrated over a path of 7 cm.
Air-dry, treat with Derivatization reagent, and heat for 3 min at 100 .
Acceptance criteria: Under long-wave UV light (365 nm), the Sample solution exhibits
bands corresponding in color and RF to similar bands from Standard solution C. In the lower
third of the chromatogram, a number of orange bands are present; the most prominent
ones corresponding to astragalosides I and II, with RF of approximately 0.34 and 0.24,
respectively. In the upper part of the chromatogram, a number of diffuse bands are
present, and additional weak bands may appear with respect to those seen in Standard
solution C. [Note—The root of Hedysarum polybotros, a common adulterant, does not
show orange bands corresponding to astragalosides I and II.]
• B. HPLC
Analysis: Proceed as directed in the test for Content of Isoflavonoids and Saponins.
Acceptance criteria: The Sample solution exhibits peaks at the retention times
corresponding to those of calycosin 7-O- -d-glucopyranoside, ononin, calycosin,
formononetin, astragaloside IV, astragaloside I, and astragaloside II from Standard
solution F.
COMPOSITION
• Content of Isoflavonoids and Saponins
Solution A: 0.3% Formic acid
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
15
80
20
25
68
32
35
66
34
45
55
45
55
50
50
75
25
75
80
80
20
100
80
20
Standard solution A: Prepare a composite solution containing 0.4 mg/mL of USP
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Astragaloside IV RS, 0.1 mg/mL of USP Calycosin RS, 0.2 mg/mL of USP Calycosin 7-O-d-Glucopyranoside RS, 0.05 mg/mL of USP Formononetin RS, and 0.1 mg/mL of USP
Ononin RS in methanol.
Standard solutions B, C, D, E: Prepare four consecutive two-fold serial dilutions of
Standard solution A in methanol.
Standard solution F: Sonicate 150 mg of USP Astragalus Root Dry Extract RS in 5 mL of
methanol. Pass through a nylon filter of 0.45-µm pore size, and discard the initial 1 mL of
the filtrate.
Sample solution: Accurately weigh 1.5 g of Astragalus Root reduced to fine powder, and
transfer into a 100-mL round-bottomed flask. Attach the condenser and reflux in 60 mL of
methanol for 3 h. Filter and evaporate methanol to dryness under reduced pressure.
Dissolve the residue in a small amount of methanol, and transfer quantitatively into a 5-mL
volumetric flask. Adjust with methanol to volume and mix well. Pass through a nylon filter
of 0.45-µm pore size, and discard the initial 1 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: HPLC
Detectors: UV 280 nm and ELSD, connected in series
ELSD drift tube temperature: Optimize according to the manufacturer's
recommendations to achieve optimal signal-to-noise ratio, typically 105 .
ELSD carrier gas flow: Optimize according to the manufacturer's recommendations to
achieve optimal signal-to-noise ratio, typically 2.70 L/min.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25
Flow rate: 0.8 mL/min
Injection volume: 15 µL
System suitability
Samples: Standard solutions A–E and Standard solution F
Suitability requirements
Chromatographic similarity: The chromatogram of Standard solution F is similar to
the reference chromatogram provided with the lot of USP Astragalus Root Dry Extract
RS being used.
Theoretical plates: NLT 3,000 for calycosin 7-O- -d-glucopyranoside (UV) and
astragaloside IV (ELSD) peaks, Standard solution A
Correlation coefficient: NLT 0.995 for each regression line as determined in Analysis
Analysis
Samples: Standard solutions A–F and Sample solution
Using the UV absorbance chromatograms of Standard solutions A–E, Standard solution F,
and the reference chromatogram, provided with the lot of USP Astragalus Root Dry Extract
RS being used, identify the specified isoflavonoids in the Sample solution chromatogram.
Measure the areas of the isoflavonoid peaks. Plot the areas of the relevant peak
responses against the respective concentrations (mg/mL) of each analyte in Standard
solutions A–E, and determine the equations of the resulting least-squares regression lines.
Using the equations of the relevant least-squares lines, determine the concentrations of
each specified isoflavonoid (calycosin 7-O- -d-glucopyranoside, ononin, calycosin, and
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formononetin) in the Sample solution.
Separately calculate the percentages of each isoflavonoid in the portion of Astragalus
Root taken:
Result = CI × (V/W) × 100
C=I concentration of the relevant isoflavonoid in the Sample solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Astragalus Root taken to prepare the Sample solution (mg)
Calculate the sum of percentages of isoflavonoids.
Using the ELSD chromatograms of Standard solutions A–E, Standard solution F, and the
reference chromatogram, provided with the lot of USP Astragalus Root Dry Extract RS
being used, identify all specified saponins in the Sample solution chromatogram. The
approximate relative retention times for astragalosides I and II, with respect to
astragaloside IV, are provided in Table 2.
Analyte
Astragaloside
Astragaloside
Astragaloside

Table 2
Relative Retention Time
IV
1.00
II
1.10
I
1.28

Measure the areas of the saponin peaks. Plot the logarithms of astragaloside IV peak area
responses against the logarithms of its respective concentrations (mg/mL) in Standard
solutions A–E, and determine the equation of a least-squares regression line. Using the
equation of the least-squares line for astragaloside IV, calculate the concentrations of
each specified saponin (astragaloside I, astragaloside II, and astragaloside IV) in the
Sample solution.
Separately calculate the percentages of each saponin in the portion of Astragalus Root
taken:
Result = CS × (V/W) × 100
C=
S concentration of the relevant saponin in the Sample solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Astragalus Root taken to prepare the Sample solution (mg)
Calculate the sum of percentages of saponins.
Acceptance criteria
Sum of isoflavonoids: NLT 0.03% on the dried basis
Sum of saponins: NLT 0.04% on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.5 µg/g
Cadmium: NMT 0.3 µg/g

233
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Lead: NMT 5.0 µg/g
Mercury: NMT 0.1 µg/g
• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, total combined yeasts and molds count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Astragalus Root is cylindrical, some upper branches relatively thick, 30–90
cm long, 0.5–3.5 cm in diameter. Externally pale brownish yellow or pale brown (but not
red), with irregular, longitudinal wrinkles or furrows. Texture hard and tenacious, broken
with difficulty, fracture highly fibrous and starchy; bark yellowish-white; wood pale yellow,
with radiate striations and fissures, the center part of old root occasionally looking like
rotten wood, blackish brown or hollowed.
Microscopic: The transverse section shows cork consisting of many rows of tangentially
elongated cells. Phelloderm, 3–7 rows of collenchymatous cells. Outer part of phloem rays
often curved and fissured, fibers in bundles from 6–22 µm in diameter, with longitudinal
fissures and truncate or brush-like ends. The walls are thickened and lignified or slightly
lignified, arranged alternately with sieve tube groups; stone cells sometimes visible near
phelloderm. Cambium in a ring. Xylem vessels scattered singly or 2–3 aggregated in
groups; wood fibers among vessel stone cells singly or 2–4 in groups, sometimes visible in
rays. Parenchymatous cells contain starch granules. In the longitudinal section, no solitary
calcium oxalate crystals are seen outside the fiber bundle (a distinction from Hedysarum
polybotros and other Hedysarum species, common adulterants).
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Loss on Drying 731
Sample: 1.0 g of finely powdered Astragalus Root
Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of powdered Astragalus Root
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin, Acid-Insoluble Ash
Sample: 1.0 g of powdered Astragalus Root
Acceptance criteria: NMT 1.0%

561

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 1
Sample: 2–4 g of powdered Astragalus Root
Acceptance criteria: NLT 2.0%
• Articles of Botanical Origin, Water-Soluble Extractives, Method 1
Sample: 2–4 g of powdered Astragalus Root

561

561
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Acceptance criteria: NLT 17.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards 11
USP Astragaloside IV RS
USP Astragalus Root Dry Extract RS
USP Calycosin RS
USP
USP
USP
USP
USP

Calycosin 7-O- -d-Glucopyranoside RS
Daidzein RS
Daidzin RS
Formononetin RS
Ononin RS

1S (USP38)

1 Suitable commercially available SPE columns are Bakerbond Octadecyl C .
18
2 Suitable commercially available plates are HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., part no.
1.05642.0001).

BRIEFING
Astragalus Root Dry Extract. A new dietary supplement monograph is being proposed. The
liquid chromatographic procedure in the test for Content of Isoflavonoids and Saponins is
performed using UV detection for isoflavonoids and ELSD detection for cycloartane saponins,
with the two detectors connected in series. The separation is conducted on the Agilent
Zorbax ODS brand of L1 column with 5-µm packing. Typical retention times for calycosin
7-O- -d-glucopyranoside, ononin, calycosin, astragaloside IV, astragaloside II,
formononetin, and astragaloside I are 12.3, 28.5, 34.3, 43.7, 48.1, 49.2, and 56.1 min,
respectively.
(DS: A. Bzhelyansky.)
Correspondence Number—C117014

Comment deadline: July 31, 2014
Add the following:
Astragalus Root Dry Extract
DEFINITION
Astragalus Root Dry Extract is prepared from the dried root of Astragalus membranaceus
(Fisch.) Bge. var. mongholicus (Bge.) Hsiao or Astragalus membranaceus (Fisch.) Bge. (Fam.
Fabaceae) subjected to aqueous or hydroalcoholic extraction. It contains NLT 90.0% and NMT
110.0% of the labeled amounts of cycloartane saponins and isoflavonoids calculated on the
anydrous basis. It may contain suitable substances added as carriers.
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IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution A: 1 mg/mL of USP Astragaloside IV RS in methanol
Standard solution B: 2 mg/mL of USP Daidzin RS and 1 mg/mL of USP Daidzein RS in
methanol
Standard solution C: 50 mg/mL of USP Astragalus Root Dry Extract RS in methanol.
Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: 50 mg/mL of Astragalus Root Dry Extract in methanol. Sonicate for about
10 min, centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plate)1
Application volume: 3 µL each of Standard solution A, Standard solution B, Standard
solution C, and Sample solution as 8-mm bands
Temperature: Room temperature
Developing solvent system: Ethyl acetate, methanol, and water (100: 13.5: 10)
Derivatization reagent: 10% Sulfuric acid in methanol. [Note—Prepare fresh. Slowly and
gradually add sulfuric acid to ice-cold methanol, and mix well.]
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Chromatographic pattern: Under long-wave UV light (365 nm), following
derivatization, Standard solution A exhibits an orange band in the middle of the lower
third of the plate due to astragaloside IV, with a retardation factor (RF) of
approximately 0.15. In Standard solution B, daidzin and daidzein form bluish-grey bands
with RF of approximately 0.34 and 0.76, respectively; the proximal band is sharper,
while the distal is somewhat diffuse. In Standard solution C, four orange bands are
seen in the lower third of the plate, corresponding to astragalosides IV, III, II, and I
with RF of approximately 0.15, 0.18, 0.24, and 0.34, respectively. The RF of the
astragaloside I band approximates that of daidzin in Standard solution B. The upper
two-thirds of the plate typically display a number of bluish, greenish, and pinkish
bands, one of which corresponds to that of daidzein in Standard solution B.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the Samples as bands and dry in air. Condition at a relative humidity of about 33%.
Develop in a saturated chamber until the solvent front has migrated over a path of 7 cm.
Air-dry, treat with Derivatization reagent, and heat for 5 min at 105 .
Acceptance criteria: Under long-wave UV light (365 nm), the Sample solution exhibits
bands corresponding in color and RF to similar bands from Standard solution C, at the RF
values listed in Chromatographic pattern. [Note—The extract of Hedysarum polybotros, a
common adulterant, does not show orange bands corresponding to astragalosides I and
II.]
• B. HPLC
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Analysis: Proceed as directed in the test for Content of Isoflavonoids and Saponins.
Acceptance criteria: The Sample solution exhibits peaks at the retention times
corresponding to those of calycosin 7-O- -d-glucopyranoside, ononin, calycosin,
formononetin, astragaloside IV, astragaloside I, and astragaloside II from Standard
solution F.
COMPOSITION
• Content of Isoflavonoids and Saponins
Solution A: 0.3% Formic acid
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
15
80
20
25
68
32
35
66
34
45
55
45
55
50
50
75
25
75
80
80
20
100
80
20
Standard solution A: Prepare a composite solution containing 0.4 mg/mL of USP
Astragaloside IV RS, 0.1 mg/mL of USP Calycosin RS, 0.2 mg/mL of USP Calycosin 7-O-d-Glucopyranoside RS, 0.05 mg/mL of USP Formononetin RS, and 0.1 mg/mL of USP
Ononin RS in methanol.
Standard solutions B, C, D, E: Prepare four consecutive two-fold serial dilutions of
Standard solution A in methanol.
Standard solution F: Sonicate 150 mg of USP Astragalus Root Dry Extract RS in 5 mL of
methanol. Pass through a nylon filter of 0.45-µm pore size, and discard the initial 1 mL of
the filtrate.
Sample solution: Accurately weigh 150 mg of Astragalus Root Dry Extract, and transfer
quantitatively into a 5-mL volumetric flask. Adjust with methanol to volume and mix well.
Pass through a nylon filter of 0.45-µm pore size, and discard the initial 1 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: HPLC
Detectors: UV 280 nm and ELSD, connected in series
ELSD drift tube temperature: Optimize according to the manufacturer's
recommendations to achieve optimal signal-to-noise ratio, typically 105 .
ELSD carrier gas flow: Optimize according to the manufacturer's recommendations to
achieve optimal signal-to-noise ratio, typically 2.70 L/min.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25
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Flow rate: 0.8 mL/min
Injection volume: 15 µL
System suitability
Samples: Standard solutions A–E and Standard solution F
Suitability requirements
Chromatographic similarity: The chromatogram of Standard solution F is similar to
the reference chromatogram provided with the lot of USP Astragalus Root Dry Extract
RS being used.
Theoretical plates: NLT 3,000 for calycosin 7-O- -d-glucopyranoside (UV) and
astragaloside IV (ELSD) peaks, Standard solution A
Correlation coefficient: NLT 0.995 for each regression line as determined in Analysis
Analysis
Samples: Standard solutions A–F and Sample solution
Using the UV absorbance chromatograms of Standard solutions A–E, Standard solution F,
and the reference chromatogram, provided with the lot of USP Astragalus Root Dry Extract
RS being used, identify the specified isoflavonoids in the Sample solution chromatogram.
Measure the areas of the isoflavonoid peaks. Plot the areas of the relevant peaks against
the respective concentrations (mg/mL) of each analyte in Standard solutions A–E, and
determine the equations of the resulting least-squares regression lines.
Using the equations of the relevant least-squares lines, determine the concentrations of
each specified isoflavonoid (calycosin 7-O- -d-glucopyranoside, ononin, calycosin, and
formononetin) in the Sample solution.
Separately calculate the percentages of each isoflavonoid in the portion of Astragalus
Root Dry Extract taken:
Result = CI × (V/W) × 100
C=I concentration of the relevant isoflavonoid in the Sample solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Astragalus Root Dry Extract taken to prepare the Sample solution (mg)
Calculate the sum of percentages of isoflavonoids.
Calculate the percentage of the labeled amount of isoflavonoids in the portion of
Astragalus Root Dry Extract taken:
Result = (P/L) × 100
P= sum of percentages of isoflavonoids in the Astragalus Root Dry Extract, as calculated
above (%)
L= labeled amount of isoflavonoids in the Astragalus Root Dry Extract (%)
Using the ELSD chromatograms of Standard solutions A–E, Standard solution F, and the
reference chromatogram, provided with the lot of USP Astragalus Root Dry Extract RS
being used, identify all specified saponins in the Sample solution chromatogram. The
approximate relative retention times for astragalosides I and II, with respect to
astragaloside IV, are provided in Table 2.
Table 2
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Analyte
Relative Retention Time
Astragaloside IV
1.00
Astragaloside II
1.10
Astragaloside I
1.28
Measure the areas of the saponin peaks. Plot the logarithms of astragaloside IV peak area
responses against the logarithms of its respective concentrations (mg/mL) in Standard
solutions A–E, and determine the equation of a least-squares regression line. Using the
equation of the least-squares line for astragaloside IV, calculate the concentrations of
each specified saponin (astragaloside I, astragaloside II, and astragaloside IV) in the
Sample solution.
Separately calculate the percentages of each saponin in the portion of Astragalus Root
Dry Extract taken:
Result = CS × (V/W) × 100
C=
S concentration of the relevant saponin in the Sample solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Astragalus Root Dry Extract taken to prepare the Sample solution (mg)
Calculate the sum of percentages of saponins.
Calculate the percentage of the labeled amount of saponins in the portion of Astragalus
Root Dry Extract taken:
Result = (P/L) × 100
P= sum of percentages of saponins in Astragalus Root Dry Extract, as calculated above (%)
L= labeled amount of saponins in Astragalus Root Dry Extract (%)
Acceptance criteria
Sum of isoflavonoids: 90.0%–110.0% of the labeled amounts of isoflavonoids on the
anhydrous basis
Sum of saponins: 90.0%–110.0% of the labeled amounts of saponins on the anhydrous
basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.5 µg/g
Cadmium: NMT 0.3 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.1 µg/g

233

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, total combined yeasts and molds count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
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SPECIFIC TESTS
• Residue on Ignition 281
Sample: 1.0 g of Astragalus Root Dry Extract
Acceptance criteria: NMT 5.0%
• Botanical Extracts, Residual Solvents

565 : Meets the requirements

• Water Determination, Method Ia 921
Acceptance criteria: NMT 6.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards 11
USP Astragaloside IV RS
USP Astragalus Root Dry Extract RS
USP Calycosin RS
USP
USP
USP
USP
USP

Calycosin 7-O- -d-Glucopyranoside RS
Daidzein RS
Daidzin RS
Formononetin RS
Ononin RS

1S (USP38)

1 Suitable commercially available plates are HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., part no.
1.05642.0001).

BRIEFING
Astragalus Root Powder. A new dietary supplement monograph is being proposed. The liquid
chromatographic procedure in the test for Content of Isoflavonoids and Saponins is
performed using UV detection for isoflavonoids and ELSD detection for cycloartane saponins,
with the two detectors connected in series. The separation is conducted on the Agilent
Zorbax ODS brand of L1 column with 5-µm packing. Typical retention times for calycosin
7-O- -d-glucopyranoside, ononin, calycosin, astragaloside IV, astragaloside II,
formononetin, and astragaloside I are 12.3, 28.5, 34.3, 43.7, 48.1, 49.2, and 56.1 min,
respectively.
(DS: A. Bzhelyansky.)
Correspondence Number—C117011

Comment deadline: July 31, 2014
Add the following:
Astragalus Root Powder
DEFINITION
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Astragalus Root Powder consists of the dried root of Astragalus membranaceus (Fisch.) Bge.
var. mongholicus (Bge.) Hsiao or Astragalus membranaceus (Fisch.) Bge. (Fam. Fabaceae)
reduced to powder or very fine powder. Astragalus root is typically harvested from a 2- to 3year-old plant in early fall. It contains NLT 0.04% of cycloartane saponins and NLT 0.03% of
isoflavonoids calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution A: 1 mg/mL of USP Astragaloside IV RS in methanol
Standard solution B: 2 mg/mL of USP Daidzin RS and 1 mg/mL of USP Daidzein RS in
methanol
Standard solution C: 50 mg/mL of USP Astragalus Root Dry Extract RS in methanol.
Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Heat 3 g of Astragalus Root Powder in 50 mL of methanol for 50 min
under reflux. Centrifuge, withdraw the supernatant, and evaporate to dryness under
reduced pressure. Dissolve the residue in 1.0 mL of water. Transfer the resulting solution
onto a 6-mL solid-phase extraction column containing 500 mg of sorbent previously
conditioned with 3 mL of methanol and 3 mL of water.1 Wash with 15 mL of water followed
by 15 mL of 30% methanol, and discard the rinsate. Elute with 20 mL of methanol, collect
the eluate, evaporate to dryness under reduced pressure, and dissolve the residue in 2 mL
of methanol.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plate)2
Application volume: 3 µL each of Standard solution A, Standard solution B, Standard
solution C, and Sample solution as 8-mm bands
Temperature: Room temperature
Developing solvent system: Ethyl acetate, methanol, and water (100: 13.5: 10)
Derivatization reagent: 10% Sulfuric acid in methanol. [Note—Prepare fresh. Slowly and
gradually add sulfuric acid to ice-cold methanol, and mix well.]
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Chromatographic pattern: Under long-wave UV light (365 nm), following
derivatization, Standard solution A exhibits an orange band in the middle of the lower
third of the plate due to astragaloside IV, with a retardation factor (RF) of
approximately 0.15. In Standard solution B, daidzin and daidzein form bluish-grey bands
with RF of approximately 0.34 and 0.76, respectively; the proximal band is sharper,
while the distal is somewhat diffuse. In Standard solution C, four orange bands are
seen in the lower third of the plate, corresponding to astragalosides IV, III, II, and I
with RF of approximately 0.15, 0.18, 0.24, and 0.34, respectively. The RF of the
astragaloside I band approximates that of daidzin in Standard solution B. The upper
two-thirds of the plate typically display a number of bluish, greenish, and pinkish
diffuse bands, one of which corresponds to that of daidzein in Standard solution B.
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Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the Samples as bands and dry in air. Condition at a relative humidity of about 33%.
Develop in a saturated chamber until the solvent front has migrated over a path of 7 cm.
Air-dry, treat with Derivatization reagent, and heat for 3 min at 100 .
Acceptance criteria: Under long-wave UV light (365 nm), the Sample solution exhibits
bands corresponding in color and RF to similar bands from Standard solution C. In the lower
third of the chromatogram, a number of orange bands are present; the most prominent
ones corresponding to astragalosides I and II, with RF of approximately 0.34 and 0.24,
respectively. In the upper part of the chromatogram, a number of diffuse bands are
present, and additional weak bands may appear with respect to those seen in Standard
solution C. [Note—The root of Hedysarum polybotros, a common adulterant, does not
show orange bands corresponding to astragalosides I and II.]
• B. HPLC
Analysis: Proceed as directed in the test for Content of Isoflavonoids and Saponins.
Acceptance criteria: The Sample solution exhibits peaks at the retention times
corresponding to those of calycosin 7-O- -d-glucopyranoside, ononin, calycosin,
formononetin, astragaloside IV, astragaloside I, and astragaloside II from Standard
solution F.
COMPOSITION
• Content of Isoflavonoids and Saponins
Solution A: 0.3% Formic acid
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
15
80
20
25
68
32
35
66
34
45
55
45
55
50
50
75
25
75
80
80
20
100
80
20
Standard solution A: Prepare a composite solution containing 0.4 mg/mL of USP
Astragaloside IV RS, 0.1 mg/mL of USP Calycosin RS, 0.2 mg/mL of USP Calycosin 7-O-d-Glucopyranoside RS, 0.05 mg/mL of USP Formononetin RS, and 0.1 mg/mL of USP
Ononin RS in methanol.
Standard solutions B, C, D, E: Prepare four consecutive two-fold serial dilutions of
Standard solution A in methanol.
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Standard solution F: Sonicate 150 mg of USP Astragalus Root Dry Extract RS in 5 mL of
methanol. Pass through a nylon filter of 0.45-µm pore size, and discard the initial 1 mL of
the filtrate.
Sample solution: Accurately weigh 1.5 g of Astragalus Root Powder, and transfer into a
100-mL round-bottomed flask. Attach the condenser and reflux in 60 mL of methanol for 3
h. Filter and evaporate methanol to dryness under reduced pressure, dissolve the residue
in a small amount of methanol, and transfer quantitatively into a 5-mL volumetric flask.
Adjust with methanol to volume and mix well. Pass through a nylon filter of 0.45-µm pore
size, and discard the initial 1 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: HPLC
Detectors: UV 280 nm and ELSD, connected in series
ELSD drift tube temperature: Optimize according to the manufacturer's
recommendations to achieve optimal signal-to-noise ratio, typically 105 .
ELSD carrier gas flow: Optimize according to the manufacturer's recommendations to
achieve optimal signal-to-noise ratio, typically 2.70 L/min.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25
Flow rate: 0.8 mL/min
Injection volume: 15 µL
System suitability
Samples: Standard solutions A–E and Standard solution F
Suitability requirements
Chromatographic similarity: The chromatogram of Standard solution F is similar to
the reference chromatogram provided with the lot of USP Astragalus Root Dry Extract
RS being used.
Theoretical plates: NLT 3,000 for calycosin 7-O- -d-glucopyranoside (UV) and
astragaloside IV (ELSD) peaks, Standard solution A
Correlation coefficient: NLT 0.995 for each regression line as determined in Analysis
Analysis
Samples: Standard solutions A–F and Sample solution
Using the UV absorbance chromatograms of Standard solutions A–E, Standard solution F,
and the reference chromatogram, provided with the lot of USP Astragalus Root Dry Extract
RS being used, identify the specified isoflavonoids in the Sample solution chromatogram.
Measure the areas of the isoflavonoid peaks. Plot the areas of the relevant peaks against
the respective concentrations (mg/mL) of each analyte in Standard solutions A–E, and
determine the equations of the resulting least-squares regression lines.
Using the equations of the relevant least-squares lines, determine the concentrations of
each specified isoflavonoid (calycosin 7-O- -d-glucopyranoside, ononin, calycosin, and
formononetin) in the Sample solution.
Separately calculate the percentages of each isoflavonoid in the portion of Astragalus
Root Powder taken:
Result = CI × (V/W) × 100
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C=I concentration of the relevant isoflavonoid in the Sample solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Astragalus Root Powder taken to prepare the Sample solution (mg)
Calculate the sum of percentages of isoflavonoids.
Using the ELSD chromatograms of Standard solutions A–E, Standard solution F, and the
reference chromatogram, provided with the lot of USP Astragalus Root Dry Extract RS
being used, identify all specified saponins in the Sample solution chromatogram. The
approximate relative retention times for astragalosides I and II, with respect to
astragaloside IV, are provided in Table 2.
Analyte
Astragaloside
Astragaloside
Astragaloside

Table 2
Relative Retention Time
IV
1.00
II
1.10
I
1.28

Measure the areas of the saponin peaks. Plot the logarithms of astragaloside IV peak area
responses against the logarithms of its respective concentrations (mg/mL) in Standard
solutions A–E, and determine the equation of least-squares regression line. Using the
equation of the least-squares line for astragaloside IV, calculate the concentrations of
each specified saponin (astragaloside I, astragaloside II, and astragaloside IV) in the
Sample solution.
Separately calculate the percentages of each saponin in the portion of Astragalus Root
Powder taken:
Result = CS × (V/W) × 100
C=
S concentration of the relevant saponin in the Sample solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Astragalus Root Powder taken to prepare the Sample solution (mg)
Calculate the sum of percentages of saponins.
Acceptance criteria
Sum of isoflavonoids: NLT 0.03% on the dried basis
Sum of saponins: NLT 0.04% on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.5 µg/g
Cadmium: NMT 0.3 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.1 µg/g

233

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets
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• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, total combined yeasts and molds count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: White to pale-yellow powder, splintery and fibrous
Microscopic: Fibers occur in bundles or scattered, 3–30 µm in diameter, walls thickened,
the primary walls often separated from secondary, with longitudinal fissures and truncate
or brush-like ends, polychromatic in polarized light. Stone cells occasionally visible,
subrounded, oblong or irregular, slightly thick-walled, bright yellowish-white in polarized
light. Cork cells irregular or polygonal, sometimes with sinuous anticlinal walls. In
Astragalus membranaceus (Fisch.) Bge. var. mongholicus (Bge.) Hsiao, reticulated
vessels abundant, bordered-pitted vessels few, 16–150 µm in diameter. In Astragalus
membranaceus (Fisch.) Bge., bordered-pitted vessels abundant, bordered pits arranged
closely, up to 200 µm in diameter. Simple starch granules spheroidal or ellipsoid, 3–23 µm
in diameter, with visible linear or punctate hilum. Occasional compound starch granules
composed of 2–4 components. Observed in polarized light, starch granules are black and
cruciate. Calcium oxalate crystals are absent.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Loss on Drying 731
Sample: 1.0 g of Astragalus Root Powder
Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Astragalus Root Powder
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin, Acid-Insoluble Ash
Sample: 1.0 g of Astragalus Root Powder
Acceptance criteria: NMT 1.0%

561

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 1
Sample: 2–4 g of Astragalus Root Powder
Acceptance criteria: NLT 2.0%
• Articles of Botanical Origin, Water-Soluble Extractives, Method 1
Sample: 2–4 g of Astragalus Root Powder
Acceptance criteria: NLT 17.0%

561

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
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• USP Reference Standards 11
USP Astragaloside IV RS
USP Astragalus Root Dry Extract RS
USP Calycosin RS
USP
USP
USP
USP
USP

Calycosin 7-O- -d-Glucopyranoside RS
Daidzein RS
Daidzin RS
Formononetin RS
Ononin RS

1S (USP38)

1 Suitable commercially available SPE columns are Bakerbond Octadecyl C .
18
2 Suitable commercially available plates are HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., part no.
1.05642.0001).

BRIEFING
Bacillus subtilis subsp. subtilis Menaquinone-7 Extract. Because there is no existing USP
monograph for this dietary ingredient extract, a new monograph is proposed. The liquid
chromatographic procedure in the test for Content of Menaquinone-7 and Menaquinone-6 is
based on analyses performed with the Phenomenex Kinetex C18 100A brand of L1 column.
The typical retention times for menaquinone-6 and menaquinone-7 are 3.7 and 4.6 min,
respectively. The liquid chromatographic procedure in the test for Isomeric Purity is based
on analyses performed with the YMC Carotenoid brand of L62 column. Typical retention
times for the all-trans isomer and cis-isomer are 18.7 and 20.4 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C133225

Comment deadline: July 31, 2014
Add the following:
Bacillus subtilis
subsp. subtilis Menaquinone-7 Extract
DEFINITION
Bacillus subtilis subsp. subtilis Menaquinone-7 Extract is the product obtained by supercritical
carbon dioxide (CO2 ) extraction of cultures of Bacillus subtilis subsp. subtilis strains that are
capable of fermenting soybean protein isolate (soybean peptone) from soybeans to produce
natto. The Extract is a brown oil, consisting mainly of fat (>97%), that contains NLT 1.5% and
NMT 5.0% of menaquinone-7 (C46 H64 O2 ), and NLT 0.014% and NMT 0.15% of menaquinone-6.
It contains no organic solvents.
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution: Transfer 10 mg of USP Menaquinone-7 RS into a 10-mL volumetric
flask, and add 1 mL of tetrahydrofuran. Dissolve and dilute with the same solvent to
volume.
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Sample solution: Transfer 1.0 g of Extract to a 10-mL volumetric flask, and add 8 mL of
tetrahydrofuran. Shake and allow the mixture to settle, centrifuge if necessary, and use
the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Nano silica gel F 254 for HPTLC1
Application volume: 5 µL
Developing solvent system: Hexane and ethyl acetate (95:5)
Spray reagent: Transfer 0.2 g of cerium sulphate and 4.2 g of ammonium molybdate into
a 100-mL volumetric flask. Dissolve with 6.6 mL of 98% (w/w) sulphuric acid, dilute with
deionized water to volume, and stir to complete dissolution. Cool, and store the solution
at 0 . Allow the spray reagent to achieve room temperature before use.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram in the developing solvent system until the solvent front has
moved about three-fourths the length of the plate. Remove the plate from the chamber,
and air-dry. Examine the plate under visible light and short-wave UV light, and record the
spots. Spray the plate with the Spray reagent, and heat at 100 –110 for 5 min. Examine
the plate under white light, and record the spots.
Acceptance criteria: Under visible light and short-wave UV light, the spots from the
Sample solution correspond in color (light yellow), shape, and RF value to those from the
Standard solution. After applying the Spray reagent, under white light, the spots from the
Sample solution correspond in color (dark blue), shape, and RF value to those from the
Standard solution. [Note—The Sample solution should also contain intense spots at lower
RF values due to the brown oil and its components.]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Content of Menaquinone-7 and Menaquinone6.
COMPOSITION
• Content of Menaquinone-7 and Menaquinone-6
[Note—Use low-actinic glassware.]
Mobile phase: Dehydrated alcohol and water (97:3)
[Note—Protect the following Standard solution and Sample solution from light, and inject
immediately after preparation.]
Standard solution: Transfer 25 mg of USP Menaquinone-7 RS into a 50-mL volumetric
flask, add 1 mL of tetrahydrofuran, and dilute with dehydrated alcohol to volume. Transfer
5.0 mL of this solution into a 25-mL volumetric flask, and dilute with dehydrated alcohol to
volume.
Sample solution: Transfer 100 mg of Extract, accurately weighed, to a 25-mL volumetric
flask, and add 2 mL of tetrahydrofuran. Dissolve and dilute with dehydrated alcohol to
volume. Pass this solution through a filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
Column temperature: 25
Flow rate: 0.7 mL/min
Injection volume: 10 µL
Run time: At least 3 times the retention time of menaquinone-7
System suitability
Sample: Standard solution
[Note—The relative retention times for menaquinone-6 and menaquinone-7 are 0.81 and
1.00, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0% for six replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of menaquinone-7 (C46 H64 O2 ) in the portion of Extract taken:
Result = (rU7/rS) × (CS/CU) × 100
rU7
= peak response of menaquinone-7 from the Sample solution
rS= peak response of menaquinone-7 from the Standard solution
CS= concentration of USP Menaquinone-7 RS in the Standard solution (mg/mL)
CU= concentration of Extract in the Sample solution (mg/mL)
Calculate the percentage of menaquinone-6 (C41 H56 O2 ) in the portion of Extract taken:
Result = (rU6/rS) × (CS/CU) × 100
r=
U6peak response of menaquinone-6 from the Sample solution
r=
S peak response of menaquinone-7 from the Standard solution
C=S concentration of USP Menaquinone-7 RS in the Standard solution (mg/mL)
C=U concentration of Extract in the Sample solution (mg/mL)
Acceptance criteria
Menaquinone-7: 1.5%–5.0%
Menaquinone-6: 0.014%–0.15%
IMPURITIES
• Elemental Impurities—Procedures 233
Acceptance criteria
Arsenic: NMT 2.0 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 3.0 µg/g
Mercury: NMT 0.1 µg/g
• Isomeric Purity
Mobile phase: Methanol, tetrahydrofuran, dehydrated alcohol, and water (80:10:15:1)
Sample solution
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[Note—Protect the solution from light, and inject immediately after preparation.]
Transfer 100 mg of Extract into a 25-mL volumetric flask, and add 2 mL of tetrahydrofuran.
Dissolve and dilute with dehydrated alcohol to volume. Pass through a filter of 0.45-µm
pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 25-cm; 5-µm packing L62
Column temperature: 25
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Sample solution
[Note—The relative retention times for all-trans-menaquinone-7 and cis-menaquinone-7
are 1.0 and 1.1, respectively. The retention time for all-trans-menaquinone-7 is about
19 min.]
Suitability requirements
Resolution: NLT 1.5 between all-trans-menaquinone-7 and cis-menaquinone-7
Analysis
Sample: Sample solution
Calculate the percentage of cis-menaquinone-7 in the portion of Extract taken:
Result = [(rC /(rT + rC)] × 100
r=
C peak response of cis-menaquinone-7 from the Sample solution
r=
T peak response of all-trans-menaquinone-7 from the Sample solution
Acceptance criteria: NMT 2.0%
SPECIFIC TESTS
• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 103
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species, Staphylococcus aureus, and Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in a tight container, in a cool and dry place. Protect from
light.
• Labeling: The label states the name and content of any carriers and antioxidants added to
the material, and the content of menaquinone-7. The label also states that menaquinone-7
is a form of vitamin K.
• USP Reference Standards
USP Menaquinone-7 RS
1S (USP38)

11
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1 Suitable nano silica gel F
254 on HPTLC plates are available from Sigma-Aldrich, Fluka # 09916-25EA.

BRIEFING
Excipients, USP and NF Excipients, Listed by Functional Category, page 6549 of the
First Supplement to USP 37 and PF (39(6) [Nov.–Dec. 2013]. It is proposed to add Glyceryl
Monocaprylate and Glyceryl Monocaprylocaprate to the Emulsifying Agent and Lubricant
categories to complement the proposed new monographs for Glyceryl Monocaprylate and
Glyceryl Monocaprylocaprate, which also appear in this issue of PF.
(EXC: H. Wang.)

Correspondence Number—C107715; C107849

In the following reference table, the grouping of excipients by functional category is intended
to summarize commonly identified purposes that these excipients serve in drug product
formulations. The association of a functional category with a particular dosage form in this
table is not absolute and does not limit the use of an excipient to a single type of dosage form
or delivery system.
Change to read:
Emulsifying Agent
Glyceryl Monocaprylate

1S (NF33)

Glyceryl Monocaprylocaprate

1S (NF33)

Change to read:
Lubricant
Glyceryl Monocaprylate

1S (NF33)

Glyceryl Monocaprylocaprate

1S (NF33)

BRIEFING
Ethyl Acetate, NF 32 page 5976. As part of the USP monograph modernization effort and to
align with the Identification test in the corresponding monograph in the Food Chemical
Codex (FCC), Eighth Edition, it is proposed to make the following revisions.
1.
Replace the current Identification test A based on the organoleptic and visual detection
with the identification test based on Infrared Absorption 197F . This test requires
the use of USP Ethyl Acetate RS.
2.
Add a USP Reference Standards section, and add USP Ethyl Acetate RS.
Additional work is being done to develop and validate a capillary gas chromatographic method
that will replace the titrimetric Assay and the packed column Chromatographic Purity tests.
The results of the method development work will be reflected in a subsequent monograph
revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: G. Holloway.)
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Correspondence Number—C142331

Comment deadline: July 31, 2014
Ethyl Acetate

C4 H8 O2

88.11

Acetic acid, ethyl ester;
Ethyl acetate
[141-78-6].
DEFINITION
Ethyl Acetate contains NLT 99.0% and NMT 100.5% of ethyl acetate (C4 H8 O2 ).
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197F 1S (NF33)
It is readily volatilized, even at low temperatures, and is flammable. When burned, a yellow
flame and acetous odor are produced.
1S (NF33)

ASSAY
• Procedure
Sample: Weigh 1.5 g of Ethyl Acetate in a stoppered weighing bottle.
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
Titrant: 0.5 N sodium hydroxide VS
Back-titrant: 0.5 N hydrochloric acid VS
Blank: 50 mL of 0.5 N sodium hydroxide VS, accurately measured
Endpoint detection: Visual
Analysis: Transfer the Sample to a suitable flask. Add 50.0 mL of 0.5 N sodium hydroxide
VS, and heat on a steam bath under a reflux condenser for 1 h. Allow to cool, and add
phenolphthalein TS. Titrate the excess sodium hydroxide with 0.5 N hydrochloric acid VS.
Perform a Blank determination.
Calculate the percentage of ethyl acetate (C4 H8 O2 ) in the Ethyl Acetate taken:
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Result = {[(VB

VS) × N × F ]/W} × 100

V=
B Back-titrant volume consumed by the Blank (mL)
V=
S Back-titrant volume consumed by the Sample (mL)
N= actual normality of the Back-titrant (mEq/mL)
F= equivalency factor for ethyl acetate, 88.1 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 99.0%–100.5%
IMPURITIES
• Limit of Nonvolatile Residue
Sample: Ethyl Acetate
Analysis: Evaporate the Sample in a tared porcelain dish on a steam bath, and dry at 105
for 1 h.
Acceptance criteria: NMT 0.02%
• Limit of Methyl Compounds
Sample: 20 mL of Ethyl Acetate
Analysis: Place the Sample in a 500-mL separator. Add a solution of 20 g of sodium
hydroxide in 50 mL of water, and insert the stopper in the separator. Wrap it securely in a
towel for protection against the heat of the reaction. Shake the mixture vigorously for
about 5 min, cautiously opening the stopcock from time to time to permit the escape of
air. Continue shaking vigorously until a homogeneous liquid results, then distill, and collect
about 25 mL of the distillate. To 0.05 mL of the distillate add 1 drop of dilute phosphoric
acid (1 in 20) and 1 drop of potassium permanganate solution (1 in 20). Mix, allow to
stand for 1 min, and add sodium bisulfite solution (1 in 20), dropwise, until the
permanganate color is discharged. If a brown color remains, add 1 drop of the dilute
phosphoric acid. To the colorless solution add 5 mL of freshly prepared chromotropic acid
TS, and heat on a steam bath at 60 for 10 min.
Acceptance criteria: No violet color appears.
• Chromatographic Purity
System suitability solution: Chloroform, ethyl acetate, isobutyl acetate, and n-butyl
acetate (3:1:1:1)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 1.8-m × 4-mm; support S11
Column temperature: See Table 1.
Table 1
Initial
Temperature
( )
115
115

Ramp
( /min)
—
16

Final
Temperature
( )
115
200

Hold Time
at Final
Temperature
(min)
6
15

PF 40(3): May-Jun. 2014

287

System suitability
Sample: 0.1 µL of System suitability solution
[Note—The relative retention times for chloroform, ethyl acetate, isobutyl acetate, and nbutyl acetate are 0.9, 1.0, 2.7, and 2.8, respectively.]
Suitability requirements
Resolution: NLT 1.3 between the chloroform and ethyl acetate peaks; NLT 1.5
between the isobutyl acetate and n-butyl acetate peaks
Tailing factor: NMT 1.5 for the ethyl acetate peak
Analysis
Sample: Ethyl Acetate (neat)
Inject about 0.06 µL using a 1-µL syringe.
Acceptance criteria: The area of the ethyl acetate peak is NLT 99.5% of the sum of the
areas of all the peaks.
SPECIFIC TESTS
• Acidity
Sample solution: 2.0 mL of Ethyl Acetate in 10 mL of neutralized alcohol
Analysis: Add 2 drops of phenolphthalein TS to the Sample solution. Neutralize with 0.10 N
sodium hydroxide.
Acceptance criteria: NMT 0.10 mL of 0.10 N sodium hydroxide is required.
• Readily Carbonizable Substances Test 271
Sample: 2 mL of Ethyl Acetate
Analysis: Add the Sample carefully to 10 mL of sulfuric acid to form separate layers.
Acceptance criteria: No dark zone is developed within 15 min.
• Specific Gravity

841 : 0.894–0.898

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and avoid exposure to excessive
heat.
Add the following:
• USP Reference Standards
USP Ethyl Acetate RS

11

1S (NF33)

BRIEFING
Glyceryl Monocaprylate. Because there is no existing NF monograph for this excipient, a new
monograph is proposed based on validated methods of analysis. The test for Fatty Acid
Composition is based on a GC method of analysis performed with the Restek Rtx-Wax brand
of 0.53-mm × 30-m capillary column bonded with a 1.0-µm layer of G16. The typical
retention times for methyl caproate, methyl caprylate, methyl caprate, methyl laurate, and
methyl myristate are about 2.8, 4.1, 5.4, 6.6, and 7.8 min, respectively. The test for
Content of Monoglycerides, Diglycerides, and Triglycerides is based on a GC method of
analysis performed with the Optima 5 (HP-5 or CP Sil 8) brand of 0.32-mm × 10-m column
bonded with a 0.1-µm layer of G27. The typical retention times for monoglycerides,
diglycerides, and triglycerides are 13–16, 19–25, and 25.5–30 min, respectively. Interested
parties are encouraged to comment on the proposal.
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(EXC: H. Wang.)
Correspondence Number—C107715

Comment deadline: July 31, 2014
Add the following:
Glyceryl Monocaprylate

C11 H22 O4

218.29

Octanoic acid, monoester with 1,2,3-propanetriol;
Caprylic acid monoglyceride;
Glyceryl monooctanoate;
Monocapryl glyceride
[26402-26-6].
DEFINITION
Glyceryl Monocaprylate is a mixture of glyceryl monoesters, mainly mono-O-octanoylglycerol,
containing variable quantities of diesters and triesters of fatty acids composed predominately of
caprylic acid. The requirements for monoester, diester, and triester content differ for the two
types of Glyceryl Monocaprylate, as set forth in the accompanying table:
Content of Monoesters
(%)
Type I
Type II

Min.
40.0
75.1

Max.
75.0
—

Content of Diesters
(%)
Min.
20.0
—

Max.
50.0
24.9

Content of Triesters
(%)
Min.
—
—

Max.
15.0
5.0

IDENTIFICATION
• A. Fatty Acid Composition
Boron trifluoride methanol solution: 140 mg/mL of boron trifluoride in methanol
Saturated sodium chloride solution: Mix 1 part sodium chloride with 2 parts water, shake
from time to time, and allow to stand. Before use, decant the solution from any
undissolved substance and filter, if necessary.
Standard solution 1: 1.0 mg/mL of USP Methyl Caproate RS, 1.0 mg/mL of USP Methyl
Caprylate RS, and 2.0 mg/mL of USP Methyl Caprate RS in n-heptane
Standard solution 2: 0.1 mg/mL of USP Methyl Caproate RS, 0.1 mg/mL of USP Methyl
Caprylate RS, and 0.2 mg/mL of USP Methyl Caprate RS in n-heptane, diluted from
Standard solution 1
Standard solution 3: Prepare an ester mixture either by mixing a commercially available
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ester mixture with methyl caprylate and methyl caprate or by using USP Methyl Caproate
RS, USP Methyl Caprylate RS, USP Methyl Caprate RS, USP Methyl Laurate RS, and USP
Methyl Myristate RS. Dissolve a quantity of the prepared ester mixture containing methyl
caproate, methyl caprylate, methyl caprate, methyl laurate, and methyl myristate in nheptane to make a solution of about 9.0 mg/mL for methyl caprylate, 1.0 mg/mL for
methyl caprate, and 0.05–0.1 mg/mL for each of the other methyl esters.
Sample solution: Transfer 100 mg of Glyceryl Monocaprylate to a 25-mL conical flask
fitted with a suitable water-cooled reflux condenser and a magnetic stir bar. Add 2 mL of
a 20-mg/mL solution of sodium hydroxide in methanol, mix, and reflux for about 30 min.
Add 2 mL of Boron trifluoride methanol solution through the condenser, and reflux for
about 30 min. Add 4 mL of n-heptane through the condenser and reflux for 5 min. Cool,
remove the condenser, add about 10 mL of Saturated sodium chloride solution, shake,
add a quantity of Saturated sodium chloride solution to bring the upper layer up to the
neck of the flask, and allow the layers to separate. Collect 2 mL of the n-heptane layer
(upper layer), wash with three quantities each of 2 mL of water, and dry the n-heptane
phase over anhydrous sodium sulfate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m capillary bonded with a 1.0-µm layer of phase G16
Temperatures
Injection port: 250
Detector: 250
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
50
20
180
—
180
9
240
12
Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 2 µL
Injection type: Split injection, split ratio is 4:1
System suitability
Samples: Standard solution 1 and Standard solution 2
[Note—The relative retention times for methyl caproate, methyl caprylate, and methyl
caprate are about 0.7, 1.0, and 1.3, respectively.]
Suitability requirements
Resolution: NLT 4.0 between methyl caprylate and methyl caprate peaks, Standard
solution 1
Signal-to-noise ratio: NLT 10 for the methyl caproate peak, Standard solution 2
Analysis
Samples: Standard solution 3 and Sample solution
Measure the peak areas for the methyl esters of the fatty acids. Disregard any peaks
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with an area less than 0.05% of the total area and any peak due to the solvent. [Note
—Relative retention times for several methyl esters are summarized in Table 2.]
Table 2
Carbon-Chain Length Number of Double Bonds Relative Retention Times
6
0
0.7
8
0
1.0
10
0
1.3
12
0
1.6
14
0
1.9
Take the main component in Standard solution 3 as a reference component and
calculate the calibration factor, F FA, for each fatty acid methyl ester:
F FA = (F MC × PFA1 × AMC)/(PMC × AFA1)
F MC= factor for the main component, 1
PFA1= percentage by weight of the fatty acid methyl ester in Standard solution 3
AMC= peak area for the main component in Standard solution 3
PMC= percentage by weight of the main component in Standard solution 3
AFA1
= peak area for the fatty acid methyl ester in Standard solution 3
Calculate the percentage of the fatty acid methyl ester by weight in the portion of
Glyceryl Monocaprylate taken:
Result = [(AFA2 × F FA)/AT] × 100
AFA2
= peak area for the fatty acid methyl ester in the Sample solution
AT = sum of the peak areas for the fatty acid methyl esters in the Sample solution
Acceptance criteria: Glyceryl Monocaprylate exhibits the composition profile of fatty acids
shown in Table 3.
Table 3
Carbon-Chain Length Number of Double Bonds
6
0

Percentage
(%, w/w)
1.0

8

0

90.0

10

0

10.0

12

0

1.0

14

0

0.5

• B. Glyceride Content: It meets the requirements of the test for Contents of
Monoglycerides, Diglycerides, and Triglycerides in the Assay.
• C. Fats and Fixed Oils, Saponification Value 401
Glyceryl Monocaprylate Type I: 275–300
Glyceryl Monocaprylate Type II: 245–265
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ASSAY
• Contents of Monoglycerides, Diglycerides, and Triglycerides
System suitability solution: 20 mg/mL each of 1-monooctanoyl-rac-glycerol and 1monodecanoyl-rac-glycerol in tetrahydrofuran
Standard solution: 50 mg/mL of USP Glyceryl Monocaprylate RS in tetrahydrofuran
Sample solution: 50 mg/mL of Glyceryl Monocaprylate in tetrahydrofuran
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 10-m bonded with a 0.1-µm layer of phase G27
Temperatures
Injection port: 350
Detector: 370
Column: See Table 4.
Table 4
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
60
—
60
3
60
8
340
12
Carrier gas: Helium
Flow rate: 2.3 mL/min
Injection volume: 1 µL
Injection type: Split injection, split ratio is 50:1
System suitability
Samples: System suitability solution and Standard solution
[Note—The typical relative retention times for monoglycerides, diglycerides, and
triglycerides are 1.0–1.2, 1.5–1.9, and 2.0–2.3, respectively, Standard solution.]
Suitability requirements
Resolution: NLT 5.0 between 1-monooctanoyl-rac-glycerol and 1-monodecanoyl-racglycerol peaks, System suitability solution
Analysis
Samples: Standard solution and Sample solution
Based on the chromatogram from the Standard solution, identify the peaks due to
monoglycerides, diglycerides, and triglycerides in the Sample solution.
For the calculation of the contents of monoglycerides, diglycerides, and triglycerides,
disregard the peaks with retention times less than those of the monoglycerides, which are
due to impurities of the solvent and to the free fatty acids.
Calculate the percentage content of free fatty acids (CA):
CA = [(IA × F × Mr1)/Mr2] × 100
IA = acid value for Glyceryl Monocaprylate, determined from the test for Fats and Fixed Oils,
Acid Value
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F = conversion factor, 10 3 g/mg
Mr1
= molecular weight of caprylic acid, 144.21 g/mol
Mr2
= molecular weight of potassium hydroxide, 56.11 g/mol
Calculate the percentage of monoglycerides, diglycerides, or triglycerides in the portion of
Glyceryl Monocaprylate taken:
Result = (rU/rT) × [(100

CA

CW

CG)/100] × 100

rU= peak responses of the monoglycerides, diglycerides, or triglycerides in the Sample
solution
rT= sum of all the glyceride peak responses in the Sample solution
CA= percentage of free fatty acids, determined above
CW
= percentage of water, determined from the test for Water Determination
CG= percentage of free glycerin, determined from the test for Limit of Free Glycerol
Acceptance criteria: See Table 5.
Table 5
Percentage
(%, w/w)
MonoglyceridesDiglyceridesTriglycerides
Glyceryl Monocaprylate Type I 40.0–75.0
20.0–50.0
15.0
Glyceryl Monocaprylate Type II

75.1

24.9

5.0

IMPURITIES
• Total Ash
Sample: 1.0 g
Analysis: Heat a silica or platinum crucible to redness for 30 min, allow to cool in a
desiccator, and weigh. Evenly distribute the Sample in the crucible. Dry at 100 –105 for
1 h and ignite to constant weight in a muffle furnace at 600 ± 25 , allowing the crucible
to cool in a desiccator after each ignition. Flames should not be produced at any time
during the procedure. If after prolonged ignition the ash still contains black particles, take
up with hot water, pass through an ashless filter paper, and ignite the residue and the
filter paper. Combine the filtrate with the ash, carefully evaporate to dryness, and ignite
to constant mass.
Acceptance criteria: NMT 0.5%
• Limit of Free Glycerol
Sample: 1.2 g
Blank: 25 mL of methylene chloride
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
(v/v) solution of sulfuric acid, and dilute with glacial acetic acid to 100.0 mL.
Potassium iodide solution: 75 mg/mL of potassium iodide
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
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Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of methylene chloride. Heat to about 50 and allow
to cool. Add 100 mL of water. Shake and add 25 mL of Periodic acetic acid solution. Shake
again and allow to stand for 30 min. Add 40 mL of Potassium iodide solution, and allow to
stand for 1 min. Add 1 mL of starch TS and titrate the liberated iodine with Titrant until
the aqueous phase becomes colorless. Perform a blank determination.
Calculate the percentage of free glycerol in the portion of Glyceryl Monocaprylate taken:
Result = {[(VB

VS) × N × E × F]/W}× 100

V=
B volume of Titrant consumed in the Blank titration (mL)
V=
S volume of Titrant consumed in the Sample titration (mL)
N= actual normality of the Titrant (mEq/mL)
E= equivalent factor for glycerol, 23 mg/mEq
F= conversion factor, 10-3 g/mg
W= weight of Glyceryl Monocaprylate taken for the titration (g)
Acceptance criteria: NMT 3.0%
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : NMT 3.0

• Fats and Fixed Oils, Peroxide Value
• Water Determination, Method Ia

401 : NMT 1
921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect from moisture.
• Labeling: Label it to indicate the type (Type I or Type II).
• USP Reference Standards 11
USP Glyceryl Monocaprylate RS
USP Methyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS
USP Methyl Laurate RS
USP Methyl Myristate RS
1S (NF33)

BRIEFING
Glyceryl Monocaprylocaprate. Because there is no existing NF monograph for this excipient,
a new monograph is proposed based on validated methods of analysis. The test for Fatty
Acid Composition is based on a GC method of analysis performed with the Restek Rtx-Wax
brand of 0.53-mm × 30-m capillary column bonded with a 1.0-µm layer of G16. The typical
retention times for methyl caproate, methyl caprylate, methyl caprate, methyl laurate, and
methyl myristate are about 2.8, 4.1, 5.4, 6.6, and 7.8 min, respectively. The test for
Content of Monoglycerides, Diglycerides, and Triglycerides is based on a GC method of
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analysis performed with the Optima 5 (HP-5 or CP Sil 8) brand of 0.32-mm × 10-m column
bonded with a 0.1-µm layer of G27. The typical retention times for monoglycerides,
diglycerides, and triglycerides are 13–16, 19–25, and 25.5–30 min, respectively. Interested
parties are encouraged to comment on the proposal.
(EXC: H. Wang.)
Correspondence Number—C107849

Comment deadline: July 31, 2014
Add the following:
Glyceryl Monocaprylocaprate

C11 H22 O4
C13 H26 O4
Octanoic acid, monoester with 1,2,3-propanetriol and decanoic acid, monoester with 1,2,3propanetriol;
Caprylic acid monoglyceride and capric acid monoglyceride;
Glyceryl monooctanoate and glyceryl monodecanoate.
DEFINITION
Glyceryl Monocaprylocaprate is a mixture of glyceryl monoesters, mainly mono-Ooctanoylglycerol and mono-O-decanoylglycerol, containing variable quantities of diesters and
triesters of fatty acids composed predominately of caprylic acid and capric acid. The
requirements for monoester, diester, and triester content differ for the two types of Glyceryl
Monocaprylocaprate, as set forth in the accompanying table:
Content of Monoesters
(%)
Type I

Min.
40.0

Max.
75.0

Content of Diesters
(%)
Min.
20.0

Max.
50.0

Content of Triesters
(%)
Min.
—

Max.
15.0
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—

—

24.9

—

5.0

IDENTIFICATION
• A. Fatty Acid Composition
Boron trifluoride methanol solution: 140 mg/mL of boron trifluoride in methanol
Saturated sodium chloride solution: Mix 1 part sodium chloride with 2 parts water, shake
from time to time, and allow to stand. Before use, decant the solution from any
undissolved substance and filter, if necessary.
Standard solution 1: 1.0 mg/mL of USP Methyl Caproate RS, 1.0 mg/mL of USP Methyl
Caprylate RS, and 2.0 mg/mL of USP Methyl Caprate RS in n-heptane
Standard solution 2: 0.1 mg/mL of USP Methyl Caproate RS, 0.1 mg/mL of USP Methyl
Caprylate RS, and 0.2 mg/mL of USP Methyl Caprate RS in n-heptane, diluted from
Standard solution 1
Standard solution 3: Prepare an ester mixture either by mixing a commercially available
ester mixture with methyl caprylate and methyl caprate, or by using USP Methyl Caproate
RS, USP Methyl Caprylate RS, USP Methyl Caprate RS, USP Methyl Laurate RS, and USP
Methyl Myristate RS. Dissolve a quantity of the prepared ester mixture containing methyl
caproate, methyl caprylate, methyl caprate, methyl laurate, and methyl myristate in nheptane to make a solution of about 5.0–9.0 mg/mL for methyl caprylate, 1.0–5.0 mg/mL
for methyl caprate, and 0.1–0.3 mg/mL for each of the other methyl esters.
Sample solution: Transfer 100 mg of Glyceryl Monocaprylocaprate to a 25-mL conical flask
fitted with a suitable water-cooled reflux condenser and a magnetic stir bar. Add 2 mL of
a 20-mg/mL solution of sodium hydroxide in methanol, mix, and reflux for about 30 min.
Add 2 mL of Boron trifluoride methanol solution through the condenser and reflux for
about 30 min. Add 4 mL of n-heptane through the condenser and reflux for 5 min. Cool,
remove the condenser, add about 10 mL of Saturated sodium chloride solution, shake,
add a quantity of Saturated sodium chloride solution to bring the upper layer up to the
neck of the flask, and allow the layers to separate. Collect 2 mL of the n-heptane layer
(upper layer), wash with three quantities each of 2 mL of water, and dry the n-heptane
phase over anhydrous sodium sulfate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m capillary bonded with a 1.0-µm layer of phase G16
Temperatures
Injection port: 250
Detector: 250
Column: See Table 1.
Table 1
Initial
Temperature
Temperature
Ramp
( )
( /min)
50
20
180
9

Final
Temperature
( )
180
240

Hold Time
at Final
Temperature
(min)
—
12
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Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 2 µL
Injection type: Split injection, split ratio is 4:1
System suitability
Samples: Standard solution 1 and Standard solution 2
[Note—The relative retention times for methyl caproate, methyl caprylate, and methyl
caprate are about 0.7, 1.0, and 1.3, respectively.]
Suitability requirements
Resolution: NLT 4.0 between methyl caprylate and methyl caprate peaks, Standard
solution 1
Signal-to-noise ratio: NLT 10 for the methyl caproate peak, Standard solution 2
Analysis
Samples: Standard solution 3 and Sample solution
Measure the peak areas for the methyl esters of the fatty acids. Disregard any peaks with
an area less than 0.05% of the total area and any peak due to the solvent. [Note
—Relative retention times for several methyl esters are summarized in Table 2.]
Table 2
Carbon-Chain Length Number of Double Bonds Relative Retention Times
6
0
0.7
8
0
1.0
10
0
1.3
12
0
1.6
14
0
1.9
Take the main component in Standard solution 3 as a reference component and calculate
the calibration factor, F FA, for each fatty acid methyl ester:
F FA = (F MC × PFA1 × AMC)/(PMC × AFA1)
F MC= factor for the main component, 1
PFA1= percentage by weight of the fatty acid methyl ester in Standard solution 3
AMC= peak area for the main component in Standard solution 3
PMC= percentage by weight of the main component in Standard solution 3
AFA1
= peak area for the fatty acid methyl ester in Standard solution 3
Calculate the percentage of the fatty acid methyl ester by weight in the portion of
Glyceryl Monocaprylocaprate taken:
Result = [(AFA2 × F FA)/AT] × 100
AFA2
= peak area for the fatty acid methyl ester in the Sample solution
AT = sum of the peak areas for the fatty acid methyl esters in the Sample solution
Acceptance criteria: Glyceryl Monocaprylocaprate exhibits the composition profile of fatty
acids shown in Table 3.
Table 3
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Table 3

Carbon-Chain Length Number of Double Bonds
6
0
8
10
12

0
0
0

14

0

Percentage
(%, w/w)
3.0
50.0–90.0
10.0–50.0
3.0
1.0

• B. Glyceride Content: It meets the requirements of the test for Contents of
Monoglycerides, Diglycerides, and Triglycerides in the Assay.
• C. Fats and Fixed Oils, Saponification Value 401
Glyceryl Monocaprylocaprate Type I: 250–280
Glyceryl Monocaprylocaprate Type II: 225–255
ASSAY
• Contents of Monoglycerides, Diglycerides, and Triglycerides
System suitability solution: 20 mg/mL each of 1-monooctanoyl-rac-glycerol and 1monodecanoyl-rac-glycerol in tetrahydrofuran
Standard solution: 50 mg/mL of USP Glyceryl Monocaprylocaprate RS in tetrahydrofuran
Sample solution: 50 mg/mL of Glyceryl Monocaprylocaprate in tetrahydrofuran
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 10-m bonded with a 0.1-µm layer of phase G27
Temperatures
Injection port: 350
Detector: 370
Column: See Table 4.
Table 4
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
60
—
60
3
60
8
340
12
Carrier gas: Helium
Flow rate: 2.3 mL/min
Injection volume: 1 µL
Injection type: Split injection, split ratio is 50:1
System suitability
Samples: System suitability solution and Standard solution
[Note—The typical relative retention times for monoglycerides, diglycerides, and
triglycerides are 1.0–1.2, 1.5–1.9, and 2.0–2.3, respectively, Standard solution.]
Suitability requirements
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Resolution: NLT 5.0 between 1-monooctanoyl-rac-glycerol and 1-monodecanoyl-racglycerol peaks, System suitability solution
Analysis
Samples: Standard solution and Sample solution
Based on the chromatogram from the Standard solution, identify the peaks due to
monoglycerides, diglycerides, and triglycerides in the Sample solution.
For the calculation of the contents of monoglycerides, diglycerides, and triglycerides,
disregard the peaks with retention times less than those of the monoglycerides, which are
due to impurities of the solvent and to the free fatty acids.
Calculate the percentage content of free fatty acids (CA):
CA= [(IA × F × Mr1)/Mr2] × 100
IA = acid value for Glyceryl Monocaprylocaprate, determined from the test for Fats and
Fixed Oils, Acid Value
F = conversion factor, 10 3 g/mg
Mr1
= molecular weight of caprylic acid, 144.21 g/mol
Mr2
= molecular weight of potassium hydroxide, 56.11 g/mol
Calculate the percentage of monoglycerides, diglycerides, or triglycerides in the portion of
Glyceryl Monocaprylocaprate taken:
Result = (rU/rT) × [(100

CA

CW

CG)/100] × 100

rU= peak responses of the monoglycerides, diglycerides, or triglycerides in the Sample
solution
rT= sum of all the glyceride peak responses in the Sample solution
CA= percentage of free fatty acids, determined above
CW
= percentage of water, determined from the test for Water Determination
CG= percentage of free glycerin, determined from the test for Limit of Free Glycerol
Acceptance criteria: See Table 5.
Table 5
Percentage (%, w/w)
Monoglycerides
Glyceryl
Monocaprylocaprate Type I
Glyceryl
Monocaprylocaprate Type
II

40.0–75.0

75.1

Diglycerides
20.0–50.0

24.9

Triglycerides
15.0

5.0

IMPURITIES
• Total Ash
Sample: 1.0 g
Analysis: Heat a silica or platinum crucible to redness for 30 min, allow to cool in a
desiccator, and weigh. Evenly distribute the Sample in the crucible. Dry at 100 –105 for
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1 h and ignite to constant weight in a muffle furnace at 600 ± 25 , allowing the crucible
to cool in a desiccator after each ignition. Flames should not be produced at any time
during the procedure. If after prolonged ignition the ash still contains black particles, take
up with hot water, pass through an ashless filter paper, and ignite the residue and the
filter paper. Combine the filtrate with the ash, carefully evaporate to dryness, and ignite
to constant mass.
Acceptance criteria: NMT 0.5%
• Limit of Free Glycerol
Sample: 1.2 g
Blank: 25 mL of methylene chloride
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
(v/v) solution of sulfuric acid, and dilute with glacial acetic acid to 100.0 mL.
Potassium iodide solution: 75 mg/mL of potassium iodide
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of methylene chloride. Heat to about 50 and allow
to cool. Add 100 mL of water. Shake and add 25 mL of Periodic acetic acid solution. Shake
again and allow to stand for 30 min. Add 40 mL of Potassium iodide solution and allow to
stand for 1 min. Add 1 mL of starch TS and titrate the liberated iodine with Titrant until
the aqueous phase becomes colorless. Perform a blank determination.
Calculate the percentage of free glycerol in the portion of Glyceryl Monocaprylocaprate
taken:
Result = {[(VB

VS) × N × E × F]/W} × 100

V=
B volume of Titrant consumed in the Blank titration (mL)
V=
S volume of Titrant consumed in the Sample titration (mL)
N= actual normality of the Titrant (mEq/mL)
E= equivalent factor for glycerol, 23 mg/mEq
F= conversion factor, 10 3 g/mg
W= weight of Glyceryl Monocaprylocaprate taken for the titration (g)
Acceptance criteria: NMT 3.0%
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : NMT 3.0

• Fats and Fixed Oils, Peroxide Value
• Water Determination, Method Ia

401 : NMT 1
921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect from moisture.
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• Labeling: Label it to indicate the type (Type I or Type II).
• USP Reference Standards 11
USP Glyceryl Monocaprylocaprate RS
USP Methyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS
USP Methyl Laurate RS
USP Methyl Myristate RS
1S (NF33)

BRIEFING
Acebutolol Hydrochloride, USP 37 page 1560. As a part of USP monograph modernization
efforts, the following changes are proposed:
1.
Replace Identification test B with the retention agreement of acebutolol based on the
Assay.
2.
Replace the nonspecific Thin-Layer Chromatography based test for Organic Impurities
with a stability indicating HPLC method, based on the Related Substances procedure
from the European Pharmacopoeia, edition 7. The procedure is validated using the
Lichrospher 100 ODS RP 18 brand of L1 column in which acebutolol elutes at about
14.3 min. The Symmetry Shield C18 brand of L1 column is a suitable alternate
column.
3.
Delete the non-value added test for Melting Range or Temperature.
4.
Revise the acceptance criterion for Relative standard deviation in the Assay to be
consistent with Chromatography

621 .

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: S. Ramakrishna.)
Correspondence Number—C115761

Comment deadline: July 31, 2014
Acebutolol Hydrochloride

C18 H28 N2 O4 ·HCl

372.89

Butanamide, N-[3-acetyl-4-[2-hydroxy-3-[(1-methylethyl)amino]propoxy]phenyl]-,
monohydrochloride, (±)-;
(±)-3¢-Acetyl-4¢-[2-hydroxy-3-(isopropylamino)propoxy]-butyranilide monohydrochloride
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[34381-68-5].
DEFINITION
Acebutolol Hydrochloride contains NLT 98.0% and NMT 102.0% of acebutolol hydrochloride
(C18 H28 N2 O4 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B.
Sample solution: A mixture of Standard solution and Sample solution from Assay (1:1).
Analysis: Chromatograph the Sample solution as directed in the Assay.
Acceptance criteria: The chromatogram exhibits a single major peak due to acebutolol.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
• C. Identification Tests—General, Chloride
directed for alkaloidal hydrochlorides

191 : Meets the requirements when tested as

ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, glacial acetic acid, and 0.3% aqueous solution of sodium dodecyl
sulfate (675:20:325). Make adjustments if necessary to achieve a retention time for
acebutolol of between 4 and 7 min.
Standard solution: 0.14 mg/mL of USP Acebutolol Hydrochloride RS in water
Sample solution: 0.14 mg/mL of Acebutolol Hydrochloride in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1500 theoretical plates
Tailing factor: NMT 2.5
Relative standard deviation: NMT 2.0%
0.73% 1S (USP38)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of acebutolol hydrochloride (C18 H28 N2 O4 · HCl) in the portion of
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Acebutolol Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of acebutolol from the Sample solution
rS= peak response of acebutolol from the Standard solution
C=
S concentration of USP Acebutolol Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of the Acebutolol Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Standard stock solution: 1.0 mg/mL of USP Acebutolol Hydrochloride RS in methanol
Standard solution A: Dilute 3.0 mL of the Standard stock solution with methanol to 100
mL.
Standard solution B: Dilute 5.0 mL of the Standard stock solution with methanol to 100
mL.
Sample solution A: 10 mg/mL of Acebutolol Hydrochloride in methanol
Sample solution B: Sample solution A and methanol (1:9)
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (4:1:5)
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Analysis
Samples: Standard stock solution, Standard solution A, Standard solution B, Sample
solution A, and Sample solution B. Proceed as directed in the chapter. Develop the
chromatogram in the Developing solvent system until the solvent front has moved
three-fourths the length of the plate. Examine the plate under short-wavelength UV
light.
Acceptance criteria: The chromatograms from Sample solution B and the Standard stock
solution show principal spots at the same RF value. No secondary spot from Sample
solution A, excluding the area at the point of application, is more intense than the
principal spot of Standard solution A (0.3%); NMT two secondary spots from Sample
solution A are more intense than the principal spot of Standard solution B (0.1%); and
the total of all impurities detected in the chromatogram of Sample solution A is NMT
0.5%.
Solution A: Mix 2.0 mL of phosphoric acid and 3.0 mL of triethylamine, and dilute with
water to 1 L.
Solution B: Acetonitrile and Solution A (1:1)
Standard stock solution 1: 0.2 mg/mL of USP Acebutolol Related Compound A RS
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prepared as follows. Dissolve a suitable amount of USP Acebutolol Related Compound A
RS in a suitable volumetric flask, in 50% of the total volume of acetonitrile, and dilute
with Solution A to volume.
Standard stock solution 2: 0.2 mg/mL of USP Acebutolol Related Compound B RS
prepared as follows. Dissolve a suitable amount of USP Acebutolol Related Compound B
RS in a suitable volumetric flask, in 50% of the total volume of acetonitrile, and dilute
with Solution A to volume.
Standard solution A: 0.002 mg/mL of USP Acebutolol Hydrochloride RS in Solution A
Standard solution B: 0.004 mg/mL of USP Acebutolol Related Compound I RS in Solution
A
Standard solution C: 0.002 mg/mL of USP Acebutolol Related Compound A RS in
Solution A from Standard stock solution 1
Standard solution D: 0.004 mg/mL of USP Acebutolol Related Compound B RS in
Solution A from Standard stock solution 2
System suitability solution: 0.4 µg/mL each of USP Acebutolol Hydrochloride RS and
USP Acebutolol Related Compound I RS in Solution A from Standard solution A and
Standard solution B
Sample solution: 2 mg/mL of Acebutolol Hydrochloride in Solution A
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
98
2
2
98
2
30.5
10
90
41
10
90
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.0-mm × 12.5-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.2 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution A and System suitability solution
Suitability requirements
Resolution: NLT 7.0 between acebutolol and acebutolol related compound I, System
suitability solution
Relative standard deviation: NMT 0.5%, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, Standard
solution D, and Sample solution
Calculate the percentage of acebutolol related compound A, acebutolol related compound
B, and acebutolol related compound I in the portion of the sample taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of acebutolol related compound A or acebutolol related compound B
or acebutolol related compound I from the Sample solution
rS= peak response of acebutolol related compound A or acebutolol related compound B
or acebutolol related compound I from Standard solution B, Standard solution C, or
Standard solution D
CS= concentration of USP Acebutolol Related Compound A RS or USP Acebutolol Related
Compound B RS or USP Acebutolol Related Compound I RS in Standard solution B,
Standard solution C, or Standard solution D (mg/mL)
CU= concentration of Acebutolol Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of acebutolol from Standard solution A
CS= concentration of USP Acebutolol Hydrochloride RS in Standard solution A (mg/mL)
CU= concentration of Acebutolol Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard peaks below 0.05%.
Table 2
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

Acebutolol related compound Ba
0.72
0.2
b
Acebutolol related compound I
0.91
0.2
Acebutolol
1.00
—
c
Acebutolol related compound A
1.48
0.1
Any unspecified impurity
—
0.10
—
Total impuritiesd
0.5
a N-{3-Acetyl-4-[2-hydroxy-3-(isopropylamino)propoxy]phenyl}acetamide.
b N-{3-Acetyl-4-[3-(ethylamino)-2-hydroxypropoxy]phenyl}butyramide.
c N-(3-Acetyl-4-hydroxyphenyl)butyramide.
d Total impurities include specified and unspecified impurities.
1S (USP38)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 140 –144

1S (USP38)

• pH 791
Sample: 10 mg/mL of Acebutolol Hydrochloride in water
Acceptance criteria: 4.5–7.0
• Loss on Drying 731
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Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Acebutolol Hydrochloride RS
USP Acebutolol Related Compound A RS
N-(3-Acetyl-4-hydroxyphenyl)butyramide.
C12 H15 NO3
221.25
USP Acebutolol Related Compound B RS
N-{3-Acetyl-4-[2-hydroxy-3-(isopropylamino)propoxy]phenyl}acetamide.
C16 H24 N2 O4
308.37
USP Acebutolol Related Compound I RS
N-{3-Acetyl-4-[3-(ethylamino)-2-hydroxypropoxy]phenyl}butyramide.
C17 H26 N2 O4
322.40 1S (USP38)
BRIEFING
Almotriptan Malate. Because there is no existing USP monograph for this drug substance, a
new monograph based on validated methods of analysis is proposed with the following test
procedures:
1.
The HPLC procedure in the Assay is based on analyses performed with the Spherisorb
CN brand of L10 column manufactured by Waters Corporation. The typical retention
time for almotriptan is 7–8 min.
2.
The test for Limit of Almotriptan Related Compound D and Almotriptan Dimer Derivative
is based on a validated capillary electrophoresis procedure with UV detection
performed with a fused silica capillary column and a Run buffer containing diluted
phosphoric acid with triethanolamine. The migration time for almotriptan is about 16
min.
3.
The HPLC procedure in the test for Organic Impurities is based on analyses performed
with the Spherisorb ODS2 brand of L1 column manufactured by Waters Corporation.
The typical retention time for almotriptan is about 32 min.
4.
The HPLC procedure in the Limit of Fumaric Acid test is based on analyses performed
with the Kromasil C8 brand of L7 column manufactured by Supelco. The typical
retention time for fumaric acid is about 9 min.
(SM4: D. Min, H. Joyce.)
Correspondence Number—C120087

Comment deadline: July 31, 2014
Add the following:
Almotriptan Malate
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469.55

Pyrrolidine, 1-[[[3-[2-(dimethylamino)ethyl]-1H-indol-5-yl]methyl]sulfonyl]-,
hydroxybutanedioate (1:1);
1-[({3-[2-(Dimethylamino)ethyl]indol-5-yl}methyl)sulfonyl]pyrrolidine malate (1:1)
52-8].

[181183-

DEFINITION
Almotriptan Malate contains NLT 98.0% and NMT 102.0% of almotriptan malate
(C17 H25 N3 O2 S·C4 H6 O5 ), calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 2.72 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 3.5.
Mobile phase: Methanol and Buffer (40:60)
System suitability solution: 0.14 mg/mL each of USP Almotriptan Malate RS and USP
Almotriptan Related Compound B RS in Mobile phase. Sonication may be used to promote
dissolution.
Standard solution: 0.14 mg/mL of USP Almotriptan Malate RS in Mobile phase. Sonication
may be used to promote dissolution.
Sample solution: 0.14 mg/mL of Almotriptan Malate in Mobile phase. Sonication may be
used to promote dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 5-µm packing L10
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: 2 times the retention time of almotriptan
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System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for almotriptan related compound B and almotriptan
are 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between almotriptan and almotriptan related compound B, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.85% for six injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of almotriptan malate (C17 H25 N3 O2 S ·C4 H6 O5 ) in the portion of
Almotriptan Malate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of almotriptan from the Sample solution
rS= peak response of almotriptan from the Standard solution
C=
S concentration of USP Almotriptan Malate RS in the Standard solution (mg/mL)
C=
U concentration of Almotriptan Malate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.10%
• Limit of Almotriptan Related Compound D and Almotriptan Dimer Derivative
Run buffer: 23.5 g/L of phosphoric acid in water. Adjust with triethanolamine to a pH of 3.0
and pass through a suitable filter of 0.45-µm pore size.
Diluent: Methanol and water (50:50)
Internal standard solution: 0.01 mg/mL of 4-hydroxy-phenylpiperidine in Diluent
Standard stock solution: 0.5 mg/mL of USP Almotriptan Malate RS in Diluent
Standard solution: 0.005 mg/mL of USP Almotriptan Malate RS from Standard stock
solution in Internal standard solution. Pass through a suitable filter of 0.45-µm pore size.
System suitability solution: 0.005 mg/mL each of USP Almotriptan Related Compound B
RS, USP Almotriptan Related Compound C RS, USP Almotriptan Related Compound D RS,
and USP Almotriptan Malate RS in Internal standard solution. Pass through a suitable filter
of 0.45-µm pore size.
Sample solution: 2.5 mg/mL of Almotriptan Malate in Internal standard solution.
Sonication may be used to promote dissolution. Pass the solution through a suitable filter
of 0.45-µm pore size.
Instrumental conditions
Mode: CE
Detector: UV 214 nm
Capillary dimensions: 75-µm × 47-cm; uncoated fused silica
Separation voltage: 15 kV
Electrokinetic injection: 8s + 1s, Run buffer
Run time: NLT 2.5 times the migration time of almotriptan
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Pre-condition the capillary by rinsing with water, 0.1 N sodium hydroxide solution, and Run
buffer before each injection.
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative migration times.]
Suitability requirements
Resolution: NLT 2.0 between almotriptan related compound B and almotriptan; NLT 2.0
between almotriptan related C and almotriptan related compound D, System suitability
solution
Relative standard deviation: NMT 5.0% for the ratio of the peak response of
almotriptan to the peak response of the internal standard, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the corrected peak response:
Result = (r/m)
r= peak response
m= migration time of the peak (min)
Calculate the percentage of almotriptan related compound D, almotriptan dimer derivative,
and other impurities in the portion of Almotriptan Malate taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U corrected peak response ratio of the impurity to the internal standard from the Sample
solution
R=
S corrected peak response ratio of almotriptan to the internal standard from the Standard
solution
C=
S concentration of USP Almotriptan Malate RS in the Standard solution (mg/mL)
C=
U concentration of Almotriptan Malate in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Almotriptan dimer derivativea
Internal standardb
Almotriptan related compound Bc
Almotriptand
Almotriptan related compound Cc,d
Almotriptan related compound D
Any individual unspecified impurities

Relative
Migration
Time
0.71
0.78
0.92
1.0
1.02
1.22
—

Acceptance
Criteria,
NMT (%)
0.3
—
—
—
—
0.1
0.1
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a Derivative of 2-{2-({3-[2-(dimethylamino)ethyl]-1H-indol-5-yl}methyl)-5-[(pyrrolidin-1ylsulfonyl)methyl]-1H-indol-3-yl}-N,N-dimethylethanamine4-hydroxy-4-phenylpiperidine.
b 4-Hydroxy-4-phenylpiperidine.
c This impurity is quantified using the test for Organic Impurities.
d Almotriptan and almotriptan related compound C may not be fully resolved.
• Organic Impurities
Buffer: Add 10 mL of triethylamine to every 1000 mL of 0.01 M phosphoric acid. Adjust with
phosphoric acid to a pH of 6.5.
Mobile phase: Acetonitrile and Buffer (15:85)
System suitability stock solution: 0.5 mg/mL each of USP Almotriptan Related Compound
B RS, USP Almotriptan Related Compound C RS, and USP Almotriptan Related Compound D
RS in methanol
System suitability solution: 0.005 mg/mL each of USP Almotriptan Related Compound B
RS, USP Almotriptan Related Compound C RS, and USP Almotriptan Related Compound D RS
from System suitability stock solution in water
Standard solution: 0.007 mg/mL of USP Almotriptan Malate RS in water
Sample solution: 3.5 mg/mL of Almotriptan Malate in water. Sonication may be used to
promote dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 30-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 3 times the retention time of almotriptan
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.0 between almotriptan related compound C and almotriptan related
compound D, System suitability solution
Relative standard deviation: NMT 5.0% for six replicate injections, Standard solution
Analysis
Samples: System suitability solution, Standard solution, and Sample solution
Chromatograph the System suitability solution and identify the components on the basis
of their relative retention times, as shown in Table 2.
Calculate the percentage of each impurity in the portion of Almotriptan Malate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of almotriptan from the Standard solution
C=
S concentration of USP Almotriptan Malate RS in the Standard solution (mg/mL)
C=
U concentration of Almotriptan Malate in the Sample solution (mg/mL)
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Acceptance criteria: See Table 2.
Table 2

Name
Malic acida
Almotriptan related compound B
Almotriptan related compound C
Almotriptan related compound Db
Almotriptan
Any other individual impurity
Total impuritiesc

Relative
Retention
Time
0.10
0.62
0.77
0.92
1.00
—
—

Acceptance
Criteria,
NMT (%)
—
0.1
0.5
—
—
0.1
0.7

a Included for identification purposes only.
b This impurity is quantified using the Limit of Almotriptan Related Compound D and Dimer
Derivative test.
c The sum of all impurities from the test for Organic Impurities and the Limit of
Almotriptan Related Compound D and Dimer Derivative test.
• Limit of Fumaric Acid
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid to
a pH of 2.8.
Mobile phase: Methanol and Buffer (5:95)
Standard solution: 0.0085 mg/mL of USP Fumaric Acid RS and 0.0017 mg/mL of USP Maleic
Acid RS in water. Sonication may be used to promote dissolution.
Sample solution: 2.8 mg/mL of Almotriptan Malate in water. Sonication may be used to
promote dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 0.7 mL/min
Injection volume: 10 µL
Run time: NLT 1.6 times the retention time of the fumaric acid
System suitability
Sample: Standard solution
[Note—See Table 3 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between fumaric acid and maleic acid
Relative standard deviation: NMT 5.0% for fumaric acid from six injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fumaric acid (C4 H4 O4 ) in the portion of Almotriptan Malate
taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of fumaric acid from the Sample solution
rS= peak response of fumaric acid from the Standard solution
C=
S concentration of USP Fumaric Acid RS in the Standard solution (mg/mL)
C=
U concentration of Almotriptan Malate in the Sample solution (mg/mL)
Acceptance criteria: See Table 3.
Table 3
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Name
Malic acida
0.60
—
a
Maleic acid
0.80
—
Fumaric acid
1.0
0.2
a Included for identification purposes only.
SPECIFIC TESTS
• Water Determination, Method Ia

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards 11
USP Almotriptan Malate RS
USP Almotriptan Related Compound B RS
2-{5-[(Pyrrolidin-1-ylsulfonyl)methyl]-1H-indol-3-yl}ethanamine hemifumarate.
C15 H22 N3 O2 S·½C4 H4 O4
365.46
USP Almotriptan Related Compound C RS
N-Methyl-2-{5-[(pyrrolidin-1-ylsulfonyl)methyl]-1H-indol-3-yl}ethanamine.
C16 H23 N3 O2 S
321.44
USP Almotriptan Related Compound D RS
1-[({3-[2-(Dimethylamino)ethyl]indol-5-yl}methyl)sulfonyl]pyrrolidine N-oxide.
C17 H25 N3 O3 S
351.46
USP Fumaric Acid RS
USP Maleic Acid RS
1S (USP38)

BRIEFING
Almotriptan Tablets. Because there is no existing USP monograph for this dosage form, a new
monograph based on validated methods of analysis is being proposed. The HPLC procedure in
the Assay and in the test for Organic Impurities is based on analyses performed with the
Acquity UPLC HSS C18 brand of L1 column manufactured by Waters Corporation. The typical
retention time of almotriptan in the Assay and in the test for Organic Impurities is about 5
min.
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(SM4: D. Min, H. Joyce.)
Correspondence Number—C120629

Comment deadline: July 31, 2014
Add the following:
Almotriptan Tablets
DEFINITION
Almotriptan Tablets contain an amount of almotriptan malate (C17 H25 N3 O2 S·C4 H6 O5 ) equivalent
to NLT 90.0% and NMT 110.0% of the labeled amount of almotriptan (C17 H25 N3 O2 S).
IDENTIFICATION
• A. Infrared Absorption 197F
Sample: Sonicate 5 powdered Tablets in 25 mL of water. Extract the suspension with 25
mL of methylene chloride, and discard the organic phase. Add another 25 mL of methylene
chloride and 3 mL of 1 N sodium hydroxide. Extract the precipitated base into the organic
layer. Dry with anhydrous sodium sulfate, and evaporate the organic solvent. Prepare the
residue oil as a film on a sodium chloride pellet.
Acceptance criteria: The IR spectrum obtained from the Sample is consistent with that of
similarly prepared USP Almotriptan Malate RS.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect samples, the Reference Standards, and solutions containing them from light.
Buffer: Add 10 mL of triethylamine to every 1000 mL of 0.01 M phosphoric acid. Adjust with
phosphoric acid to a pH of 6.0.
Mobile phase: Acetonitrile and Buffer (10:90)
Standard solution: 0.5 mg/mL of USP Almotriptan Malate RS in Mobile phase. Sonication
may be used to aid in dissolution.
System suitability stock solution: 0.1 mg/mL each of USP Almotriptan Related Compound
B RS, USP Almotriptan Related Compound C RS, and USP Almotriptan Related Compound D
RS in methanol. Sonication may be used to aid in dissolution.
System suitability solution: 0.001 mg/mL each of USP Almotriptan Related Compound B
RS, USP Almotriptan Related Compound C RS, and USP Almotriptan Related Compound D RS
prepared from the System suitability stock solution in Standard solution
Sample solution: Nominally 0.5 mg/mL of almotriptan from Tablets prepared as follows.
Transfer NLT 8 Tablets into a suitable volumetric flask, and add 80% of the flask volume
of Mobile phase. Sonicate for NLT 10 min, and dilute with Mobile phase to volume. Stir for
30 min, and centrifuge. Pass a portion of the supernatant through a suitable filter of 0.45µm pore size. Use the filtrate.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 210 nm

621 , System Suitability.)
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Column: 2.1-mm × 10-cm; 1.8-µm packing L1
Column temperature: 40
Flow rate: 0.55 mL/min
Injection volume: 3 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between almotriptan related compound C and almotriptan peaks,
System suitability solution
Tailing factor: NMT 3.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of almotriptan (C17 H25 N3 O2 S) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of almotriptan from the Sample solution
rS= peak response of almotriptan from the Standard solution
CS= concentration of USP Almotriptan Malate RS in the Standard solution (mg/mL)
CU= nominal concentration of almotriptan in the Sample solution (mg/mL)
Mr1
= molecular weight of almotriptan, 335.46
Mr2
= molecular weight of almotriptan malate, 469.55
Acceptance criteria: 90.0%–110.0% of the labeled amount of almotriptan
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 15 min
Standard solution: (L/600) mg/mL of USP Almotriptan Malate RS in Medium, where L is the
label claim in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Instrumental conditions
Mode: UV
Analytical wavelength
For Tablets labeled to contain 6.25 mg: 228 nm
For Tablets labeled to contain 12.5 mg: 284 nm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of almotriptan (C17 H25 N3 O2 S) dissolved:
Result = (AU/AS) × (CS/L) × V × (Mr1/Mr2) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Almotriptan Malate RS in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 900 mL
Mr1
= molecular weight of almotriptan, 335.46
Mr2
= molecular weight of almotriptan malate, 469.55
Tolerances: NLT 80% (Q) of the labeled amount of almotriptan (C17 H25 N3 O2 S) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Mobile phase, Standard solution, System suitability solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Analysis
Samples: Standard solution, System suitability solution, and Sample solution
Chromatograph the System suitability solution and identify the components on the basis
of their relative retention times, as shown in Table 1.
Calculate the percentage of each degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each degradation product from the Sample solution
rS= peak response of almotriptan from the Standard solution
CS= concentration of USP Almotriptan Malate RS in the Standard solution (mg/mL)
CU= nominal concentration of almotriptan in the Sample solution (mg/mL)
Mr1
= molecular weight of almotriptan, 335.46
Mr2
= molecular weight of almotriptan malate, 469.55
Acceptance criteria: See Table 1.

Name
Spiroalmotriptana
2-Hydroxyalmotriptanb
Almotriptan related compound Bc
Almotriptan related compound Cc
Almotriptan
Almotriptan related compound D

Table 1
Relative Retention
Time
0.32
0.47
0.82
0.93
1.0
1.39

Acceptance Criteria,
NMT (%)
0.4
0.2
—
—
—
0.2
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Any individual unspecified degradation
0.2
—
product
Total degradation products
—
1.0
a 1'-Methyl-5-[(pyrrolidin-1-ylsulfonyl)methyl]spiro[indoline-3,3'-pyrrolidin]-2-ol.
b 3-[2-(Dimethylamino)ethyl]-5-[(pyrrolidin-1-ylsulfonyl)methyl]-1H-indol-2-ol.
c This is a process impurity that is included in this table for identification only. This
impurity is controlled in the drug substance. This impurity is not to be reported for the
drug product and is not to be included in the total degradation products.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
• USP Reference Standards 11
USP Almotriptan Malate RS
USP Almotriptan Related Compound B RS
2-{5-[(Pyrrolidin-1-ylsulfonyl)methyl]-1H-indol-3-yl}ethanamine hemifumarate.
C15 H22 N3 O2 S·½C4 H4 O
365.46
USP Almotriptan Related Compound C RS
N-Methyl-2-{5-[(pyrrolidin-1-ylsulfonyl)methyl]-1H-indol-3-yl}ethanamine.
C16 H23 N3 O2 S
321.44
USP Almotriptan Related Compound D RS
1-[({3-[2-(Dimethylamino)ethyl]indol-5-yl}methyl)sulfonyl]pyrrolidine N-oxide.
C17 H25 N3 O3 S
351.46
1S (USP38)

BRIEFING
Amlodipine Besylate Tablets, USP 37 page 1761. On the basis of comments received, the
following changes are proposed:
Change the System suitability solution in the Assay to Standard solution, and delete the
redundant Standard solution.
Revise the Sample solution in the Assay to provide flexibility regarding the quantity of
Tablets used.
Revise the calculations for the Assay to include the molecular weight correction for
amlodipine besylate versus amlodipine free base.
Simplify the calculations for Impurities and use a single equation for specified and
unspecified degradation products. The limit for an unspecified product is revised in
accordance with ICH guidelines.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: S. Ramakrishna.)
Correspondence Number—C108507

Comment deadline: July 31, 2014
Amlodipine Besylate Tablets
DEFINITION
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Amlodipine Besylate Tablets contain NLT 90% and NMT 110% of the labeled amount of
amlodipine (C20 H25 ClN2 O5 ).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Standard solution and Sample solution: Prepare as directed in the test for Dissolution.
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: Add 7.0 mL of triethylamine into a 1000-mL flask containing 900 mL of water.
Adjust the solution with phosphoric acid to a pH of 3.0 ± 0.1. Dilute with water to volume,
and mix well.
Mobile phase: Methanol, acetonitrile, and Buffer (35:15:50)
System suitability solution: 0.02 mg/mL of USP Amlodipine Besylate RS and 0.002 mg/mL
of USP Amlodipine Related Compound A RS in Mobile phase
Standard solution: 0.02 mg/mL of amlodipine prepared from USP Amlodipine Besylate RS
in Mobile phase
Sample stock solution: Place 5 Tablets into a 500-mL volumetric flask. Add 50 mL of
Mobile phase to the flask, and swirl to disintegrate the Tablets. Add 300 mL of Mobile
phase, insert the stopper into the flask, and shake on a reciprocating shaker for 30 min.
Dilute with Mobile phase to volume, and mix well.
Standard solution: 0.0275 mg/mL of USP Amlodipine Besylate RS and 0.0025 mg/mL of
USP Amlodipine Related Compound A RS in Mobile phase 1S (USP38)
Sample solution: 0.02 mg/mL of amlodipine from the Sample stock solution in Mobile
phase.
Nominally 0.02 mg/mL of amlodipine in Mobile phase prepared as follows. Place NLT 5
Tablets in a suitable volumetric flask, and add sufficient quantity of Mobile phase to
disintegrate the Tablets. Shake for 30 min, and dilute to volume with Mobile phase.
1S (USP38)

Pass the sample through a syringe tip filter of 0.45-µm pore size.
Discard the first few mL of the filtrate. 1S (USP38)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 237 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: NLT 3 times the retention of the amlodipine peak
System suitability
Sample: System suitability solution
Standard solution
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[Note—The relative retention times for amlodipine and amlodipine related compound A are
about 1.0 and 0.5 respectively.] 1S (USP38)
Suitability requirements
Resolution: NLT 8.5 between amlodipine and amlodipine related compound A
Tailing factor: NMT 2.0 for both amlodipine and amlodipine related compound A
Relative standard deviation: NMT 1.0% for amlodipine and
1S (USP38)

NMT 5.0% for amlodipine related compound A
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

1S (USP38)

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS= concentration of USP Amlodipine Besylate RS in the Standard solution (mg/mL)
CU= nominal concentration of amlodipine in the Sample solution (mg/mL)
= molecular weight of amlodipine, 408.88
Mr1
Mr2= molecular weight of amlodipine besylate, 567.05
1S (USP38)

Acceptance criteria: 90%–110% of the labeled amount of amlodipine (C20 H25 ClN2 O5 )
PERFORMANCE TESTS
Change to read:
• Dissolution 711
[Note—Do not expose any of the solutions to stainless steel because of the degradation of
amlodipine.]
Medium: 0.01 N hydrochloric acid; 500 mL
Apparatus 2: 75 rpm. [Note—Use paddles covered with Teflon or made of any inert
material except stainless steel.]
Time: 30 min
Standard solution: Make appropriate dilutions of USP Amlodipine Besylate RS in Medium to
obtain the following concentrations: 0.00695 mg/mL for Tablets labeled to contain 2.5 mg,
0.0139 mg/mL for Tablets labeled to contain 5 mg, and 0.0278 mg/mL for Tablets labeled
to contain 10 mg. These solutions are stable for 1 day.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Analysis
Samples: Standard solution and Sample solution
Determine the amount of amlodipine (C20 H25 ClN2 O5 ) dissolved by using UV absorption at
the wavelength of maximum absorbance at about 239 nm on portions of the Sample
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solution in comparison with the Standard solution, using a 1-cm quartz cell and the
Medium as the blank.
Calculate the percentage of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) dissolved:
Result = (AU/AS) × CS × D × (Mr1/Mr2) × V × (1/L) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
D = dilution factor of the Sample solution
Mr1
= molecular weight of amlodipine, 408.88
Mr2
= molecular weight of amlodipine besylate, 567.06
567.05 1S (USP38)
V = volume of Medium, 500 mL
L = label claim (mg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Buffer, Mobile phase, System suitability solution,
Standard solution, 1S (USP38)
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Standard solution: Use the System suitability solution.
1S (USP38)

Sample solution: Place a suitable number of Tablets into a 25-mL volumetric flask to
obtain a solution with a final nominal concentration of 0.4 mg/mL of amlodipine. Add about
10 mL of Mobile phase to the flask. Swirl to disintegrate the Tablets, then sonicate for 5
min to completely dissolve, and cool the sample to room temperature. Dilute with Mobile
phase to volume. Stir for an additional 15 min using a magnetic stir bar, and pass the
sample through a syringe tip filter of 0.45-µm pore size, discarding the first 5 mL.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amlodipine related compound A in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of amlodipine related compound A from the Sample solution
rS= peak response of amlodipine related compound A from the Standard solution
CS= concentration of USP Amlodipine Related Compound A RS in the Standard solution
(mg/mL)
CU= nominal concentration of amlodipine in the Sample solution (mg/mL)
Mr1
= molecular weight of amlodipine related compound A, 406.86
Mr2
= molecular weight of amlodipine related compound A fumarate, 522.93
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Calculate the percentage of amlodipine glucose/galactose adduct or amlodipine lactose
adduct, if present,
and any unspecified degradation product 1S (USP38)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of the amlodipine glucose/galactose adduct, amlodipine lactose adduct,
or any unspecified degradation product 1S (USP38)
from the Sample solution
rS= peak response of amlodipine from the Standard solution
CS= concentration of USP Amlodipine Besylate RS from the Standard solution (mg/mL)
CU= nominal concentration of amlodipine in the Sample solution (mg/mL)
Mr1
= molecular weight of amlodipine, 408.9
Mr2
= molecular weight of amlodipine besylate, 567.05
Calculate the percentage of in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of amlodipine from the Standard solution
C=
S concentration of amlodipine in the Standard solution (mg/mL)
C=
U nominal concentration of amlodipine in the Sample solution (mg/mL)
1S (USP38)

Acceptance criteria: See Table 1.
Table 1

Name
Amlodipine
Amlodipine
Amlodipine
Amlodipine

related compound Aa
lactose adduct b
glucose/galactose adduct b
besylate

Relative
Retention
Time
0.50
0.80
0.90
1.0

Acceptance
Criteria,
NMT (%)
1.0
0.5
0.5
—
0.20

—
Any unspecified degradation product
0.2 1S (USP38)
a 3-Ethyl, 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-6-methyl-3,5pyridinedicarboxylate] fumarate.
b Formulation-specific impurities.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
• USP Reference Standards 11
USP Amlodipine Besylate RS
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USP Amlodipine Related Compound A RS
3-Ethyl, 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-6-methyl-3,5pyridinedicarboxylate] fumarate.
C20 H23 ClN2 O5 ·C4 H4 O4
522.93
BRIEFING
Anastrozole Tablets. The proposal for this dosage form published in PF 38(3) [May–June 2012]
is canceled and replaced with the following proposal based on validated methods of analysis.
1.
The Assay, Dissolution Test 1, and Dissolution Test 2 are based on analyses performed
with the Inertsil ODS-3V brand of L1 column. The typical retention times for
anastrozole are about 7.5, 7.5, and 7 min, respectively.
2.
The test for Organic Impurities is based on analyses performed with the Hichrom RPB
brand of L42 column. The typical retention time for anastrozole is about 14 min.
(SM3: F. Mao.)
Correspondence Number—C93610; C121778; C139710

Comment deadline: July 31, 2014
Add the following:
Anastrozole Tablets
DEFINITION
Anastrozole Tablets contain NLT 90% and NMT 110% of the labeled amount of anastrozole
(C17 H19 N5 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Transfer the finely ground Tablet powder containing 8 mg of anastrozole into a
suitable container. Add 10 mL of diethyl ether and sonicate for 5 min. Aspirate the
supernatant and pass the slurry through a nylon filter of 0.45-µm pore size into another
suitable container containing 400 mg of spectroscopic grade potassium bromide.
Evaporate the mixture to dryness under nitrogen. Further dry it under vacuum at 50 for 1
h.
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile and water (40:60)
Diluent: Acetonitrile and water (50:50)
Standard solution: 40 µg/mL of USP Anastrozole RS in Diluent. Sonication may be used to
aid dissolution.
Sample solution: Nominally equivalent to 40 µg/mL of anastrozole in Diluent, prepared as
follows. Transfer NLT 10 Tablets to a suitable volumetric flask. Add 40% of the flask
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volume of water, and shake on a rotary shaker for 10 min to disintegrate the Tablets. Add
40% of the flask volume of acetonitrile, and sonicate for 15 min with intermittent shaking,
maintaining the sonicator temperature at 25 . Dilute with Diluent to volume. Centrifuge a
portion of the solution at 3500 rpm for 10 min, and use the clear solution for analysis.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of anastrozole (C17 H19 N5 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Anastrozole RS in the Standard solution (mg/mL)
C=
U nominal concentration of anastrozole in the Sample solution (mg/mL)
Acceptance criteria: 90%–110%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: Water; 900 mL, deaerated
Apparatus 2: 50 rpm
Time: 15 min
Mobile phase: Acetonitrile and water (40:60)
Diluent: Acetonitrile and water (50:50)
Standard stock solution: 0.2 mg/mL of USP Anastrozole RS in Diluent
Standard solution: Dilute the Standard stock solution with Medium to obtain a final
concentration of (L/1000) mg/mL, where L is the label claim in mg/Tablet.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Discard the first few mL of the filtrate.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of anastrozole (C17 H19 N5 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of anastrozole (C17 H19 N5 ) is dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: Water; 1000 mL, deaerated
Apparatus 2: 50 rpm
Time: 15 min
Mobile phase: Acetonitrile, trifluoroacetic acid, and water (300:1:700)
Standard stock solution: 0.2 mg/mL of USP Anastrozole RS prepared as follows. Transfer
USP Anastrozole RS into a suitable volumetric flask and add acetonitrile equivalent to 8%
of the final volume. Sonicate to dissolve and dilute with water to volume.
Standard solution: Dilute the Standard stock solution with Medium to obtain a final
concentration of (L/1000) mg/mL, where L is the label claim in mg/Tablet.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Discard the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 3.2-mm × 10-cm; 5-µm packing L1
Flow rate: 0.75 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.9–1.4
Relative standard deviation: NMT 1.5%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of anastrozole (C17 H19 N5 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
Tolerances: NLT 80% (Q) of the labeled amount of anastrozole (C17 H19 N5 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Solution A: Methanol, acetonitrile, trifluoroacetic acid, and water (200: 100: 0.7: 700)
Solution B: Methanol, acetonitrile, trifluoroacetic acid, and water (500: 250: 0.7: 250)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
25
100
0
25.1
0
100
30
0
100
31
100
0
40
100
0
Diluent: Acetonitrile, trifluoroacetic acid, and water (200: 0.8: 800)
System suitability stock solution: 0.5 mg/mL of USP Anastrozole RS and 0.3 mg/mL of
ethyl 4-hydroxybenzoate in Diluent prepared as follows. Transfer USP Anastrozole RS and
ethyl 4-hydroxybenzoate into a suitable volumetric flask and add Diluent equivalent to
50% of the final volume. Sonicate to dissolve and dilute with Diluent to volume.
System suitability solution: 10 µg/mL of USP Anastrozole RS and 6 µg/mL of ethyl 4hydroxybenzoate in Diluent, from System suitability stock solution
Standard stock solution: 0.5 mg/mL of USP Anastrozole RS in Diluent prepared as follows.
Transfer USP Anastrozole RS into a suitable volumetric flask and add Diluent equivalent to
50% of the final volume. Sonicate to dissolve and dilute with Diluent to volume.
Standard solution: 10 µg/mL of USP Anastrozole RS in Diluent, from Standard stock
solution
Sample solution: Nominally equivalent to 1.0 mg/mL of anastrozole from NLT 25 finely
powdered Tablets, prepared as follows. Transfer a weighed quantity of powdered Tablets,
equivalent to 10 mg of anastrozole, to a suitable container and add 10.0 mL of Diluent.
Sonicate for 30 min and allow to cool to room temperature. Pass through a suitable filter
of 0.45-µm pore size, and discard the first few mL of the filtrate. If the filtrate is not
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clear, filter again through a suitable filter of 0.2-µm pore size, and discard the first few mL
of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 3.2-mm × 10-cm; 5-µm packing L42
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Analysis time: 25 min
System suitability
Sample: System suitability solution
[Note—The relative retention times for ethyl 4-hydroxybenzoate and anastrozole are 0.7
and 1.0, respectively.]
Suitability requirements
Resolution: Greater than 4 between ethyl 4-hydroxybenzoate and anastrozole peaks
Tailing factor: 0.9–1.3, for the anastrozole peak
Relative standard deviation: NMT 5%, for the anastrozole peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of anastrozole from the Standard solution
C=
S concentration of USP Anastrozole RS in the Standard solution (mg/mL)
C=
U nominal concentration of anastrozole in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.1%.
Table 2

Name
diamidea

Anastrozole
Anastrozole monoacid monoamideb
Anastrozole monoamide mononitrilec
Desmethyl anastrozoled
Anastrozole diacide
Anastrozole monoacid mononitrilef
Anastrozole
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.11
0.26
0.30
0.51
0.71
0.87
1.00
—
—

Acceptance
Criteria,
NMT (%)
0.5
0.5
0.5
—
0.5
0.5
—
0.5
1.0
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a 2,2’-{5-[(1H-1,2,4-Triazol-1-yl)methyl]-1,3-phenylene}bis(2-methylpropanamide).
b 2-{3-[(1H-1,2,4-Triazol-1-yl)methyl]-5-(1-amino-2-methyl-1-oxopropan-2-yl)phenyl}2-methylpropanoic acid.
c 2-{3-[(1H-1,2,4-Triazol-1-yl)methyl]-5-(2-cyanopropan-2-yl)phenyl}-2methylpropanamide.
d 2-(3-(1-Cyanoethyl)-5-(1H-1,2,4-triazol-1-ylmethyl)phenyl)-2-methylpropanenitrile.
This process impurity is controlled in the drug substance monograph. It is included in the
table for identification only, and it is not to be reported in the Total impurities.
e 2,2’-{5-[(1H-1,2,4-Triazol-1-yl)methyl]-1,3-phenylene}bis(2-methylpropanoic acid).
f 2-{3-[(1H-1,2,4-Triazol-1-yl)methyl]-5-(2-cyanopropan-2-yl)phenyl}-2-methylpropanoic
acid.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the test used
only if Test 1 is not used.
• USP Reference Standards
USP Anastrozole RS

11

1S (USP38)

BRIEFING
Antipyrine, USP 37 page 1820. As part of USP modernization efforts, it is proposed to revise
the monograph as follows:
1.
Replace the current nonspecific Assay by titration with a validated UHPLC procedure.
The proposed Assay uses the Zorbax Eclipse plus C18 brand of L1 column
manufactured by Agilent Technologies, in which antipyrine elutes at about 1.2 min.
2.
Revise the Acceptance criteria in the Definition and Assay from "NLT 99.0% and NMT
100.5%" to "NLT 98.0% and NMT 102.0%", which are typical for chromatographic
procedures.
3.
Replace Identification test B by UV absorption with retention time agreement in the
proposed Assay.
4.
Delete Identification test C by visual detection as it is not value-added, and the
monograph already has orthogonal identifications.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: D. Min.)
Correspondence Number—C133099

Comment deadline: July 31, 2014
Antipyrine
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188.23

1,2-Dihydro-1,5-dimethyl-2-phenyl-3H-pyrazol-3-one;
2,3-Dimethyl-1-phenyl-3-pyrazolin-5-one
[60-80-0].
DEFINITION
Change to read:
Antipyrine contains NLT 99.0% and NMT 100.5%
NLT 98.0% and NMT 102.0% 1S (USP38)
of antipyrine (C11 H12 N2 O), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
B. Ultraviolet Absorption 197U
Analytical wavelength: 266 nm
Sample solution: 20 µg/mL in methanol
Acceptance criteria: Absorptivities calculated on the dried basis do not differ by more
than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
Delete the following:
•
C.
Analysis: Add tannic acid TS to a solution of it.
Acceptance criteria: A white precipitate is formed.
ASSAY
Change to read:
• Procedure
Sample: 150 mg
Titrimetric system
(See Titrimetry

541 .)

1S (USP38)
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Mode: Residual titration
Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of water in a 250-mL iodine flask. Add 2 g of
sodium acetate, 1 mL of diluted acetic acid, and 20.0 mL of 0.1 N iodine VS to the
Sample and allow to stand in a cool, dark place for 20 min. Add 25 mL of alcohol to
dissolve the precipitate, and titrate the excess iodine with Titrant, using starch TS as
the indicator. Each mL of 0.1 N iodine is equivalent to 9.412 mg of antipyrine
(C11 H12 N2 O).
Acceptance criteria: 99.0%–100.5% on the dried basis
Solution A: 0.77 g/L of ammonium acetate in water. Adjust with diluted ammonium
hydroxide to a pH of 7.0 and pass through a filter of 0.2-µm pore size.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
1.0
75
25
5.0
20
80
5.01
75
25
8.0
75
25
System suitability solution: 0.12 mg/mL of USP Antipyrine RS and 0.12 µg/mL of USP
Antipyrine Related Compound A RS in water
Standard solution: 0.12 mg/mL of USP Antipyrine RS in water
Sample solution: 0.12 mg/mL of Antipyrine in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 2.1-mm × 10-cm; 1.8-µm packing L1
Column temperature: 35
Flow rate: 0.4 mL/min
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between antipyrine and antipyrine related compound A, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of antipyrine (C11 H12 N2 O) in the portion of Antipyrine taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Antipyrine RS in the Standard solution (mg/mL)
CU= concentration of Antipyrine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

1S (USP38)

IMPURITIES
• Residue on Ignition 281 : NMT 0.15%
• Heavy Metals 231
Test preparation: Dissolve 1 g in 2 mL of 1 N acetic acid, and add water to make 25 mL.
Acceptance criteria: NMT 20 ppm
• Organic Impurities
Buffer: Dissolve 6.8 g of monobasic potassium phosphate in 1 L of water, add 2 mL of
triethylamine, and adjust with 5 N sodium hydroxide solution to a pH of 7.0.
Mobile phase: Methanol and Buffer (43:100)
System suitability solution: 5 µg/mL each of USP Antipyrine RS and USP Antipyrine
Related Compound A RS in Mobile phase
Standard solution: 0.5 µg/mL of USP Antipyrine RS and 0.25 µg/mL of USP Antipyrine
Related Compound A RS in Mobile phase
Sample solution: 500 µg/mL of Antipyrine in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 6.0-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: 3 times the retention time of antipyrine
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 3.0 between antipyrine related compound A and antipyrine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of antipyrine related compound A in the portion of Antipyrine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of antipyrine related compound A from the Sample solution
rS= peak response of antipyrine related compound A from the Standard solution
C=
S concentration of USP Antipyrine Related Compound A RS in the Standard solution
(µg/mL)
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C=
U concentration of the Sample solution (µg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Antipyrine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unspecified impurity from the Sample solution
rS= peak response of antipyrine from the Standard solution
C=
S concentration of USP Antipyrine RS in the Standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.03%.
Table 2
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Name
Antipyrine related
compound A
Antipyrine
Individual unspecified impurity
Total impurities

0.8
1.0
—
—

0.05
—
0.05
0.1

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 60 for 2 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP Antipyrine RS
USP Antipyrine Related Compound A RS
3-Methyl-1-phenyl-1H-pyrazol-5(4H)-one.
C10 H10 N2 O
174.20
BRIEFING
Benzocaine Cream, USP 37 page 1933. As part of USP monograph modernization efforts, the
following revisions are proposed:
1.
Replace the wet chemistry-based Identification test A with a retention time agreement
from the proposed HPLC procedures in the Assay.
2.
Add an Identification test B with a UV spectrum matching the main peak from the
proposed HPLC procedure in the Assay.
3.
Replace the titration procedure in the Assay with a stability-indicating HPLC procedure.
The liquid chromatographic procedures are based on analyses performed with the
Waters Symmetry Shield RP8, 5-µm L7 brand of column. The typical retention time
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for benzocaine is about 15 min.
4.
Add an HPLC procedure in the test for Organic Impurities using the same
chromatographic system as that in the Assay.
5.
In the USP Reference Standards section, add the two new Reference Standards that
are used in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R.-H. Yeh.)
Correspondence Number—C136866

Comment deadline: July 31, 2014
Benzocaine Cream
DEFINITION
Benzocaine Cream contains NLT 90.0% and NMT 110.0% of the labeled amount of benzocaine
(C9 H11 NO2 ) in a suitable cream base.
IDENTIFICATION
Delete the following:
•
A.
Sample solution: Place an amount of Cream, equivalent to 50 mg of benzocaine, in a small
beaker; add 20 mL of 0.5 N hydrochloric acid, warm gently to disperse the Cream, cool,
and filter. Use the filtrate in the analysis.
Analysis: To 10 mL of the Sample solution add 5 drops of a solution of sodium nitrite (1 in
10) and 2 drops of methyl red TS, and neutralize with 1 N sodium hydroxide. Add 2 mL of a
20 mg/mL solution of 2-naphthol in 1 N sodium hydroxide.
Acceptance criteria: An orange-red precipitate is formed. 1S (USP38)
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: Transfer a portion of Cream, nominally equivalent to 200 mg of
benzocaine, into a tared 250-mL beaker. Add 50 mL of water and 5 mL of hydrochloric
acid, and stir by mechanical means, with gentle warming, until a solution is effected. Cool
the solution in an ice bath to about 10 .
Titrimetric system
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Mode: Direct titration
Titrant: 0.1 M sodium nitrite VS
Electrode system: Calomel-platinum
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution slowly with Titrant. Each mL of 0.1 M sodium nitrite
is equivalent to 16.52 mg of benzocaine (C9 H11 NO2 ).
Acceptance criteria: 90.0%–110.0%
Solution A: 0.1% Trifluoroacetic acid (TFA), prepared by diluting 1.0 mL of TFA with
water to 1 L
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
34
50
50
35
90
10
38
90
10
Diluent: Solution A and Solution B (1:1)
System suitability solution: 1 µg/mL of USP Benzocaine RS and 2 µg/mL each of USP
Aminobenzoic Acid RS and USP Ethyl 4-Nitrobenzoate RS in Diluent
Standard solution: 0.1 mg/mL of USP Benzocaine RS in Diluent. Sonicate to dissolve, if
necessary.
Sample solution: Nominally equivalent to 0.1 mg/mL of benzocaine in Diluent prepared
as follows. Transfer a portion of Cream, nominally equivalent to 10 mg of benzocaine,
into a 100-mL volumetric flask, and dissolve it in about 2% of the final volume of
tetrahydrofuran. Dilute with Diluent to volume, and pass through a suitable filter of
0.45-µm pore size, discarding the first 2–3 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm. For Identification test B, use a diode array detector in the
range of 200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 10 between aminobenzoic acid and benzocaine, and between
benzocaine and ethyl 4-nitrobenzoate, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of benzocaine (C9 H11 NO2 ) in the portion
of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of benzocaine from the Sample solution
rS= peak response of benzocaine from the Standard solution
CS= concentration of USP Benzocaine RS in the Standard solution (mg/mL)
CU= nominal concentration of benzocaine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

1S (USP38)

PERFORMANCE TESTS
• Minimum Fill 755 : Meets the requirements
IMPURITIES
Add the following:
•
Organic Impurities
Solution A: 0.1% Trifluoroacetic acid, prepared by diluting 1.0 mL of TFA with water to 1 L
Solution B: Acetonitrile
Mobile phase: See Table 1 in the Assay.
Diluent: Solution A and Solution B (1:1)
Standard solution: 1 µg/mL of USP Benzocaine RS and 2 µg/mL each of USP Aminobenzoic
Acid RS and USP Ethyl 4-Nitrobenzoate RS in Diluent
Sample solution: Nominally equivalent to 1 mg/mL of benzocaine in Diluent prepared as
follows. Transfer a portion of Cream, nominally equivalent to 50 mg of benzocaine, into a
volumetric flask, and dissolve in 10% of the final volume of tetrahydrofuran, with the aid
of sonication as needed. Dilute with Diluent to volume, and pass through a suitable filter
of 0.45-µm pore size, discarding the first 2–3 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 10 between aminobenzoic acid and benzocaine, and between
benzocaine and ethyl 4-nitrobenzoate
Relative standard deviation: NMT 2.0% for each peak corresponding to benzocaine,
aminobenzoic acid, and ethyl 4-nitrobenzoate
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of aminobenzoic acid and ethyl 4-nitrobenzoate in the portion of
Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of aminobenzoic acid or ethyl 4-nitrobenzoate from the Sample solution
rS= peak response of the corresponding Reference Standard from the Standard solution
C=
S concentration of USP Aminobenzoic Acid RS or USP Ethyl 4-Nitrobenzoate RS in the
Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
Calculate the percentage of any other individual unspecified impurity in the portion of
Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other individual unspecified impurity from the Sample solution
rS= peak response of benzocaine from the Standard solution
C=
S concentration of USP Benzocaine RS in the Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Aminobenzoic acid
0.29
0.20
Benzocaine
1.0
—
Ethyl 4-nitrobenzoate
2.1
0.20
Any other individual unspecified impurity
—
0.10
Total impurities
—
1.0
1S (USP38)

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : It
meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light, and avoid
prolonged exposure to temperatures exceeding 30 .
Change to read:
• USP Reference Standards 11
USP Aminobenzoic Acid RS
Benzoic acid, 4-amino.
C7 H7 NO2
137.14 1S (USP38)
USP Benzocaine RS
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USP Ethyl 4-Nitrobenzoate RS
Benzoic acid, 4-nitro-, ethyl ester.
C9 H9 NO4
195.17 1S (USP38)
BRIEFING
Benzocaine Gel, USP 36 page 2617. As a part of USP monograph modernization efforts, the
following revisions are proposed:
1.
Replace the wet chemistry-based Identification test A with a UV spectrum match of the
major peaks from the proposed HPLC procedure in the Assay.
2.
In the Assay, replace the current HPLC procedure with a new HPLC procedure. The
liquid chromatographic procedure is performed using the Waters Symmetry Shield RP8
column containing 5-µm packing L7. The typical retention time for benzocaine is
about 15 min.
3.
In the test for Organic Impurities, add a stability-indicating HPLC procedure using the
same chromatographic system as that in the Assay.
4.
In the USP Reference Standards section, add two new Reference Standards that are
used in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R.-H. Yeh.)
Correspondence Number—C136868

Comment deadline: July 31, 2014
Benzocaine Gel
DEFINITION
Benzocaine Gel contains NLT 90.0% and NMT 110.0% of the labeled amount of benzocaine
(C9 H11 NO2 ).
IDENTIFICATION
Delete the following:
•
A.
Sample solution: Transfer an amount of Gel, equivalent to 5 mg of benzocaine, to a
beaker; add 20 mL of 0.5 N hydrochloric acid, warm gently to disperse the Gel. Cool, and
filter if necessary, to obtain a clear solution. Use the filtrate in the analysis.
Analysis: To 10 mL of the Sample solution add 5 drops of a solution of sodium nitrite (1 in
10) and 2 drops of methyl red TS, and neutralize with 1 N sodium hydroxide. Add 2 mL of a
20 mg/mL solution of 2-naphthol in 1 N sodium hydroxide.
Acceptance criteria: An orange-red precipitate is formed. 1S (USP38)
Add the following:
•
A.
The UV spectrum of the major peak of the Sample solution corresponds to that of the Standard
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solution, as obtained in the Assay. 1S (USP38)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, glacial acetic acid, and water (56:4:40)
Diluent: Methanol and water (1:1)
Standard solution: 0.02 mg/mL of USP Benzocaine RS in Diluent
Sample solution: Nominally 0.02 mg/mL of benzocaine in Diluent prepared as follows.
Transfer an amount of Gel, equivalent to 200 mg of benzocaine, to a 100-mL volumetric
flask. Add 80 mL of Diluent, and shake by mechanical means for 15 min. Dilute with
Diluent to volume, and filter, if necessary, to obtain a clear solution, discarding the first 5
mL of the filtrate. Transfer 1.0 mL of the clear solution to a second 100-mL volumetric
flask, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 294 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzocaine (C9 H11 NO2 ) in the portion of
Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of benzocaine from the Sample solution
rS= peak response of benzocaine from the Standard solution
C=
S concentration of USP Benzocaine RS in the Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
Solution A: 0.1% Trifluoroacetic acid, prepared by diluting 1.0 mL of trifluoroacetic acid
with water to 1 L
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
34
50
50
35
90
10
38
90
10
Diluent: Solution A and Solution B (1:1)
System suitability solution: 1 µg/mL of USP Benzocaine RS and 2 µg/mL each of USP
Aminobenzoic Acid RS and USP Ethyl 4-Nitrobenzoate RS in Diluent
Standard solution: 0.1 mg/mL of USP Benzocaine RS in Diluent. Sonicate to dissolve, if
necessary.
Sample solution: Nominally 0.1 mg/mL of benzocaine in Diluent prepared as follows.
Transfer a portion of Gel, equivalent to 10 mg of benzocaine, into a 100 mL volumetric
flask and dissolve it in Diluent. Pass through a suitable filter of 0.45-µm pore size,
discarding the first 2–3 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm. For Identification test A, use a diode array detector in the
range of 200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 10 between aminobenzoic acid and benzocaine, and between
benzocaine and ethyl 4-nitrobenzoate, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzocaine (C9 H11 NO2 ) in the portion
of Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of benzocaine from the Sample solution
rS= peak response of benzocaine from the Standard solution
CS= concentration of USP Benzocaine RS in the Standard solution (mg/mL)
CU= nominal concentration of benzocaine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

1S (USP38)

PERFORMANCE TESTS
• Minimum Fill 755 : Meets the requirements
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IMPURITIES
Add the following:
•
Organic Impurities
Solution A: 0.1% Trifluoroacetic acid, prepared by diluting 1.0 mL of trifluoroacetic acid
with water to 1 L
Solution B: Acetonitrile
Mobile phase: See Table 1 in the Assay.
Diluent: Solution A and Solution B (1:1)
Standard solution: 1 µg/mL of USP Benzocaine RS and 2 µg/mL each of USP Aminobenzoic
Acid RS and USP Ethyl 4-Nitrobenzoate RS in Diluent
Sample solution: Nominally 1 mg/mL of benzocaine in Diluent prepared as follows. Transfer
a portion of Gel, equivalent to 50 mg of benzocaine, into a 50-mL volumetric flask, and
dissolve in Diluent. Pass through a suitable filter of 0.45-µm pore size, discarding the first
2–3 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 10 between aminobenzoic acid and benzocaine, and between
benzocaine and ethyl 4-nitrobenzoate
Relative standard deviation: NMT 2.0% for each peak corresponding to benzocaine,
aminobenzoic acid, and ethyl 4-nitrobenzoate
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aminobenzoic acid and ethyl 4-nitrobenzoate in the portion of
Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of aminobenzoic acid or ethyl 4-nitrobenzoate from the Sample solution
rS= peak response of the corresponding Reference Standard from the Standard solution
C=
S concentration of USP Aminobenzoic Acid RS or USP Ethyl 4-Nitrobenzoate RS in the
Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
Calculate the percentage of any other individual unspecified impurity in the portion of Gel
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other individual unspecified impurity from the Sample solution
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rS= peak response of benzocaine from the Standard solution
C=
S concentration of USP Benzocaine RS in the Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Aminobenzoic acid
0.29
0.20
Benzocaine
1.0
—
Ethyl 4-nitrobenzoate
2.1
0.20
Any other individual unspecified impurity
—
0.10
Total impurities
—
1.0
1S (USP38)

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : It
meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
USP Reference Standards 11
USP Aminobenzoic Acid RS
Benzoic acid, 4-amino.
C7 H7 NO2
137.14 1S (USP38)
USP Benzocaine RS
USP Ethyl 4-Nitrobenzoate RS
Benzoic acid, 4-nitro-, ethyl ester.
C9 H9 NO4
195.17 1S (USP38)
BRIEFING
Butabarbital Sodium Oral Solution, USP 37 page 2041. The monograph is being revised as
follows:
1.
Add Identification test B based on the retention time agreement using the existing
Assay.
2.
Expand the references to general chapter Barbiturate Assay 361 in the Assay to
support the proposed omission of this general chapter described in the Briefing for
Barbiturate Assay 361 appearing elsewhere in this issue of PF.
3.
Revise the Packaging and Storage section to be consistent with approved drug
products.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
USP is interested in replacing the current Assay procedure, which uses a packed column and
gas chromatography, with a specific, stability-indicating procedure based on liquid
chromatography. Interested parties are also encouraged to submit validated impurity
procedures with supporting data as well as an additional identification test to further
improve the monograph.
(SM4: H. Joyce.)
Correspondence Number—C134772

Comment deadline: July 31, 2014
Butabarbital Sodium Oral Solution
DEFINITION
Butabarbital Sodium Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount
of butabarbital sodium (C10 H15 N2 NaO3 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Transfer an equivalent to 150 mg of butabarbital sodium from a volume of Oral
Solution, to a separator. Render it distinctly alkaline by the addition of 1 N sodium
hydroxide, and saturate it with sodium chloride. Extract the mixture with two 15-mL
portions of ether, and discard the ether. Acidify the solution with hydrochloric acid, and
render it just alkaline to litmus by adding small portions of sodium bicarbonate (carbonatefree). Extract the liberated acid barbiturate using five 20-mL portions of chloroform. Wash
the combined chloroform extracts with 10 mL of water acidified with 1 drop of hydrochloric
acid, then extract the water with 10 mL of chloroform, adding the latter to the main
chloroform solution. Pass the chloroform solution through a pledget of cotton or other
suitable filter, previously washed with chloroform, into a tared beaker, and finally wash the
separator and the filter with three 5-mL portions of chloroform. Evaporate the combined
chloroform solution and washings on a steam bath with the aid of a current of air to
dryness, and dry the residue at 105 for 2 h.
Acceptance criteria: Meets the requirements
Add the following:
• B. The retention time of the butabarbital peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Solution A: Dissolve 2.0 mL of bromine and 10 g of potassium bromide in 60 mL of water.
Solution B: Sodium metabisulfite in water (1 in 10)
Internal standard solution: 0.7 mg/mL of secobarbital in chloroform
Standard solution: 1 mg/mL of USP Butabarbital RS and 1.4 mg/mL of secobarbital in
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chloroform
Sample stock solution: Nominally 0.3 mg/mL of butabarbital sodium from Oral Solution
prepared as follows. Transfer a volume of Oral Solution, equivalent to 30 mg of
butabarbital sodium, to a separator. Add 1 mL of Solution A, and swirl. Allow to stand for 5
min, add 1 mL of Solution B, and swirl. Add 300 mg of sodium bicarbonate in small portions,
with mixing, and extract with four 10-mL portions of chloroform. Pass the extracts through
about 15 g of anhydrous sodium sulfate that is supported on a funnel by a small pledget of
glass wool. Collect the combined filtrates in a 50-mL volumetric flask, wash the sodium
sulfate with 5 mL of chloroform, collecting the washing with the filtrate, dilute with
chloroform to volume, and mix.
[Note—This solution includes a bromination step for elimination of parabens and a
carbonate–chloroform extraction for elimination of benzoic acid.]
Sample solution: Combine 2.0 mL of Sample stock solution with 2.0 mL of Internal
standard solution in a suitable container, and reduce the volume to about 1 mL by
evaporation, with the aid of a stream of dry nitrogen, at room temperature.
Chromatographic system and System suitability: Proceed as directed for Barbiturate
Assay 361 , Chromatographic System and System Suitability.
Resolution: NLT 2.4 between butabarbital and secobarbital
[Note—The relative retention times for butabarbital and secobarbital are 0.6 and 1.0,
respectively.]
Analysis
Samples: Standard solution and Sample solution
Proceed as directed for Barbiturate Assay

361 , Procedure.

Calculate the percentage of the labeled amount of butabarbital sodium (C10 H15 N2 NaO3 ) in
the portion of Oral Solution taken:
Result = (RU/RS) × (QS/Ci) × (1/CU) (Mr1/Mr2) × 100
RU= peak response ratio of butabarbital to the internal standard from the Sample solution
RS= peak response ratio of butabarbital to the internal standard from the Standard
solution
QS= ratio of weight of butabarbital to the internal standard in the Standard solution
Ci = concentration of the internal standard in the Internal standard solution (mg/mL)
CU= nominal concentration of butabarbital sodium in the Sample solution (µg/mL)
Mr1
= molecular weight of butabarbital sodium, 234.23
Mr2
= molecular weight of butabarbital, 212.25
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm × 0.9-m glass; packed with 3% liquid phase G10 support on 80- to 10mesh S1A
Temperatures
Injection port: 225
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Detector: 225
Column: 200 ± 10
Carrier gas: A suitable gas such as dry nitrogen
Flow rate: 60–80 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for butabarbital and secobarbital are 0.6 and 1.0,
respectively.]
Resolution: NLT 2.4 between butabarbital and secobarbital
Tailing factor: NMT 2.0 each for butabarbital and secobarbital
Relative standard deviation: NMT 1.5% for the peak response ratio of butabarbital to
the internal standard
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of butabarbital sodium (C10 H15 N2 NaO3 ) in
the portion of Oral Solution taken:
Result = (RU/RS) × (CS/CU) × (Mr1/Mr2) × 100
RU= peak response ratio of butabarbital to the internal standard from the Sample solution
RS= peak response ratio of butabarbital to the internal standard from the Standard
solution
CS= concentration of USP Butabarbital RS in the Standard solution (µg/mL)
CU= nominal concentration of butabarbital sodium in the Sample solution (µg/mL)
Mr1= molecular weight of butabarbital sodium, 234.23
Mr2= molecular weight of butabarbital, 212.25
1S (USP38)

Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
• Alcohol Determination, Method II
amount of alcohol (C2 H5 OH)

611 : Between 95.0% and 115.0% of the labeled

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 1S (USP38)
• USP Reference Standards
USP Butabarbital RS

11
BRIEFING

Butabarbital Sodium Tablets, USP 37 page 2041. The monograph is being revised as follows:
1.
Replace Identification test A, which uses open column chromatography, with the
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retention time agreement using the existing Assay.
2.
Expand the references to general chapter Barbiturate Assay 361 in the Assay to
support the proposed omission of this general chapter described in the Briefing for
Barbiturate Assay 361 appearing elsewhere in this issue of PF.
3.
Delete the Procedure for content uniformity in the test for Uniformity of Dosage Units
to allow flexibility.
4.
Revise the Packaging and Storage section to be consistent with approved drug
products.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
USP is interested in replacing the current Assay procedure, which uses a packed column and
gas chromatography, with a specific, stability-indicating procedure based on liquid
chromatography. Interested parties are also encouraged to submit validated impurity
procedures with supporting data as well as an additional identification test to further
improve the monograph.
(SM4: H. Joyce.)
Correspondence Number—C134772

Comment deadline: July 31, 2014
Butabarbital Sodium Tablets
DEFINITION
Butabarbital Sodium Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
butabarbital sodium (C10 H15 N2 NaO3 ).
IDENTIFICATION
Change to read:
A. Infrared Absorption 197K
Solution A: Sodium carbonate in water (1 in 10)
Solution B: A water-saturated mixture of isooctane and ether (4:1)
Sample: Mix a portion of ground Tablets, equivalent to 150 mg of butabarbital sodium,
with 1 mL of dimethyl sulfoxide and 1 mL of water. Then, add hydrochloric acid dropwise
until the solution is just acid to litmus, and mix. Add 3 g of chromatographic siliceous
earth, and mix.
Analysis:
Pack a chromatographic tube as follows. (ERR 1-O ct-2013)
The lower layer consists of 4 g of chromatographic siliceous earth mixed with 3 mL of
Solution A, and the upper layer is the Sample. Wash the column with 75 mL of Solution B,
and discard the washing. Elute the butabarbital with 200 mL of water-saturated ether,
collecting the eluate in a suitable vessel. Evaporate the eluate to dryness on a steam
bath under a current of air, and dry the residue at 105 for 2 h.
Acceptance criteria: Meet the requirements
The retention time of the butabarbital peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay.

1S (USP38)

ASSAY
Change to read:
• Procedure
Solution A: Ammonium hydroxide in water (1 in 25)
Internal standard solution: 1.2 mg/mL of secobarbital in chloroform
Standard solution: 0.8 mg/mL of USP Butabarbital RS and 1 mg/mL of secobarbital in
chloroform
Sample stock solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 50 mg of butabarbital sodium, to a 50-mL volumetric flask. Add 35 mL of
Solution A, and dilute with water to volume. Filter, if necessary, discarding the first 15 mL
of the filtrate, and transfer 25.0 mL of the clear solution to a separator. Add 2 mL of
hydrochloric acid, and extract with three 25-mL portions of chloroform. Filter the extracts
through about 15 g of anhydrous sodium sulfate that is supported on a funnel by a small
pledget of glass wool. Collect the combined filtrate in a 100-mL volumetric flask, and wash
the sodium sulfate with 15 mL of chloroform, collecting the washing with the filtrate.
Dilute with chloroform to volume.
Sample solution: Combine 4.0 mL of Sample stock solution with 1.0 mL of Internal
standard solution in a suitable container. Reduce the volume to about 1 mL by
evaporation, with the aid of a stream of nitrogen, at room temperature.
Chromatographic system and System suitability: Proceed as directed in Barbiturate
Assay 361 , Chromatographic System and System Suitability.
Resolution: NLT 2.4 between butabarbital and secobarbital
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for butabarbital and secobarbital are 0.6 and 1.0,
respectively.]
Proceed as directed in Barbiturate Assay

361 , Procedure.

Calculate the percentage of the labeled amount of butabarbital sodium (C10 H15 N2 NaO3 ) in
the portion of Tablets taken:
Result = (RU/RS) × (QS × Ci) × (1/CU) × (Mr1/Mr2) × 100
RU= peak response ratio of butabarbital to the internal standard from the Sample solution
RS= peak response ratio of butabarbital to the internal standard from the Standard
solution
QS= ratio of the weight of butabarbital to the internal standard in the Standard solution
Ci = concentration of the internal standard in the Internal standard solution (mg/mL)
CU= nominal concentration of butabarbital sodium in the Sample solution (mg/mL)
Mr1
= molecular weight of butabarbital sodium, 234.23
Mr2
= molecular weight of butabarbital, 212.25
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm × 0.9-m glass; packed with 3% liquid phase G10 support on 80- to 10mesh S1A
Temperatures
Injection port: 225
Detector: 225
Column: 200 ± 10
Carrier gas: A suitable gas such as dry nitrogen
Flow rate: 60–80 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for butabarbital and secobarbital are 0.6 and 1.0,
respectively.]
Resolution: NLT 2.4 between butabarbital and secobarbital
Tailing factor: NMT 2.0 each for butabarbital and secobarbital
Relative standard deviation: NMT 1.5% for the peak response ratio of butabarbital to
the internal standard
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of butabarbital sodium (C10 H15 N2 NaO3 ) in
the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × (Mr1/Mr2) × 100
RU= peak response ratio of butabarbital to the internal standard from the Sample solution
RS= peak response ratio of butabarbital to the internal standard from the Standard
solution
CS= concentration of USP Butabarbital RS in the Standard solution (mg/mL)
CU= nominal concentration of butabarbital sodium in the Sample solution (mg/mL)
Mr1= molecular weight of butabarbital sodium, 234.23
Mr2= molecular weight of butabarbital, 212.25
1S (USP38)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: Water; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Standard solution: USP Butabarbital RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter, and
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mix with sufficient ammonium hydroxide to provide a concentration of 0.5 N ammonium
hydroxide. Dilute with Medium, if necessary.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum absorbance at about
1S (USP38)

239 nm
Analysis
Samples: Standard solution and Sample solution
Determine the percentage of the labeled amount of butabarbital sodium (C10 H15 N2 NaO3 )
dissolved.
Calculate the percentage of the labeled amount of butabarbital sodium (C10 H15 N2 NaO3 )
dissolved:
Result = (AU/AS) × (CS/CU) × D × (Mr1/Mr2) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Butabarbital RS in the Standard solution (mg/mL)
CU= nominal concentration of butabarbital sodium in the Sample solution (mg/mL)
D = dilution factor for the Sample solution
Mr1= molecular weight of butabarbital sodium, 234.23
Mr2= molecular weight of butabarbital, 212.25
1S (USP38)

Tolerances: NLT 75% (Q) of the labeled amount of butabarbital sodium (C10 H15 N2 NaO3 ) is
dissolved.
Change to read:
• Uniformity of Dosage Units 905 : Meet the requirements
Procedure for content uniformity
Diluent: Methanol and 1 N hydrochloric acid (9:1)
Standard solution: 0.45 mg/mL of USP Butabarbital RS in Diluent
Sample solution: Nominally 0.5–0.6 mg/mL of butabarbital sodium from 1 Tablet
prepared as follows. Finely powder 1 Tablet, and transfer the powder to a 25-mL
volumetric flask. Add Diluent to volume. Filter, discarding the first 5 mL of the filtrate,
and dilute the subsequent filtrate with Diluent, if necessary.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum absorbance at about 240 nm
Cell: 1 cm
Blank: Diluent
Analysis
Samples: Standard solution, Sample solution, and Blank
Transfer 2.0 mL each of the Standard solution, the Sample solution, and the Blank to
separate 100-mL volumetric flasks. Dilute each flask with pH 9.6 alkaline borate buffer
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(see Reagents, Indicators, and Solutions—Solutions). Concomitantly determine the
absorbances of the solutions, using the blank to set the instrument.
Calculate the percentage of the labeled amount of butabarbital sodium (C10 H15 N2 NaO3 )
in the Tablet taken:
Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Butabarbital RS in the Standard solution (mg/mL)
CU= nominal concentration of butabarbital sodium in the Sample solution
Mr1
= molecular weight of butabarbital sodium, 234.23
Mr2
= molecular weight of butabarbital, 212.25
1S (USP38)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Preserve in tight containers, and store at controlled room temperature.
• USP Reference Standards
USP Butabarbital RS

1S (USP38)

11
BRIEFING

Urea C13 for Oral Solution, USP 37 page 2144. On the basis of comments received, it is
proposed to revise this dosage form as follows:
1.
Replace Identification tests A and B from their original cross-references to the Urea
monograph with a more specific Identification test A based on the retention time
agreement with the Assay.
2.
Expand the Assay from its original brief cross-reference to the Urea C 13 monograph to
include the procedural details. Remove the molecular weight correction as described
in the PF 38(4) revision proposal for Urea C 13. Due to the broad acceptance criteria
for this dosage form (90.0%–110.0%), the need to include molecular weight
correction is not necessary.
3.
Delete the phrase "for packaged solids" from the Uniformity of Dosage Units section as
the referenced chapter 905 does not have any reference to packaged solids.
4.
Delete the Other Requirements section to support proposed Identification test A.
5.
Include storage conditions to be consistent with the FDA-approved package insert.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C142761

Comment deadline: July 31, 2014
Urea C 13 for Oral Solution
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DEFINITION
Urea C 13 for Oral Solution is a dry powder prepared from Urea C 13. It contains NLT 90.0% and
NMT 110.0% of the labeled amount of urea C 13 (13CH4 N2 O). It contains no preservatives.
IDENTIFICATION
Change to read:
A. Heat about 500 mg in a test tube: it liquefies, and ammonia is evolved. Continue the heating
until the liquid becomes turbid, then cool. Dissolve the fused mass in a mixture of 10 mL of
water and 1 mL of sodium hydroxide solution (1 in 10), and add 1 drop of cupric sulfate TS:
the solution acquires a reddish-violet color.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
Delete the following:
•
B:
Dissolve 100 mg in 1 mL of water, and add 1 mL of nitric acid: a white crystalline precipitate of
urea nitrate is formed 1S (USP38)
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, methanol, and water (89:10:1)
System suitability solution: 2.5 mg/mL of urea and 0.003 mg/mL of biuret in Mobile phase
Standard solution: 2 mg/mL of USP Urea C 13 RS in Mobile phase
Sample solution: 2 mg/mL of urea C 13 from a portion of Urea C13 for Oral Solution in
Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 5-µm packing L8
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between urea and biuret, System suitability solution
Relative standard deviation: NMT 1%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks.
Calculate the percentage of the labeled amount of urea C 13 (13CH4 N2 O) in the portion of
Urea C 13 for Oral Solution taken:
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Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
Result = (rU/rS) × (CS/CU) × 100

1S (USP38)

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Urea C13 RS in the Standard solution (mg/mL)
CU= nominal concentration of urea C13 in the Sample solution (mg/mL)
Mr1
= molecular weight of Urea C 13
Mr2
= molecular weight of USP Urea C 13 RS
1S (USP38)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Uniformity of Dosage Units

905 : Meets the requirements for packaged solids

1S (USP38)

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms
Acceptance criteria
Total aerobic microbial count: NMT 103 cfu/g
Yeast count: NMT 102 cfu/g
Salmonella species and Escherichia coli: Absent

62

• Completeness of Solution 641
Sample solution: Nominally 100 mg/mL of urea C13 from a portion of Urea C 13 for Oral
Solution in carbon dioxide-free water
Acceptance criteria: Meets the requirements
Delete the following:
•
Other Requirements:
It meets the requirements for Identification tests A and B under Urea.

1S (USP38)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in sterile, well-closed containers.
Store at 15 –30 . 1S (USP38)
• Labeling: Label it to indicate that the solution is to be discarded if particulate matter is
visible after reconstitution. [Note—It is to be reconstituted with sterile purified water.]
Add the following:
• USP Reference Standards
USP Urea C 13 RS
1S (USP38)

11
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BRIEFING
Ciclopirox Olamine, USP 37 page 2336. As part of the USP monograph modernization initiative,
it is proposed to revise the monograph as follows:
1.
Replace the current Assay by titration with a stability-indicating UHPLC procedure that
employs mass spectroscopy compatible mobile phase and a modern analytical
column. The procedure uses the Zorbax Eclipse Plus Phenyl Hexyl brand of L11
column, manufactured by Agilent, in which ciclopirox elutes at about 6.6 min.
2.
Replace the test for Organic Impurities by HPLC with a UHPLC procedure that uses the
same chromatographic parameters as those proposed in the Assay.
3.
Add the required A designation to the existing Identification test. Add Identification test
B based on the retention time agreement proposed in the Assay.
4.
Add USP Ciclopirox Related Compound C RS to the USP Reference Standards section to
ensure the impurity separations and quantitation specified in the test for Organic
Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: D. Min.)
Correspondence Number—C120149

Comment deadline: July 31, 2014
Ciclopirox Olamine

C12 H17 NO2 ·C2 H7 NO

268.35

2(1H)-Pyridinone, 6-cyclohexyl-1-hydroxy-4-methyl-, compound with 2-aminoethanol (1:1);
6-Cyclohexyl-1-hydroxy-4-methyl-2(1H)-pyridone compound with 2-aminoethanol (1:1)
[41621-49-2].
DEFINITION
Ciclopirox Olamine contains NLT 97.5% and NMT 101.5% of ciclopirox olamine
(C12 H17 NO2 ·C2 H7 NO).
IDENTIFICATION
Change to read:
• A. 1S (USP38)
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Infrared Absorption 197K
Add the following:
• B. The retention time of the ciclopirox peak at 300 nm in the Sample solution corresponds
to that in the Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 200 mg of Ciclopirox Olamine in 2 mL of methanol and add 38
mL of water.
Titrimetric system
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution with Titrant. Perform a blank determination, and
make any necessary corrections. Determine the factor of the 0.1 N sodium hydroxide VS
using 100 mg of benzoic acid and titrate under the conditions prescribed above. Each mL
of 0.1 N sodium hydroxide is equivalent to 26.84 mg of ciclopirox olamine
(C12 H17 NO2 ·C2 H7 NO).
Solution A: 1.26 g/L of ammonium formate in water. Adjust with formic acid to a pH of
3.5, and pass through a filter of 0.2-µm pore size.
Solution B: Acetonitrile and methanol (60:25). Pass through a filter of 0.2-µm pore size.
Rinsing solution: 18.6 g/L of edetate disodium in water
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.0
95
5
0.01
95
5
10.0
15
85
12.0
15
85
12.01
95
5
15.0
95
5
[Caution—Protect the System suitability solution, Standard solution, and Sample solution
from light. All materials that are in direct contact with Ciclopirox Olamine (e.g., column
materials, reagents, solvents) should contain only very low amounts of extractable metal
cations.]
In order to ensure desorption of disruptive metal ions, every new column must be rinsed
with the Rinsing solution for NLT 20 volumes of the column, and then with water for NLT
20 volumes and a mixture of Solution A and Solution B (95:5) for NLT 10 volumes.
System suitability solution: 0.05 mg/mL each of USP Ciclopirox Olamine RS, USP
Ciclopirox Related Compound A RS, USP Ciclopirox Related Compound B RS, and USP
Ciclopirox Related Compound C RS in methanol
Standard solution: 0.1 mg/mL of USP Ciclopirox Olamine RS in methanol
Sample solution: 0.1 mg/mL of Ciclopirox Olamine in methanol
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm and 300 nm
Column: 2.1 mm × 10 cm; 1.8-µm packing L11
Column temperature: 30
Flow rate: 0.5 mL/min
Injection volume: 4 µL
System suitability
Samples: System suitability solution and Standard solution
See Table 2 for the relative retention times.
Suitability requirements
Resolution: NLT 3.0 between ciclopirox and ciclopirox related compound B at 300
nm; NLT 2.0 between ciclopirox related compound A and ciclopirox related
compound C at 220 nm, System suitability solution
Tailing factor: NMT 1.5, Standard solution at 300 nm
Relative standard deviation: NMT 1.0%, Standard solution at 300 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ciclopirox olamine (C12 H17 NO2 ·C2 H7 NO) in the portion of
Ciclopirox Olamine taken at 300 nm:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Ciclopirox Olamine RS in the Standard solution (mg/mL)
CU= concentration of Ciclopirox Olamine in the Sample solution (mg/mL)
1S (USP38)

Acceptance criteria: 97.5%–101.5%
OTHER COMPONENTS
• Monoethanolamine Content
Sample solution: Dissolve about 300 mg, accurately weighed, in 25 mL of glacial acetic
acid.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution with the Titrant. Perform a blank determination and
make any necessary correction. Each mL of 0.1 N perchloric acid is equivalent to 6.108 mg
of monoethanolamine (C2 H7 NO).
Acceptance criteria: 223–230 mg/g of ciclopirox olamine found in the Assay
IMPURITIES
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• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

Change to read:
• Organic Impurities
Carry out the operations avoiding exposure to actinic light. All materials that are in direct
contact with Ciclopirox Olamine like column materials, reagents, solvents, and others
should contain only very low amounts of extractable metal cations.
Mobile phase: Acetonitrile, edetate disodium solution (0.96 in 1000), and glacial acetic
acid (230:770: 0.1)
Diluent: Acetonitrile and Mobile phase (1:9)
Rinsing solution: Acetonitrile, acetylacetone, glacial acetic acid, and water
(500:1:1:500)
Standard stock solution: 1.5 mg/mL each of USP Ciclopirox Related Compound A RS
and USP Ciclopirox Related Compound B RS in Mobile phase prepared as follows.
Dissolve USP Ciclopirox Related Compound A RS and USP Ciclopirox Related Compound B
RS in appropriate volume of acetonitrile and Mobile phase solution (approximate ratio,
1:7). Further dilute with Mobile phase to obtain the final concentration.
Standard solution A: 7.5 µg/mL of each of USP Ciclopirox Related Compound A RS and
USP Ciclopirox Related Compound B RS in Diluent from Standard stock solution.
Standard solution B: 1.5 µg/mL of each of USP Ciclopirox Related Compound A RS and
USP Ciclopirox Related Compound B RS in Diluent from Standard solution A.
Sample solution: 2 mg/mL of ciclopirox olamine prepared as follows. Dissolve 40 mg of
Ciclopirox Olamine in a mixture of 2 mL of acetonitrile, 20 µL of glacial acetic acid, and
15 mL of Mobile phase. If necessary, use an ultrasonic bath to dissolve. Dilute with
Mobile phase to 20.0 mL.
System suitability solution: Standard stock solution and Sample solution (1:1)
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 220 nm and 298 nm
[Note—Ciclopirox related compound A absorbs strongly at 220 nm. Ciclopirox, Ciclopirox
related compound B, and 6-cyclohexyl-4-methyl-2(1H)-pyridone absorb strongly at
298 nm.]
Column: 4.0-mm × 8-cm; packing L10
Flow rate: 0.7 mL/min
Injection volume: 10 µL
Run time: NLT 2.5 times the retention time of the ciclopirox peak
System suitability
Samples: Standard solution B, Sample solution, and System suitability solution at 298
nm
The relative retention times for ciclopirox related compound A, 6-cyclohexyl-4-methyl2(1H)-pyridone, ciclopirox, and ciclopirox related compound B are 0.5, 0.9, 1.0, and
1.3, respectively.
Suitability requirements at 298 nm
Resolution: NLT 2.0 between the ciclopirox related compound B peak and ciclopirox
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peak, System suitability solution
Signal-to-noise ratio: NLT 3 for ciclopirox related compound B, Standard solution B
Tailing factor: NMT 2.0 for ciclopirox peak, Sample solution
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
In order to ensure desorption of disruptive metal ions, every new column must be rinsed
with the Rinsing solution over a period of NLT 15 h and then with the Mobile phase for
NLT 5 h with a flow rate of 0.2 mL/min.
Acceptance criteria: The peak response at 220 nm of the ciclopirox related compound
A peak in the chromatogram of the Sample solution is NMT the peak response at 220
nm of the corresponding peak in the chromatogram of Standard solution A (0.5% with
reference to ciclopirox).
The sum of responses at 298 nm of the peaks in the chromatogram of the Sample
solution is NMT the peak response at 298 nm of the ciclopirox related compound B peak
in the chromatogram of Standard solution A (0.5% with reference to ciclopirox).
At 298 nm disregard any peak due to the solvent and any peak with a response less than
the response of the ciclopirox related compound B peak in the chromatogram of Standard
solution B (0.1% with reference to ciclopirox).
Rinsing solution, Mobile phase, and Chromatographic system: Proceed as directed in
the Assay.
System suitability solution: 0.01 mg/mL each of USP Ciclopirox Related Compound A
RS, USP Ciclopirox Related Compound B RS, and USP Ciclopirox Related Compound C RS,
and 2 mg/mL of USP Ciclopirox Olamine RS in methanol
Standard solution: 0.01 mg/mL each of USP Ciclopirox Related Compound A RS, USP
Ciclopirox Related Compound B RS, USP Ciclopirox Related Compound C RS, and USP
Ciclopirox Olamine RS in methanol
Sample solution: 2.0 mg/mL of Ciclopirox Olamine in methanol
[Caution—Protect the System suitability solution, Standard solution, and Sample solution
from light. All materials that are in direct contact with Ciclopirox Olamine (e.g., column
materials, reagents, solvents) should contain only very low amounts of extractable metal
cations.]
In order to ensure desorption of disruptive metal ions, every new column must be rinsed
with the Rinsing solution for NLT 20 volumes of the column, and then with water for NLT
20 volumes and a mixture of Solution A and Solution B (95:5) for NLT 10 volumes.
System suitability
Samples: System suitability solution and Standard solution
See Table 2 for the relative retention times.
Suitability requirements
Resolution: NLT 3.0 between ciclopirox and ciclopirox related compound B at 300
nm; NLT 2.0 between ciclopirox related compound A and ciclopirox related
compound C at 220 nm, System suitability solution
Relative standard deviation: NMT 2.2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of ciclopirox related compound A at 220 nm in the portion of
Ciclopirox Olamine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ciclopirox related compound A from the Sample solution
rS= peak response of ciclopirox related compound A from the Standard solution
CS= concentration of USP Ciclopirox Related Compound A RS in the Standard solution
(mg/mL)
CU= concentration of Ciclopirox Olamine in the Sample solution (mg/mL)
Calculate the percentage of ciclopirox related compound B or ciclopirox related compound
C at 300 nm in the portion of Ciclopirox Olamine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ciclopirox related compound B or ciclopirox related compound C
from the Sample solution
rS= peak response of ciclopirox related compound B or ciclopirox related compound C
from the Standard solution
CS= concentration of USP Ciclopirox Related Compound B RS or USP Ciclopirox Related
Compound C RS in the Standard solution (mg/mL)
CU= concentration of Ciclopirox Olamine in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity at 300 nm in the portion
of Ciclopirox Olamine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of ciclopirox from the Standard solution
CS= concentration of USP Ciclopirox Olamine RS in the Standard solution (mg/mL)
CU= concentration of Ciclopirox Olamine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Acceptance
Retention Wavelength
Criteria,
Name
Time
(nm)
NMT (%)
Ciclopirox related compound A
0.85
220
0.5
Ciclopirox related compound C
0.88
300
0.5
Ciclopirox
1.0
300
—
Ciclopirox related compound B
1.07
300
0.5
Any individual unspecified impurity
—
300
0.15
Total impurities
—
300
0.5
1S (USP38)

SPECIFIC TESTS
• pH 791
Sample solution: 10 mg/mL in water
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Acceptance criteria: 8.0–9.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Store between 5
and 25 .
Change to read:
• USP Reference Standards 11
USP Ciclopirox Olamine RS
USP Ciclopirox Related Compound A RS
3-Cyclohexyl-4,5-dihydro-5-methyl-5-isoxazolyl acetic acid.
C12 H19 NO3
225.28
USP Ciclopirox Related Compound B RS
6-Cyclohexyl-4-methyl-2-pyrone.
C12 H16 O2
192.25
USP Ciclopirox Related Compound C RS
6-Cyclohexyl-4-methylpyridin-2(1H)-one.
C12 H17 NO
191.27 1S (USP38)
BRIEFING
Ciprofloxacin, USP 37 page 2347. As part of the USP monograph modernization initiative, the
following changes are proposed:
1.
Replace the nonselective thin-layer chromatography (TLC) method for Impurities test
Procedure 1 with a stability-indicating HPLC-based method. The proposed liquid
chromatographic procedure was validated with the YMC-Pack brand of ODS-AQ
column with 5-µm packing. The typical retention time for ciprofloxacin is about 9.5
min.
2.
Consolidate the test for Procedure 2 in the Impurities section with a new inclusive test
for Organic Impurities.
3.
Remove Column efficiency requirements in the Assay since there are sufficient System
suitability requirements.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Martin-Esker.)
Correspondence Number—C109903

Comment deadline: July 31, 2014
Ciprofloxacin
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331.34

3-Quinolinecarboxylic acid, 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-;
1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinolinecarboxylic acid
[85721-33-1].
DEFINITION
Ciprofloxacin contains NLT 98.0% and NMT 102.0% of ciprofloxacin (C17 H18 FN3 O3 ), calculated
on the dried basis.
IDENTIFICATION
• A. Infrared Absorption: The IR absorption spectrum of a potassium bromide dispersion of it
exhibits maxima at the same wavelengths as that of a similar preparation of USP
Ciprofloxacin RS.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer solution: 0.025 M phosphoric acid. Adjust with triethylamine to a pH of 3.0 ± 0.1.
Mobile phase: Acetonitrile and Buffer solution (13:87)
Standard solution: Transfer 12.5 mg of USP Ciprofloxacin RS to a 25-mL volumetric flask.
Add 0.1 mL of 7% phosphoric acid, and dilute with Mobile phase to volume.
System suitability stock solution: 0.025 mg/mL of USP Ciprofloxacin Ethylenediamine
Analog RS in Mobile phase
System suitability solution: Transfer 1.0 mL of the System suitability stock solution to a
10-mL volumetric flask, and dilute with the Standard solution to volume.
Sample solution: Transfer 25 mg of Ciprofloxacin to a 50-mL volumetric flask. Add 0.2 mL
of 7% phosphoric acid, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 278 nm
Column: 4.6-mm × 25-cm; packing L1
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Column temperature: 30 ± 1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for ciprofloxacin ethylenediamine analog and
ciprofloxacin are about 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 6 between ciprofloxacin ethylenediamine analog and ciprofloxacin,
System suitability solution
Column efficiency: NLT 2500 theoretical plates from the ciprofloxacin peak, Standard
solution
1S (USP38)

Tailing factor: NMT 2.5 for the ciprofloxacin peak, Standard solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ciprofloxacin (C17 H18 FN3 O3 ) in the portion of Ciprofloxacin
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Ciprofloxacin RS in the Standard solution (mg/mL)
C=
U concentration of Ciprofloxacin in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%, except that where it is intended for use in
preparing Ciprofloxacin for Oral Suspension, it is NMT 0.2%.
• Chloride
Standard solution: 8.2 µg/mL of sodium chloride (5 µg/mL of chloride)
Sample solution: Add 30.0 mL of water to 0.5 g of Ciprofloxacin, shake for 5 min, and pass
through chloride-free filter paper. Use the filtrate as the Sample solution.
Analysis
Samples: Standard solution and Sample solution
Transfer 15.0 mL of the Sample solution to a 50-mL color-comparison tube. Transfer 10.0
mL of the Standard solution to a second matched 50-mL color-comparison tube, add 5.0
mL of water, and mix. To each tube add 1 mL of 2 N nitric acid, mix, add 1 mL of silver
nitrate TS, and mix.
Acceptance criteria: The turbidity exhibited by the Sample solution does not exceed that
of the Standard solution (0.02%).
• Sulfate
Standard solution: 18.1 µg/mL of potassium sulfate in 30% alcohol (10 µg/mL of sulfate)
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Sample solution: Dissolve 0.5 g of Ciprofloxacin in 5.0 mL of 2 N acetic acid and 15.0 mL
of water.
Analysis
Samples: Standard solution and Sample solution
To each of two 50-mL matched color-comparison tubes transfer 1.50 mL of the Standard
solution. To each tube add, successively and with continuous shaking, 1.0 mL of 250
mg/mL barium chloride solution, and allow to stand for 1 min. To one of the tubes transfer
15.0 mL of the Standard solution and 0.5 mL of 30% acetic acid, and mix. To the second
tube add 15.0 mL of the Sample solution and 0.5 mL of 30% acetic acid, and mix.
Acceptance criteria: The turbidity exhibited in the tube containing the Sample solution
does not exceed that of the tube containing the Standard solution (0.04%).
• Heavy Metals, Method II

231 : NMT 20 ppm

Delete the following:
•
Procedure 1: Limit of Fluoroquinolonic Acid
Standard stock solution: Transfer 5.0 mg of USP Fluoroquinolonic Acid RS to a 50-mL
volumetric flask containing 0.05 mL of 6 N ammonium hydroxide, and dilute with water to
volume.
Standard solution: Dilute 2.0 mL of the Standard stock solution with water to 10.0 mL.
Sample solution: 10.0 mg/mL of Ciprofloxacin in 0.1 N acetic acid
Developing solvent system: Methylene chloride, methanol, acetonitrile, and ammonium
hydroxide (4:4:1:2)
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of silica gel mixture
Application volume: 5 µL
Analysis
Samples: Standard solution and Sample solution
Place the plate in a suitable chamber in which is placed a beaker containing 50 mL of
ammonium hydroxide. After 15 min, transfer the plate to a suitable chromatographic
chamber, and develop the chromatogram in the Developing solvent system until the
solvent front has moved three-fourths of the length of the plate. Remove the plate from
the chamber, mark the solvent front, and allow the plate to air-dry for about 15 min.
Examine the plate under short-wavelength UV light.
Acceptance criteria: Any spot from the Sample solution, at an RF value corresponding to
the principal spot from the Standard solution, is not greater in size or intensity than the
principal spot from the Standard solution (0.2%). 1S (USP38)
Delete the following:
•
Procedure 2
Solution A, Mobile phase, System suitability stock solution, System suitability
solution, Standard solution, Sample solution, Chromatographic system, and
System suitability: Proceed as directed in the Assay.
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Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Ciprofloxacin taken:
Result = (rU/rT) × 100
r=
U response of each impurity peak
r=
T sum of the responses of all the peaks
Acceptance criteria
Ciprofloxacin ethylenediamine analog or any other individual impurity peak: NMT
0.2%
Total impurities: NMT 0.5%
1S (USP38)

Add the following:
• Organic Impurities
Dilute phosphoric acid solution: Dilute 3.4 mL of phosphoric acid with water in a 2-L
volumetric flask.
Buffer solution: Adjust Dilute phosphoric acid solution with triethylamine to a pH of 3.0 ±
0.1.
Solution A: Acetonitrile.
Mobile phase: See Table 1.
Table 1
Time
Buffer solution Solution A
(min)
(%)
(%)
0
87
13
10
87
13
11
50
50
16
50
50
16.1
87
13
20
87
13
Diluent: Solution A and Buffer solution (13:87)
System suitability stock solution: 0.15 mg/mL each of USP Ciprofloxacin Ethylendiamine
Analog RS and USP Ciprofloxacin RS in Diluent
System suitability solution: 7.5 µg/mL each of USP Ciprofloxacin Ethylendiamine Analog
RS and USP Ciprofloxacin RS from System suitability stock solution with Diluent
Standard stock solution: 0.1 mg/mL each of USP Fluoroquinolonic Acid RS and USP
Ciprofloxacin RS prepared as follows. Add USP Fluoroquinolonic Acid RS and USP
Ciprofloxacin RS to a 100-mL volumetric flask, add 0.1 mL of 6 M ammonium hydroxide,
dilute with water to volume, and mix.
Standard solution: 0.7 µg/mL each of USP Fluoroquinolonic Acid RS and USP Ciprofloxacin
RS from Standard stock solution with Diluent
Sample solution: Weigh 35 mg of Ciprofloxacin and add 0.2 mL of dilute phosphoric acid
(7%), dissolved and diluted to 100.0 mL in Diluent.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 263 and 278 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 30 µL
System suitability
Samples: System suitability stock solution and Standard solution
[Note—The relative retention times for ciprofloxacin ethylenediamine analog and
ciprofloxacin are 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 6.0 between ciprofloxacin ethylenediamine analog and ciprofloxacin
peaks (both at 278 nm), System suitability stock solution
Tailing factor: NMT 2.0 for the ciprofloxacin peak (at 278 nm), Standard solution
Relative standard deviation: NMT 2.0% for both ciprofloxacin (at 278 nm) and
fluoroquinolonic acid (at 263 nm) peaks, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluoroquinolonic acid in the portion of Ciprofloxacin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of fluoroquinolonic acid at 263 nm from the Sample solution
rS= peak response of fluoroquinolonic acid at 263 nm from the Standard solution
C=
S concentration of USP Fluoroquinolonic Acid RS in the Standard solution (mg/mL)
C=
U concentration of Ciprofloxacin in the Sample solution (mg/mL)
Calculate the percentage of the ciprofloxacin ethylenediamine analog and any individual
unspecified impurity in the portion of Ciprofloxacin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity at 278 nm from the Sample solution
rS= peak response of ciprofloxacin at 278 nm from the Standard solution
C=
S concentration of USP Ciprofloxacin RS in the Standard solution (mg/mL)
C=
U concentration of Ciprofloxacin in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.

Name
Ciprofloxacin
ethylenediamine analoga
Ciprofloxacin
Fluoroquinolonic acidb
Any individual unspecified
impurity

Table 2
Relative
Wavelength
Retention Time
(nm)

Acceptance Criteria,
NMT (%)

0.70
1.00
1.89

278
278
263

0.2
—
0.2

—

278

0.2
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Total impuritiesc
—
—
0.5
a 1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-[(2-aminoethyl)amino]-3quinolinecarboxylic acid hydrochloride.
b 7-Chloro-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid.
c Total impurities does not include Fluoroquinolonic acid peak.
1S (USP38)

SPECIFIC TESTS
• Clarity of Solution
Sample solution: Dissolve 0.25 g in 10 mL of 0.1 N hydrochloric acid.
Acceptance criteria: A clear to slightly opalescent solution is obtained.
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 :
Where it is intended for use in preparing Ciprofloxacin for Oral Suspension, the total
microbial count does not exceed 103 cfu/g, and the total combined molds and yeasts
count does not exceed 102 cfu/g. It also meets the requirement for absence of Salmonella
species and Escherichia coli.
• Loss on Drying 731
Analysis: Dry under vacuum at 120 for 6 h.
Acceptance criteria: NMT 1.0%, except that where it is labeled as intended for use in
preparing Ciprofloxacin for Oral Suspension, 10%–20%
• Sterility Tests 71 : Where the label states that it is sterile, it meets the requirements for
Test for Sterility of the Product to Be Examined, Membrane Filtration.
• Bacterial Endotoxins Test 85 : Where the label states that it is sterile or where the label
states that Ciprofloxacin must be subjected to further processing during the preparation of
injectable dosage forms, it contains NMT 0.50 USP Endotoxin Units/mg of ciprofloxacin.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at 25 ,
excursion permitted between 15 and 30 , and avoid excessive heat.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms. Where it is intended for use in preparing Ciprofloxacin for Oral
Suspension, it is so labeled.
• USP Reference Standards 11
USP Ciprofloxacin RS
USP Ciprofloxacin Ethylenediamine Analog RS
1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-[(2-aminoethyl)amino]-3quinolinecarboxylic acid hydrochloride.
C15 H16 FN3 O3 ·HCl
341.77
USP Endotoxin RS
USP Fluoroquinolonic Acid RS
7-Chloro-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid.
C13 H9 ClFNO3
281.67
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BRIEFING
Ciprofloxacin Hydrochloride, USP 37 page 2349. As part of USP monograph modernization
efforts, the following changes are proposed:
1.
Replace the nonselective thin-layer chromatography (TLC) method for Impurities test
Procedure 1 with a stability-indicating HPLC-based method. The proposed liquid
chromatographic procedure was validated with the YMC-Pack brand of ODS-AQ
column with 5-µm packing. The typical retention time for ciprofloxacin is about 9.5
min.
2.
Consolidate the test for Procedure 2 in the Impurities section with a new inclusive test
for Organic Impurities.
3.
Remove Column efficiency requirements in the Assay since there are sufficient System
suitability requirements.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Martin-Esker.)
Correspondence Number—C120728; C109903

Comment deadline: July 31, 2014
Ciprofloxacin Hydrochloride

C17 H18 FN3 O3 ·HCl·H2 O

385.82

3-Quinolinecarboxylic acid, 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-,
monohydrochloride, monohydrate;
1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinolinecarboxylic acid,
monohydrochloride, monohydrate
[86393-32-0].
DEFINITION
Ciprofloxacin Hydrochloride contains NLT 98.0% and NMT 102.0% of ciprofloxacin hydrochloride
(C17 H18 FN3 O3 ·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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• C. Identification Tests—General, Chloride

191

ASSAY
Change to read:
• Procedure
Solution A: 0.025 M phosphoric acid. Adjust with triethylamine to a pH of 3.0 ± 0.1.
Mobile phase: Acetonitrile and Solution A (13:87)
Standard solution: 0.5 mg/mL of USP Ciprofloxacin Hydrochloride RS in Mobile phase
System suitability solution: 0.025 mg/mL of USP Ciprofloxacin Ethylenediamine Analog RS
in Mobile phase. Transfer 1.0 mL of this solution to a 10-mL volumetric flask, and dilute
with Standard solution to volume.
Sample solution: 0.5 mg/mL of Ciprofloxacin Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 278 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 30 ± 1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for ciprofloxacin ethylenediamine analog and
ciprofloxacin are 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 6 between ciprofloxacin ethylenediamine analog and ciprofloxacin
peaks, System suitability solution
Column efficiency: NLT 2500 theoretical plates from the ciprofloxacin peak, Standard
solution
1S (USP38)

Tailing factor: NMT 2.5 for the ciprofloxacin peak, Standard solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ciprofloxacin hydrochloride (C17 H18 FN3 O3 ·HCl) in the portion
of Ciprofloxacin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area response from the Sample solution
rS= peak area response from the Standard solution
C=
S concentration of USP Ciprofloxacin Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Ciprofloxacin Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
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IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Chloride and Sulfate, Sulfate 221 : A 375-mg portion shows no more sulfate than
corresponds to 0.15 mL of 0.020 N sulfuric acid (0.04%).
• Heavy Metals, Method II

231 : NMT 20 ppm

Delete the following:
•
Procedure 1: Limit of Fluoroquinolonic Acid
Standard solution: Transfer 5.0 mg of USP Fluoroquinolonic Acid RS to a 50-mL volumetric
flask containing 0.05 mL of 6 N ammonium hydroxide, add water to volume, and mix.
Transfer 2.0 mL of this solution to a 10.0-mL volumetric flask, and dilute with water to
volume.
Sample solution: 10 mg/mL of Ciprofloxacin Hydrochloride in water
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of silica gel mixture
Application volume: 5 µL
Developing solvent system: Methylene chloride, methanol, acetonitrile, and ammonium
hydroxide (4:4:1:2)
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter. Place a beaker containing 50 mL of ammonium hydroxide
in a suitable chamber, and then place the plate in the chamber. After 15 min, transfer the
plate to a suitable chromatographic chamber, and develop the chromatogram in the
Developing solvent system until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the chamber, mark the solvent front, and allow
the plate to air-dry for about 15 min. Examine the plate under short-wavelength UV light.
Acceptance criteria: Any spot from the Sample solution, at an RF value corresponding to
the principal spot from the Standard solution, is not greater in size or intensity than the
principal spot from the Standard solution (0.2%). 1S (USP38)
Delete the following:
•
Procedure 2
Mobile phase, Standard solution, System suitability solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Ciprofloxacin Hydrochloride
taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity
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r=
T sum of the responses of all the peaks
Acceptance criteria
Individual impurities: NMT 0.2% for the ciprofloxacin ethylenediamine analog or any
other individual impurity peak
Total impurities: NMT 0.5%
1S (USP38)

Add the following:
• Organic Impurities
Dilute phosphoric acid solution: Dilute 3.4 mL of phosphoric acid with water in a 2-L
volumetric flask.
Buffer solution: Adjust Dilute phosphoric acid solution with triethylamine to a pH of 3.0 ±
0.1.
Solution A: Acetonitrile.
Mobile phase: See Table 1.
Table 1
Time
Buffer solution Solution A
(min)
(%)
(%)
0
87
13
10
87
13
11
50
50
16
50
50
16.1
87
13
20
87
13
Diluent: Solution A and Buffer solution (13:87)
System suitability stock solution: 0.15 mg/mL each of USP Ciprofloxacin Ethylendiamine
Analog RS and USP Ciprofloxacin Hydrochloride RS in Diluent
System suitability solution: Dilute 5.0 mL of the System suitability stock solution with
Diluent to 25 mL.
Standard stock solution: Prepare a solution containing 0.1 mg/mL each of USP
Fluoroquinolonic Acid RS and USP Ciprofloxacin Hydrochloride RS as follows. Add USP
Fluoroquinolonic Acid RS and USP Ciprofloxacin Hydrochloride RS to a 100-mL volumetric
flask. Add 0.1 mL of 6 M ammonium hydroxide, dilute with water to volume, and mix.
Standard solution: Dilute 5.0 mL of Standard stock solution with Diluent to 50.0 mL and
mix. Dilute 7.0 mL of the resulting solution with Diluent to 100.0 mL.
Sample solution: 0.35 mg/mL of Ciprofloxacin Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 263 and 278 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 30 µL
System suitability
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Samples: Standard solution and System suitability stock solution
[Note—The relative retention times for ciprofloxacin ethylenediamine analog and
ciprofloxacin are 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 6.0 between ciprofloxacin ethylenediamine analog and ciprofloxacin
(both at 278 nm) peaks, System suitability stock solution
Tailing factor: NMT 2.0 for the ciprofloxacin peak (at 278 nm), Standard solution
Relative standard deviation: NMT 5.0% for both ciprofloxacin (at 278 nm) and
fluoroquinolonic acid (at 263 nm) peaks, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluoroquinolonic acid in the portion of Ciprofloxacin
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of fluoroquinolonic acid at 263 nm from the Sample solution
rS= peak response of fluoroquinolonic acid at 263 nm from the Standard solution
C=
S concentration of USP Fluoroquinolonic Acid RS in the Standard solution (mg/mL)
C=
U concentration of Ciprofloxacin Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of ciprofloxacin ethylenediamine analog and any individual
unspecified impurity in the portion of Ciprofloxacin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity at 278 nm from the Sample solution
rS= peak response of ciprofloxacin at 278 nm from the Standard solution
C=
S concentration of USP Ciprofloxacin Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Ciprofloxacin Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.
Table 2
Relative
Wavelength
Retention Time
(nm)

Acceptance Criteria,
Name
NMT (%)
Ciprofloxacin
ethylenediamine analoga
0.70
278
0.2
Ciprofloxacinin
1.00
278
—
Fluoroquinolonic acidb
1.89
263
0.2
Any individual unspecified
—
impurity
278
0.2
—
—
Total impuritiesc
0.5
a 1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-[(2-aminoethyl)amino]-3quinolinecarboxylic acid hydrochloride.
b 7-Chloro-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid.
c Total impurities does not include fluoroquinolonic acid peak.
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1S (USP38)

SPECIFIC TESTS
• pH 791
Sample solution: 25 mg/mL solution in water
Acceptance criteria: 3.0–4.5
• Water Determination, Method I

921 : 4.7%–6.7%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at 25 ,
excursions permitted between 15 and 30 .
• USP Reference Standards 11
USP Ciprofloxacin Ethylenediamine Analog RS
1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-[(2-aminoethyl)amino]-3quinolinecarboxylic acid hydrochloride.
C15 H16 FN3 O3 ·HCl
341.77
USP Ciprofloxacin Hydrochloride RS
USP Fluoroquinolonic Acid RS
7-Chloro-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid.
C13 H9 ClFNO3
281.67
BRIEFING
Clotrimazole Cream, USP 37 page 2431. As part of USP monograph modernization efforts, it is
proposed to make following changes:
1.
Add Identification test B for orthogonal identification with the matching UV spectrum of
the main peak from the proposed HPLC procedure in the Assay.
2.
Add a stability-indicating HPLC procedure in the test for Organic Impurities that is
consistent with the Chromatographic system used in the Assay.
3.
Revise the current HPLC procedure in the Assay with a new HPLC procedure so that the
monograph will have the same method in the Assay and the test for Organic
Impurities. The liquid chromatographic procedure in the Assay and the test for
Organic Impurities is based on analyses performed with the Thermo-scientific
Acclaim Mixed-Mode WCX-1 brand of L85 column. The typical retention time for
clotrimazole is 6.8 min.
4.
Add USP Imidazole RS in the USP Reference Standards section to support the proposed
procedure in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: R.S. Prasad.)
Correspondence Number—C135700

Comment deadline: July 31, 2014
Clotrimazole Cream
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DEFINITION
Clotrimazole Cream contains NLT 90.0% and NMT 110.0% of the labeled amount of clotrimazole
(C22 H17 ClN2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the clotrimazole peak in the Sample solution corresponds to that in
the Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Buffer: 4.35 mg/mL of dibasic potassium phosphate
Mobile phase: Acetonitrile and Buffer (3:1)
[Note—The ratio of volumes may be changed to obtain the required resolution.]
Standard solution: 0.5 mg/mL of USP Clotrimazole RS in methanol
System suitability solution: 0.1 mg/mL each of USP Clotrimazole RS and USP
Clotrimazole Related Compound A RS in methanol
Sample solution: Transfer the equivalent of 25 mg of clotrimazole from the Cream to a
50-mL screw-capped centrifuge tube. Add 25.0 mL of methanol, and heat at 50 in a
water bath for 5 min, with occasional shaking. Remove the tube from the bath, and
shake vigorously for 5 min. Cool in a methanol–ice bath for 15 min, and promptly
centrifuge. Transfer the supernatant to a 50-mL volumetric flask. Add 20.0 mL of
methanol to the residue in the centrifuge tube, and repeat the extraction starting with
“heat at 50 in a water bath”. Transfer the supernatant to the volumetric flask
containing the supernatant from the first extraction, dilute with methanol to volume, and
mix.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 25 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for clotrimazole and clotrimazole related compound A
are 1.0 and 1.2, respectively.]
Suitability requirements
Resolution: NLT 2.0 between clotrimazole and clotrimazole related compound A,
System suitability solution
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Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C22 H17 ClN2 in the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of clotrimazole from the Sample solution
rS= peak response of clotrimazole from the Standard solution
C=
S concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Buffer: 0.3 g/L of monobasic sodium phosphate, anhydrous and 0.35 g/L dibasic sodium
phosphate, anhydrous in water. The resulting solution has a pH of 6.6–7.0.
Mobile phase: Acetonitrile and Buffer (50:50)
Diluent: Acetonitrile and water (50:50)
Standard solution: 0.2 mg/mL of USP Clotrimazole RS in Diluent
Sample solution: Nominally equivalent to 0.2 mg/mL of clotrimazole in Diluent, prepared
as follows. Transfer a portion of Cream, equivalent to 5.0 mg of clotrimazole, into a 25mL volumetric flask and dilute with Diluent to volume. Sonicate for 10 min and mix by
mechanical vortex in three cycles. Then centrifuge at 3500 rpm for 15 min at 4 and pass
through a syringe filter of 0.45-µm pore size, discarding the first 1 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 206 nm. For Identification test B, use diode array detector in the range of
200–300 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L85
Flow rate: 1 mL/min
Injection volume: 8 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clotrimazole (C22 H17 ClN2 ) in the portion
of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of clotrimazole from the Sample solution
rS= peak response of clotrimazole from the Standard solution
CS= concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
CU= nominal concentration of clotrimazole in the Sample solution (mg/mL)
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1S (USP38)

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
•
Organic Impurities
Buffer, Mobile phase, Diluent, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL each of USP Clotrimazole RS, USP Imidazole RS, and USP
Clotrimazole Related Compound A RS in Diluent
System suitability
Sample: Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 4 between imidazole and clotrimazole related compound A, and
between clotrimazole and clotrimazole related compound A
Relative standard deviation: NMT 2.0%
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of the labeled amount of clotrimazole related compound A and
imidazole in the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of clotrimazole related compound A or imidazole from the Sample solution
rS= peak response of clotrimazole related compound A or imidazole from the Standard
solution
C=
S concentration of USP Clotrimazole Related Compound A RS or USP Imidazole RS in the
Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of clotrimazole from the Standard solution
C=
S concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any impurity peak less than 0.05%.

Name

Table 1
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
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Imidazole
Clotrimazole related compound A
Clotrimazole
Any unspecified impurity
Total impurities

0.5
0.7
1
—
—

0.5
0.5
—
0.1
2.0

1S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible tubes or tight containers, at a temperature
between 2 and 30 .
• Labeling: Cream that is packaged and labeled for use as a vaginal preparation shall be
labeled Clotrimazole Vaginal Cream.
Change to read:
• USP Reference Standards 11
USP Clotrimazole RS
USP Clotrimazole Related Compound A RS
(o-Chlorophenyl)diphenylmethanol.
C19 H15 ClO
294.78
USP Imidazole RS
C3 H4 N2
68.08 1S (USP38)
BRIEFING
Clotrimazole Topical Solution, USP 37 page 2434. As part of USP monograph modernization
efforts, it is proposed to make following changes:
1.
Add Identification test B for orthogonal identification with the matching UV spectrum of
the main peak from the proposed HPLC procedure in the Assay.
2.
Add a stability-indicating HPLC procedure in the test for Organic Impurities that is
consistent with the Chromatographic system used in the Assay.
3.
Revise the current HPLC procedure in the Assay with a new HPLC procedure so that the
monograph will have the same method in the Assay and Organic Impurities. The
liquid chromatographic procedure in the Assay and Organic Impurities is based on
analyses performed with the Thermo-scientific Acclaim Mixed-Mode WCX-1 brand of
L85 column. The typical retention time for clotrimazole is 6.8 min.
4.
Add USP Imidazole RS in the USP Reference Standards section to support the proposed
procedure in Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: R.S. Prasad.)
Correspondence Number—C135700

Comment deadline: July 31, 2014
Clotrimazole Topical Solution
DEFINITION
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Clotrimazole Topical Solution is a solution of Clotrimazole in a suitable nonaqueous, hydrophilic
solvent. It contains NLT 90.0% and NMT 115.0% of the labeled amount of clotrimazole
(C22 H17 ClN2 ).
IDENTIFICATION
Change to read:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, both relative to the internal standard,
1S (USP38)

as obtained in the Assay.
Add the following:
• B. The UV spectrum of the clotrimazole peak in the Sample solution corresponds to that in
the Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Buffer: 4.35 g/L of dibasic potassium phosphate in water
Mobile phase: Methanol and Buffer (3:1). Pass through a filter of 0.2-µm or finer pore
size.
Internal standard solution: Transfer 66 mg of testosterone propionate to a 100-mL
volumetric flask, dissolve in 75 mL of methanol, and dilute with Buffer to volume.
Standard solution: 1 mg/mL of USP Clotrimazole RS prepared as follows. Transfer 50 mg
of USP Clotrimazole RS to a 50-mL volumetric flask, add 5.0 mL of the Internal standard
solution, and dilute with Mobile phase to volume.
System suitability stock solution: 0.2 mg/mL of USP Clotrimazole Related Compound A
RS in methanol
System suitability solution: Add 12.0 mL of the System suitability stock solution to a
25-mL volumetric flask. Add 4 mL of Buffer, 3 mL of the Standard solution, and dilute
with Mobile phase to volume.
Sample solution: Nominally 1 mg/mL of clotrimazole prepared as follows. Transfer a
volume of Topical Solution, equivalent to 50 mg of clotrimazole, to a 50-mL volumetric
flask. Add 5.0 mL of the Internal standard solution, and dilute with Mobile phase to
volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Columns
Guard: 2.1-mm × 6-cm; 10-µm packing L7
Analytical: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
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Samples: Standard solution and System suitability solution
[Note—The relative retention times for clotrimazole related compound A, clotrimazole,
and testosterone propionate are 0.9, 1.0, and 1.5, respectively.]
Suitability requirements
Resolution: NLT 1.2 between clotrimazole related compound A and clotrimazole,
System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clotrimazole (C22 H17 ClN2 ) in the portion
of Topical Solution taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of clotrimazole to testosterone propionate from the Sample
solution
R=
S peak response ratio of clotrimazole to testosterone propionate from the Standard
solution
C=
S concentration of the Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Buffer: 0.3 g/L of monobasic sodium phosphate, anhydrous and 0.35 g/L dibasic sodium
phosphate, anhydrous in water. The resulting solution has a pH of 6.6–7.0.
Mobile phase: Acetonitrile and Buffer (50:50)
Diluent: Acetonitrile and water (50:50)
Standard solution: 0.2 mg/mL of USP Clotrimazole RS in Diluent
Sample solution: Nominally equivalent to 0.2 mg/mL of clotrimazole from Topical Solution
in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 206 nm. For Identification test B, use diode array detector in the range of
200 nm–300 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L85
Flow rate: 1 mL/min
Injection volume: 8 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clotrimazole (C22 H17 ClN2 ) in the portion
of Topical Solution taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of clotrimazole from the Sample solution
rS= peak response of clotrimazole from the Standard solution
CS= concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
CU= nominal concentration of clotrimazole in the Sample solution (mg/mL)
1S (USP38)

Acceptance criteria: 90.0%–115.0%
IMPURITIES
Add the following:
• Organic Impurities
Buffer, Mobile phase, Diluent, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL each of USP Clotrimazole RS, USP Imidazole RS, and USP
Clotrimazole Related Compound A RS in Diluent
System suitability
Sample: Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 4 between imidazole and clotrimazole related compound A, and
between clotrimazole and clotrimazole related compound A
Relative standard deviation: NMT 2.0%
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of the labeled amount of clotrimazole related compound A and
imidazole in the portion of Topical Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of clotrimazole related compound A or imidazole from the Sample solution
rS= peak response of clotrimazole related compound A or imidazole from the Standard
solution
C=
S concentration of USP Clotrimazole Related Compound A RS or USP Imidazole RS in the
Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of Topical Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of the clotrimazole from the Standard solution
C=
S concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
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Acceptance criteria: See Table 1. Disregard any impurity peak less than 0.05%.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Imidazole
0.5
0.5
Clotrimazole related compound A
0.7
0.5
Clotrimazole
1
—
Any unspecified impurity
—
0.1
Total impurities
—
2.0
1S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers at a temperature between 2 and 30 .
Change to read:
• USP Reference Standards 11
USP Clotrimazole RS
USP Clotrimazole Related Compound A RS
(o-Chlorophenyl)diphenylmethanol.
C19 H15 ClO
294.78
USP Imidazole RS
C3 H4 N2
68.08 1S (USP38)
BRIEFING
Doxazosin Mesylate, USP 37 page 2708. On the basis of comments received, it is proposed to
revise the test for Organic Impurities as follows to be consistent with the validated test
methods and FDA-approved product specifications:
1.
Clarify that doxazosin related compound H is the same as terazosin related compound C.
2.
Clarify that doxazosin related compound G is the same as terazosin related compound A.
3.
Revise the calculations to eliminate the relative response factors and include a
correction factor to account for the molecular weight differences between the
impurity Reference Standard and the actual impurity in the drug substance.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: S. Ramakrishna.)
Correspondence Number—C141359

Comment deadline: July 31, 2014
Doxazosin Mesylate

PF 40(3): May-Jun. 2014

C23 H25 N5 O5 ·CH4 O3 S

376

547.58

Piperazine, 1-(4-amino-6,7-dimethoxy-2-quinazolinyl)-4-[(2,3-dihydro-1,4-benzodioxin-2yl)carbonyl]-, monomethanesulfonate;
1-(4-Amino-6,7-dimethoxy-2-quinazolinyl)-4-(1,4-benzodioxan-2-ylcarbonyl)piperazine
monomethanesulfonate
[77883-43-3].
DEFINITION
Doxazosin Mesylate contains NLT 98.0% and NMT 102.0% of doxazosin mesylate
(C23 H25 N5 O5 ·CH4 O3 S), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 50 mg/mL (w/v) of phosphoric acid in water
Solution B: Acetonitrile
Solution C: Water
Solution D: Mix 100 mL of Solution B and 2 g of phosphoric acid.
Mobile phase: See Table 1.
Table 1
Time
Solution A
Solution B
Solution C
(min)
(%)
(%)
(%)
0
20
10
70
10
20
22
58
35
20
50
30
40
20
50
30
[Note—Between sample injections, the system is re-equilibrated for at least 7 min or until a
stable baseline is obtained, representing the starting composition.]
System suitability solution: 12 µg/mL of USP Doxazosin Related Compound A RS and 12
µg/mL of USP Doxazosin Related Compound B RS in a mixture of Solution C and Solution D
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(9:1). Initially add about 2.5 mL of Solution D and then add Solution D or Solution C to
maintain a final composition of Solution C and Solution D in the ratio of 9:1. Sonicate
briefly for complete dissolution.
Standard solution: 0.6 mg/mL of USP Doxazosin Mesylate RS in a mixture of Solution C and
Solution D (9:1). Initially add about 2 mL of Solution D and then add Solution D or Solution
C to maintain a final composition of Solution C and Solution D in the ratio of 9:1. Sonicate
briefly for complete dissolution.
Sample solution: 0.6 mg/mL of Doxazosin Mesylate in a mixture of Solution C and Solution
D (9:1). Initially add about 2 mL of Solution D and then add Solution D or Solution C to
maintain a final composition of Solution C and Solution D in the ratio of 9:1. Sonicate
briefly for complete dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution
and Standard solution 1S (USP38)
Suitability requirements
Resolution: NLT 4 between doxazosin related compound A and doxazosin related
compound B,
System suitability solution
Relative standard deviation: NMT 0.73%, Standard solution 1S (USP38)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of doxazosin mesylate (C23 H25 N5 O5 ·CH4 O3 S) in the portion of
Doxazosin Mesylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Doxazosin Mesylate RS in the Standard solution (mg/mL)
C=
U concentration of Doxazosin Mesylate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II
Change to read:

231 : NMT 20 ppm
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• Organic Impurities
Solution A, Solution B, Solution C, Solution D, Mobile phase, System suitability
solution, and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.0015 mg/mL each of USP Doxazosin Mesylate RS, USP Doxazosin
Related Compound A RS, USP Doxazosin Related Compound B RS, USP Doxazosin Related
Compound C RS, USP Doxazosin Related Compound D RS, USP Doxazosin Related
Compound E RS, USP Doxazosin Related Compound F RS, USP Terazosin Related Compound
A RS, and USP Terazosin Related Compound C RS in a mixture of Solution C and Solution D.
Initially dissolve USP Doxazosin Related Compounds A, B, C, D, E, and F RS and USP
Terazosin Related Compounds A and C RS in approximately 2 mL of Solution D only and
then add Solution D or Solution C to maintain a final composition of Solution C and Solution
D in the ratio of 9:1. Sonicate briefly for complete dissolution.
Sample solution: 0.6 mg/mL of Doxazosin Mesylate in a mixture of Solution C and Solution
D (9:1). Initially add about 2 mL of Solution D and then add Solution D or Solution C to
maintain a final composition of Solution C and Solution D in the ratio of 9:1. Sonicate
briefly for complete dissolution.
System suitability
Samples: System suitability solution
and Standard solution 1S (USP38)
Suitability requirements
Resolution: NLT 4 between doxazosin related compound A and doxazosin related
compound B,
System suitability solution
Relative standard deviation: NMT 10% for all peaks, Standard solution 1S (USP38)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Doxazosin Mesylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each individual impurity from the Sample solution
rS= peak response for each individual impurity from the Standard solution
C=
S concentration of each Reference Standard in the Standard solution (mg/mL)
C=
U concentration of Doxazosin Mesylate in the Sample solution (mg/mL)
Calculate the percentages of doxazosin related compound G and doxazosin related
compound H in the portion of Doxazosin Mesylate taken.
[Note—Doxazosin related compound G is the mesylate salt and has the same retention time
as that of terazosin related compound A. Doxazosin related compound H is the mesylate
salt and has the same retention time as that of doxazosin related compound C.]
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response of doxazosin related compound G or doxazosin related compound H from
the Sample solution
rS= peak response for doxazosin from the Standard solution
C=
S concentration of USP Doxazosin Mesylate RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
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F= relative response factor, 1.36 for doxazosin related compound G and 1.30 for doxazosin
related compound H
Acceptance criteria
Individual impurities: NMT 0.3% of terazosin related compound A, NMT 0.25% of any
other identified individual impurity, and NMT 0.10% of any other unidentified impurity
Total impurities: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Doxazosin Mesylate taken:
Result = (rU/rS) × (CS/CU) × (Mr2/Mr1) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of each impurity from the Standard solution
CS= concentration of USP Doxazosin Mesylate RS in the Standard solution (mg/mL)
CU= concentration of Doxazosin Mesylate in the Sample solution (mg/mL)
Mr2= molecular weight of the corresponding impurity in the sample (see Table 2)
Mr1= molecular weight of corresponding impurity Reference Standard (see Table 2)
Acceptance criteria: See Table 2.

Name
Terazosin
related
compound
Aa,b
Doxazosin
related
compound
Ac,b
Doxazosin
related
compound Bd
Doxazosin
related
compound
Ce,b
Terazosin
related
compound
Cf ,b

Relative
Retention
Time

Table 2
Molecular
Weight of
Molecular Weight of
Reference
Corresponding
Standard
Impurity in Sample
(Mr1)
(Mr2)

Acceptance
Criteria,
NMT (%)

0.20

362.25

481.55

0.3

0.44

248.28

344.39

0.25

0.48

222.20

222.20

0.25

0.56

239.66

335.77

0.25

0.61

565.45

684.75

0.25
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Doxazosin
related
compound Dg
0.83
196.16
196.16
Doxazosin
—
—
mesylate
1.00
Doxazosin
related
compound Eh
1.45
259.09
259.09
Doxazosin
related
compound F i
1.55
410.42
410.42
Any
unspecified
—
—
—
impurity
Total impurities
—
—
—
a 1-(4-Amino-6,7-dimethoxy-2-quinazolinyl)piperazine, dihydrochloride.
b This impurity exists as a mesylate salt in the sample.
c N-1,4-Benzodioxane-2-carbonyl piperazine.
d 6,7-Dimethoxyquinazoline-2,4-dione.
e 2-Chloro-4-amino-6,7-dimethoxy quinazoline.
f 1,4-Bis(4-amino-6,7-dimethoxy-2-quinazolinyl)piperazine, dihydrochloride.
g 1,4-Benzodioxane-2-carboxylic acid.
h 2,4-Dichloro-6,7-dimethoxyquinazoline.
i N,N -Bis(1,4-benzodioxane-2-carbonyl)piperazine.
1S (USP38)

SPECIFIC TESTS
• Loss on Drying 731
Sample: 1.0 g
Analysis: Dry the Sample under vacuum at 105 for 4 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store below 30 .
• USP Reference Standards 11
USP Doxazosin Mesylate RS
USP Doxazosin Related Compound A RS
N-1,4-Benzodioxane-2-carbonyl piperazine.
C13 H16 N2 O3
248.28
USP Doxazosin Related Compound B RS
6,7-Dimethoxyquinazoline-2,4-dione.
C10 H10 N2 O4
222.20
USP Doxazosin Related Compound C RS
2-Chloro-4-amino-6,7-dimethoxyquinazoline.
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0.25
—

0.25

0.25

0.10
1.0
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C10 H10 ClN3 O2
239.66
USP Doxazosin Related Compound D RS
1,4-Benzodioxane-2-carboxylic acid.
C9 H8 O5
196.16
USP Doxazosin Related Compound E RS
2,4-Dichloro-6,7-dimethoxyquinazoline.
C10 H8 Cl2 N2 O2
259.09
USP Doxazosin Related Compound F RS
N,N -Bis(1,4-benzodioxane-2-carbonyl)piperazine.
C22 H22 N2 O6
410.42
USP Terazosin Related Compound A RS
1-(4-Amino-6,7-dimethoxy-2-quinazolinyl)piperazine, dihydrochloride.
C14 H19 N5 O2 ·2HCl
362.25
USP Terazosin Related Compound C RS
1,4-Bis(4-amino-6,7-dimethoxy-2-quinazolinyl)piperazine, dihydrochloride.
C24 H28 N8 O4 ·2HCl
565.45
BRIEFING
Doxorubicin Hydrochloride, USP 37 page 2714. As part of the USP monograph modernization
efforts, it is proposed to revise the monograph as follows:
1.
The current HPLC procedure in the Assay is replaced with a UHPLC procedure that
employs an MS-compatible Mobile phase and an advanced analytical column. The
procedure uses the Acquity BEH C18 brand of L1 column manufactured by Waters, in
which doxorubicin elutes at about 6 min. Alternatively, the Acquity HCC C18 brand of
L1 column can be used for the test.
2.
Replace the HPLC procedure in the test for Organic Impurities with a more selective
UHPLC procedure with specified impurities. The procedure uses the same
chromatographic parameters as those proposed in the Assay.
3.
Add Identification test B for orthogonal identification by FT-IR.
4.
Add Identification test C for counter ion, chloride, and determination.
5.
Add an additional storage requirement in the Packaging and Storage section.
6.
Add USP Reference Standards for impurities to the USP Reference Standards section to
ensure impurity separations and quantitation in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: D. Min.)
Correspondence Number—C133149

Comment deadline: July 31, 2014
Doxorubicin Hydrochloride
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579.98

5,12-Naphthacenedione, 10-[(3-amino-2,3,6-trideoxy- -l-lyxo-hexopyranosyl)oxy]-7,8,9,10tetrahydro-6,8,11-trihydroxy-8-(hydroxylacetyl)-1-methoxy-, hydrochloride (8S-cis)-;
(8S,10S)-10-[(3-Amino-2,3,6-trideoxy- -l-lyxo-hexopyranosyl)oxy]-8-glycoloyl-7,8,9,10tetrahydro-6,8,11-trihydroxy-1-methoxy-5,12-naphthacenedione hydrochloride
[25316-409].
DEFINITION
Doxorubicin Hydrochloride contains NLT 98.0% and NMT 102.0% of doxorubicin hydrochloride
(C27 H29 NO11 ·HCl), calculated on the anhydrous, solvent-free basis.
[Caution—Great care should be taken to prevent inhaling particles of doxorubicin hydrochloride
and exposing the skin to it.]
IDENTIFICATION
Change to read:
•
A. 1S (USP38)
The retention time of the doxorubicin peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. Infrared Absorption 197K

1S (USP38)

Add the following:
• C. Identification Tests—General, Chloride

191

1S (USP38)

ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, methanol, water, and phosphoric acid (290:170:540:2).
Dissolve 1 g of sodium lauryl sulfate in 1000 mL of this solution, and adjust with 2 N
sodium hydroxide to a pH of 3.6 ± 0.1, and degas. Make adjustments if necessary (see
Chromatography 621 ,System Suitability
System suitability solution: 10 mg of USP Doxorubicin Hydrochloride RS in 5 mL of water,
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add 5 mL of phosphoric acid, and allow to stand for 30 min. Adjust with 2 N sodium
hydroxide (about 37 mL) to a pH of 2.6 ± 0.1, add 15 mL of acetonitrile and 10 mL of
methanol, and filter. [Note—Portions of this solution may be frozen until needed, then
thawed, and mixed before use.]
Standard solution: 0.1 mg/mL of USP Doxorubicin Hydrochloride RS in Mobile phase
Sample solution: 0.1 mg/mL of Doxorubicin Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography

621 .)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L13
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for doxorubicinone and doxorubicin are about 0.6 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 5.5 between doxorubicinone and doxorubicin, System suitability
solution
Column efficiency: NLT 2250 theoretical plates for the doxorubicin peak, Standard
solution
Tailing factor: NLT 0.7 and NMT 1.2 for the doxorubicin peak, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of doxorubin hydrochloride (C27 H29 NO11 ·HCl) in the Doxorubicin
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the doxorubicin from the Sample solution
rS= peak response of the doxorubicin from the Standard solution
C=
S concentration of USP Doxorubicin Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Doxorubicin Hydrochloride in the Sample solution (mg/mL)
Solution A: 0.1% Trifluoroacetic acid prepared by transferring 1.0 mL of trifluoroacetic
acid to 1 L of water
Solution B: Acetonitrile, methanol, and trifluoroacetic acid (800:200:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
15
25
75
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16
25
75
16.1
90
10
18
90
10
Diluent: Solution A and Solution B (50:50)
[Caution—All of the Standard solutions and Sample solutions must be prepared protected from
light and must be stored in low-actinic glassware.]
System suitability solution: 0.1 mg/mL each of USP Doxorubicin Hydrochloride RS and
USP Epirubicin Hydrochloride RS in Diluent
Standard solution: 0.1 mg/mL of USP Doxorubicin Hydrochloride RS in Diluent
Sample solution: 0.1 mg/mL of Doxorubicin Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Temperatures
Column: 35
Autosampler: 4
Flow rate: 0.5 mL/min
Injection volume: 2.0 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for doxorubicin and epirubicin are 1.0 and 1.05,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between doxorubicin and epirubicin, System suitability solution
Tailing factor: 0.8–1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of doxorubicin hydrochloride (C27 H29 NO11 ·HCl) in the portion of
Doxorubicin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of doxorubicin from the Sample solution
rS= peak response of doxorubicin from the Standard solution
CS= concentration of USP Doxorubicin Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Doxorubicin Hydrochloride in the Sample solution (mg/mL)
1S (USP38)

Acceptance criteria: 98.0%–102.0% on the anhydrous, solvent-free basis
IMPURITIES
Change to read:
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• Organic Impurities, Procedure 1
Mobile phase, System Suitability Solution, Chromatographic System, Suitability
Requirements and Standard Solution: Proceed as directed in the Assay.
Sample solution: 0.5 mg/mL of Doxorubicin Hydrochloride in Mobile phase
Analysis
Samples: Sample Solution
Calculate the percentage of impurities in the portion of Doxorubicin Hydrochloride taken:
Result = S/(S + r) ×100
S= sum of the responses of the minor component peaks in the Sample solution
r= peak response of doxorubicin in the Sample solution
Acceptance criteria
Total impurities: NMT 2.0%
Mobile phase, Diluent, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay.
[Caution—All of the Standard solutions and Sample solutions must be prepared protected
from light and must be stored in low-actinic glassware.]
Standard solution: 0.002 mg/mL each of USP Doxorubicin Hydrochloride RS, USP
Doxorubicinone RS, USP Daunorubicin Hydrochloride RS, and USP Daunorubicinone RS in
Diluent
Sample solution: 0.4 mg/mL of Doxorubicin Hydrochloride in Diluent
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between doxorubicin and epirubicin, System suitability solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of doxorubicinone, daunorubicin, or daunorubicinone in the
portion of Doxorubicin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each corresponding impurity from the Sample solution
rS= peak response of each corresponding impurity from the Standard solution
CS= concentration of USP Doxorubicinone RS, USP Daunorubicin Hydrochloride RS, or USP
Daunorubicinone RS in the Standard solution (mg/mL)
CU= concentration of Doxorubicin Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurities in the portion of
Doxorubicin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unspecified impurity from the Sample solution
rS= peak response of doxorubicin from the Standard solution
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CS= concentration of USP Doxorubicin Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Doxorubicin Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Doxorubicin
1.0
—
Doxorubicinone
1.1
0.5
Daunorubicin
1.2
0.5
Daunorubicinone
1.4
0.5
Any individual unspecified impurity
—
0.5
Total impurities
—
2.0
1S (USP38)

Change to read:
• Organic Impurities, Procedure 2: Limit of Solvent Residues (as Acetone and Alcohol)
Solvent: 1 mg/mL of dioxane in water
Standard solution: 0.2 mg/mL of acetone
USP Acetone RS, 1S (USP38)
0.3 mg/mL of dehydrated alcohol, and 1 mg/mL of dioxane in water
Sample solution: 200 mg of Doxorubicin Hydrochloride in 3.0 mL (3.0 g) of Solvent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm × 2-m; packed with 8%–10% liquid phase G16 and 2% potassium
hydroxide on 100- to 120-mesh support S1A
Column temperature: 60
Carrier gas: Helium
[Note—Adjust the column temperature and carrier gas flow rate so that dioxane elutes in
about 6 min.]
Injection volume: 1 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for acetone, alcohol, and dioxane are about 0.2, 0.5,
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between adjacent peaks
Tailing factor: NMT 1.5 for the alcohol peak
Relative standard deviation: NMT 4.0% from the ratios of the peak responses of the
acetone and dioxane peaks, and of the alcohol and dioxane peaks
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage, by weight, of acetone (CH3 COCH3 ) and alcohol (C2 H5 OH),
respectively, in the portion of Doxorubicin Hydrochloride taken:
Result = (RU/RS) × (CA/CD) × (DU/WU) × 100
RU= peak response ratios of the analyte (acetone or alcohol) to dioxane from the Sample
solution
RS= peak response ratios of the analyte (acetone or alcohol) to dioxane from the Standard
solution
CA= concentration of acetone or alcohol in the Standard solution (mg/mL)
CD= concentration of dioxane in the Standard solution (mg/mL)
DU= weight of dioxane in the Sample solution (mg)
W=
U weight of Doxorubicin Hydrochloride in the Sample solution (mg)
Acceptance criteria
Acetone: NMT 0.5%
Total of acetone and alcohol: NMT 2.5%
[Note—Use the combined percentage of acetone and alcohol obtained to calculate the
result, on the solvent-free basis, as directed in the Assay.]
SPECIFIC TESTS
• Crystallinity 695 : Meets the requirements, except where it is labeled as amorphous,
most particles do not exhibit birefringence and extinction positions
• pH 791
Sample solution: 5 mg/mL
Acceptance criteria: 4.0–5.5
• Water Determination, Method I

921 : NMT 4.0%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature except where it is labeled as amorphous, in which case it should be stored in
the freezer.
Protect from light. 1S (USP38)
• Labeling: The amorphous form is so labeled.
Change to read:
• USP Reference Standards 11
USP Acetone RS
USP Daunorubicin Hydrochloride RS
USP Daunorubicinone RS
(8S,10S)-8-Acetyl-6,8,10,11-tetrahydroxy-1-methoxy-7,8,9,10tetrahydrotetracene-5,12-dione.
C21 H18 O8
398.36 1S (USP38)
USP Doxorubicin Hydrochloride RS
USP Doxorubicinone RS
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(8S,10S)-6,8,10,11-Tetrahydroxy-8-(hydroxyacetyl)-1-methoxy-7,8,9,10tetrahydrotetracene-5,12-dione.
C21 H18 O9
414.36
USP Epirubicin Hydrochloride RS
1S (USP38)

BRIEFING
Doxorubicin Hydrochloride Injection, USP 37 page 2715. As part of USP monograph
modernization efforts, it is proposed to revise the monograph as follows:
1.
The current Assay by HPLC is replaced with an UHPLC procedure that uses mass
spectrometry-compatible mobile phase and an advanced analytical column. The
procedure uses the Acquity BEH-C18 brand of L1 column manufactured by Waters, in
which doxorubicin elutes at about 6 min.
2.
Add a UHPLC test for Organic Impurities. The procedure uses the same
chromatographic parameters as proposed in the Assay.
3.
Add Identification test B based on the UV spectrum of the main peak in the Assay.
4.
Add USP Reference Standards for impurities in the USP Reference Standards section to
ensure the impurity separations and quantitation in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: D. Min.)
Correspondence Number—C133150

Comment deadline: July 31, 2014
Doxorubicin Hydrochloride Injection
DEFINITION
Doxorubicin Hydrochloride Injection is a sterile solution of Doxorubicin Hydrochloride in Sterile
Water for Injection made isoosmotic with Sodium Chloride, Dextrose, or other suitable added
substances. It contains NLT 90.0% and NMT 115.0% of the labeled amount of doxorubicin
hydrochloride (C27 H29 NO11 ·HCl).
IDENTIFICATION
Change to read:
• A. 1S (USP38)
The retention time of the doxorubicin peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the doxorubicin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure Acetonitrile, methanol, water, and phosphoric acid (290:170:540:2). Dissolve 1 g
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of sodium lauryl sulfate in 1000 mL of this solution, and adjust with 2 N sodium hydroxide to
a pH of 3.6 ± 0.1, and degas. Make adjustments if necessary (see Chromatography

621

,System Suitability.)
Mobile phase:
System suitability solution: To a solution of 10 mg of USP Doxorubicin Hydrochloride RS
in 5 mL of water, add 5 mL of phosphoric acid, and allow to stand for 30 min. Adjust with
2 N sodium hydroxide (about 37 mL) to a pH of 2.6 ± 0.1, add 15 mL of acetonitrile and
10 mL of methanol, and filter. [Note—Portions of this solution may be frozen until needed,
then thawed, and mixed before use.]
Standard solution: 0.1 mg/mL of USP Doxorubicin Hydrochloride RS in Mobile phase
Sample solution: Nominally 0.1 mg/mL of doxorubicin hydrochloride in Mobile phase from
Injection prepared as follows. Dilute an accurately measured volume of Injection,
equivalent to NLT 2 mg of doxorubicin hydrochloride, quantitatively with Mobile phase,
and mix.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L13
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for doxorubicinone and doxorubicin are about 0.6 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 5.5 between doxorubicinone and doxorubicin, System suitability
solution
Column efficiency: NLT 2250 theoretical plates, Standard solution
Tailing factor: 0.7–1.2 for the doxorubicin peak, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of doxorubicin hydrochloride (C27 H29 NO11 ·HCl) in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of doxorubicin from the Sample solution
rS= peak response of doxorubicin from the Standard solution
C=
S concentration of USP Doxorubicin Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of doxorubicin hydrochloride in the Sample solution (mg/mL)
Solution A: 0.1% trifluoroacetic acid prepared by diluting 1.0 mL of trifluoroacetic acid
with water to 1 L
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Solution B: Acetonitrile, methanol, and trifluoroacetic acid (800:200:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
15
25
75
16
25
75
16.1
90
10
18
90
10
Diluent: Solution A and Solution B (50:50)
[Caution—All of the Standard solutions and Sample solutions must be prepared protected from
light, and the solutions must be stored in low-actinic glassware.]
System suitability solution: 0.1 mg/mL each of USP Doxorubicin Hydrochloride RS and
USP Epirubicin Hydrochloride RS in Diluent
Standard solution: 0.1 mg/mL of USP Doxorubicin Hydrochloride RS in Diluent
Sample solution: Nominally 0.1 mg/mL of doxorubicin hydrochloride in Diluent from
Injection prepared as follows. Dilute an accurately measured volume of Injection,
equivalent to NLT 10 mg of doxorubicin hydrochloride, quantitatively with Diluent, and
mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
For Identification test B, use a diode array detector in the range of 190–400 nm.
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Temperatures
Column: 35
Autosampler: 4
Flow rate: 0.5 mL/min
Injection volume: 2.0 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between doxorubicin and epirubicin, System suitability solution
Tailing factor: 0.8–1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxorubicin hydrochloride
(C27 H29 NO11 ·HCl) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of doxorubicin from the Sample solution
rS= peak response of doxorubicin from the Standard solution
CS= concentration of USP Doxorubicin Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of doxorubicin hydrochloride in the Sample solution (mg/mL)
1S (USP38)

Acceptance criteria: 90.0%–115.0%
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, Diluent, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay.
[Caution—All of the Standard solutions and Sample solutions must be prepared protected from
light, and the solutions must be stored in low-actinic glassware.]
Standard solution: 0.002 mg/mL each of USP Doxorubicin Hydrochloride RS, USP
Doxorubicinone RS, and USP Daunorubicinone RS in Diluent
Sample solution: Nominally 0.4 mg/mL of doxorubicin hydrochloride in Diluent from
Injection prepared as follows. Dilute an accurately measured volume of Injection,
equivalent to NLT 10 mg of doxorubicin hydrochloride, quantitatively with Diluent, and mix.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.0 between doxorubicin and epirubicin, System suitability solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of doxorubicinone or daunorubicinone in the portion of Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of doxorubicinone or daunorubicinone from the Sample solution
rS= peak response of doxorubicinone or daunorubicinone from the Standard solution
C=
S concentration of USP Doxorubicinone RS or USP Daunorubicinone RS in the Standard
solution (mg/mL)
C=
U nominal concentration of doxorubicin hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified degradation product in the portion
of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each degradation product from the Sample solution
rS= peak response of doxorubicin from the Standard solution
C=
S concentration of USP Doxorubicin Hydrochloride RS in the Standard solution (mg/mL)
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C=
U nominal concentration of doxorubicin hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
1.0
—
—
1.05
1.08
0.5
1.35
0.5
—
0.5
—
2.0

Doxorubicin
Epirubicina
Doxorubicinone
Daunorubicinone
Any individual unspecified degradation product
Total impurities
a For System suitability Resolution measurement only.
1S (USP38)

SPECIFIC TESTS
• pH

791 : 2.5–4.5

• Sterility Tests 71 : It meets the requirements when tested as directed in Test for
Sterility of the Product to Be Examined, Membrane Filtration, the entire contents of all the
containers being collected aseptically.
• Bacterial Endotoxins Test 85
Sample solution: 1.1 mg/mL of doxorubicin hydrochloride prepared from Injection in Sterile
Water for Injection
Acceptance criteria: NMT 2.2 USP Endotoxin Units/mg of doxorubicin hydrochloride
• Other Requirements: It meets the requirements in Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, protected from light. Store in a refrigerator. Injection may be packaged in
multiple-dose containers not exceeding 100 mL in volume.
Change to read:
• USP Reference Standards

11

USP Daunorubicinone RS
(8S,10S)-8-Acetyl-6,8,10,11-tetrahydroxy-1-methoxy-7,8,9,10-tetrahydrotetracene5,12-dione.
C21 H18 O8
398.36
1S (USP38)

USP Doxorubicin Hydrochloride RS
USP Doxorubicinone RS
(8S,10S)-6,8,10,11-Tetrahydroxy-8-(hydroxyacetyl)-1-methoxy-7,8,9,10tetrahydrotetracene-5,12-dione.
C21 H18 O9
414.36
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1S (USP38)

USP Endotoxin RS
USP Epirubicin Hydrochloride RS
1S (USP38)

BRIEFING
Esmolol Hydrochloride, USP 37 page 2856. On the basis of comments received, it is proposed
to make the following revisions:
1.
Revise the Packaging and Storage conditions to be consistent with the stability data.
2.
Revise the system suitability requirement for Relative standard deviation in the Assay to
be in accordance with Chromatography

621 .

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: S. Ramakrishna.)
Correspondence Number—C138814

Comment deadline: July 31, 2014
Esmolol Hydrochloride

C16 H25 NO4 ·HCl

331.83

Benzenepropanoic acid, 4-[2-hydroxy-3-[(1-methylethyl)amino]propoxy]-, methyl ester,
hydrochloride, (±);
(±)-Methyl p-[2-hydroxy-3-(isopropylamino)propoxy]hydrocinnamate hydrochloride
[8116117-3].
DEFINITION
Esmolol Hydrochloride contains NLT 98.0% and NMT 102.0% of esmolol hydrochloride
(C16 H25 NO4 ·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
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Change to read:
• Procedure
Buffer: Dissolve 3.0 g of potassium dihydrogen phosphate in 650 mL of water.
Mobile phase: Acetonitrile, methanol, and Buffer (150:200:650)
System suitability stock solution: 1 mg/mL of esmolol hydrochloride prepared as follows.
Transfer a suitable quantity of USP Esmolol Hydrochloride RS to a suitable volumetric flask,
and dissolve in and dilute with 1 N hydrochloric acid to volume. Allow the contents to
stand for at least 30 min. [Note—This results in the partial degradation of the esmolol
resulting in the production of esmolol free acid (see System suitability for the relative
retention times).]
System suitability solution: 0.2 mg/mL in water from System suitability stock solution
Standard solution: 200 µg/mL of USP Esmolol Hydrochloride RS in water
Sample solution: 200 µg/mL of Esmolol Hydrochloride in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for esmolol free acid and esmolol are 0.41 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 4.0 between esmolol free acid and esmolol, System suitability solution
Tailing factor: NMT 2.0 for the esmolol peak, System suitability solution
Relative standard deviation: NMT 2.0%
0.73%, 1S (USP38)
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of esmolol hydrochloride (C16 H25 NO4 ·HCl) in the portion of the
sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of esmolol from the Sample solution
rS= peak response of esmolol from the Standard solution
C=
S concentration of USP Esmolol Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Esmolol Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Heavy Metals

231
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Standard solution: Into a 50-mL color-comparison tube pipet 2 mL of Standard Lead
Solution [20 µg of lead (Pb)], and dilute with water to 25 mL. Using a pH meter or shortrange pH indicator paper as external indicator, adjust with 1 N acetic acid to a pH
between 3.0 and 4.0, dilute with water to 40 mL, and mix.
Sample solution: Into a 50-mL color-comparison tube dissolve 1 g of the sample in water,
and dilute with water to 25 mL. Using a pH meter or short-range pH indicator paper as
external indicator, adjust with 1 N acetic acid to a pH between 3.0 and 4.0, dilute with
water to 40 mL, and mix.
Analysis
Samples: Standard solution and Sample solution
To each of the tubes add 10 mL of hydrogen sulfide TS, and mix. Allow to stand for 2 min.
View downward into the tube over a white background.
Acceptance criteria: The color of the Sample solution is not darker than the color of the
Standard solution (NMT 20 ppm).
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Buffer and System suitability solution: Prepare as directed in the Assay.
Solution A: Methanol
Solution B: Prepare as directed for Mobile phase in the Assay.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
0
100
20
0
100
25
25
75
35
25
75
36
0
100
40
0
100
Sample solution: 1 mg/mL of Esmolol Hydrochloride in water
Chromatographic system: Proceed as directed in the Assay, except include a column
temperature of 30 .
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 4.0 between esmolol free acid and esmolol
Tailing factor: NMT 2.0 for the esmolol peak
Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Esmolol Hydrochloride
taken:
Result = (rU/rT) × 100
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r=
U peak response of each individual impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
Acceptance criteria: See Table 2. Disregard any peak below 0.05%.
Table 2
Relative
Retention
Time

Name
Esmolol free acida
Esmolol isopropylamide analogb (if present)
(RB 1-Apr-2013)
(RB 1-Apr-2013)

0.43
0.65
(RB 1-Apr-2013)
(RB 1-Apr-2013)

Acceptance
Criteria,
NMT (%)
0.4

(RB 1-Apr-2013)

0.25
(RB 1-Apr-2013)
(RB 1-Apr-2013)

0.84
N-Ethyl esmololc (if present)
0.15
(RB 1-Apr-2013)
Esmolol
1.0
—
Esmolol dimerd
6.5
0.5 (RB 1-Apr-2013)
Any other individual unspecified impurity
—
0.10
Total impurities
—
1.0 (RB 1-Apr-2013)
a 3-{4-[2-Hydroxy-3-(isopropylamino)propoxy]phenyl}propanoic acid.
b 3-{4-[2-Hydroxy-3-(isopropylamino)propoxy]phenyl}-N-isopropylpropionamide.
(RB 1-Apr-2013)

c Methyl 3-{4-[3-(ethylamino)-2-hydroxypropoxy]phenyl}propionate.
d Methyl 3-{4-[2-hydroxy-3-(3-{4-[2-hydroxy-3-(isopropylamino)propoxy]phenyl}-Nisopropylpropanamido)propoxy]phenyl}propanoate.
SPECIFIC TESTS
• pH

791 : 3.0–5.0

• Water Determination, Method Ia

921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Protect from freezing, and store at controlled
1S (USP38)

room temperature.
• USP Reference Standards 11
USP Esmolol Hydrochloride RS
Benzenepropanoic acid, 4-[2-hydroxy-3-[(1-methylethyl)-amino]propoxy]-, methyl
ester, hydrochloride, (±)-.
C16 H25 NO4 ·HCl
331.83
BRIEFING
Flumazenil, USP 37 page 3010. It is proposed to revise the monograph as follows:
1.
Delete the test for Melting Range or Temperature because the remaining procedures
are sufficient.
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2.
Add the run times and the column particle size to the Assay and test for Organic
Impurities.
3.
Rename the Organic Impurities procedure, which limits flumazenil related compound C,
as the Limit of Flumazenil Related Compound C for clarity.
4.
Delete the column efficiency requirement from the Assay because the remaining System
suitability criteria are sufficient.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: H. Joyce.)
Correspondence Number—C142980

Comment deadline: July 31, 2014
Flumazenil

C15 H14 FN3 O3

303.29

4H-Imidazo[1,5-a][1,4]benzodiazepine-3-carboxylic acid, 8-fluoro-5,6-dihydro-5-methyl-6-oxo, ethyl ester;
Ethyl 8-fluoro-5,6-dihydro-5-methyl-6-oxo-4H-imidazo[1,5-a][1,4]benzodiazepine-3carboxylate
[78755-81-4].
DEFINITION
Flumazenil contains NLT 98.0% and NMT 102.0% of flumazenil (C15 H14 FN3 O3 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 800 mL of water, adjusted with phosphoric acid to a pH of 2.0 ± 0.05
Mobile phase: Methanol, tetrahydrofuran, and Solution A (13:7:80)
System suitability solution: 6.4 µg/mL each of USP Flumazenil RS and USP Flumazenil
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Related Compound B RS in Mobile phase
Standard solution: 1.0 mg/mL of USP Flumazenil RS in Mobile phase
Sample solution: 1.0 mg/mL of Flumazenil in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm;
5-µm 1S (USP38)
packing L1
Flow rate: 1 mL/min
Injection volume: 5 µL
Run time: NLT 1.3 times the retention time of flumazenil 1S (USP38)
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 4.0 between flumazenil related compound B and flumazenil, System
suitability solution
Column efficiency: NLT 1500 theoretical plates for flumazenil, System suitability
solution
1S (USP38)

Tailing factor: NMT 1.5 for flumazenil, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of flumazenil (C15 H14 FN3 O3 ) in the portion of Flumazenil taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Flumazenil RS in the Standard solution (mg/mL)
C=
U concentration of Flumazenil in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities, Procedure 1
Limit of Flumazenil Related Compound C 1S (USP38)
Diluent: Alcohol and chloroform (50:50)
Standard solution A: 0.5 mg/mL of USP Flumazenil RS and 0.6 µL/mL of USP Flumazenil
Related Compound C RS in Diluent
Standard solution B: 0.1 mg/mL of USP Flumazenil RS and 0.12 µg/mL of USP Flumazenil
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Related Compound C RS from Standard solution A in Diluent
Sample solution: 50 mg/mL of Flumazenil in Diluent
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, glacial acetic acid, alcohol, and water (75: 15:
7.5: 2.5)
Spray reagent: Dissolve 0.5 g of ninhydrin in 90 mL of alcohol, and add 10 mL of glacial
acetic acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed in the chapter. Dry the plate for 10 min in a current of cold air, and
view under short-wavelength UV light. Spray the plate with Spray reagent, and heat at
105 for 15 min. The RF values of the analytes with their corresponding methods of
detection are listed in Table 1.
Table 1
Compound

RF

Detection

Flumazenil
About 0.8UV
Flumazenil related compound CAbout 0.04Ninhydrin
Acceptance criteria: Any spot at an RF value corresponding to flumazenil related
compound C of the Sample solution is not more intense than the corresponding spot of
Standard solution B (NMT 0.2%).
Change to read:
• Organic Impurities, Procedure 2
Organic Impurities 1S (USP38)
Solution A, Mobile phase, System suitability solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay
except use a Run time of NLT 3 times the retention time of flumazenil.
Standard solution: 1 µg/mL of USP Flumazenil RS in Mobile phase
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each impurity in the portion of Flumazenil taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Flumazenil RS in the Standard solution (mg/mL)
C=
U concentration of Flumazenil in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
Table 2
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Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Flumazenil related compound Aa
0.4
1.1
0.2
b
Flumazenil dione
0.5
1.5
0.2
Desfluoro flumazenilc
0.7
1.3
0.2
Flumazenil related compound B
0.8
1.1
0.2
Flumazenil
1.0
—
—
d
Chloroflumazenil
2.2
1.1
0.2
Any individual unknown impurity
—
1.0
0.1
Total impurities
—
—
0.5
a
8-Fluoro-5-methyl-6-oxo-5,6-dihydro-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3carboxylic acid; also known as 1S (USP38)
8-Fluoro-5,6-dihydro-5-methyl-6-oxo-4H-imidazol-[1,5-a][1,4]benzodiazepine-3-carboxylic
acid.
b 7-Fluoro-4-methyl-3,4-dihydro-2,5H-1,4-benzodiazepine-2,5-dione.
7-Fluoro-4-methyl-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione. 1S (USP38)
c Ethyl 5,6-dihydro-5-methyl-6-oxo-4H-imidazo-[1,5-a][1,4]benzodiazepine-3carboxylate.
Ethyl 5-methyl-6-oxo-5,6-dihydro-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3carboxylate. 1S (USP38)
d Ethyl 8-chloro-5,6-dihydro-5-methyl-6-oxo-4H-imidazo-[1,5-a][1,4]benzodiazepine-3carboxylate.
Ethyl 8-chloro-5-methyl-6-oxo-5,6-dihydro-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3carboxylate. 1S (USP38)
SPECIFIC TESTS
• Bacterial Endotoxins Test

85 : NMT 25.0 USP Endotoxin Units/mg of flumazenil

Delete the following:
• Melting Range or Temperature, Class Ia 741 : 198 –202

1S (USP38)

• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Flumazenil RS
USP Flumazenil Related Compound B RS
Ethyl 8-hydroxy-5-methyl-6-oxo-5,6-dihydro-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3carboxylate;
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Also known as 1S (USP38)
Ethyl 8-hydroxy-5,6-dihydro-5-methyl-6-oxo-4H-imidazol-[1,5-a][1,4]benzodiazepine-3carboxylate.
C15 H15 N3 O4
301.30
USP Flumazenil Related Compound C RS
1,1-Diethyoxy-N,N-dimethylmethanamine;
Also known as 1S (USP38)
N,N-Dimethylformamide diethyl acetal.
C7 H17 NO2

147.22

1S (USP38)

BRIEFING
Flumazenil Injection, USP 37 page 3011. On the basis of comments received, it is proposed to
revise packaging and storage requirements to reflect that approved drug products are
packaged in multiple-dose containers rather than single-dose containers. It is also proposed
to remove the nonspecific Identification test based on TLC.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Interested parties are encouraged to submit validated specific identification procedures with
supporting data to further improve this monograph.
(SM4: H. Joyce.)
Correspondence Number—C142883

Comment deadline: July 31, 2014
Flumazenil Injection
DEFINITION
Flumazenil Injection is a sterile solution of Flumazenil. It contains NLT 90.0% and NMT 110.0%
of the labeled amount of flumazenil (C15 H14 FN3 O3 ).
IDENTIFICATION
Delete the following:
•
A. Thin-Layer Chromatographic Identification Test 201
Standard solution: 0.1 mg/mL of USP Flumazenil RS in a mixture of water and methanol
(90:10). Dissolve the reference standard in methanol before the addition of water.
Sample solution: 0.1 mg/mL of Flumazenil from Injection diluted in water, if necessary
Chromatographic System: Proceed as directed in the general chapter except:
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture containing a fluorescent
indicator
Developing solvent system: Ethyl acetate and methanol (9:1)
Acceptance criteria: Meets the requirements 1S (USP38)
Change to read:
• B.
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A. 1S (USP38)
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: Add 0.02 M phosphoric acid to 0.02 M monobasic potassium phosphate to obtain a
solution having a pH of 2.7 ± 0.05
0.02 M monobasic potassium phosphate adjusted with 0.02 M phosphoric acid to a pH of
2.7 ± 0.05 1S (USP38)
Mobile phase: Tetrahydrofuran, methanol, and Buffer (20:5:75)
Diluent: Tetrahydrofuran, methanol, and water (20:5:75)
System suitability solution: 0.01 mg/mL each of USP Flumazenil RS, USP Flumazenil
Related Compound A RS, and USP Flumazenil Related Compound B RS in Diluent
Standard solution: 0.1 mg/mL of USP Flumazenil RS in Mobile phase
Sample solution: Nominally 0.1 mg/mL of flumazenil from Injection prepared as follows.
Dilute a portion of Injection with Diluent, if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L10
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for flumazenil related compound A, flumazenil related
compound B, and flumazenil are about 0.71, 0.85, and 1.0, respectively.
See Table 1 for the relative retention times. 1S (USP38)
]
Suitability requirements
Resolution: NLT 1.8 between flumazenil related compound B and flumazenil, System
suitability solution
Tailing factor: NMT 2.0 for flumazenil related compound A, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of flumazenil (C15 H14 FN3 O3 ) in the portion
of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Flumazenil RS in the Standard solution (mg/mL)
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C=
U nominal concentration of flumazenil in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Organic Impurities
Mobile phase, Diluent, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Flumazenil RS in the Standard solution (mg/mL)
C=
U nominal concentration of flumazenil in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Name
Time
Flumazenil related compound A
0.71
Flumazenil
1.0
Any individual unspecified impurity
—
Total unspecified impurities
—
Total impurities
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.1
1.0
—
—
1.0
0.5
—
1.0
—
2.0

Table 1
Relative
Retention
Name
Time
Flumazenil related compound A
0.71
Flumazenil related compound B
0.85
Flumazenil
1.0
Any individual unspecified impurity
—
Total impurities
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.1
1.0
1.0
0.5
—
—
1.0
0.5
—
2.0

1S (USP38)

SPECIFIC TESTS
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85 : NMT 100 USP Endotoxin Units/mg of flumazenil

• Particulate Matter in Injections
injections
• pH

788 : Meets the requirements for small-volume

791 : 3.4–4.6

• Other Requirements: Meets the requirements in Injections

1

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, single-dose
multiple-dose 1S (USP38)
containers, preferably of Type I glass, and store at controlled room temperature.
Change to read:
• USP Reference Standards 11
USP Flumazenil RS
USP Flumazenil Related Compound A RS
8-Fluoro-5-methyl-6-oxo-5,6-dihydro-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3carboxylic acid;
Also known as 1S (USP38)
8-Fluoro-5,6-dihydro-5-methyl-6-oxo-4H-imidazol-[1,5-a][1,4]benzodiazepine-3-carboxylic
acid.
C13 H10 FN3 O3
275.24
USP Flumazenil Related Compound B RS
Ethyl 8-hydroxy-5-methyl-6-oxo-5,6-dihydro-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3carboxylate;
Also known as 1S (USP38)
Ethyl 8-hydroxy-5,6-dihydro-5-methyl-6-oxo-4H-imidazol-[1,5-a][1,4]benzodiazepine-3carboxylate.
C15 H15 N3 O4
301.30
BRIEFING
Galantamine Oral Solution. Because there is no existing USP monograph for this dosage form,
a new monograph based on validated methods of analysis is proposed.
1.
The gradient HPLC procedures in the Assay and the test for Organic Impurities are
based on analyses performed with the Hypersil BDS-C18 brand of L1 column. The
typical retention time for galantamine is about 7–8 min.
(SM4: H. Joyce.)
Correspondence Number—C138116

Comment deadline: July 31, 2014
Add the following:
Galantamine Oral Solution
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DEFINITION
Galantamine Oral Solution contains an amount of galantamine hydrobromide (C17 H21 NO3 ·HBr)
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of galantamine (C17 H21 NO3 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure: Throughout the following procedures, protect samples, the Reference Standard,
and solutions containing them from light by using low-actinic glassware.
Solution A: Acetonitrile and water (1:99)
Solution B: 5 mg/mL of ammonium acetate in Solution A
Solution C: Acetonitrile
Solution D: Water
Mobile phase: See Table 1.
Table 1
Time
Solution B Solution C Solution D
(min)
(%)
(%)
(%)
0
50
3
47
25
50
35
15
27
50
3
47
32
50
3
47
Diluent: 5 mg/mL of ammonium acetate in water
System suitability solution: 0.26 mg/mL of USP Galantamine Hydrobromide Related
Compound Mixture RS prepared as follows. Transfer a suitable quantity of USP Galantamine
Hydrobromide Related Compound Mixture RS to a suitable flask, and dissolve in 3% of the
flask volume of methanol. Dilute with Diluent to volume.
Standard solution: 0.26 mg/mL of USP Galantamine Hydrobromide RS (equivalent to 0.2
mg/mL of galantamine) prepared as follows. Transfer a suitable quantity of USP
Galantamine Hydrobromide RS to an appropriate flask, and dissolve in 3% of the flask
volume of methanol. Dilute with Diluent to volume.
Sample solution: Nominally 0.2 mg/mL of galantamine from Oral Solution prepared as
follows. Transfer a suitable volume of Oral Solution to an appropriate volumetric flask. Add
3% of the flask volume of methanol, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: NLT 3.5 times the retention time of galantamine
System suitability
Sample: System suitability solution and Standard solution
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[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 5 between galantamine and 6S-galantamine (also known as 6 hexahydrogalantamine), System suitability solution
Tailing factor: NMT 1.3, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Galantamine Hydrobromide RS in the Standard solution (mg/mL)
CU= nominal concentration of galantamine in the Sample solution (mg/mL)
Mr1
= molecular weight of galantamine, 287.35
Mr2
= molecular weight of galantamine hydrobromide, 368.27
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume

698 : Meets the requirements

IMPURITIES
• Organic Impurities: Throughout the following procedures, protect samples, the Reference
Standard, and solutions containing them from light by using low-actinic glassware.
Mobile phase, Diluent, System suitability solution, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.5 µg/mL of USP Galantamine Hydrobromide RS prepared as follows.
Transfer a suitable quantity of USP Galantamine Hydrobromide RS to an appropriate flask,
and dissolve in 3% of the flask volume of methanol. Dilute with Diluent to volume.
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 5 between galantamine and 6S-galantamine (also known as 6 hexahydrogalantamine), System suitability solution
Tailing factor: NMT 1.3, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Oral Solution
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taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each degradation product from the Sample solution
rS= peak response of galantamine from the Standard solution
CS= concentration of USP Galantamine Hydrobromide RS in the Standard solution (mg/mL)
CU= nominal concentration of galantamine in the Sample solution (mg/mL)
Mr1
= molecular weight of galantamine, 287.35
Mr2
= molecular weight of galantamine hydrobromide, 368.27
Acceptance criteria: See Table 2. Disregard peaks less than 0.10%.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

N-Desmethyl galantaminea
0.54
0.5
Galantamine N-oxideb
0.68
0.30
c
,
d
—
Dihydrogalantamine
0.85
Galantamine
1.0
—
6S-Galantaminee
1.2
0.2
—
Narwedinef ,d
1.6
—
Didehydrodeoxygalantamineg,d
2.0
Any unspecified degradation product
—
0.2
Total degradation products
—
1.0
a (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-ol.
b (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide; also known as 6 hexahydrogalantamine.
c (4aS,6R,8aS)-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol; also known as 6 -octahydrogalantamine.
d This is a process impurity and is listed for information only. It is controlled in the drug
substance. It is not to be reported and is not to be included in the Total degradation
products.
e (4aS,6S,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef
][2]benzazepin-6-ol; also known as 6 -hexahydrogalantamine or epi-galantamine.
f (4aS,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-one.
g (4aS,8aS)-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef ]
[2]benzazepine; also known as tetrahydrogalantamine.
SPECIFIC TESTS
• Microbial Enumeration Tests

61 and Tests for Specified Microorganisms

62 : The
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total aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds
count does not exceed 101 cfu/mL. It meets the requirements for the test for absence of
Escherichia coli.
• pH

791 : 4.0–6.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature. Protect from freezing.
• USP Reference Standards 11
USP Galantamine Hydrobromide RS
USP Galantamine Hydrobromide Related Compounds Mixture RS
Galantamine hydrobromide.
6 -Hexahydrogalantamine.
(4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide.
C17 H21 NO4
303.35
6 -Octahydrogalantamine.
(4aS,6R,8aS)-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol.
C17 H23 NO3
289.37
6 -Hexahydrogalantamine.
(4aS ,6S ,8aS )-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef ][2]benzazepin-6-ol.
C17 H21 NO3
287.35
Tetrahydrogalantamine.
(4aS ,8aS )-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef ]
[2]benzazepine.
C17 H19 NO2
269.34
1S (USP38)

BRIEFING
Glycine, USP 37 page 3170. As part of USP modernization effort, it is proposed to add an HPLC
Related Compounds test to characterize the organic impurities. The liquid chromatographic
procedure in the test for Related Compounds is based on analyses performed with the
Agilent Zorbax NH2 brand of L8 column. Typical retention times for monochloroacetic acid,
hexamethylenetetramine, glycine, and imino-diacetic acid are 6.5, 11.3, 14.6, and 22.7 min,
respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: H. Dinh.)
Correspondence Number—C135173

Comment deadline: July 31, 2014
Glycine
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75.07
[56-40-6].

DEFINITION
Glycine contains NLT 98.5% and NMT 101.5% of glycine (C2 H5 NO2 ), calculated on the dried
basis.
IDENTIFICATION
• A. Infrared Absorption 197M
ASSAY
• Procedure
Sample: 150 mg of Glycine
Blank: 100 mL of glacial acetic acid
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 100 mL of glacial acetic acid, and add 1 drop of crystal
violet TS. Titrate with the Titrant to a green endpoint. Perform the blank determination.
Calculate the percentage of glycine (C2 H5 NO2 ) in the Sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 75.07 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 98.5%–101.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
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• Chloride and Sulfate, Chloride 221
Standard solution: 0.10 mL of 0.020 N hydrochloric acid
Sample: 1 g of Glycine
Acceptance criteria: NMT 0.007%
• Chloride and Sulfate, Sulfate 221
Standard solution: 0.20 mL of 0.020 N sulfuric acid
Sample: 3 g of Glycine
Acceptance criteria: NMT 0.0065%
• Heavy Metals, Method I 231 : NMT 20 ppm
• Hydrolyzable Substances
Sample solution: 100 mg/mL of Glycine
Analysis: Boil 10 mL of the Sample solution for 1 min, and set aside for 2 h.
Acceptance criteria: The solution appears as clear and as mobile as 10 mL of the same
solution that has not been boiled.
Add the following:
• Related Compounds
Buffer: 0.05 M potassium phosphate, monobasic
Mobile phase: Acetonitrile and Buffer (65:35)
System suitability solution: Transfer 10 mg each of USP l-Isoleucine RS and USP lLeucine RS into a 10-mL volumetric flask, and dissolve in and dilute with water to volume.
Transfer 1.0 mL of the resultant solution to a 10-mL volumetric flask and dilute with Mobile
phase to volume.
Monochloroacetic acid standard solution: Transfer 4 mg of monochloroacetic acid,
analytical grade with purity NLT 99.0%, into a 100-mL volumetric flask, and dissolve in and
dilute with water to volume. Transfer 1.0 mL of the resultant solution into a 10-mL
volumetric flask and dilute with Mobile phase to volume.
Hexamethylenetetramine standard solution: Transfer 6 mg of hexamethylenetetramine,
analytical grade with purity NLT 99.0%, into a 100-mL volumetric flask, and dissolve in and
dilute with water to volume. Transfer 1.0 mL of the resultant solution into a 10-mL
volumetric flask and dilute with Mobile phase to volume.
Imino-diacetic acid standard solution: Transfer 10 mg of imino-diacetic acid, analytical
grade with purity NLT 99.0%, into a 100-mL volumetric flask, and dissolve in and dilute
with water to volume. Transfer 1.0 mL of the resultant solution into a 10-mL volumetric
flask and dilute with Mobile phase to volume.
Sample solution: Transfer 1.0 g of Glycine into a 10-mL volumetric flask, and dissolve in
and dilute with water to volume. Transfer 2.0 mL of the resultant solution to a 10-mL
volumetric flask and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L8
Column temperature: 25
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
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Sample: System suitability solution
[Note—The relative retention times for leucine and iso-leucine are 1.0 and 1.1,
respectively.]
Suitability requirements
Column efficiency: NLT 5,000 theoretical plates for leucine peak
Resolution: NLT 1.2 between leucine and iso-leucine
Tailing factor: Between 0.8 and 1.2 for iso-leucine peak
Relative standard deviation: NMT 10.0% each for leucine and iso-leucine
Analysis
Samples: Standard solutions and Sample solution
Calculate the percentage of each specified impurity in the portion of Glycine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of monochloroacetic acid, hexamethylenetetramine, or imido-diacetic
acid from the Sample solution
rS= peak response of monochloroacetic acid, hexamethylenetetramine, or imido-diacetic
acid from the corresponding standard solution
C=
S concentration of monochloroacetic acid, hexamethylenetetramine, or imido-diacetic acid
from the corresponding standard solution (mg/mL)
C=
U concentration of Glycine in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of Glycine taken:
Result = (rU/rT) × 100
r=
U peak response of any unspecified impurity from the Sample solution
r=
T sum of the responses of all the peaks from the Sample solution
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Monochloroacetic acid
0.44
0.02
Hexamethylenetetramine
0.77
0.03
Imido-diacetic acid
1.55
0.05
Glycine
1.00
—
Any unspecified impurity
—
0.05
Sum of all unspecified impurities
—
0.25
1S (USP38)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 0.2%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards
USP Glycine RS
USP l-Isoleucine RS
USP l-Leucine RS

11

1S (USP38)

BRIEFING
Gonadorelin Acetate, USP 37 page 3176. On the basis of comments received and of validated
procedures, the following revisions are proposed as part of the USP monograph
modernization effort:
1.
The Definition is revised to reflect that Gonadorelin Acetate is available in two forms:
gonadorelin acetate and gonadorelin diacetate tetrahydrate.
2.
Identification test B is revised to add an Identity sample solution and the requirement
of sample and standard peak coelution. In Identification test A, a Note is added for
the expected m/z signals.
3.
The Assay procedure is revised to replace the amino acid analysis with a validated HPLC
analysis, and the Acceptance criteria is changed from NLT 80% to 95.0%–105.0% on
the anhydrous and acetic acid-free basis. The Definition also is revised to reflect the
change in the Assay procedure. The liquid chromatographic procedure in the Assay
and the test for Organic Impurities is based on analyses performed with the
Supelcosil LC-18-DB brand of L1 column. The typical retention time for the
gonadorelin peak is about 26 min.
4.
Acetic acid is removed from the test for Acetic Acid and Trifluoroacetic Acid and is
replaced with a new test in Other Components using Acetic Acid in Peptides 503 .
The Acceptance criteria is changed from 8%–12.5% to 4.0%–7.5% where it is
labeled as gonadorelin acetate and 7.5%–12.5% where it is labeled as gonadorelin
diacetate tetrahydrate to cover the two forms.
5.
The test for Gonadorelin Related Impurities in Impurities is revised to use the same
HPLC procedure as the Assay. The specified impurities are added and the Acceptance
criteria is updated.
6.
A Note is added to the revised test for Trifluoroacetic acid in Impurities to indicate it is
only required if trifluoroacetic acid is used in the manufacturing process. System
suitability is revised to delete Column efficiency; the remaining criteria are adequate
to evaluate system suitability.
7.
A Note is added to the test for Limit of Fluoride in Impurities to indicate it is only
required if fluoride is used in the manufacturing process.
8.
The test for Optical Rotation in Specific Tests is deleted.
9.
The test for Bacterial Endotoxins is added to Specific Tests.
10.
Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 are
added to Specific Tests.
11.
The test for Amino Acid Analysis in Specific Tests is deleted.
12.
The USP Reference Standards section is revised to include USP Endotoxin RS, which is
used in the test for Bacterial Endotoxins, and USP Glacial Acetic Acid RS, which is
used in the test for Acetic Acid in Peptides.
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13.
Labeling is revised to cover the two forms: gonadorelin acetate and gonadorelin
diacetate tetrahydrate.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO: C. Li.)
Correspondence Number—C105762

Comment deadline: July 31, 2014
Gonadorelin Acetate

C55 H75 N17 O13 ·xC2 H4 O2 ·yH2 O

1182.3 (acetic acid free, anhydrous)

Luteinizing hormone-releasing factor acetate (salt) hydrate;
5-Oxo-l-prolyl-l-histidyl-l-tryptophyl-l-seryl-l-tyrosylglycyl-l-leucyl-l-arginyl-l-prolylglycinamide
acetate (salt) hydrate
[52699-48-6].
DEFINITION
Change to read:
Gonadorelin Acetate is a synthetic polypeptide hormone having the property of stimulating the
release of the luteinizing hormone from the hypothalamus.
Gonadorelin Acetate is also available as gonadorelin diacetate tetrahydrate. 1S (USP38)
It contains NLT 80%
95.0% and NMT 105.0% 1S (USP38)
of gonadorelin (C55 H75 N17 O13 ), calculated on the anhydrous and acetic acid-free basis.
[Note—Gonadorelin Acetate is extremely hygroscopic. Protect from exposure to moisture, and
store in a desiccator.]
IDENTIFICATION
Change to read:
• A. The monoisotopic mass by Mass Spectrometry 736 is 1181.6 ± 1 mass units.
[Note—Corresponds to m/z = 1182.6 ± 1 for (M + H)+ or m/z = 591.8 ± 0.5 for (M + 2H)2+]
1S (USP38)

Change to read:
• B. The retention time of the Sample solution corresponds to that of the Standard solution,
as obtained in the procedure for Organic Impurities, Gonadorelin related compounds.
Solution A, Solution B, Mobile phase, Standard solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Identity sample solution: Mix equal volumes of the Standard solution and the Sample
solution.
Analysis
Samples: Standard solution, Sample solution, and Identity sample solution
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Examine the chromatograms of Standard solution, Sample solution, and Identity sample
solution
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to that of the Standard solution, and the major peak of the Identity
sample solution elutes as a single peak. 1S (USP38)
ASSAY
Change to read:
• Procedure
(See Biotechnology-Derived Articles—Amino Acid Analysis

1052 .)

[Note—The following method is given for informational purposes; any validated amino acid
analysis method can be used.]
Standardize the instrument with a mixture containing equal molar/volume amounts (except for lcystine, which is half the molar amount) of glycine and the l-form of the following amino
acids: lysine, threonine, alanine, leucine, histidine, serine, valine, tyrosine, arginine,
glutamic acid, methionine, phenylalanine, aspartic acid, proline, isoleucine, tryptophan, and
cystine.
Sample solution
(See Biotechnology-Derived Articles—Amino Acid Analysis, Protein Hydrolysis, Method 1
1052 .)
Transfer 0.4 to 1.0 mg of Gonadorelin Acetate in glass ampuls. Add a minimum of 1.0 mL of
Hydrolysis Solution containing 4% phenol, freeze the sample ampul, and flame seal under
vacuum. Hydrolyze at 110 for 22 h. After hydrolysis, dry the sample under vacuum to
remove any residual acid. To the ampul, add 2 mL of a buffer solution that is suitable for
the amino acid analyzer, and pass through a filter having a 0.45-µm porosity.
Analysis: Prepare a co-injection of the Standard solution and Sample solution. Inject a
suitable volume into the amino acid analyzer, and record and measure the response for
each amino acid peak. Express the content of each amino acid in µmoles. The total
number of µmol of gonadorelin acetate in the sample is calculated by summing the
number of µmol for glutamic acid, proline, glycine, leucine, tyrosine, histidine, and
arginine, and dividing by eight.
Calculate the percentage of Gonadorelin (C55 H75 N17 O13 ) in the portion of Gonadorelin
Acetate taken:
Result = 118.23(N/W)
N= total number of µmol of gonadorelin acetate
W
= mass of Gonadorelin Acetate in the Sample solution (mg)
Acceptance criteria: NLT 80% on the anhydrous, acetic acid-free basis
Buffer: Dissolve 78 g of sodium dihydrogen phosphate dihydrate and 20 g of
tetramethylammonium hydroxide pentahydrate in 800 mL of water and 75 mL of methanol.
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Adjust with phosphoric acid to a pH of 2.5. Dilute with water to 1000 mL.
Solution A: Acetonitrile, water, and Buffer (15:65:20)
Solution B: Acetonitrile, water, and Buffer (27:53:20)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
40
100
0
45
0
100
50
0
100
55
100
0
90
100
0
Sensitivity solution: 0.2 µg/mL of USP Gonadorelin Acetate RS in Solution A
Standard solution: 0.4 mg/mL of USP Gonadorelin Acetate RS in Solution A
Sample solution: 0.4 mg/mL of Gonadorelin Acetate in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5 µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Sensitivity solution and Standard solution
[Note—The retention time for the gonadorelin peak is 24–29 min.]
Suitability requirements
Signal-to-noise ratio: NLT 10, Sensitivity solution
Resolution: Valley point between endo-Gly5a -gonadorelin and gonadorelin related
compound A is visible, Standard solution. [Note—Use the reference chromatogram
provided with the lot of USP Gonadorelin Acetate RS being used to identify the
endo-Gly5a -gonadorelin and gonadorelin related compound A peaks.]
Tailing factor: 0.9–1.6, Standard solution
Relative standard deviation: NMT 2.0% for the gonadorelin peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of gonadorelin (C55 H75 N17 O13 ) in the portion of Gonadorelin
Acetate taken:
Result = (rU/rS) × (CS/CU) × [100/(100

W

Ac)] × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Gonadorelin Acetate RS in the Standard solution (mg/mL)
CU= concentration of Gonadorelin Acetate in the Sample solution (mg/mL)
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W= water in Gonadorelin Acetate (%)
Ac= acetic acid in Gonadorelin Acetate (%)
Acceptance criteria: 95.0%–105.0% on the anhydrous and acetic acid-free basis
1S (USP38)

OTHER COMPONENTS
Add the following:
• Acetic Acid in Peptides 503 : 4.0%–7.5% where it is labeled as gonadorelin acetate;
7.5%–12.5% where it is labeled as gonadorelin diacetate tetrahydrate 1S (USP38)
IMPURITIES
Change to read:
• Gonadorelin Related Impurities
Standard solution: 0.5 mg/mL of USP Gonadorelin Acetate RS in water
System suitability solution: 0.5 mg/mL of USP Gonadorelin Acetate Related Compound A
RS in water. Mix equal volumes of this solution and the Standard solution.
Sample solution: 0.5 mg/mL of Gonadorelin Acetate in water
• System 1
Solvent A: 1 mL/L trifluoroacetic acid in water
Solvent B: 1 mL/L trifluoroacetic acid in acetonitrile
Solution A: Solvent B and Solvent A (5:95).
Solution B: Solvent B and Solvent A (60:40).
Mobile phase: See Table 3.
Table 3
Time Solution A Solution B
(min)
(%)
(%)
0
91
9
25
45
55
25
91
9
30
91
9
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
• System 2
Buffer: 11.8 mL/L of phosphoric acid and 13.8 mL/L of triethylamine , adjust with
phosphoric acid or triethylamine to a pH of 2.5
Mobile phase: Acetonitrile and Buffer (13:87).
Chromatographic system
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(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability (for both System 1 and System 2)
Samples: Standard solution, and System suitability solution.
Resolution: NLT 2.0 between gonadorelin acetate and gonadorelin acetate related
compound A,System suitability solution
Column efficiency: NLT 75,000 theoretical plates for System 1 and NLT 3000
theoretical plates for System 2, Standard solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Gonadorelin Acetate taken
Result = (rU/rT) × 100
r=
U peak response of any individual impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution excluding peaks due to solvent,
counter-ion, and baseline artifacts.
[Note—Disregard any impurity peak less than 0.05%]
Acceptance criteria
Individual impurities: NMT 1%
Total impurities: NMT 2%
Solution A, Solution B, Mobile phase, Sensitivity solution, Standard solution,
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Gonadorelin Acetate taken:
Result = (rU/rT) × 100
rU= peak response of each impurity from the Sample solution
rT= sum of all the peak responses from the Sample solution, excluding any peaks due to
the solvent, counter-ion, and baseline artifacts
Acceptance criteria: See Table 2. Disregard any impurity peak NMT 0.05%.

Name
des-Pro9,gly10-gonadorelina

Table 2
Relative Retention
Time
0.79

Acceptance Criteria,
NMT (%)
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[d-Trp3]gonadorelinc
0.79
Impurity J
0.79
1.0b
Gonadorelin
1.0
—
endo-Gly5a -gonadorelind
1.13
1.0
e
Gonadorelin related compound A
1.2
1.0
Any other individual impurity
—
0.5
Total impurities
—
3.0
a 5-Oxo-l-prolyl-l-histidyl-l-tryptophyl-l-seryl-l-tyrosylglycyl-l-leucyl-l-argininamide.
b Because des-Pro9,gly10--gonadorelin, [d-Trp3]gonadorelin, and impurity J may
coelute, the Acceptance criteria is for the sum of the three impurities.
c 5-Oxo-l-prolyl-l-histidyl-d-tryptophyl-l-seryl-l-tyrosylglycyl-l-leucyl-l-arginyl-lprolylglycinamide.
d 5-Oxo-l-prolyl-l-histidyl-l-tryptophyl-l-seryl-l-tyrosylglycylglycyl-l-leucyl-l-arginyl-lprolylglycinamide.
e 5-Oxo-l-prolyl-l-histidyl-l-tryptophyl-l-seryl-l-tyrosylglycyl-l-leucyl-l-arginyl-lprolylglycine.
1S (USP38)

Change to read:
• Acetic Acid and
1S (USP38)

Trifluoroacetic Acid
Perform if trifluoroacetic acid is used in the manufacturing process.
1S (USP38)

Buffer: 7.0 mL/L of phosphoric acid and 5.0 mL/L of ammonium hydroxide in water
Solution A: Methanol and Buffer (2:100)
Solution B: Acetonitrile and water (1:1)
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
5
100
0
6
0
100
14
0
100
15
100
0
25
100
0
Diluent: 5 mL/L of phosphoric acid in water
Trifluoroacetic acid stock solution: 10 mg/mL of trifluoroacetic acid in water prepared as
follows. Add about 50 mL of water to a 100-mL volumetric flask with a stopper. Tare the
stoppered flask on an analytical balance until there is no further significant drift in the reading.
Transfer 670 µL of trifluoroacetic acid to the flask, stopper immediately, and weigh. Dilute with
water to volume.
Standard solutions: Transfer about 150, 75, and 10 mg of sodium acetate trihydrate into three
separate 100-mL volumetric flasks. Add 10 mL, 2 mL, and 100 µL, respectively, of the
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Trifluoroacetic acid stock solution to the flasks, and dilute each with Diluent to the volume to
obtain Standard solutions having known concentrations of about 0.65 mg/mL of acetic acid/1
mg/mL of trifluoroacetic acid, 0.3 mg/mL of acetic acid/0.2 mg/mL of trifluoroacetic acid, and
0.04 mg/mL of acetic acid/0.01 mg/mL of trifluoroacetic acid in Diluent
Transfer 10 mL, 2 mL, and 100 µL of the Trifluoroacetic acid stock solution into three separate
100-mL volumetric flasks, respectively, and dilute each with Diluent to obtain Standard
solutions having known concentrations of about 1 mg/mL, 0.2 mg/mL, and 0.01 mg/mL of
trifluoroacetic acid in Diluent. 1S (USP38)
Sample solution: 4.0 mg/mL of Gonadorelin Acetate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solutions
Suitability requirements
Column efficiency: NLT 2000 theoretical plates for the trifluoroacetic acid peak, and NLT
10,000 theoretical plates for the acetic acid peak
1S (USP38)

Relative standard deviation: NMT 2.0%, the most concentrated Standard solution
Analysis
Samples: Standard solutions and Sample solution
Calculate the peak areas of the Standard solutions, and plot them versus the Sample
solution concentration, in mg/mL. Determine the regression line using the least-squares
method, and record the correlation coefficient. It should be NLT 0.995.
Calculate the percentage of acetic acid and
1S (USP38)

trifluoroacetic acid in the sample.
Acceptance criteria: Acetic acid, 8%–12.5% of acetic acid; trifluoroacetic acid,
1S (USP38)

NMT 0.25%
Change to read:
• Limit of Fluoride
Perform if fluoride is used in the manufacturing process.
1S (USP38)

[Note—Use polypropylene vessels for preparation of solutions and standards.]
Standard solutions: Prepare a series of calibration standards containing 0.05, 0.1, 1, and 10
ppm of fluoride dissolved in an ionic strength adjustment buffer suitable for the electrode in
use; pH 5.
Sample solution: 2.2–3.6 mg/mL of Gonadorelin Acetate in the same buffer used in Standard
solutions
Analysis: Using a fluoride ion-selective electrode connected to a pH/ion meter, measure the
potential of each Standard solution, and plot the response versus the logarithm of the
concentration. Determine the regression line using the least-squares method. The slope of the
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calibration curve is 54 to 60 mV per decade, and the square of the correlation coefficient
of the calibration curve (r2) is NLT 0.995.
From the calibration curve and the concentration of the Sample solution, determine the
amount of fluoride in the sample.
Acceptance criteria: NMT 0.1%
SPECIFIC TESTS
Delete the following:
• Optical Rotation, Specific Rotation 781S : 54 to 66 , at 20 , calculated with
reference to the peptide content determined in the Assay
Sample solution: 10 mg/mL of Gonadorelin Acetate in 1% acetic acid 1S (USP38)
• Water Determination, Method Ic 921 : NMT 7.0%, determined by directly introducing
NLT 2 mg of the solid substance into the titrator
Add the following:
• Bacterial Endotoxins

85 : NMT 70 USP Endotoxin Units/mg of gonadorelin acetate

1S (USP38)

Add the following:
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms
Meets the requirements 1S (USP38)

62 :

Delete the following:
•
Amino Acid Analysis
(See Biotechnology-Derived Articles—Amino Acid Analysis 1052 .)
[Note—The following method is given for informational purposes; any validated amino acid
analysis method can be used. ]
Standardize the instrument with a mixture containing equal molar/volume amounts (except for lcystine, which is half the molar amount) of glycine and the l-form of the following amino
acids: lysine, threonine, alanine, leucine, histidine, serine, valine, tyrosine, arginine,
glutamic acid, methionine, phenylalanine, aspartic acid, proline, isoleucine, tryptophan, and
cystine.
Sample solution
(See Biotechnology-Derived Articles—Amino Acid Analysis, Protein Hydrolysis, Method 1
1052 .)
Transfer 0.4 to 1.0 mg of Gonadorelin Acetate in glass ampuls. Add a minimum of 1.0 mL of
Hydrolysis Solution containing 4% phenol, freeze the sample ampul, and flame seal under
vacuum. Hydrolyze at 110 for 22 h. After hydrolysis, dry the sample under vacuum to
remove any residual acid. To the ampul, add 2 mL of a buffer solution that is suitable for
the amino acid analyzer, and pass through a filter having a 0.45-µm porosity.
Analysis: Prepare a co-injection of the Standard solution and the sample. Inject a suitable
volume into the amino acid analyzer, and record and measure the response for each amino
acid peak. Express the content of each amino acid in µmoles. The total number of µmol of
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gonadorelin acetate in the sample is calculated by summing the number of µmol for
glutamic acid, proline, glycine, leucine, tyrosine, histidine, and arginine, and dividing by
eight. Divide the number of µmol of each amino acid by the total number of µmol of
Gonadorelin Acetate in the sample to determine the relative proportions of amino acids.
Acceptance criteria: See Table 4.
Table 4

Amino Acid
Serine
Glutamic acid
Proline
Glycine
Leucine
Tyrosine
Histidine
Arginine
Isoleucine
Lysin
Other amino acids except
Tryptophan

Relative Proportion
(µmol of Amino Acid/µmol of Gonadorelin
Acetate)
0.7–1.05
0.95–1.05
0.95–1.05
1.9–2.1
0.9–1.1
0.7–1.05
0.95–1.05
0.95–1.05
Absent
Absent
NMT Trace amounts

1S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, well-sealed containers, protected from moisture.
Store at a temperature NMT 8 .
Change to read:
• Labeling: Label it to indicate it is for veterinary use only.
Label it to indicate whether it is gonadorelin acetate or gonadorelin diacetate tetrahydrate.
1S (USP38)

Change to read:
• USP Reference Standards 11
USP Endotoxin RS
USP Glacial Acetic Acid RS
USP Gonadorelin Acetate RS
USP Gonadorelin Acetate Related Compound A RS
Gonadorelin free acid.
C55 H74 N16 O14
1183.3

1S (USP38)

BRIEFING
Ifosfamide Injection. Because there is no existing USP monograph for this drug product, a
new monograph based on validated methods of analysis is proposed.
1.
The liquid chromatography procedure in the Assay is based on analyses performed with
the Inertsil ODS-3V brand of L1 column. The typical retention time for ifosfamide is
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about 4 min.
2.
The liquid chromatography procedure in the test for Organic Impurities is based on
analyses performed with the Inertsil ODS-3V brand of L1 column. The typical
retention time for ifosfamide is about 14 min.
3.
The gas chromatography procedure in the test for Limit of 2-Chloroethylamine is based
on analyses performed with the DB-624 brand of G43 column. The typical retention
time for 2-chloroethylamine is about 13 min.
This proposal highlights the need to modernize two existing monographs in the Ifosfamide family
by adding procedures for the Organic Impurities test and by updating packed-column GC
procedures in the test for Limit of 2-Chloroethylamine. Interested parties are encouraged to
submit comments and proposals to the Small Molecules-3 Expert Committee.
(SM3: F. Mao, R. Tirumalai.)
Correspondence Number—C129768

Comment deadline: July 31, 2014
Add the following:
Ifosfamide Injection
DEFINITION
Ifosfamide Injection contains NLT 95.0% and NMT 105.0% of the labeled amount of ifosfamide
(C7 H15 Cl2 N2 O2 P).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
[Note—The Standard solution and Sample solution are stable for 24 h at ambient temperature.]
Mobile phase: Acetonitrile and water (50:50)
Standard solution: 0.5 mg/mL of USP Ifosfamide RS in water
Sample solution: Nominally equivalent to 0.5 mg/mL of ifosfamide, from Injection, in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 195 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
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Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ifosfamide (C7 H15 Cl2 N2 O2 P) in the
portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ifosfamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of ifosfamide in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
IMPURITIES
• Organic Impurities
[Note—The Standard solution and Sample solution are stable for 24 h at ambient temperature.]
Buffer: 1.56 g/L of monobasic sodium phosphate dihydrate in water. Adjust with 1 N sodium
hydroxide to a pH of 7.5.
Mobile phase: Acetonitrile and Buffer (25:75)
Standard solution: 0.01 mg/mL of USP Ifosfamide RS in Mobile phase
Sample solution: Nominally equivalent to 6 mg/mL of ifosfamide prepared as follows. Dilute
a portion of Injection in Mobile phase to achieve 6 mg/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.0 mL/min
Injection volume: 50 µL
Run time: NLT 2.5 times the retention time of the ifosfamide peak of the Sample solution
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of ifosfamide from the Standard solution
C=
S concentration of USP Ifosfamide RS in the Standard solution (mg/mL)
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C=
U nominal concentration of ifosfamide in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1. Disregard any impurity peaks less than 0.02%.
Table 1
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Ifosfamide chloroacetyl analog (if present)a,b
0.61
9.2
0.10
Ifosfamide
1.00
1.0
—
Any other individual impurity
—
1.0
0.10
Total impurities
—
—
0.5
a 3-(2-Chloroacetyl)-2-[(2-chloroethyl)amino]-1,3,2-oxazaphosphinane 2-oxide.
b If possible depending on the manufacturing process for the drug substance.
• Limit of 2-Chloroethylamine
Standard solution: 0.125 mg/mL of 2-chloroethylamine monohydrochloride in dimethyl
sulfoxide
Sample solution: Nominally equivalent to 25 mg/mL of ifosfamide prepared as follows.
Dilute a portion of Injection in dimethyl sulfoxide to achieve 25 mg/mL of ifosfamide. It is
stable for 24 h at ambient temperature.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 30-m x 0.53-mm; 3-µm coating of G43
Temperatures
Injector: 220
Detector: 270
Column: See Table 2.
Table 2
Initial
Temperature
Temperature
Ramp
( )
( /min)
45
0
45
100
Carrier gas: Helium or nitrogen
Flow rate: 4.0 mL/min
Injection volume: 1 µL
Split ratio: 2:1
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0

Final
Temperature
( )
45
260

Hold Time
at Final
Temperature
(min)
20
20

PF 40(3): May-Jun. 2014

425

Relative standard deviation: NMT 10.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 2-chloroethylamine in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2)× 100
rU= peak response of 2-chloroethylamine from the Sample solution
rS= peak response of 2-chloroethylamine from the Standard solution
CS= concentration of 2-chloroethylamine monohydrochloride in the Standard solution
(mg/mL)
CU= nominal concentration of ifosfamide in the Sample solution (mg/mL)
Mr1
= molecular weight of 2-chloroethylamine, 79.53
Mr2
= molecular weight of 2-chloroethylamine monohydrochloride, 115.99
Acceptance criteria: NMT 0.25%
SPECIFIC TESTS
• Bacterial Endotoxins Test
ifosfamide.

85 : It contains NMT 0.162 USP Endotoxin Units/mg of

• Sterility Tests 71 : It meets the requirements when tested as directed in Test for
Sterility of the Product to Be Examined, Membrane Filtration.
• pH 791 : 5.0–7.0
• Color and Light Transmission
Sample solution: Use Ifosfamide Injection.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Visible spectrophotometry
Analytical wavelengths: 430 nm and 650 nm
Cell path length: 1 cm
Blank: Water
Acceptance criteria: Absorbance NMT 0.05 (430 nm); Transmittance NLT 97.0% (650 nm)
• Osmolality and Osmolarity, Osmolality
• Particulate Matter in Injections
injections.

785 : 270–350 mOsmol/kg

788 : It meets the requirements for small-volume

• Other Requirements: It meets the requirements in Injections
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in a refrigerator at 2 to 8 .
• USP Reference Standards
USP Endotoxin RS
USP Ifosfamide RS

11

1S (USP38)

BRIEFING

1 .
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Imiquimod Cream. Because there is no existing USP monograph for this drug product, a new
monograph based on validated methods of analysis is being proposed.
1.
The liquid chromatographic procedure in the Assay is based on analyses performed using
the 5-µm Inertsil C8 brand of L7 column. The typical retention time for the imiquimod
peak is about 10 min.
2.
The HPLC procedure in Organic Impurities is based on analyses performed using the 5µm Xterra RP 18 brand of L1 column. The typical retention time for the imiquimod
peak is 31 min.
(SM1: S. Shivaprasad.)
Correspondence Number—C116400; C118089

Comment deadline: July 31, 2014
Add the following:
Imiquimod Cream
DEFINITION
Imiquimod Cream contains NLT 90% and NMT 110% of the labeled amount of imiquimod
(C14 H16 N4 ).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Wavelength range: 220–400 nm
Diluent: Acetonitrile and 0.1 N hydrochloric acid (30:70)
Standard solution: 2 µg/mL of USP Imiquimod RS in Diluent. Sonicate, if necessary, to
dissolve.
Sample stock solution: Nominally 20 µg/mL of imiquimod in Diluent prepared as follows.
Transfer a portion of Cream equivalent to 5 mg of imiquimod into a 250-mL volumetric
flask. Add about 60% of the flask volume of Diluent and sonicate for 30 min with
occasional swirling to dissolve, if necessary. Dilute with Diluent to volume.
Sample solution: Nominally 2 µg/mL of imiquimod from Sample stock solution in Diluent.
Pass through a suitable filter.
Acceptance criteria: The UV absorption spectrum of the Sample solution exhibits maxima
and minima at the same wavelengths as that of the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.17 g/L of sodium 1-octanesulfonate in water. Add 1 mL of triethylamine for each
liter of solution and adjust with perchloric acid to a pH of 2.5.
Mobile phase: Acetonitrile and Buffer (270:730)
Diluent: Acetonitrile and 0.1 N hydrochloric acid (30:70)
Standard stock solution: 0.2 mg/mL of USP Imiquimod RS in Diluent. Sonicate to dissolve,
if necessary.
Standard solution: 0.01 mg/mL of USP Imiquimod RS in Mobile phase from Standard stock
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solution
Sample stock solution: Nominally 0.2 mg/mL of imiquimod in Diluent prepared as follows.
Transfer a portion of Cream equivalent to about 50 mg of imiquimod into a 250-mL
volumetric flask. Add about 60% of the flask volume of Diluent, sonicate for 30 min with
occasional swirling to dissolve, and cool if necessary. Dilute with Diluent to volume.
Sample solution: Nominally 0.01 mg/mL of imiquimod from Sample stock solution in Mobile
phase. Pass through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 226nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of imiquimod (C14 H16 N4 ) in the portion of
Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of imiquimod from the Sample solution
rS= peak response of imiquimod from the Standard solution
C=
S concentration of USP Imiquimod RS in the Standard solution (mg/mL)
C=
U nominal concentration of imiquimod in the Sample solution (mg/mL)
Acceptance criteria: 90%–110%
PERFORMANCE TESTS
• Minimum Fill 755 : Meets the requirement
IMPURITIES
• Organic Impurities
Solution A: 1.17 g/L of sodium 1-octanesulfonate in water. Add 1 mL of triethylamine for
each liter of solution and adjust with perchloric acid to a pH of 2.5.
Solution B: Acetonitrile and methanol (90:10)
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
30
70
30
45
40
60
55
40
60
60
90
10
70
90
10
Diluent: Acetonitrile and 0.1 N hydrochloric acid (30:70)
Standard stock solution: 0.5 mg/mL of USP Imiquimod RS in Diluent. Sonicate to dissolve,
if necessary.
Standard solution: 0.5 µg/mL of USP Imiquimod RS from Standard stock solution in Diluent
Sample solution: Nominally 0.5 mg/mL of imiquimod prepared as follows. Transfer a portion
of Cream equivalent to 25 mg of imiquimod into a 50-mL volumetric flask. Add about 30 mL
of Diluent, and sonicate for 40 min with occasional swirling. Dilute with Diluent to final
volume. Pass through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard stock solution and Standard solution
Suitability requirements
Tailing factor: NMT 2.0, Standard stock solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of imiquimod from the Standard solution
C=concentration
of USP Imiquimod RS in the Standard solution (mg/mL)
S
C=
U nominal concentration of imiquimod in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard any peak below 0.05%.
Table 2
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Relative
Retention
Time

Name

Relative
Response
Factor

Imiquimod related compound Ba
0.57
b
Imiquimod related compound A
0.77
Imiquimod
1.0
Imiquimod related compound Cd
1.2
Any unspecified individual impurity
—
Total impurities
—
a 1-Isobutyl-1H-imidazo[4,5-c]quinoline 5-oxide.
b 1-Isobutyl-1H-imidazo[4,5-c]quinolin-4-ol.
c Process impurities monitored in the drug substance and not
Total impurities.
d 4-Chloro-1-isobutyl-1H-imidazo[4,5-c]quinoline.

1.5
1.15
—
1.85
1.0
—

Acceptance
Criteria,
NMT (%)
0.2
—c
—
—c
0.2
1.0

included in the calculation of

SPECIFIC TESTS
• pH 791
Sample: Nominally 50 mg/mL of imiquimod from Cream in water. Sonicate to disperse with
constant swirling.
Acceptance criteria: 4.5–7.0
• Microbial Enumeration Tests 61 and Tests For Specified Microorganisms 62 : The
total aerobic microbial count is NMT 102 cfu/g, and the total yeasts and molds count is
NMT 101 cfu/g. It meets the requirements for absence of S. Aureus and P. Aeruginosa.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at 4 –25 . Protect from
freezing.
• USP Reference Standards
USP Imiquimod RS

11

1S (USP38)

BRIEFING
Indomethacin Suppositories, USP 37 page 3334. As part of USP monograph modernization
efforts, it is proposed to make following changes:
1.
Replace Identification test A based on TLC with a selective HPLC identification test
based on the retention time agreement in the Assay.
2.
Add Identification test B for orthogonal identification with the matching UV spectrum of
the main peak from the proposed HPLC procedure in the Assay.
3.
Replace the nonspecific Assay by UV absorbance with a validated liquid chromatographic
procedure. The proposed HPLC procedure uses the Inertsil ODS-3V brand of L1
column manufactured by GL Sciences in which indomethacin elutes at about 24 min.
4.
Add a stability-indicating HPLC procedure in the test for Organic Impurities that is
consistent with the chromatographic system used in the Assay.
5.
Add USP Indomethacin Related Compound A RS and USP Indomethacin Related
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Compound B RS in the USP Reference Standards section to support the proposed
revision for Organic Impurities.
6.
Additionally, minor editorial changes have been made to update the monograph to
current USP style.
(SM2: R.S. Prasad.)
Correspondence Number—C116096

Comment deadline: July 31, 2014
Indomethacin Suppositories
DEFINITION
Indomethacin Suppositories contain NLT 90.0% and NMT 110.0% of the labeled amount of
indomethacin (C19 H16 ClNO4 ).
IDENTIFICATION
Delete the following:
•
A. Thin-Layer Chromatography
Standard solution: Prepare a solution, containing 125 µg/mL of USP Indomethacin RS, by
first dissolving the Reference Standard in a volume of methanol that is one one-hundredth
of the volume of the solution to be prepared, then adding ether to volume, and mixing.
Sample solution: Use the ether extract contained in the 200-mL volumetric flask obtained
as directed under Sample solution in the Assay.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Detector: Short-wavelength UV light
Application volume: 10 µL
Developing solvent system: Chloroform and glacial acetic acid (19:1)
Analysis: Develop the chromatogram in a Developing solvent system, until the solvent front
has moved about three-fourths of the length of the plate. Remove the plate from the
chamber, air-dry, and examine under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution. 1S (USP38)
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
Add the following:
• B. The UV spectrum of the indomethacin peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
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Change to read:
• Procedure
Diluent: Methanol and glacial acetic acid (199:1)
Standard stock solution: Prepare a solution, having a known concentration of 165 µg/mL
of USP Indomethacin RS, by first dissolving the Reference Standard in a volume of
methanol that is one one-hundredth of the nominal volume of the volumetric flask being
used, then adding ether to volume, and mixing.
Standard solution: 25 µg/mL of USP Indomethacin RS in Diluent from Standard stock
solution is prepared as follows. Transfer 15.0 mL of the Standard stock solution to a 100mL volumetric flask, and dilute with Diluent to volume.
Sample solution: Weigh, mash, and then mix NLT 10 Suppositories. Transfer a portion of
the mass, nominally equivalent to 25 mg of indomethacin, to a 125-mL separator, add 15
mL of water and 50 mL of ether, and shake until the mass is dissolved. Transfer the ether
layer to a 200-mL volumetric flask, extract the aqueous layer with two additional 50-mL
portions of ether, and combine the ether extracts in the 200-mL volumetric flask. Discard
the aqueous layer. Dilute with Diluent to volume. Pipet 10 mL of this solution into a 50mL volumetric flask, and dilute with Diluent to volume.
Spectrometric conditions
Mode: UV
Detector: 320 nm
Blank: Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, as a percentage, of indomethacin (C19 H16 ClNO4 ) in the portion of
Suppositories taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Indomethacin RS in the Standard solution (µg/mL)
C=
U concentration of indomethacin in the Sample solution (µg/mL)
Solution A: Prepare 0.1% of formic acid by diluting 1 mL of formic acid with water to 1 L.
Mobile phase: Acetonitrile and Solution A (45:55)
Diluent: Mobile phase adjusted with 0.2 M sodium hydroxide (NaOH) to a pH of 8.0
System suitability solution: 0.002 mg/mL of USP Indomethacin RS, 0.002 mg/mL of USP
Indomethacin Related Compound A RS, and 0.01 mg/mL of USP Indomethacin Related
Compound B RS in Diluent
Standard solution: 0.5 mg/mL of USP Indomethacin RS in Diluent. Sonicate if necessary.
Sample solution: Prepare a solution nominally equivalent to 0.5 mg/mL of indomethacin in
Diluent as follows. Mash NLT 10 suppositories in a beaker, and heat (at about 50 ) on a
water bath until melted. Mix well and cool. Transfer a portion of the mass equivalent to
10 mg of indomethacin into a 20-mL volumetric flask and add 10 mL of acetonitrile. Heat
in a water bath at 50 to dissolve, and dilute with Diluent to volume.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: PDA (scan 200–600). Calculations should be based on the chromatograms
collected at 240 nm. For Identification test B, use spectra at the scanned range.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 4 between indomethacin related compound A and indomethacin
related compound B, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of indomethacin (C19 H16 ClNO4 ) in the
portion of Suppositories taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Indomethacin RS in the Standard solution (mg/mL)
CU= nominal concentration of indomethacin in the Sample solution (mg/mL)
1S (USP38)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 M, pH 7.2 phosphate buffer (see Reagents, Indicators, and Solutions—Buffer
Solutions); 900 mL
Apparatus 2: 50 rpm
Time: 60 min
Standard solution: USP Indomethacin RS at a known concentration in Medium
Sample solution: Proceed as directed for sample per Dissolution 711 . Dilute with
Medium as needed.
Instrumental conditions
Mode: UV
Analytical wavelength: 320 nm
Analysis
Samples: Standard solution and Sample solution
Tolerances: NLT 75% (Q) of the labeled amount of indomethacin (C19 H16 ClNO4 ) is
dissolved.
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• Uniformity of Dosage Units 905
Diluent: Methanol and glacial acetic acid (199:1)
Standard solution: 25 µg/mL of USP Indomethacin RS in Diluent
Sample solution: Place 1 Suppository into a 100-mL volumetric flask containing 80 mL of
Diluent, shake by mechanical means until the Suppository is dissolved, and dilute with
Diluent to volume. Filter a portion of the solution, discarding the first 15 mL of the filtrate,
and dilute a volume of the clear filtrate with the Diluent to obtain a solution having a
concentration of 25 µg/mL of indomethacin.
Instrumental conditions
Mode: UV
Detector: 320 nm
Blank: Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of indomethacin (C19 H16 ClNO4 ) in the
Suppository taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Indomethacin RS in the Standard solution (µg/mL)
C=
U nominal concentration of indomethacin in the Sample solution (µg/mL)
Acceptance criteria: Meet the requirements in Uniformity of Dosage Units

905

IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, Diluent, and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.002 mg/mL of USP Indomethacin RS, 0.002 mg/mL USP Indomethacin
Related Compound A RS, and 0.01 mg/mL of USP Indomethacin Related Compound B RS in
Diluent
Sample solution: Prepare a solution nominally equivalent to 2.0 mg/mL of indomethacin in
Diluent as follows. Mash NLT 10 suppositories in a beaker, and heat (at about 50 ) on a
water bath until melted. Mix well and cool. Transfer a portion of the mass equivalent to 40
mg of indomethacin into a 20-mL volumetric flask and add 10 mL of acetonitrile. Heat in a
water bath at 50 to dissolve, and dilute with Diluent to volume.
System suitability
Sample: Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 4 between indomethacin related compound A and indomethacin related
compound B
Relative standard deviation: NMT 2.8%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of indomethacin related compound A and indomethacin related
compound B in the portion of Suppositories taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of indomethacin related compound A or indomethacin related compound B
from the Sample solution
rS= peak response of indomethacin related compound A or indomethacin related compound B
from the Standard solution
C=
S concentration of the corresponding USP Indomethacin Related Compound A RS or USP
Indomethacin Related Compound B RS in the Standard solution (mg/mL)
C=
U nominal concentration of indomethacin in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of Suppositories taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of unspecified impurity from the Sample solution
rS= peak response of indomethacin from the Standard solution
C=
S concentration of USP Indomethacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of indomethacin in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any impurity peak less than 0.05%.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Indomethacin related compound A
0.15
0.1
Indomethacin related compound B
0.25
0.5
Indomethacin
1
—
Any other individual, unidentified impurity
—
0.1
Total impurities
—
2.0
1S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers at controlled room temperature.
Change to read:
• USP Reference Standards 11
USP Indomethacin RS
USP Indomethacin Related Compound A RS
5-Methoxy-2-methyl-3-indoleacetic acid.
C12 H13 NO3
219.24
USP Indomethacin Related Compound B RS
4-Chlorobenzoic acid.
C7 H5 ClO2
156.57 1S (USP38)
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1S (USP38)

BRIEFING
Levalbuterol Hydrochloride, USP 37 page 3513. On the basis of comments received, it is
proposed to delete the Relative standard deviation requirement from the System suitability
section of the test for Organic Impurities. Because the impurities are calculated based on
area percent, relative standard deviation is not a useful system suitability parameter. The
remaining requirements are sufficient to establish the suitability of the chromatographic
system.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C142649

Comment deadline: July 31, 2014
Levalbuterol Hydrochloride

C13 H21 NO3 ·HCl

275.77

(R)- 1-[(tert-Butylamino)methyl]-4-hydroxy-m-xylene- , ¢-diol hydrochloride
8].

[50293-90-

DEFINITION
Levalbuterol Hydrochloride contains NLT 98.0% and NMT 102.0% of levalbuterol hydrochloride
(C13 H21 NO3 ·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Diluted sample solution corresponds to that
of the levalbuterol peak of the System suitability solution, as obtained in the test for
Enantiomeric Purity.
ASSAY
• Procedure
Solution A: Phosphoric acid in water (1 in 1000)
Solution B: Acetonitrile, methanol, phosphoric acid, and water (350:350:1:300)
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B
(min)
(%)
(%)
0
91.5
8.5
15
91.5
8.5
15.01
0
100
20
0
100
20.01
91.5
8.5
30
91.5
8.5
Diluent: Solution A
Standard solution: 100 µg/mL of USP Levalbuterol Hydrochloride RS in Diluent
Sample solution: 100 µg/mL of Levalbuterol Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 5500 theoretical plates
Tailing factor: NMT 2.3
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levalbuterol hydrochloride (C13 H21 NO3 ·HCl) in the portion of
Levalbuterol Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Levalbuterol Hydrochloride RS in the Standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method I
Change to read:
• Organic Impurities

231 : NMT 10 ppm
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Solution A, Solution B, Diluent, and Sample solution: Proceed as directed in the Assay.
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
30
70
30
50
28
72
50.01
0
100
55
0
100
55.01
100
0
70
100
0
System suitability solution: Prepare a solution containing the following in Diluent:
USP Levalbuterol Hydrochloride RS, 100 µg/mL
USP Levalbuterol Related Compound A RS, 0.05 µg/mL
USP Levalbuterol Related Compound B RS, 0.05 µg/mL
USP Levalbuterol Related Compound C RS, 0.05 µg/mL
USP Levalbuterol Related Compound D RS, 0.05 µg/mL
USP Levalbuterol Related Compound E RS, 0.05 µg/mL
USP Levalbuterol Related Compound F RS, 0.05 µg/mL
USP Levalbuterol Related Compound H RS, 0.05 µg/mL
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 45
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 4.9 between levalbuterol and levalbuterol related compound A; NLT 1.5
between levalbuterol related compound B and levalbuterol related compound C
Tailing factor: NMT 4.0 for levalbuterol
Relative standard deviation: NMT 20% for the levalbuterol, levalbuterol related
compound D, and levalbuterol related compound F peaks
1S (USP38)

Analysis
Sample: Sample solution
[Note—Integrate all peaks with an area greater than 0.05% of the area corresponding to
the levalbuterol peak.]
Calculate the percentage of each impurity in the portion of Levalbuterol Hydrochloride
taken:
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Result = (rU/rT) × (1/F) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the responses of all the peaks from the Sample solution
F= relative response factor for each impurity (see Table 3)
Acceptance criteria: See Table 3.
Table 3
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Levalbuterol
1.0
—
—
Levalbuterol related compound A
1.2
1.0
0.1
Levalbuterol related compound H
1.3
1.0
0.15
Levalbuterol related compound B
1.5
1.0
0.10
Levalbuterol related compound C
1.6
1.0
0.15
Levalbuterol related compound D
1.7
3.0
0.05
Levalbuterol related compound E
2.1
1.0
0.1
Levalbuterol related compound F
3.5
1.2
0.10
Any individual unspecified impurity
—
—
0.10
Total impurities
—
—
0.5
• Enantiomeric Purity
Mobile phase: Acetonitrile, methanol, acetic acid, and triethylamine (500:500:3:1)
Diluent: Mobile phase
System suitability solution: 0.10 mg/mL of USP Levalbuterol Hydrochloride RS and 0.04
mg/mL of USP Albuterol RS in Diluent
Sample solution: 0.8 mg/mL of Levalbuterol Hydrochloride in Diluent
Diluted sample solution: 0.1 mg/mL from the Sample solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L63
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times of levalbuterol and (S)-albuterol are 1.0 and 1.16,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between levalbuterol and (S)-albuterol
Tailing factor: NMT 2.2 for levalbuterol and (S)-albuterol
Relative standard deviation: NMT 20% for (S)-albuterol for three injections
Analysis
Samples: Sample solution and Diluted sample solution
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Calculate the percentage of (S)-albuterol in the portion of Levalbuterol Hydrochloride
taken:
Result = (rU/rT) × 100
r=
U peak response of (S)-albuterol from the Sample solution
r=
T sum of the peak responses for levalbuterol and (S)-albuterol from the Sample solution
Acceptance criteria: NMT 0.2% of (S)-albuterol
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic bacterial count is less than 101 cfu/g. The total combined molds and yeasts
count is less than 101 cfu/g. It meets the requirements of the tests for the absence of
Salmonella species, Staphylococcus aureus, Escherichia coli, and Pseudomonas
aeruginosa.
• pH

791 : 4.5–5.5, in a 10-mg/mL solution

• Water Determination, Method Ic

921 : NMT 0.3%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards 11
USP Albuterol RS
USP Levalbuterol Hydrochloride RS
USP Levalbuterol Related Compound A RS
4-(2-tert-Butylamino-ethyl)-2-hydroxymethyl-phenol.
C13 H21 NO2
223.31
USP Levalbuterol Related Compound B RS
{[(1,1-Dimethylethyl)amino]methyl}-4-hydroxy-3-methyl-benzenemethanol.
C13 H21 NO2
223.31
USP Levalbuterol Related Compound C RS
{[(1,1-Dimethylethyl)amino]methyl}-4-hydroxy-3-(methoxymethyl)benzenemethanol.
C14 H23 NO3
253.34
USP Levalbuterol Related Compound D RS
5-{2-[(1,1-Dimethylethyl)amino]-1-hydroxyethyl}-2-hydroxy-benzaldehyde.
C13 H19 NO3
237.29
USP Levalbuterol Related Compound E RS
{[(1,1-Dimethylethyl)amino]methyl}-3-(ethoxymethyl)-4-hydroxybenzenemethanol.
C15 H25 NO3
267.36
USP Levalbuterol Related Compound F RS
{[(1,1-Dimethylethyl)amino]methyl}-4-(phenylmethoxy)-1,3-benzenedimethanol.
C20 H27 NO3
329.43
USP Levalbuterol Related Compound H RS
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4-[2-(tert-Butylamino)-1-methoxyethyl]-2-(hydroxymethyl)phenol.
C14 H23 NO3
253.34
BRIEFING
Levetiracetam Injection. Because there is no existing USP monograph for this dosage form, a
new monograph based on validated methods of analysis is proposed. The isocratic liquid
chromatographic procedures in the Assay and in the test for Organic Impurities are based
on analyses performed with the µBondapack C18 brand of L1 column. The retention time for
levetiracetam is about 12 min.
(SM4: R. Ravichandran.)
Correspondence Number—C133750

Comment deadline: July 31, 2014
Add the following:
Levetiracetam Injection
DEFINITION
Levetiracetam Injection is a sterile solution of levetiracetam in Water for Injection and contains
NLT 90.0% and NMT 110.0% of the labeled amount of levetiracetam (C8 H14 N2 O2 ).
Levetiracetam Injection may contain buffering and isotonicity agents. Levetiracetam Injection
contains no antimicrobial agent.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.0 g/L of anhydrous dibasic potassium phosphate in water. Adjust with phosphoric
acid to a pH of 6.0.
Mobile phase: Acetonitrile and Buffer (6:94)
Diluent: Acetonitrile and water (6:94)
System suitability solution: Solution containing levetiracetam and levetiracetam acid
prepared from a solution of 0.2 mg/mL of USP Levetiracetam RS as follows. Dissolve the
required amount of USP Levetiracetam RS in 10% of the final volume of 0.1 N potassium
hydroxide. Let the mixture react at room temperature for about 15 min, then neutralize by
adding 10% of the flask volume of 0.1 N hydrochloric acid. Dilute with Diluent to volume.
Standard solution: 100 µg/mL of USP Levetiracetam RS in Diluent. Sonication may be used
to aid in dissolution if necessary.
Sample solution: Nominally 100 µg/mL of levetiracetam from NLT 2 mL of Injection in
Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
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Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 1.5 times the retention time of levetiracetam
System suitability
Samples: System suitability solution and Standard solution
[Note—Identify the peaks using the relative retention times given in Table 1.]
Suitability requirements
Tailing factor: NMT 2.0 for the levetiracetam peak, System suitability solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of levetiracetam (C8 H14 N2 O2 ) in the
portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of levetiracetam from the Sample solution
rS= peak response of levetiracetam from the Standard solution
C=
S concentration of USP Levetiracetam RS in the Standard solution (µg/mL)
C=
U nominal concentration of levetiracetam in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
Buffer, Mobile phase, Diluent, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.1 µg/mL of levetiracetam in Diluent
System suitability
Samples: System suitability solution and Standard solution
[Note—Identify the peaks using the relative retention times in Table 1.]
Suitability requirements
Tailing factor: NMT 2.0 for the levetiracetam peak, System suitability solution
Relative standard deviation: NMT 10.0%, Standard solution
Signal-to-noise ratio: NLT 10, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levetiracetam acid and any other unspecified degradation
product in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of levetiracetam acid or any individual unspecified degradation product
from the Sample solution
rS= peak response of levetiracetam from the Standard solution
C=
S concentration of USP Levetiracetam RS in the Standard solution (µg/mL)
C=
U nominal concentration of levetiracetam in the Sample solution (µg/mL)
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Acceptance criteria: See Table 1.
Table 1

Name
Levetiracetam acida
Levetiracetam
Any individual unspecified degradation product
Total impurities
a (S)-2-(2-Oxopyrrolidin-1-yl)butanoic acid.

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.4
0.3
1.0
—
—
0.10
—
1.00

SPECIFIC TESTS
• pH

791 : 5.0–6.0

• Bacterial Endotoxins Test
levetiracetam

85 : Contains NMT 0.175 USP Endotoxin Units/mg of

• Sterility Tests 71 : Meets the requirements when tested as directed for Aqueous
Solutions under Test for Sterility of the Product to Be Examined, Membrane Filtration
• Particulate Matter in Injections
injections

788 : Meets the requirements for small-volume

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed Type I glass vials. Store at controlled room
temperature.
• Labeling: Label the article to indicate that the Injection is to be diluted prior to
administration.
• USP Reference Standards 11
USP Bacterial Endotoxin RS
USP Levetiracetam RS
1S (USP38)

BRIEFING
Linezolid. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analysis, is proposed.
1.
The liquid chromatographic procedure in the Assay and in the test for Organic
Impurities is based on analyses performed with the Supelco Discovery HS C18 brand
of L1 column. The typical retention time for linezolid is about 6 min.
2.
The liquid chromatographic procedure in the test for Enantiomeric Purity is based on
analyses performed with the Chiralpak AD-H brand of L51 column. The typical
retention time for linezolid R-isomer is about 8 min.
(SM1: A. Wise.)
Correspondence Number—C127696

Comment deadline: July 31, 2014
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Add the following:
Linezolid

C16 H20 FN3 O4

337.35

Acetamide, N-[[3-[3-fluoro-4-(4-morpholinyl)phenyl]-2-oxo-5-oxazolidinyl]methyl]-, (S)-;
N-[[(S)-3-(3-Fluoro-4-morpholinophenyl)-2-oxo-5-oxazolidinyl]methyl]acetamide
[16580003-3].
DEFINITION
Linezolid contains NLT 98.0% and NMT 102.0% of linezolid (C16 H20 FN3 O4 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.4 g/L of monobasic potassium phosphate
Solution A: Methanol, acetonitrile, and Buffer (15:5:80)
Solution B: Methanol and Buffer (50:50)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
8
57
43
18
0
100
25
0
100
Return to original conditions, and equilibrate the system for 5 min.
Diluent: Acetonitrile and water (35:65)
System suitability solution: 50 µg/mL each of USP Linezolid RS and USP Linezolid Related
Compound D RS in Diluent
Standard solution: 0.08 mg/mL of USP Linezolid RS in Diluent
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Sample solution: 0.08 mg/mL of Linezolid in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 7.5-cm; 3-µm packing L1
Temperatures
Column: 30
Autosampler: 15
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for linezolid and linezolid related compound D are about
1.0 and 1.4, respectively.]
Suitability requirements
Resolution: NLT 3.0 between linezolid and linezolid related compound D, System
suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of linezolid (C16 H20 FN3 O4 ) in the portion of Linezolid taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Linezolid RS in the Standard solution (mg/mL)
C=
U concentration of Linezolid in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Organic Impurities
Buffer, Solution A, Solution B, Mobile phase, Diluent, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.8 µg/mL of USP Linezolid RS in Diluent
Sample solution: 0.8 mg/mL of Linezolid in Diluent
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for linezolid and linezolid related compound D are about
1.0 and 1.4, respectively.]
Suitability requirements
Resolution: NLT 3.0 between linezolid and linezolid related compound D, System
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suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Linezolid taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of linezolid from the Standard solution
C=
S concentration of USP Linezolid RS in the Standard solution (mg/mL)
C=
U concentration of Linezolid in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Name
Linezolid related compound C (linezolid amine)a
0.31
0.2
Desfluoro linezolidb
0.3
0.63
Linezolid
1.0
—
Any other individual impurity
—
0.1
a (S)-5-(Aminomethyl)-3-(3-fluoro-4-morpholinophenyl)oxazolidin-2-one.
b (S)-N-{[3-(4-Morpholinophenyl)-2-oxooxazolidin-5-yl]methyl}acetamide.
SPECIFIC TESTS
• Enantiomeric Purity
Mobile phase: Hexane, absolute alcohol, and trifluoroacetic acid (650:350:1)
System suitability solution: 25 µg/mL each of USP Linezolid RS and USP Linezolid Risomer RS in absolute alcohol
Sample solution: 0.5 mg/mL of Linezolid in absolute alcohol. Sonicate as needed to
dissolve.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L51
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for linezolid R-isomer and linezolid are 0.84 and 1.0,
respectively.]
Suitability requirements
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Resolution: NLT 2.0 between linezolid R-isomer and linezolid
Analysis
Sample: Sample solution
Calculate the percentage of linezolid R-isomer in the portion of Linezolid taken:
Result = (rU/rT) × 100
r=
U peak response of linezolid R-isomer from the Sample solution
r=
T sum of the areas for both enantiomers from the Sample solution
Acceptance criteria: NMT 0.08%
• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Linezolid RS
USP Linezolid R-isomer RS
N-{[(R)-3-(3-Fluoro-4-morpholinophenyl)-2-oxo-5-oxazolidinyl]methyl}acetamide.
C16 H20 FN3 O4
337.35
USP Linezolid Related Compound D RS
(R)-[3-(3-Fluoro-4-morpholinophenyl)-2-oxooxazolidin-5-yl]methyl
methanesulfonate.
C15 H19 FN2 O6 S
374.38
1S (USP38)

BRIEFING
Metaxalone. Because there is no existing USP monograph for this drug substance, a new
monograph is proposed based on validated methods of analyses.
1.
The isocratic liquid chromatographic procedure used in the Assay and Organic
Impurities, Procedure 2 is based on validations performed with the Symmetry C18
brand of L1 column manufactured by Waters Corporation. The typical retention time
for metaxalone is about 7 min.
2.
The gradient liquid chromatographic procedure used in Organic Impurities, Procedure 1
is based on validations performed with the Suplex pKb brand of L68 column
manufactured by Supelco. The typical retention time for metaxalone is about 10 min.
(SM4: R. Ravichandran.)
Correspondence Number—C129739; C132869

Comment deadline: July 31, 2014
Add the following:
Metaxalone
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221.25

2-Oxazolidinone, 5-[(3,5-dimethylphenoxy)methyl]-;
5-[(3,5-Xylyloxy)methyl]-2-oxazolidinone;
5-[(3,5-Dimethylphenoxy)methyl]-1,3-oxazolidin-2-one

[1665-48-1].

DEFINITION
Metaxalone contains NLT 98.0% and NMT 102.0% of metaxalone (C12 H15 NO3 ), calculated on
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197A or 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Sample solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 0.68 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 4.5.
Mobile phase: Methanol and Buffer (50:50)
Standard stock solution: 0.5 mg/mL of USP Metaxalone RS prepared as follows. Transfer a
suitable quantity of USP Metaxalone RS to a suitable volumetric flask. Add 50% of the
flask volume of methanol. Sonicate for 5 min to dissolve. Add 40% of the flask volume of
Buffer, and mix. Cool to room temperature. Dilute with Buffer to volume.
Standard solution: 0.05 mg/mL of USP Metaxalone RS from the Standard stock solution in
Mobile phase
Sample stock solution: 0.5 mg/mL of Metaxalone prepared as follows. Transfer a suitable
quantity of Metaxalone to a suitable volumetric flask. Add 50% of the flask volume of
methanol. Sonicate for 5 min to dissolve. Add 40% of the flask volume of Buffer, and mix.
Cool to room temperature. Dilute with Buffer to volume.
Sample solution: 0.05 mg/mL of Metaxalone from the Sample stock solution in Mobile
phase
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 226 nm

621 , System Suitability.)
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Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of metaxalone
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of metaxalone (C12 H15 NO3 ) in the portion of Metaxalone taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Metaxalone RS in the Standard solution (mg/mL)
C=
U concentration of Metaxalone in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.30%
• Organic Impurities, Procedure 1
If metaxalone related compound B, metaxalone related compound C, or N-benzyl
metaxalone is a known process impurity, Organic Impurities, Procedure 2 is recommended.
Solution A: 0.1% Trifluoroacetic acid in water
Solution B: 0.1% Trifluoroacetic acid in acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
10.0
65
35
11.0
75
25
15.0
75
25
Diluent: Acetonitrile and water (75:25)
System suitability solution: 4 mg/mL of USP Metaxalone RS and 0.01 mg/mL of 3,5dimethylphenol in Diluent
Sensitivity solution: 0.002 mg/mL of USP Metaxalone RS in Diluent
Sample solution: 4 mg/mL of Metaxalone in Diluent
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 273 nm
Column: 4.6-mm × 25-cm; 5-µm packing L68
Flow rate: 2.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between metaxalone and 3,5-dimethylphenol, System suitability
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Metaxalone taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the peak responses of metaxalone and impurities from the Sample solution
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.03%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Metaxalone
1.0
—
3,5-Dimethylphenol
1.1
0.05
Any individual unspecified impurity
—
0.05
Total impurities
—
0.50
• Organic Impurities, Procedure 2
If metaxalone related compound B, metaxalone related compound C, or N-benzyl
metaxalone is a known process impurity, Organic Impurities, Procedure 2 is recommended.
If the article complies with Procedure 2, the labeling indicates that it meets Organic
Impurities, Procedure 2.
Buffer, Mobile phase, and Standard stock solution: Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL of USP Metaxalone RS from the Standard stock solution in
Mobile phase
Impurity stock solution: 0.2 mg/mL each of USP Metaxalone Related Compound B RS and
USP Metaxalone Related Compound C RS in methanol. Sonicate to dissolve if necessary.
Peak identification solution: 1 mg/mL of USP Metaxalone RS and 0.02 mg/mL each of USP
Metaxalone Related Compound B RS and USP Metaxalone Related Compound C RS prepared
as follows. Transfer a suitable quantity of USP Metaxalone RS to a suitable volumetric
flask. Add 50% of the flask volume of methanol, and sonicate to dissolve. Transfer
suitable volumes of Impurity stock solution to the flask. Dilute with Buffer to volume.
Sample solution: 2.0 mg/mL of Metaxalone prepared as follows. Transfer a suitable
quantity of Metaxalone to a suitable volumetric flask. Add 50% of the flask volume of
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methanol. Sonicate for 5 min to dissolve. Add 40% of the flask volume of Buffer, and mix.
Cool to room temperature. Dilute with Buffer to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 226 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 8 times the retention time of metaxalone
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 10.0%
Signal-to-noise ratio: NLT 25
Analysis
Samples: Standard solution and Sample solution
Use the Peak identification solution to identify the peaks.
Calculate the percentage of each impurity in the portion of Metaxalone taken:
Result = (rU/rS) × (CS/CU) × (1/F)× 100
rU= peak response of each impurity from the Sample solution
rS= peak response of metaxalone from the Standard solution
C=
S concentration of USP Metaxalone RS in the Standard solution (mg/mL)
C=
U concentration of Metaxalone in the Sample solution (mg/mL)
F= relative response factor for the corresponding impurity (see Table 3)
Acceptance criteria: See Table 3. Disregard any impurity peaks less than 0.03%.
Table 3
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Metaxalone related compound B
0.35
1.0
0.05
Metaxalone
1.0
—
—
Metaxalone related compound C
3.6
1.0
0.05
N-Benzylmetaxalonea
6.9
0.64
0.05
Any individual unspecified impurity
—
1.0
0.05
Total impurities
—
—
0.3
a 3-Benzyl-5-[(3,5-dimethylphenoxy)methyl]oxazolidin-2-one.
SPECIFIC TESTS
• Loss on Drying 731
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Analysis: Dry at 90 for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: The label states with which Organic Impurities procedure the article complies if
Organic Impurities, Procedure 1 is not used.
• USP Reference Standards 11
USP Metaxalone RS
USP Metaxalone Related Compound B RS
1-Amino-3-(3,5-dimethylphenoxy)propan-2-ol.
C11 H17 NO2
195.26
USP Metaxalone Related Compound C RS
Bis[2-hydroxy-3-(3,5-dimethylphenoxy)propyl]amine.
C22 H31 NO4
373.49
1S (USP38)

BRIEFING
Metaxalone Tablets. Because there is no existing USP monograph for this drug product, a new
monograph based on validated methods of analysis, is proposed. The liquid chromatographic
procedure in the Assay and the tests for Dissolution and Organic Impurities is based on
analyses performed with the Symmetry C18 brand of L1 column manufactured by Waters
Corporation. The typical retention time for metaxalone is about 7 min.
(SM4: R. Ravichandran.)
Correspondence Number—C130687

Comment deadline: July 31, 2014
Add the following:
Metaxalone Tablets
DEFINITION
Metaxalone Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of metaxalone
(C12 H15 NO3 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 0.68 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a pH of
4.5.
Mobile phase: Methanol and Buffer (50:50)
Standard stock solution: 0.5 mg/mL of USP Metaxalone RS prepared as follows. Transfer a
suitable amount of USP Metaxalone RS to a suitable volumetric flask. Add 50% of the flask
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volume of methanol and sonicate to dissolve. Dilute with Buffer to volume.
Standard solution: 0.05 mg/mL of USP Metaxalone RS from Standard stock solution in
Mobile phase
Sample stock solution: Nominally 1.0 mg/mL of metaxalone from NLT 20 Tablets prepared
as follows. Transfer a portion of finely powdered Tablets equivalent to NLT 500 mg of
metaxalone to a suitable volumetric flask. Add 50% of the flask volume of methanol and
sonicate for 10 min with occasional swirling. Shake on a mechanical shaker for 15 min. Add
40% of the flask volume of Buffer and allow the solution to cool to room temperature.
Dilute with Buffer to volume. Pass a portion of the solution through a PVDF filter of 0.45µm pore size. Discard the first 5 mL. Use the filtrate.
Sample solution: Nominally 0.05 mg/mL of metaxalone from Sample stock solution and
Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 226 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of metaxalone
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metaxalone (C12 H15 NO3 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of metaxalone from the Sample solution
rS= peak response of metaxalone from the Standard solution
C=
S concentration of USP Metaxalone RS in the Standard solution (mg/mL)
C=
U nominal concentration of metaxalone in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.5% sodium lauryl sulfate, 900 mL
Apparatus 2: 100 rpm
Time: 60 min
Buffer, Mobile phase, Chromatographic system, and System suitability: Proceed as
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directed in the Assay.
Standard solution: (L/900) mg/mL of USP Metaxalone RS, where L is the label claim of
metaxalone, in mg/Tablet, prepared as follows. Transfer a suitable quantity of USP
Metaxalone RS to a suitable volumetric flask. Add 4% of the flask volume of methanol,
sonicate to dissolve, and dilute with Medium to volume.
Sample solution: Pass a portion of the solution under test through a suitable PVDF
membrane filter of 0.45-µm pore size. Discard the first 5 mL of the filtrate and use the
remaining amount for analysis.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metaxalone (C12 H15 NO3 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Metaxalone RS in the Standard solution (mg/mL)
V= volume of the Medium, 750 mL
L= label claim of metaxalone (mg/Tablet)
Tolerances: NLT 60% (Q) of the labeled amount of metaxalone (C12 H15 NO3 ) is dissolved.
• Uniformity of Dosage Units 905 : Meet the requirements
• Organic Impurities
Mobile phase, Standard solution, and Chromatographic system: Proceed as directed in
the Assay.
Impurity stock solution: 0.2 mg/mL each of USP Metaxalone Related Compound B RS and
USP Metaxalone Related Compound C RS in methanol. Sonicate to dissolve if necessary.
Peak identification solution: 1 mg/mL of USP Metaxalone RS and 0.02 mg/mL each of USP
Metaxalone Related Compound B RS and USP Metaxalone Related Compound C RS prepared
as follows. Transfer a suitable quantity of USP Metaxalone RS to a suitable volumetric
flask. Add 50% of the flask volume of methanol and sonicate to dissolve. Transfer suitable
volumes of Impurity stock solution to the flask. Dilute with Buffer to volume.
Sensitivity solution: 0.5 µg/mL of USP Metaxalone RS from Standard solution and Mobile
phase
Sample solution: Nominally 1.0 mg/mL of metaxalone prepared from NLT 20 Tablets as
follows. Transfer a portion of NLT 20 finely powdered Tablets equivalent to NLT 500 mg of
metaxalone to a suitable volumetric flask. Add 50% of the flask volume of methanol and
sonicate for 10 min with occasional swirling. Shake on a mechanical shaker for 15 min. Add
40% of the flask volume of Buffer and cool to room temperature. Dilute with Buffer to
volume. Pass a portion of the solution through a PVDF filter of 0.45-µm pore size. Discard
the first 5 mL.
System suitability
Samples: Peak identification solution and Sensitivity solution
[Note—See Table 1 for relative retention times.]
System suitability requirements
Tailing factor: NMT 2.0, Sensitivity solution
Relative standard deviation: NMT 10.0% for the metaxalone peak, Sensitivity solution
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Signal-to-noise ratio: NLT 25 for the metaxalone peak, Sensitivity solution
Analysis
Samples: Standard solution, Peak identification solution, and Sample solution
Use the Peak identification solution to identify the peaks.
Calculate the percentage of each degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each degradation product from the Sample solution
rS= peak response of metaxalone from the Standard solution
C=
S concentration of USP Metaxalone RS in the Standard solution (mg/mL)
C=
U nominal concentration of metaxalone in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
0.35
1.0
3.6
6.9
—
—

Acceptance
Criteria,
NMT (%)
0.15
—
—
—
0.10
0.5

Name
Metaxalone related compound B
Metaxalone
Metaxalone related compound Ca
N-Benzylmetaxaloneb
Any individual unspecified degradation product
Total
a Process impurity, included for peak identification only; monitored in the drug substance.
b 3-Benzyl-5-[(3,5-dimethylphenoxy)methyl]oxazolidin-2-one.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at
controlled room temperature.
• USP Reference Standards 11
USP Metaxalone RS
USP Metaxalone Related Compound B RS
1-Amino-3-(3,5-dimethylphenoxy)propan-2-ol.
C11 H17 NO2
195.26
USP Metaxalone Related Compound C RS
Bis[2-hydroxy-3-(3,5-dimethylphenoxy)propyl]amine.
C22 H31 NO4
373.49
1S (USP38)

BRIEFING
Metronidazole Injection, USP 37 page 3822. It is proposed to modernize the monograph with
the following changes:
1.
Add an HPLC procedure for the test for Organic Impurities based on the same
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procedure in the Metronidazole monograph. This procedure uses the Zorbax Eclipse
XDB-C8 brand of L7 packing column manufactured by Agilent Technologies. The
typical retention time for metronidazole is about 4 min. The Phenomenex Luna C8
brand of L7 packing column can also be used for the test.
2.
Replace the Assay by HPLC with a new HPLC procedure that uses the same HPLC
parameters in the test for Organic Impurities.
3.
Replace Identification test A by TLC with the UV spectrum in the Assay.
4.
Add a storage requirement in the Packaging and Storage section to be consistent with
the drug storage condition per package insert.
5.
Introduce USP Tinidazole Related Compound A RS for system suitability and quantitation
in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: D. Min.)
Correspondence Number—C134502

Comment deadline: July 31, 2014
Metronidazole Injection
DEFINITION
Metronidazole Injection is a sterile, isotonic, buffered solution of Metronidazole in Water for
Injection. It contains NLT 90.0% and NMT 110.0% of the labeled amount of metronidazole
(C6 H9 N3 O3 ).
IDENTIFICATION
Change to read:
• A.
Standard solution: A solution of USP Metronidazole RS
Sample solution: A portion of Injection
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Developing solvent system: Chloroform, methanol, water, and ammonium hydroxide
(70:28:4:2)
Application volume: A measured volume containing 25 µg of metronidazole
Analysis
Samples: Standard solution and Sample solution
Apply the Samples to the Adsorbent. Allow the spots to dry, and develop the
chromatogram in the Developing solvent system until the solvent front has moved about
three-fourths of the length of the plate. Remove the plate from the developing chamber,
mark the solvent front, and allow the solvent to evaporate. Locate the spots on the
plate by viewing under short-wavelength UV light.
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Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of the Standard solution.
The UV (UV-Vis) spectrum of the metronidazole peak of the Sample solution corresponds to
that of the Standard solution, as obtained in the Assay. 1S (USP38)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Dissolve 0.68 g of monobasic potassium phosphate in 930 mL of water and
70 mL of methanol. Adjust with 1 M phosphoric acid to a pH of 4.0 ± 0.5.
Standard stock solution: 1 mg/mL of USP Metronidazole RS in methanol
Standard solution: 0.2 mg/mL of USP Metronidazole RS is prepared by transferring 2 mL
of the Standard stock solution and 2 mL of water into a 10-mL volumetric flask. Dilute
with Mobile phase to volume.
Sample stock solution: Nominally 1 mg/mL of metronidazole in water from Injection
Sample solution: Equivalent 0.2 mg/mL of metronidazole is prepared by transferring 2 mL
of the Sample stock solution and 2 mL of methanol into a 10-mL volumetric flask. Dilute
with Mobile phase to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 320 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metronidazole (C6 H9 N3 O3 ) in the portion
of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Metronidazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of metronidazole in the Sample solution (mg/mL)
Mobile phase: Methanol and water (20:80)
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System suitability solution: 1 µg/mL of USP Metronidazole RS and 2 µg/mL of USP
Tinidazole Related Compound A RS in Mobile phase
Standard solution: 0.03 mg/mL of USP Metronidazole RS in Mobile phase
Sample solution: Nominally 0.03 mg/mL of metronidazole in Mobile phase prepared as
follows. Transfer a portion of Injection to a suitable volumetric flask, and dilute with
Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability)
Mode: LC
Detector: UV 319 nm
For Identification test A, use a diode array detector in the range of 210–800 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 30 µL
System suitability
(See Table 1 for the relative retention times.)
Samples: System suitability solution and Standard solution
System suitability requirements
Resolution: NLT 4.0 between metronidazole and tinidazole related compound A,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metronidazole (C6 H9 N3 O3 ) in the portion
of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Metronidazole RS in the Standard solution (mg/mL)
CU= nominal concentration of metronidazole in the Sample solution (mg/mL)
1S (USP38)

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, Chromatographic system, and System suitability solution: Proceed as
directed in the Assay.
Standard solution: 0.75 µg/mL each of USP Metronidazole RS and USP Tinidazole Related
Compound A RS in Mobile phase

PF 40(3): May-Jun. 2014

458

Sample solution: Nominally 500 µg/mL of metronidazole prepared as follows. Transfer a
portion of Injection to a suitable volumetric flask. Add Mobile phase equivalent to 50% of
the flask size. Sonicate for 2 min. Dilute with Mobile phase to volume, and pass a portion
of the solution through a filter of 0.45-µm pore size. Use the filtrate.
System suitability
Samples: System suitability solution and Standard solution
(See Table 1 for the relative retention times.)
System suitability requirements
Resolution: NLT 4.0 between metronidazole and tinidazole related compound A, System
suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tinidazole related compound A in the portion of Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of tinidazole related compound A from the Sample solution
rS= peak response of tinidazole related compound A from the Standard solution
C=
S concentration of USP Tinidazole Related Compound A RS in the Standard solution
(µg/mL)
C=
U nominal concentration of metronidazole in the Sample solution (µg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each unspecified impurity from the Sample solution
rS= peak response of metronidazole from the Standard solution
C=
S concentration of USP Metronidazole RS in the Standard solution (µg/mL)
C=
U nominal concentration of metronidazole in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
Table 1
Name
Tinidazole related compound A
Metronidazole
Any individual unspecified degradation product
Total impurities

Relative
Acceptance Criteria,
Retention Time
NMT (%)
0.7
0.15
1.0
—
—
0.15
—
2.0

1S (USP38)

SPECIFIC TESTS
• pH

791 : 4.5–7.0

• Bacterial Endotoxins Test

85 : NMT 0.35 USP Endotoxin Units/mg of metronidazole
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• Particulate Matter in Injections
injections.
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788 : It meets the requirements for small-volume

• Other Requirements: It meets the requirements in Injections

1 .

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose containers of Type I or Type II glass, or in
suitable plastic containers, protected from light.
Store at controlled room temperature. 1S (USP38)
Change to read:
• USP Reference Standards 11
USP Endotoxin RS
USP Metronidazole RS
USP Tinidazole Related Compound A RS
2-Methyl-5-nitroimidazole.
C4 H5 N3 O2
127.10 1S (USP38)
BRIEFING
Milrinone, USP 37 page 3839. As a part of USP monograph modernization efforts, the following
changes are proposed:
1.
The titration-based Assay procedure is replaced by a stability-indicating HPLC
procedure. The liquid chromatographic procedure in the Assay is based on analyses
performed with the 5-µm Symmetry C 18 column of packing L1. The typical retention
time of the milrinone peak is about 6.5 min.
2.
The Identification test B is revised to indicate that the Assay procedure is used to
measure the retention time agreement of the major peaks.
3.
The Acceptance criteria in the Definition are revised in accordance with the proposed
chromatographic test procedure in the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: S. Ramakrishna.)
Correspondence Number—C124381

Comment deadline: July 31, 2014
Milrinone
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211.22

[3,4¢-Bipyridine]-5-carbonitrile, 1,6-dihydro-2-methyl-6-oxo-;
1,6-Dihydro-2-methyl-6-oxo[3,4¢-bipyridine]-5-carbonitrile
[78415-72-2].
DEFINITION
Change to read:
Milrinone contains NLT 98.5% and NMT 101.5%
NLT 98.0% and NMT 102.0% 1S (USP38)
of milrinone (C12 H9 N3 O), calculated on the anhydrous basis.
[Caution—Milrinone is a cardiotonic agent.]
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Organic Impurities, Procedure
Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 200 mg of Milrinone in glacial acetic acid
Analysis: Titrate the Sample solution with 50 mL of 0.1 N perchloric acid VS, and
determine the endpoint potentiometrically. Perform a blank determination. Each mL of 0.1
N perchloric acid VS is equivalent to 21.12 mg of C12 H9 N3 O.
Acceptance criteria: 98.5%–101.5% on the anhydrous basis
Buffer: To 72.44 g of sodium tetraborate add 900 mL of water. Adjust with hydrochloric
acid to a pH of 6.5. The solution should become nearly transparent after adjustment.
Dilute with water to 1 L .
Mobile phase: Methanol, Buffer, and water (320:40:640)
Diluent: Methanol, water, and lactic acid (320: 679: 1.2)
Standard solution: 0.1 mg/mL of USP Milrinone RS in Diluent. Sonicate until dissolved.
Sample solution: 0.1 mg/mL of Milrinone in Diluent. Sonicate until dissolved.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of milrinone (C12 H9 N3 O) in the portion of Milrinone taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of milrinone from the Sample solution
rS= peak response of milrinone from the Standard solution
CS= concentration of USP Milrinone RS in the Standard solution (mg/mL)
CU= concentration of Milrinone in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis

1S (USP38)

IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Heavy Metals, Method II 231 : NMT 20 ppm
• Organic Impurities
Buffer: To 2.7 g of dibasic potassium phosphate in 800 mL of water add 2.4 mL of
triethylamine, and adjust with phosphoric acid to a pH of 7.5.
Mobile phase: Acetonitrile and Buffer (200:800)
System suitability stock solution: 0.2 mg/mL of USP Milrinone Related Compound A RS in
Mobile phase. Heat in a water bath at approximately 80 , and/or sonicate if necessary to
dissolve.
Standard stock solution: 2 mg/mL of USP Milrinone RS in Mobile phase. Heat in a water
bath at approximately 80 , and/or sonicate if necessary to dissolve.
System suitability solution: 10.0 mL of System suitability stock solution and 1.0 mL of
the Standard stock solution in a 100-mL volumetric flask. Dilute with Mobile phase to
volume.
Standard solution: 0.006 mg/mL of USP Milrinone RS, from the Standard stock solution, in
Mobile phase
Sample solution: 2 mg/mL of Milrinone in Mobile phase. Heat in a water bath at
approximately 80 , if necessary to dissolve.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for milrinone related compound A and milrinone are 0.6
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between milrinone related compound A and milrinone
Relative standard deviation: NMT 5.0% from the milrinone peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Milrinone taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of milrinone from the Standard solution
C=
S concentration of USP Milrinone RS in the Standard solution (mg/mL)
C=
U concentration of Milrinone in the Sample solution (mg/mL)
Acceptance criteria
Any individual impurity: NMT 0.3%
Total impurities: NMT 1.0%
SPECIFIC TESTS
• Water Determination, Method I 921 : NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Milrinone RS
USP Milrinone Related Compound A RS
1,6-Dihydro-2-methyl-6-oxo-(3,4¢-bipyridine)-5-carboxamide.
C12 H11 N3 O2
229.23
BRIEFING
Minocycline Hydrochloride Extended-Release Tablets. Because there is no existing USP
monograph for this dosage form, a new monograph is proposed based on validated methods
of analysis. The liquid chromatographic procedures in the Assay and the test for Organic
Impurities are based on analyses performed with the Gemini C18 brand of L1 column. In the
Assay, the typical retention time for minocycline is about 10 min. In the test for Organic
Impurities, the typical retention time for minocycline is about 12 min.
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(SM1: A. Wise.)
Correspondence Number—C129280; C129445

Comment deadline: July 31, 2014
Add the following:
Minocycline Hydrochloride Extended-Release Tablets
DEFINITION
Minocycline Hydrochloride Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of
the labeled amount of minocycline (C23 H27 N3 O7 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV absorption spectrum of the major peak of the Sample solution and that of the
Standard solution exhibit maxima and minima at the same wavelengths, as obtained in the
Assay.
ASSAY
• Procedure
Protect solutions containing minocycline from light.
Buffer: 3.5 g/L of tetrabutylammonium hydrogen sulfate, 2 g/L of anhydrous citric acid, and
6.8 g/L of monobasic potassium phosphate. Adjust with 10 N sodium hydroxide to a pH of
7.0.
Mobile phase: Acetonitrile and Buffer (24:76)
Diluent: Acetonitrile and water (20:80)
Standard solution: 0.045 mg/mL of minocycline from USP Minocycline Hydrochloride RS in
Diluent. Store at 4 and use within 24 h.
Sample stock solution: Nominally about 0.9 mg/mL of minocycline from Tablets prepared
as follows. Transfer a suitable portion of finely powdered Tablets (NLT 10) to a suitable
volumetric flask. Add acetonitrile, using 20% of the final volume, and mix vigorously for 15
min. Add water, using 65% of the final volume, and mix vigorously for 30 min. Dilute with
water to volume and mix.
Sample solution: Nominally 0.045 mg/mL of minocycline from Sample stock solution in
Diluent. Centrifuge and use the clear supernatant. Store at 4 and use within 24 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 277 nm. When this procedure is used for Identification test B, use a diode
array detector set at 200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Column: 35
Autosampler: 4
Flow rate: 1.3 mL/min
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Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of minocycline (C23 H27 N3 O7 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Minocycline Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of minocycline in the Sample solution (mg/mL)
P= potency of minocycline in USP Minocycline Hydrochloride RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Protect solutions containing minocycline from light.
Medium: pH 6.8 phosphate buffer; 900 mL
Apparatus 2: 50 rpm
Times: 1, 2, and 5 h
Standard stock solution: 0.5 mg/mL of minocycline from USP Minocycline Hydrochloride
RS in Medium
Standard solution: (L/900) mg/mL of minocycline from Standard stock solution in
Medium, where L is the label claim of minocycline in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter.
Instrumental conditions
Mode: UV
Analytical wavelength: 348 nm
Cell: See Table 1.
Table 1
Tablet Strength Cell Path Length
(mg)
(cm)
45
0.5
90
0.2
135
0.2
Blank: Medium
Analysis
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Samples: Standard solution, Sample solution, and Blank
Autozero the instrument using the Blank.
Calculate the concentration (Ci) of minocycline (C23 H27 N3 O7 ) in the sample withdrawn
from the vessel at each time point (i):
Result = (AU/AS) × CS × P × F
A=
U absorbance of the Sample solution at time point i
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
P= potency of minocycline in USP Minocycline Hydrochloride RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Calculate the percentage of the labeled amount (Qi) of minocycline (C23 H27 N3 O7 )
dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V
Result 3 = ({C3 × [V

VS)] + (C1 × VS)} × (1/L) × 100

(2 × VS)]} + [C2 + C1 × VS]) × (1/L) × 100

C=
i concentration of minocycline in the portion of sample withdrawn at the specified time
point (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
V=
S volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 2.
Table 2
Time Point Time
(i)
(h) Amount Dissolved
1
1
20%–45%
2
2
40%–70%
3
5
NLT 85%
The percentages of the labeled amounts of minocycline (C23 H27 N3 O7 ) dissolved at the
times specified conform to Acceptance Table 2 in 711 .
Test 2
If the product complies with this test, the labeling indicates that it meets USP Dissolution
Test 2.
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Times: 1, 2, and 4 h
Standard solution: 0.0225 mg/mL of minocycline from USP Minocycline Hydrochloride RS
in Medium
Sample solution: At the times specified, withdraw 10 mL of the solution under test and
replace with 10 mL of Medium. Pass through a suitable filter. Dilute with Medium to a
concentration that is similar to that of the Standard solution.
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Instrumental conditions
Mode: UV
Analytical wavelength: 348 nm
Cell: 1 cm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Autozero the instrument using the Blank.
Calculate the concentration (Ci) of minocycline (C23 H27 N3 O7 ) in the sample withdrawn
from the vessel at each time point (i):
Result = (AU/AS) × CS × P × F
A=
U absorbance of the Sample solution at time point i
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
P= potency of minocycline in USP Minocycline Hydrochloride RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Calculate the percentage of the labeled amount (Qi) of minocycline (C23 H27 N3 O7 )
dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V

VS)] + (C1 × VS)} × (1/L) × 100

Result 3 = {(C3 × V) + [(C2 + C1) × VS]} × (1/L) × 100
C=
i concentration of minocycline in the portion of sample withdrawn at the specified time
point (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
V=
S volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 3.
Table 3
Amount Dissolved

Time Point Time
(i)
(h) 45 mg/Tablet 90 mg/Tablet and 135 mg/Tablet
1
1
40%–60%
40%–60%
2
2
70%–95%
70%–90%
3
4
NLT 85%
NLT 85%
The percentages of the labeled amounts of minocycline (C23 H27 N3 O7 ) dissolved at the
times specified conform to Acceptance Table 2 in
• Uniformity of Dosage Units
IMPURITIES
• Organic Impurities

711 .

905 : Meet the requirements
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Protect solutions containing minocycline from light.
Buffer, Mobile phase, Diluent, and Sample solution: Prepare as directed in the Assay.
Standard stock solution: Use the Standard solution as directed in the Assay.
Standard solution: 0.009 mg/mL of minocycline from Standard stock solution in Diluent.
Store at 4 and use within 24 h.
Sensitivity solution: 0.9 µg/mL of minocycline from Standard solution in Medium. Store at
4 and use within 24 h.
System suitability solution: Heat a portion of the Standard stock solution at 60 for
about 2 h and cool. This solution contains a mixture of 4-epiminocycline and minocycline.
Store at 4 and use within 24 h.
Chromatographic system: Proceed as directed in the Assay, except use a flow rate of 1
mL/min.
System suitability
Samples: Standard solution, Sensitivity solution, and System suitability solution
Suitability requirements
Resolution: NLT 4.6 between minocycline and 4-epiminocycline, System suitability
solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of minocycline from the Standard solution
C=
S concentration of USP Minocycline Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of minocycline in the Sample solution (mg/mL)
P= potency of minocycline in USP Minocycline Hydrochloride RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 4. The reporting threshold is 0.1%.
Table 4

Name
4-Epiminocyclinea
Desmethyl minocyclineb,c
Sancyclineb,d
5a,6-Anhydrominocyclineb,e
Hydroxymethylminocyclineb,f
Minocycline

Relative
Retention
Time
0.38
0.46
0.68
0.81
0.92
1.0

Acceptance
Criteria,
NMT (%)
2.0
—
—
—
—
—
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Any individual unspecified degradation product
—
0.2
g
—
Total degradation products
2.0
a (4R,4aS,5aR,12aS)-4,7-Bis(dimethylamino)-3,10,12,12a-tetrahydroxy-1,11-dioxo1,4,4a,5,5a,6,11,12a -octahydrotetracene-2-carboxamide.
b Process impurities are controlled in the drug substance and are not to be reported here.
They are not included in total impurities.
c (4R,4aS,5aR,12aS)-4-Dimethylamino-3,10,12,12a-tetrahydroxy-7-methylamino-1,11dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide.
d 6-Demethyl-6-deoxytetracycline; (4S,4aS,5aR,12aS)-4-Dimethylamino-3,10,12,12atetrahydroxy-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide.
e (4S,4aS,12aS)-4,7-Bis(dimethylamino)-3,10,11,12a-tetrahydroxy-1,12-dioxo1,4,4a,5,12,12a-hexahydrotetracene-2-carboxamide.
f (4S,4aS,5aR,12aS)-4,7-Bis(dimethylamino)-3,10,12,12a-tetrahydroxy-N(hydroxymethyl)-1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide.
g Total degradation products does not include 4-epiminocycline.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tightly closed containers at controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Minocycline Hydrochloride RS
1S (USP38)

BRIEFING
Propafenone Hydrochloride Extended-Release Capsules. Because there is no existing USP
monograph for this dosage form, a new monograph based on validated test methods is being
proposed. The liquid chromatographic procedure for the Assay is based on analysis
performed with the Xterra RP 8 brand of L7 column. The typical retention time for
propafenone is about 5 min. The liquid chromatographic procedure in the test for Organic
Impurities is based on analysis performed with the YMC-Pack Pro C8 brand of L7 column.
The typical retention time for propafenone is about 6 min. The liquid chromatographic
procedure in the test for Content of Propafenone Related Compound A is based on analysis
performed with the Acquity BEH C18 brand of L1 column. The typical retention time for
propafenone is about 4 min.
(SM2: H. Cai, S. Ramakrishna.)
Correspondence Number—C101356

Comment deadline: July 31, 2014
Add the following:
Propafenone Hydrochloride Extended-Release Capsules
DEFINITION
Propafenone Hydrochloride Extended-Release Capsules contain NLT 90.0% and NMT 110.0% of
the labeled amount of propafenone hydrochloride (C21 H27 NO3 ·HCl).
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IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Dissolve 1.36 g/L of monobasic potassium phosphate in water, and adjust with
phosphoric acid to a pH of 3.0 ± 0.1.
Mobile phase: Methanol and Buffer (50:50)
Diluent: 50% methanol in water
Standard solution: 0.1 mg/mL of USP Propafenone Hydrochloride RS in Diluent
Sample stock solution: Nominally 1 mg/mL of propafenone hydrochloride prepared as
follows. Transfer a suitable amount of finely powdered contents from NLT 20 Capsules to
an appropriate volumetric flask. Add about 60% of the final volume of Diluent, and
sonicate with occasional swirling until the contents are completely disintegrated. Dilute
with Diluent to volume and pass through a suitable filter of 0.45-µm pore size.
Sample solution: Nominally 0.1 mg/mL of propafenone hydrochloride in Diluent from Sample
stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of propafenone
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of propafenone hydrochloride
(C21 H27 NO3 ·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of propafenone from the Sample solution
rS= peak response of propafenone from the Standard solution
C=
S concentration of USP Propafenone Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of propafenone hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
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PERFORMANCE TESTS
• Dissolution 711
Acid stage
Medium: 0.08 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 1 h
Diluent: 6.8 g/L of monobasic potassium phosphate in water. Adjust with sodium
hydroxide to a pH of 6.8.
Standard solution: L/1000 mg/mL of USP Propafenone Hydrochloride RS in Diluent, where
L is the label claim in mg/Capsule
Sample solution: At the specified time points, withdraw about 10 mL of the solution and
pass through a suitable filter of 0.45-µm pore size. Discard at least the first 4 mL of
filtrate. Analyze the Sample solution immediately.
Instrumental conditions
Mode: UV
Analytical wavelengths: 305 nm and 375 nm
Cell: 0.2 cm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Measure and subtract the absorbance at 375 nm from the absorbance at 305 nm to
obtain the absorbances for the Sample solution and Standard solution.
Calculate the percentage of the labeled amount of propafenone hydrochloride
(C21 H27 NO3 ·HCl) dissolved:
Result 1 = (AU/AS) × (CS/L) × V × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Propafenone Hydrochloride RS in the Standard solution (mg/mL)
L= label claim (mg/Capsule)
V= volume of Medium, 900 mL
Tolerances: See Table 1.
Buffer stage
Proceed as directed in Acid stage, except for the following parameters.
Buffer: Dissolve 108.88 g of monobasic potassium phosphate in water, add 14.4 g of
sodium hydroxide, mix to dissolve, and dilute with water to 1 L. Adjust with 2 N sodium
hydroxide to a pH of 6.8.
Solution A: Buffer and 2 N sodium hydroxide (64:36)
Medium: At 2 h of dissolution time, add 100 mL of Solution A, preheated at 37 , to 900
mL of 0.08 N hydrochloric acid.
Time: 4 and 12 h
Analysis
Samples: Standard solution and Sample solution
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Calculate the concentration (Ci) of propafenone hydrochloride (C21 H27 NO3 ·HCl) in the
sample withdrawn from the vessel at each time point (i):
Result i = (AU/AS) × CS
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of propafenone hydrochloride
(C21 H27 NO3 ·HCl) dissolved at each time point (i):
Result 2 = C2 × V × (1/L) × 100
Result 3 = {[C3 × (V

VS)] + (C2 × VS)} × (1/L) × 100

C=
i concentration of propafenone hydrochloride in the portion of sample withdrawn at time
point (i) (mg/mL)
V= volume of Medium, 1000 mL
L= label claim (mg/Capsule)
V=
S volume of Medium taken (mL)
Tolerances: See Table 1.
Table 1
Amount
Time point Time
Dissolved
(i)
(h)
(%)
1
1
5–25
2
4
40–70
3
12
NLT 75
The percentages of the labeled amount of propafenone hydrochloride (C21 H27 NO3 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in Dissolution
• Uniformity of Dosage Units

711 .

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Keep all solutions containing propafenone hydrochloride in amber glassware.
Solution A: Prepare 0.015 M dibasic potassium phosphate, and adjust with phosphoric acid
to a pH of 2.5 ± 0.2.
Solution B: Acetonitrile
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
65
35
8
65
35
20
30
70
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30
30
70
31
65
35
36
65
35
Diluent: 50% methanol in water
System suitability solution: 0.1 mg/mL each of USP Propafenone Hydrochloride RS and
USP Propafenone Related Compound B RS in Diluent
Standard solution: 2.0 µg/mL of USP Propafenone Hydrochloride RS in Diluent. Sonicate if
necessary.
Sensitivity solution: 0.3 µg/mL of USP Propafenone Hydrochloride RS in Diluent from
Standard solution
Sample solution: Nominally 1 mg/mL of propafenone hydrochloride, prepared as follows.
Transfer a suitable amount of finely powdered contents from NLT 20 Capsules to an
appropriate volumetric flask. Add about 40% of the final volume of Diluent and sonicate for
about 15 min. Dilute with Diluent to volume and pass through a suitable filter of 0.45-µm
pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 3.0 between propafenone related compound B and propafenone,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual degradation product in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of propafenone from the Standard solution
C=
S concentration of USP Propafenone Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of propafenone hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 3)
Acceptance criteria: See Table 3. Disregard any peaks below 0.03% (peak area less than
that from the Sensitivity solution).
Table 3
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Name

Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)
—
—
—
—
—
—
—
—
—
0.15
0.50

Propafenone related compound Ba,b
0.81
0.86
Propafenone
1.00
1.00
Propafenone glycerol analoga,c
2.53
1.24
a
,
d
Flavone
2.83
2.68
Propafenone dimera,e
2.88
1.20
a
,
f
Propafenone chloroglycerol analog
2.91
1.24
Propafenone glycidyl analoga,g
2.96
1.31
a
,
h
Propafenone phenol
3.29
1.65
Propafenone glycerol dimera,i
3.80
1.56
Any unspecified impurity
—
1.00
Total unspecified impurities
—
—
a Process impurities; do not include in total unspecified impurities.
b (RS,E)-1-{2-[2-Hydroxy-3-(propylamino)propoxy]phenyl}-3-phenylprop-2-en-1-one.
c 1-[2-[(2RS)-2,3-Dihydroxypropoxy]phenyl]-3-phenylpropan-1-one.
d 2-Phenylchroman-4-one.
e 1,1'-[Propyliminobis(2-hydroxypropane-3,1-diyl)oxy-2,1-phenylene]bis(3-phenylpropan1-one).
f 1-[2-(3-Chloro-2-hydroxypropoxy)phenyl]-3-phenylpropan-1-one.
g 1-[2-[[(RS)-Oxiranyl]methoxy]phenyl]-3-phenylpropan-1-one.
h 1-(2-Hydroxyphenyl)-3-phenylpropan-1-one.
i 1,1'-(2,2'-(2-Hydroxypropane-1,3-diyl)bis(oxy)bis(2,1-phenylene))bis(3-phenylpropan-1one).
• Content of Propafenone Related Compound A
Buffer: Dissolve 3.4 g of dibasic potassium phosphate in 1000 mL of water, and adjust with
phosphoric acid to a pH of 2.5 ± 0.05.
Solution A: Methanol and Buffer (45:55); pass through a suitable filter of 0.2-µm pore size.
Solution B: Methanol and Buffer (75:25); pass through a suitable filter of 0.2-µm pore size.
Mobile phase: See Table 4.
Table 4
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
4.0
100
0
7.0
50
50
10.0
0
100
12.0
0
100
12.5
100
0
15.0
100
0
Diluent: Methanol and water (80:20)
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Standard solution: 2.0 µg/mL of USP Propafenone Related Compound A RS in Diluent
Sensitivity solution: 0.2 µg/mL of USP Propafenone Related Compound A RS in Diluent
from Standard solution
Sample solution: Nominally 1 mg/mL of propafenone hydrochloride prepared as follows.
Transfer a suitable amount of finely powdered contents from NLT 20 Capsules to an
appropriate volumetric flask. Add about 75% of the final volume of Diluent and sonicate
with intermittent shaking for 20 min. Dilute with Diluent to volume and pass through a
suitable filter of 0.45-µm pore size. Discard the first 4 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Column temperature: 60
Flow rate: 0.4 mL/min
Injection volume: 4 µL
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 6.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of propafenone related compound A in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of propafenone related compound A from the Sample solution
rS= peak response of propafenone related compound A from the Standard solution
C=
S concentration of USP Propafenone Related Compound A RS in the Standard solution
(mg/mL)
C=
U nominal concentration of propafenone hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 5.
Table 5

Name

Relative
Retention
Time
1.0
1.9

Acceptance
Criteria,
NMT (%)
—
0.20

Propafenone
Propafenone related compound Aa
a N-{2-Hydroxy-3-[2-(3-phenylpropanoyl)phenoxy]propyl}-N-propylformamide.
ADDITIONAL REQUIREMENTS

PF 40(3): May-Jun. 2014

475

• Packaging and Storage: Keep in tight containers and store at controlled room temperature.
• USP Reference Standards 11
USP Propafenone Hydrochloride RS
USP Propafenone Related Compound A RS
N-{2-Hydroxy-3-[2-(3-phenylpropanoyl)phenoxy]propyl}-N-propylformamide.
C22 H27 NO4
369.45
USP Propafenone Related Compound B RS
(RS,E)-1-{2-[2-Hydroxy-3-(propylamino)propoxy]phenyl}-3-phenylprop-2-en-1-one.
C21 H25 NO3
339.43
1S (USP38)

BRIEFING
Sodium Salicylate, USP 37 page 4727. As part of the USP monograph modernization effort, the
following revisions are proposed:
1.
Delete Salicylate in Identification test B because the monograph contains sufficient
tests to ensure the identity of the drug.
2.
Add Identification test C that uses the HPLC retention time agreement proposed in the
Assay.
3.
Replace the titration procedure in the Assay with a specific UHPLC procedure. This new
procedure is based on the analysis performed with the Waters BEH-C18 brand of L1
column. The typical retention time for salicylic acid is about 3.8 min.
4.
Widen the Definition and Assay acceptance criteria from 99.5%–100.5% to 98.0%–
102.0%, which is typical for a chromatographic assay.
5.
Add a stability-indicating UHPLC procedure in the test for Organic Impurities that is
consistent with the chromatographic system used in the Assay. The Acceptance
criteria for impurities in Table 1 are based on the organic impurity limits stated in the
monograph for Salicylic Acid.
6.
Add three new Reference Standards used in the test for Organic Impurities to USP
Reference Standards.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: R.-H. Yeh.)
Correspondence Number—C132966

Comment deadline: July 31, 2014
Sodium Salicylate
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160.10

Benzoic acid, 2-hydroxy-, monosodium salt;
Monosodium salicylate
[54-21-7].
DEFINITION
Change to read:
Sodium Salicylate contains NLT 99.5% and NMT 100.5%
NLT 98.0% and NMT 102.0% 1S (USP38)
of sodium salicylate (C7 H5 NaO3 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Identification Tests—General, Salicylate and
1S (USP38)

Sodium 191
Sample solution: 50 mg/mL of Sodium Salicylate in water
Sample solution: 50 mg/mL of Sodium Salicylate in water
Analysis: Proceed as directed in the chapter for Sodium.
Acceptance criteria: Meets the requirements

1S (USP38)

Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Sample: 700 mg
Blank: 100 mL of acetic acid
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Visual
Analysis: Transfer the Sample into a 250-mL beaker. Add 100 mL of glacial acetic acid,
stir until the Sample is completely dissolved, add crystal violet TS, and titrate with
Titrant. Perform a blank determination, and make any necessary correction. Each mL of
0.1 N perchloric acid is equivalent to 16.01 mg of sodium salicylate (C7 H5 NaO3 ).
Acceptance criteria: 99.5%–100.5% on the anhydrous basis
Mobile phase: Methanol, trifluoroacetic acid, and water (40: 0.1: 60)
Standard solution: 0.04 mg/mL of USP Sodium Salicylate RS in Mobile phase
Sample solution: 0.04 mg/mL of Sodium Salicylate in Mobile phase
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 212 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Column temperature: 30
Flow rate: 0.2 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.8
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sodium salicylate (C7 H5 NaO3 ) in the portion of Sodium
Salicylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sodium Salicylate RS in the Standard solution (mg/mL)
CU= concentration of Sodium Salicylate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis

1S (USP38)

IMPURITIES
• Sulfite or Thiosulfate
Sample solution: 1.0 g of Sodium Salicylate in 20 mL of water
Analysis: Add 1 mL of hydrochloric acid to the Sample solution, and filter the liquid.
Acceptance criteria: NMT 0.15 mL of 0.10 N iodine is required to produce a yellow color in
the filtrate.
• Heavy Metals, Method I 231
Sample: 2 g
Analysis: Dissolve the Sample in 46 mL of water. Add, with constant stirring, 4 mL of 3 N
hydrochloric acid. Filter, and use 25 mL of the filtrate.
Acceptance criteria: NMT 20 ppm
Add the following:
• Organic Impurities
Mobile phase: Methanol, trifluoroacetic acid, and water (40: 0.1: 60)
Standard stock solution: 0.125 mg/mL of USP Sodium Salicylate RS, 0.25 mg/mL of USP
Salicylic Acid Related Compound A RS, 0.125 mg/mL of USP Salicylic Acid Related
Compound B RS, 0.05 mg/mL of USP Phenol RS, in Mobile phase
Standard solution: 1.25 µg/mL of USP Sodium Salicylate RS, 2.5 µg/mL of USP Salicylic
Acid Related Compound A RS, 1.25 µg/mL of USP Salicylic Acid Related Compound B RS,
0.5 µg/mL of USP Phenol RS in Mobile phase from Standard stock solution
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Sample solution: 2.5 mg/mL of Sodium Salicylate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 212 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Column temperature: 30
Flow rate: 0.2 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.0 between any two peaks
Relative standard deviation: NMT 2% for each peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of salicylic acid related compound A, salicylic acid related
compound B, or phenol in the portion of Sodium Salicylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of salicylic acid related compound A, salicylic acid related compound B,
or phenol from the Sample solution
rS= peak response of salicylic acid related compound A, salicylic acid related compound B,
or phenol from the Standard solution
C=
S concentration of USP Salicylic Acid Related Compound A RS, USP Salicylic Acid Related
Compound B RS, or USP Phenol RS in the Standard solution (mg/mL)
C=
U concentration of Sodium Salicylate in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Sodium
Salicylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other individual impurity from the Sample solution
rS= peak response of salicylic acid related compound B from the Standard solution
C=
S concentration of USP Salicylic Acid Related Compound B RS in the Standard solution
(mg/mL)
C=
U concentration of Sodium Salicylate in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Salicylic acid related compound A
0.3
0.1
Phenol
0.4
0.02
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Salicylic acid related compound B
Salicylic acid
Any other individual impurity
Total impurities

0.6
1.0
—
—

0.05
—
0.05
0.2

1S (USP38)

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Phenol RS
USP Salicylic Acid Related Compound A RS
4-Hydroxybenzoic acid.
C7 H6 O3
138.12
USP Salicylic Acid Related Compound B RS
4-Hydroxyisophthalic acid.
C8 H6 O5
182.13 1S (USP38)
USP Sodium Salicylate RS
BRIEFING
Sulfamethoxazole and Trimethoprim Tablets, USP 37 page 4787. As part of the USP
monograph modernization effort, the following changes are proposed:
1.
Add a liquid chromatographic test procedure for Organic Impurities. This HPLC
procedure is based on validated methods of analysis performed with the Inertsil ODS3V brand of L1 column manufactured by GL Sciences. The typical retention times for
trimethoprim and sulfamethoxazole are 18 and 28 min, respectively.
2.
Revise the Identification test based on TLC with the retention time agreement for
sulfamethoxazole and trimethoprim in the Assay.
3.
Add additional storage requirements based on package insert.
4.
In the USP Reference Standards section add USP Sulfamethoxazole Related Compound A
RS used for system suitability performance in the test for Organic Impurities.
5.
Minor editorial changes have been made in the Assay for clarity.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: D. Min.)
Correspondence Number—C125725

Comment deadline: July 31, 2014
Sulfamethoxazole and Trimethoprim Tablets
DEFINITION
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Sulfamethoxazole and Trimethoprim Tablets contain NLT 93.0% and NMT 107.0% of the labeled
amounts of sulfamethoxazole (C10 H11 N3 O3 S) and trimethoprim (C14 H18 N4 O3 ).
IDENTIFICATION
Change to read:
• A.
Standard solution A: 0.4 mg/mL of USP Trimethoprim RS in methanol
Standard solution B: 2 mg/mL of USP Sulfamethoxazole RS in methanol
Sample solution: Transfer an amount of finely ground Tablets, equivalent to 4 mg of
trimethoprim, to a 10-mL volumetric flask, add 8 mL of methanol, and warm for several
min on a steam bath with frequent shaking. Cool, dilute with methanol to volume, and
centrifuge briefly.
Chromatographic system
Mode: TLC
Application volume: 5 µL
Developing solvent system: Chloroform, isopropyl alcohol, and diethylamine (6:5:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples to separate points about 3 cm from one end of the plate. Dry the
spots in a current of warm air, and develop the plate with Developing solvent system in
a chamber that is lined with filter paper. Remove the plate, dry, and examine under
short-wavelength UV light.
Acceptance criteria: The trimethoprim and sulfamethoxazole spots from the solution
under test have the same RF values as the spots from the corresponding Standard
solutions.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP38)
ASSAY
Change to read:
• Procedure
Mobile phase: Mix 1400 mL of water, 400 mL of acetonitrile, and 2.0 mL of triethylamine in
a 2000-mL volumetric flask. Allow to equilibrate to room temperature, and adjust with 0.2
N sodium hydroxide or dilute glacial acetic acid (1 in 100) to a pH of 5.9 ± 0.1. Dilute with
water to volume, and pass through a filter of 0.45-µm pore size.
Standard stock solution: 0.32 mg/mL of USP Trimethoprim RS and 0.32J
1.6 1S (USP38)
mg/mL of USP Sulfamethoxazole RS in methanol., where J is the ratio of the labeled amount,
in mg, of sulfamethoxazole to the labeled amount, in mg, of trimethoprim in the dosage
form
1S (USP38)

Standard solution: 0.032 mg/mL of USP Trimethoprim RS and 0.032J
0.16 1S (USP38)
mg/mL of USP Sulfamethoxazole RS in Mobile phase from the Sample stock solution
Sample stock solution: Transfer the equivalent of 160 mg of sulfamethoxazole from NLT
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20 finely powdered Tablets to a 100-mL volumetric flask. Add 50 mL of methanol, and
sonicate for 5 min with intermittent shaking. Allow to equilibrate to room temperature,
dilute with methanol to volume, and filter. Use the filtrate in the preparation of the Sample
solution.
Sample solution: Nominally 0.16 mg/mL of sulfamethoxazole in Mobile phase from the
Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for trimethoprim and sulfamethoxazole are 1.0 and 1.8,
respectively.]
Suitability requirements
Resolution: NLT 5.0 between sulfamethoxazole and trimethoprim
Tailing factor: NMT 2.0 for sulfamethoxazole and trimethoprim
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sulfamethoxazole (C10 H11 N3 O3 S) and
trimethoprim (C14 H18 N4 O3 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of sulfamethoxazole or trimethoprim from the Sample solution
rS= peak response of sulfamethoxazole or trimethoprim from the Standard solution
C=
S concentration of USP Sulfamethoxazole RS or USP Trimethoprim RS in the Standard
solution (mg/mL)
C=
U nominal concentration of sulfamethoxazole or trimethoprim in the Sample solution
(mg/mL)
Acceptance criteria: 93.0%–107.0% each of sulfamethoxazole (C10 H11 N3 O3 S) and
trimethoprim (C14 H18 N4 O3 )
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 60 min
Standard solution: USP Sulfamethoxazole RS and USP Trimethoprim RS at a known
concentration
Sample solution: Pass a portion of the solution under test through a suitable filter.
Mobile phase, Chromatographic system, and System suitability: Proceed as directed
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in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amounts of sulfamethoxazole (C10 H11 N3 O3 S) and
trimethoprim (C14 H18 N4 O3 ) dissolved by comparing the peak response of each component
obtained from a filtered aliquot of the solution under test with the peak response of the
corresponding component obtained from the Standard solution.
Tolerances: NLT 70% (Q) of the labeled amount of sulfamethoxazole (C10 H11 N3 O3 S) and
trimethoprim (C14 H18 N4 O3 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

Add the following:
• Organic Impurities
Solution A: 1.36 g/L of monobasic potassium phosphate. Adjust with diluted perchloric acid
to a pH of 4.1.
Solution B: Acetonitrile and methanol (80:20)
Mobile phase: See Table 1.
Table 1
Time
Solution Solution
(min)
A (%)
B (%)
0
95
5
5
95
5
15
80
20
45
65
35
50
50
50
70
50
50
75
95
5
85
95
5
Diluent: Acetonitrile and water (50:50)
System suitability solution: 1.5 mg/mL of USP Sulfamethoxazole RS, 0.3 mg/mL of USP
Trimethoprim RS, and 0.003 mg/mL of USP Sulfamethoxazole Related Compound A RS in
Diluent. [Note—Sonication may be needed to aid dissolution.]
Standard stock solution: 0.075 mg/mL of USP Sulfamethoxazole RS and 0.015 mg/mL of
USP Trimethoprim RS in Diluent. [Note—Sonication may be needed to aid dissolution.]
Standard solution: 4.5 µg/mL of USP Sulfamethoxazole RS and 0.9 µg/mL of USP
Trimethoprim RS from the Standard stock solution in Diluent
Sample solution: Nominally 1.5 mg/mL of sulfamethoxazole and 0.3 mg/mL of trimethoprim
prepared by transferring a suitable amount of NLT 10 finely powdered Tablets to a suitable
volumetric flask. Add Diluent to 70% of the flask volume. Sonicate for 10 min with
intermittent shaking. Allow to equilibrate to room temperature, dilute with Diluent to
volume, and filter.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 210 nm

621 , System Suitability.)
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Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
See Table 2 for the relative retention times.
Suitability requirements
Resolution: NLT 5.0 between sulfamethoxazole and sulfamethoxazole related compound
A
Taling factor: NLT 2.0 for the sulfamethoxazole and trimethoprim peaks
Relative standard deviation: NMT 5.0% for six replicate injections for
sulfamethoxazole and trimethoprim
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sulfanilic acid, sulfanilamide, methylisoxazolamine,
sulfamethoxazole related compound F, sulfamethoxazole related compound A, Impurity G,
or sulfamethoxazole sulfanilamide in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of sulfanilic acid, sulfanilamide, methylisoxazolamine, sulfamethoxazole
related compound F, sulfamethoxazole related compound A, Impurity G, or
sulfamethoxazole sulfanilamide from the Sample solution
rS= peak response of sulfamethoxazole from the Standard solution
C=
S concentration of USP Sulfamethoxazole RS in the Standard solution (µg/mL)
C=
U nominal concentration of sulfamethoxazole in the Sample solution (µg/mL)
F= relative response factor, see Table 2
Calculate the percentage of 3,4,5-trimethoxybenzaldehyde, anilino compound, and any
individual unspecified impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of 3,4,5-trimethoxybenzaldehyde, anilino compound, or each individual
unspecified impurity from the Sample solution
rS= peak response of trimethoprim in the Standard solution
C=
S concentration of USP Trimethoprim RS in the Standard solution (µg/mL)
C=
U nominal concentration of trimethoprim in the Sample solution (µg/mL)
F= relative response factor, see Table 2
Acceptance criteria See Table 2.

Name
Sulfanilic acida

Table 2
Relative
Retention
Time
0.21

Relative
Acceptance
Response
Criteria,
factor
NMT (%)
0.82

0.10
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Sulfanilamideb
0.41
1.0
0.10
Methylisoxazolaminec,d
0.53
0.82
0.10
Trimethoprim
1.00
1.0
—
e,d
Sulfamethoxazole related compound F
1.30
0.69
0.10
Sulfamethoxazole
1.62
1.0
—
Sulfamethoxazole related compound A
1.82
0.92
0.10
3,4,5-Trimethoxybenzaldehyde
2.25
0.54
0.15
f,d
Impurity G
2.47
1.2
0.10
g
Sulfamethoxazole sulfanilamide
2.58
0.88
0.10
Anilino compoundd
3.92
0.54
0.15
Any individual unspecified impurity
—
1.0
0.10
Total impurities
—
—
0.75
a 4-Aminobenzenesulfonic acid.
b 4-Aminobenzenesulfonamide.
c 5-Methylisoxazol-3-amine.
d Process impurity.
e 4-Amino-N-(3-methylisoxazol-5-yl)benzenesulfonamide.
f 4-Amino-3-chloro-N-(5-methylisoxazol-3-yl)-benzene sulfonamide.
g 4-Amino-N-{4-[N-(5-methylisoxazol-3-yl)sulfamoyl]phenyl}benzenesulfonamide.
1S (USP38)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Store at controlled room temperature. 1S (USP38)
Change to read:
• USP Reference Standards 11
USP Sulfamethoxazole RS
USP Sulfamethoxazole Related Compound A RS
N-{4-[N-(5-Methylisoxazol-3-yl)sulfamoyl]phenyl}acetamide.
C12 H13 N3 O4 S
295.31 1S (USP38)
USP Trimethoprim RS
BRIEFING
Tetracycline Hydrochloride Capsules, USP 37 page 4899. As part of USP monograph
modernization efforts, it is proposed to make following changes:
1.
Replace the Assay, which uses an undesirable solvent like dimethylformamide, and
precolumn requirement with a new validated HPLC procedure. The procedure in the
Assay is based on analyses performed with the Phenomenex Prodigy (ODS 3) 100A
brand of L1 column. The typical retention time for tetracycline is about 3.9 min.
2.
Replace the procedure in Organic Impurities with a procedure similar to the Assay.
3.
Add USP Epitetracycline Hydrochloride RS and USP Anhydrotetracycline Hydrochloride RS
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in the USP Reference Standards section to support the proposed revision in Organic
Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: R.S. Prasad.)
Correspondence Number—C131250

Comment deadline: July 31, 2014
Tetracycline Hydrochloride Capsules
DEFINITION
Tetracycline Hydrochloride Capsules contain NLT 90.0% and NMT 125.0% of the labeled amount
of tetracycline hydrochloride (C22 H24 N2 O8 ·HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Diluent: Dimethylformamide and 0.1 M ammonium oxalate (27:68)
Mobile phase: Dimethylformamide, 0.1 M ammonium oxalate, and 0.2 M dibasic ammonium
phosphate (27:68:5). Adjust, if necessary, with 3 N ammonium hydroxide or 3 N
phosphoric acid to a pH of 7.6–7.7.
Standard solution: 0.5 mg/mL of USP Tetracycline Hydrochloride RS in Diluent
Sample solution: Equivalent to 0.5 mg/mL of tetracycline hydrochloride in Diluent from
NLT 20 Capsules. [Note—Sonicate if necessary to dissolve.]
System suitability solution: 100 µg/mL of tetracycline hydrochloride and 25 µg/mL of
USP 4-Epianhydrotetracycline Hydrochloride RS in Diluent
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 280 nm
Guard column: 4.6-mm × 3-cm; 10-µm packing L7
Column: 4.6-mm × 25-cm; 5- to 10-µm packing L7
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for 4-epianhydrotetracycline and tetracycline are 0.9
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.2 between the 4-epianhydrotetracycline and tetracycline peaks,
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System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tetracycline hydrochloride (C22 H24 N2 O8 ·HCl) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of tetracycline from the Sample solution
rS= peak response of tetracycline from the Standard solution
C=
S concentration of USP Tetracycline Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
P= potency of USP Tetracycline Hydrochloride RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Solution A: Dilute 1 mL of phosphoric acid with water to 1 L.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
85
15
7.5
60
40
7.6
85
15
10
85
15
System suitability solution: 25 µg/mL each of USP Anhydrotetracycline Hydrochloride
RS, USP 4-Epianhydrotetracycline Hydrochloride RS, USP Epitetracycline Hydrochloride
RS, and USP Tetracycline Hydrochloride RS in Solution A
Standard solution: 100 µg/mL of USP Tetracycline Hydrochloride RS in Solution A
Sample solution: Nominally equivalent to 100 µg/mL of tetracycline hydrochloride in
Solution A from NLT 20 Capsules, prepared as follows. Transfer a portion of Capsule
contents, equivalent to 25 mg of tetracycline hydrochloride, into a 250-mL volumetric
flask. Dissolve with the aid of sonification, and dilute with Diluent to volume. Pass
through a syringe filter of 0.22-µm pore size, discarding the first 2 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Column: 50
Autosampler: 4
Flow rate: 1.0 mL/min
Injection volume: 10 µL
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System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for epitetracycline, tetracycline, 4epianhydrotetracycline, and anhydrotetracycline are 0.9, 1.0, 1.6, and 1.8,
respectively.]
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Resolution: NLT 2.5 between epitetracycline and tetracyline; NLT 2.5 between
anhydrotetracycline and 4-epianhydrotetracyline, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tetracycline hydrochloride
(C22 H24 N2 O8 ·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of tetracycline from the Sample solution
rS= peak response of tetracycline from the Standard solution
CS= concentration of USP Tetracycline Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of tetracycline hydrochloride in the Sample solution (µg/mL)
P = potency of USP Tetracycline Hydrochloride RS (µg/mg)
F = correction factor, 0.001 mg/µg
1S (USP38)

Acceptance criteria: 90.0%–125.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: Water; 900 mL
Apparatus 2: 75 rpm. Maintain a distance of 45 ± 5 mm between the blade and the
inside bottom of the vessel.
Times: 60 min; 90 min for 500-mg Capsules
Detector: UV 276 nm
Standard solution: USP Tetracycline Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter.
Analysis: Determine the amount of tetracycline hydrochloride (C22 H24 N2 O8 ·HCl) dissolved
by using UV absorption on portions of the Sample solution suitably diluted with Medium,
if necessary, in comparison with a Standard solution having a known concentration of
USP Tetracycline Hydrochloride RS.
Tolerances: NLT 80% (Q) of tetracycline hydrochloride (C22 H24 N2 O8 ·HCl) is dissolved.
Test 2: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 2.
Medium: Water; 900 mL, deaerated
Apparatus 2: 75 rpm. Maintain a distance of 45 ± 5 mm between the blade and the
inside bottom of the vessel.
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Times: For Capsules labeled to contain 250 mg: 30 and 60 min; for Capsules labeled to
contain 500 mg: 30, 60, and 90 min
Detector: UV 276 nm
Standard solution: USP Tetracycline Hydrochloride RS in Medium
Sample solution: At the times specified, withdraw a known volume of the solution under
test, and pass it through a suitable filter. Dilute with Medium, if necessary. Replace the
volume withdrawn with the same amount of Medium, pre-heated at 37.0 ± 0.5 .
Blank: Medium
Tolerances: See Table 2 and Table 3.
Table 2
For Capsules Labeled to Contain 250 mg
Time (min)
30
60

Amount Dissolved
NLT 60% (Q)
NLT 85% (Q)

Table 3
For Capsules Labeled to Contain 500 mg
Time (min)
30
60
90
• Uniformity of Dosage Units

Amount Dissolved
NLT 50% (Q)
NLT 70% (Q)
NLT 85% (Q)

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
• Procedure: Limit of 4-Epianhydrotetracycline
Diluent, Mobile phase, Sample solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Standard solution: 10 µg/mL of USP 4-Epianhydrotetracycline Hydrochloride RS in
Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 4-epianhydrotetracycline hydrochloride in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response of 4-epianhydrotetracycline from the Sample solution
rS= peak response of 4-epianhydrotetracycline from the Standard solution
C=
S concentration of USP 4-Epianhydrotetracycline Hydrochloride RS in the Standard
solution (µg/mL)
C=
U nominal concentration of tetracycline hydrochloride in the Sample solution (mg/mL)
F= conversion factor, 0.001 mg/µg
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Acceptance criteria: NMT 3.0%
Solution A, Solution B, Mobile phase, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
System suitability solution: 25 µg/mL each of USP Anhydrotetracycline Hydrochloride
RS, USP 4-Epianhydrotetracycline Hydrochloride RS, USP Epitetracycline Hydrochloride
RS, and USP Tetracycline Hydrochloride RS in Solution A
Standard solution: 0.5 µg/mL of USP Anhydrotetracycline Hydrochloride RS, 3 µg/mL
each of USP 4-Epianhydrotetracycline Hydrochloride RS and USP Epitetracycline
Hydrochloride RS, and 0.1 µg/mL of USP Tetracycline Hydrochloride RS in Solution A
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.5 between epitetracycline and tetracyline; NLT 2.5 between
anhydrotetracycline and 4-epianhydrotetracyline
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of each specified impurity from the Sample solution
rS= peak response of corresponding USP Reference Standards from the Standard solution
CS= concentration of corresponding USP Reference Standards in the Standard solution
(µg/mL)
CU= nominal concentration of tetracycline hydrochloride in the Sample solution (µg/mL)
P = potency of corresponding USP Reference Standard
Calculate the percentage of each unspecified impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of tetracycline from the Standard solution
CS= concentration of USP Tetracycline Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of tetracycline hydrochloride in the Sample solution (µg/mL)
P = potency of USP Tetracycline Hydrochloride RS (µg/mg)
F = correction factor, 0.001 mg/µg
Acceptance criteria: See Table 4. Disregard any impurity peaks less than 0.05%.

Name
Epitetracylinea
Tetracycline
4-Epianhydrotetracyclineb

Table 4
Relative
Retention
Time
0.9
1.0
1.7

Acceptance
Criteria,
NMT (%)
3.0
—
3.0
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Anhydrotetracyclinec
1.8
0.5
Unspecified impurity
—
0.1
a (4R,4aS,5aS,6S,12aS)-4-(Dimethylamino)-3,6,10,12,12a-pentahydroxy-6-methyl1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide.
b (4R,4aS,12aS)-4-(Dimethylamino)-3,10,11,12a-tetrahydroxy-6-methyl-1,12-dioxo1,4,4a,5,12,12a-hexahydrotetracene-2-carboxamide.
c (4S,4aS,12aS)-4-(Dimethylamino)-3,10,11,12a-tetrahydroxy-6-methyl-1,12-dioxo1,4,4a,5,12,12a-hexahydrotetracene-2-carboxamide.
1S (USP38)

SPECIFIC TESTS
Change to read:
• Loss on Drying 731 Dry 100 mg of Capsule contents in a capillary-stoppered bottle in
vacuum at a pressure not exceeding 5 mm of mercury at 60 for 3 h: it loses NMT 4.0% of
its weight.
Sample: 100 mg of Capsule contents
Analysis: Dry the Sample in a capillary-stoppered bottle at a pressure not exceeding 5
mm of mercury at 60 for 3 h.
Acceptance criteria: NMT 4.0%

1S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: When more than one Dissolution test is given, the labeling states the test used
only if Test 1 is not used.
Change to read:
• USP Reference Standards 11
USP Anhydrotetracycline Hydrochloride RS
USP 4-Epianhydrotetracycline Hydrochloride RS
USP Epitetracycline Hydrochloride RS
USP Tetracycline Hydrochloride RS

1S (USP38)

1S (USP38)

BRIEFING
Ticarcillin Disodium, USP 37 page 4953. As part of the USP monograph modernization effort,
the following revisions are proposed based on the European Pharmacopoeia 7.8 monograph:
1.
Identification test A, which is based on Ultraviolet Absorption
a more specific test based on Infrared Absorption

197U , is replaced with

197K .

2.
A test for identification based on Optical Rotation, Specific Rotation 781S is added
to the monograph. This test distinguishes ticarcillin disodium from ticarcillin
monosodium.
3.
A test for identification based on HPLC retention time is added to the monograph. The
order of the tests is revised to reflect current USP style.
4.
The chromatographic procedure in the Assay is replaced with one based on the method
in the European Pharmacopoeia.
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5.
The test for Organic Impurities is added based on the method in the European
Pharmacopoeia.
6.
The Lichrosper 100-RP18 brand of L1 column is suitable for the Assay and the test for
Organic Impurities. The typical retention times for the two ticarcillin peaks are about
5.5 and 6 min in the Assay and 14.5 and 15.5 min in the test for Organic Impurities.
7.
The test for Content of Ticarcillin is deleted because information about ticarcillin
content is available through the Assay procedure.
8.
Packaging and Storage is revised to include storage conditions based on those in the
European Pharmacopoeia.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Wise.)
Correspondence Number—C122352

Comment deadline: July 31, 2014
Ticarcillin Disodium

C15 H14 N2 Na2 O6 S2

428.38

4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 6-[(carboxy-3-thienylacetyl)amino]-3,3dimethyl-7-oxo-, disodium salt, [2S-[2 ,5 ,6 (S*)]]-;
N-(2-Carboxy-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-6-yl)-3-thiophenemalonamic
acid disodium salt
[4697-14-7].
DEFINITION
Ticarcillin Disodium has a potency equivalent to NLT 800 µg/mg of ticarcillin (C15 H16 N2 O6 S2 ),
calculated on the anhydrous basis.
IDENTIFICATION
Delete the following:
•
A. Ultraviolet Absorption 197U
Wavelength range: 200–300 nm
Sample solution: 20 µg/mL. Use the solution prepared as directed in the test for Content
of Ticarcillin. 1S (USP38)
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Add the following:
• A. Infrared Absorption 197K
Solution A: Acetone and water (90:10)
Standard: Dissolve 50 mg of USP Ticarcillin Monosodium Monohydrate RS in 1 mL of water,
add 0.1 mL of hydrochloric acid, swirl, and allow to stand in iced water for 10 min. Pass
through a filter. Wash the residue with 2 mL of water and dissolve in Solution A. Evaporate
almost to dryness, then dry in an oven at 60 for 30 min.
Sample: Dissolve 50 mg of Ticarcillin Disodium in 1 mL of water, add 0.1 mL of hydrochloric
acid, swirl, and allow to stand in iced water for 10 min. Pass through a filter. Wash the
residue with 2 mL of water and dissolve in Solution A. Evaporate almost to dryness, then
dry in an oven at 60 for 30 min.
Acceptance criteria: Meets the requirements

1S (USP38)

Add the following:
• B. Meets the requirements of the test for Optical Rotation, Specific Rotation

1S (USP38)

Add the following:
• C. The retention times of the major peaks of the Sample solution correspond to those of
the Standard solution, as obtained in the Assay. 1S (USP38)
Change to read:
• B
D. 1S (USP38)
Identification Tests—General, Sodium 191
Sample solution: 50 mg/mL
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Buffer A: 13.8 g/L of monobasic sodium phosphate in water adjusted with phosphoric acid
or 10 N sodium hydroxide to a pH of 4.3 ± 0.1 before final dilution
Mobile phase: Acetonitrile and Buffer A (5:95)
Buffer B: 6.9 g/L of monobasic sodium phosphate adjusted with 10 N sodium hydroxide to
a pH of 6.4 ± 0.1 before final dilution
Standard solution: 1 mg/mL of USP Ticarcillin Monosodium Monohydrate RS in Buffer B
System suitability stock solution: 0.15 mg/mL of clavulanic acid from USP Clavulanate
Lithium RS in Buffer B
System suitability solution: 30 µg/mL of clavulanic acid from System suitability stock
solution and 1 mg/mL of USP Ticarcillin Monosodium Monohydrate RS in Buffer B. Use this
solution on the day prepared.
Sample solution: 1 mg/mL of Ticarcillin Disodium in Buffer B
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 220 nm

621 , System Suitability.)
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Column: 4-mm × 30-cm; 3- to 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for clavulanic acid and ticarcillin are 0.2 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 5.0 between clavulanic acid and ticarcillin, System suitability solution
Column efficiency: NLT 1000 theoretical plates, Standard solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of ticarcillin (C15 H16 N2 O6 S2 ) in the portion of Ticarcillin
Disodium taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ticarcillin Monosodium Monohydrate RS in the Standard solution
(mg/mL)
C=
U concentration of Ticarcillin Disodium in the Sample solution (mg/mL)
P= potency of ticarcillin in USP Ticarcillin Monosodium Monohydrate RS (µg/mg)
Acceptance criteria: NLT 800 µg/mg of ticarcillin (C15 H16 N2 O6 S2 ) on the anhydrous basis
Buffer: 1.3 g/L of dibasic ammonium phosphate in water adjusted with phosphoric acid to
a pH of 7.0
Mobile phase: Methanol and Buffer (20:80)
Standard solution: 0.1 mg/mL of USP Ticarcillin Monosodium Monohydrate RS in Mobile
phase
Sample solution: 0.1 mg/mL of Ticarcillin Disodium in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between the two ticarcillin peaks
Relative standard deviation: NMT 1.0% for the sum of the ticarcillin peaks
Analysis
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Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of ticarcillin (C15 H16 N2 O6 S2 ) in the portion of Ticarcillin
Disodium taken:
Result = (rU/rS) × (CS/CU) × P
rU= sum of the responses of the two ticarcillin peaks from the Sample solution
rS= sum of the responses of the two ticarcillin peaks from the Standard solution
CS= concentration of USP Ticarcillin Monosodium Monohydrate RS in the Standard
solution (mg/mL)
CU= concentration of Ticarcillin Disodium in the Sample solution (mg/mL)
P = potency of ticarcillin in USP Ticarcillin Monosodium Monohydrate RS (µg/mg)
Acceptance criteria: NLT 800 µg/mg on the anhydrous basis

1S (USP38)

IMPURITIES
• Dimethylaniline

223 : Meets the requirements

Add the following:
• Organic Impurities
Solution A: 1.3 g/L of dibasic ammonium phosphate in water adjusted with phosphoric acid
to a pH of 7.0
Solution B: Methanol and Solution A (50:50)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
30
30
70
40
30
70
System suitability solution: 0.02 mg/mL of USP Ticarcillin Monosodium Monohydrate RS in
Solution A
Sample solution: 1 mg/mL of Ticarcillin Disodium in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.0 between the two ticarcillin peaks
Relative standard deviation: NMT 5.0% for the sum of the ticarcillin peaks
Analysis
Sample: Sample solution
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Calculate the percentage of each impurity in the portion of Ticarcillin Disodium taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the responses of the two ticarcillin peaks from the Sample solution
Acceptance criteria: See Table 2.
Table 2

Name

Relative
Retention
Time
0.95
1.0
2.1
—

Acceptance
Criteria,
NMT (%)

—
Ticarcillin
Ticarcillin related compound Aa
4
Any individual unspecified impurity
2.5
a Decarboxy ticarcillin; (2S,5R,6R)-3,3-Dimethyl-7-oxo-6-[[(thiophen-3-yl)acetyl]amino]4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
1S (USP38)

SPECIFIC TESTS
Delete the following:
•
Content of Ticarcillin
Solution A: 0.1 N methanolic hydrochloric acid prepared by diluting 4 mL of hydrochloric
acid with methanol to 500 mL
Standard stock solution: 0.4 mg/mL of USP Ticarcillin Monosodium Monohydrate RS in
water
Standard solution: 20 µg/mL of USP Ticarcillin Monosodium Monohydrate RS from Sample
stock solution in Solution A
Sample stock solution: 0.4 mg/mL of Ticarcillin Disodium in water
Sample solution: 20 µg/mL of Ticarcillin Disodium from Sample stock solution in Solution A
Blank: Dilute 5.0 mL of water with Solution A to 100 mL.
Instrumental conditions
Analytical wavelength: 230 nm
Analysis
Samples: Standard solution, Sample solution and Blank
Calculate the percentage of ticarcillin (C15 H16 N2 O6 S2 ) in the portion of Ticarcillin Disodium
taken:
Result = (AU/AS) × (CS/CU) × P × F × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Ticarcillin Monosodium Monohydrate RS in the Standard solution
(µg/mL)
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C=
U concentration of Ticarcillin Disodium in the Sample solution (µg/mL)
P= potency of ticarcillin in USP Ticarcillin Monosodium Monohydrate RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: 80.0%–94.0% on the anhydrous basis

1S (USP38)

• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in water
Acceptance criteria: +172 to +187
• pH 791
Sample solution: 10 mg/mL of ticarcillin from Ticarcillin Disodium in water
Acceptance criteria: 6.0–8.0
• Water Determination, Method I

921 : NMT 6.0%

• Sterility Tests 71 : Where the label states that Ticarcillin Disodium is sterile, it meets the
requirements in Test for Sterility of the Product to Be Examined, Membrane Filtration.
• Bacterial Endotoxins Test 85 : Where the label states that Ticarcillin Disodium is sterile
or must be subjected to further processing during the preparation of injectable dosage
forms, it contains NMT 0.05 USP Endotoxin Unit/mg of ticarcillin.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers
and store in a refrigerator. 1S (USP38)
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
• USP Reference Standards 11
USP Endotoxin RS
USP Ticarcillin Monosodium Monohydrate RS
C15 H15 N2 NaO6 S2 ·H2 O
424.42
BRIEFING
Ticarcillin Monosodium, USP 37 page 4957. As part of the USP monograph modernization
effort, the following revisions are proposed based on the European Pharmacopoeia 7.8
monograph:
1.
The chemical structure is added to the monograph.
2.
Identification test B, which is based on Ultraviolet Absorption 197U , is replaced with
a test for Optical Rotation, Specific Rotation. This test distinguishes ticarcillin
monosodium from ticarcillin disodium.
3.
A test for identification based on HPLC retention time is added to the monograph. The
order of the tests is revised to reflect current USP style.
4.
The chromatographic procedure in the Assay is replaced with one based on the method
in the European Pharmacopoeia.
5.
The test for Organic Impurities is added based on the method in the European
Pharmacopoeia.
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6.
The Lichrosper 100-RP18 brand of L1 column is suitable for the Assay and the test for
Organic Impurities. The typical retention times for the two ticarcillin peaks are about
5.5 and 6 min in the Assay and 14.5 and 15.5 min in the test for Organic Impurities.
7.
The USP Reference Standards section is revised to delete a Reference Standard that is
no longer required.
8.
The Packaging and Storage section is revised to include storage conditions based on
those in the European Pharmacopoeia.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Wise.)
Correspondence Number—C122352

Comment deadline: July 31, 2014
Ticarcillin Monosodium
Change to read:

1S (USP38)

C15 H15 N2 NaO6 S2 ·H2 O

424.42

4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 6-[(carboxy-3-thienylacetyl)amino]-3,3dimethyl-7-oxo, monosodium salt, [2S-[2 ,5 ,6 (S*)]]-, monohydrate;
(R)-N-[(2S,5R,6R)-2-Carboxy-3,4-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]hept-6-yl]-3thiophenemalonamic acid monosodium salt.
Anhydrous
C15 H15 N2 NaO6 S2
406.40
[74682-62-5].
DEFINITION
Ticarcillin Monosodium contains the equivalent of NLT 890 µg/mg of ticarcillin (C15 H16 N2 O6 S2 ),
calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K : Meets the requirements
Delete the following:
•
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B. Ultraviolet Absorption 197U
Wavelength range: 200–300 nm
Solution A: 0.1 N methanolic hydrochloric acid prepared by diluting 4 mL of hydrochloric
acid with methanol to 500 mL
Sample stock solution: 0.4 mg/mL of Ticarcillin Monosodium in water
Sample solution: 20 µg/mL of Ticarcillin Monosodium from Sample stock solution in Solution
A 1S (USP38)
Add the following:
• B. Meets the requirements of the test for Optical Rotation, Specific Rotation.

1S (USP38)

Add the following:
• C. The retention times of the major peaks of the Sample solution correspond to those of
the Standard solution, as obtained in the Assay. 1S (USP38)
Change to read:
• C
D. 1S (USP38)
Identification Tests—General, Sodium 191
Sample solution: 50 mg/mL
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Buffer A: 13.8 g/L of monobasic sodium phosphate in water adjusted with phosphoric acid
or 10 N sodium hydroxide to a pH of 4.3 ± 0.1 before final dilution
Mobile phase: Acetonitrile and Buffer A (5:95)
Buffer B: 6.9 g/L of monobasic sodium phosphate adjusted with 10 N sodium hydroxide to
a pH of 6.4 ± 0.1 before final dilution
Standard solution: 1 mg/mL of USP Ticarcillin Monosodium Monohydrate RS in Buffer B
System suitability stock solution: 0.15 mg/mL of clavulanic acid from USP Clavulanate
Lithium RS in Buffer B
System suitability solution: 30 µg/mL of clavulanic acid from System suitability tock
solution and 1 mg/mL of USP Ticarcillin Monosodium Monohydrate RS in Buffer B. Use this
solution on the day prepared.
Sample solution: 1 mg/mL of Ticarcillin Monosodium in Buffer B
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 220 nm
Column: 4-mm × 30-cm; 3- to 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
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[Note—The relative retention times for clavulanic acid and ticarcillin are 0.2 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 5.0 between clavulanic acid and ticarcillin, System suitability solution
Column efficiency: NLT 1000 theoretical plates, Standard solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of ticarcillin (C15 H16 N2 O6 S2 ) in the portion of Ticarcillin
Monosodium taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ticarcillin Monosodium Monohydrate RS in the Standard solution
(mg/mL)
C=
U concentration of Ticarcillin Monosodium in the Sample solution
P= potency of ticarcillin in USP Ticarcillin Monosodium Monohydrate RS (µg/mg)
Acceptance criteria: NLT 890 µg/mg on the anhydrous basis
Buffer: 1.3 g/L of dibasic ammonium phosphate in water adjusted with phosphoric acid to
a pH of 7.0
Mobile phase: Methanol and Buffer (20:80)
Standard solution: 0.1 mg/mL of USP Ticarcillin Monosodium Monohydrate RS in Mobile
phase
Sample solution: 0.1 mg/mL of Ticarcillin Monosodium in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between the two ticarcillin peaks
Relative standard deviation: NMT 1.0% for the sum of the ticarcillin peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of ticarcillin (C15 H16 N2 O6 S2 ) in the portion of Ticarcillin
Monosodium taken:
Result = (rU/rS) × (CS/CU) × P
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rU= sum of the responses of the two ticarcillin peaks from the Sample solution
rS= sum of the responses of the two ticarcillin peaks from the Standard solution
CS= concentration of USP Ticarcillin Monosodium Monohydrate RS in the Standard
solution (mg/mL)
CU= concentration of Ticarcillin Monosodium in the Sample solution (mg/mL)
P = potency of ticarcillin in USP Ticarcillin Monosodium Monohydrate RS (µg/mg)
Acceptance criteria: NLT 890 µg/mg on the anhydrous basis

1S (USP38)

IMPURITIES
• Dimethylaniline

223 : Meets the requirements

Add the following:
• Organic Impurities
Solution A: 1.3 g/L of dibasic ammonium phosphate in water adjusted with phosphoric acid
to a pH of 7.0
Solution B: Methanol and Solution A (50:50)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
30
30
70
40
30
70
System suitability solution: 0.02 mg/mL of USP Ticarcillin Monosodium Monohydrate RS in
Solution A
Sample solution: 1 mg/mL of Ticarcillin Monosodium in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.0 between the two ticarcillin peaks
Relative standard deviation: NMT 5.0% for the sum of the ticarcillin peaks
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Ticarcillin Monosodium taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
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r=
T sum of the responses of the two ticarcillin peaks from the Sample solution
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time
0.95
1.0
2.1
—

Name

Acceptance
Criteria,
NMT (%)

—
Ticarcillin
Ticarcillin related compound Aa
4
Any individual unspecified impurity
2.5
a Decarboxy ticarcillin; (2S,5R,6R)-3,3-Dimethyl-7-oxo-6-[[(thiophen-3-yl)acetyl]amino]4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
1S (USP38)

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Buffer: 6.9 g/L of monobasic sodium phosphate adjusted with 10 N sodium hydroxide to a
pH of 6.4 ± 0.1 before final dilution
Sample solution: 10 mg/mL in Buffer
Acceptance criteria: +181 to +197
• Crystallinity

695 : Meets the requirements

• pH 791
Sample solution: 10 mg/mL of ticarcillin from Ticarcillin Monosodium in water
Acceptance criteria: 2.5–4.0
• Water Determination, Method I

921 : 4.0%–6.0%

• Sterility Tests 71 : Where the label states that Ticarcillin Monosodium is sterile, it meets
the requirements when tested as directed for Test for Sterility of the Product to Be
Examined, Membrane Filtration.
• Bacterial Endotoxins Test 85 : Where the label states that Ticarcillin Monosodium is
sterile, or must be subjected to further processing during the preparation of injectable
dosage forms, it contains NMT 0.05 USP Endotoxin Units/mg of ticarcillin.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers
and store in a refrigerator. 1S (USP38)
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
Change to read:
• USP Reference Standards 11
USP Clavulanate Lithium RS
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USP Endotoxin RS
USP Ticarcillin Monosodium Monohydrate RS
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
BRIEFING
1055 Biotechnology-Derived Articles—Peptide Mapping. The United States
Pharmacopeia is the coordinating pharmacopeia for the international harmonization of the
compendial standards for this general chapter as part of the process of international
harmonization of monographs and general analytical methods of the European, Japanese, and
United States pharmacopeias. The following chapter, which represents the OFFICIAL INQUIRY
STAGE 4 document, is based in part on comments from the Japanese Pharmacopoeia and the
European Pharmacopoeia. The proposed chapter content replaces the entire content of the
official chapter and describes the use of modern methods for peptide mapping, such as mass
spectrometry, in more detail. The proposed chapter particularly focuses on the use of peptide
mapping for identity testing of biotechnology-derived articles and includes helpful flow diagrams
for selection and development of methods as well as their use for identity testing. The chapter
is also referenced by the following official USP–NF chapters and monographs:
Ancillary Materials for Cell, Gene, and Tissue-Engineered Products
Gene Therapy Products

1047

Biotechnology-Derived Articles—Amino Acid Analysis
Capillary Electrophoresis

1043

1052

1053

Biotechnology-Derived Articles—Isoelectric Focusing

1054

Biotechnology-Derived Articles—Polyacrylamide Gel Electrophoresis
Biotechnology-Derived Articles—Total Protein Assay

1056

1057

Glycoprotein and Glycan Analysis—General Considerations
Calcitonin Salmon
rAlbumin Human
Filgrastim

1084

These links will remain as written when this chapter moves to official.
(GCBA: M. Kibbey.)
Correspondence Number—C101828

Comment deadline: July 31, 2014
Add the following:
1055

BIOTECHNOLOGY-DERIVED ARTICLES—PEPTIDE MAPPING
INTRODUCTION

Peptide mapping is an analytical method used to characterize the primary structure of proteins,
in this context those obtained through recombinant DNA technology. Peptide mapping involves
the chemical or enzymatic treatment of a protein to selectively cleave amide bonds between
amino acid residues to yield a predictable set of peptides. The peptides produced are subjected
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to analytical separation, detection, and identification, providing information on the amino acid
sequence and any chemical modification of the peptides. Once detailed chemical structural
information for peptides in the peptide map has been determined, this information can be
extrapolated back to provide chemical structural information for the protein from which the
peptide map was derived. Peptide mapping is a comparative procedure because the information
obtained, compared to a product reference standard similarly treated, confirms the primary
structure of the protein, is capable of detecting whether alterations in structure have
occurred, and demonstrates process consistency and genetic stability.
Within the scope of the analysis of biotechnology-derived protein pharmaceuticals, there are
several intended uses of peptide mapping. This chapter will focus on the use of peptide
mapping for the determination of the primary structure of a protein to establish identity of a
new product or confirm identity of existing products. This is achieved by comparison of the
peptide map obtained with the test substance to that obtained with a reference substance
similarly treated.
GENERAL CONSIDERATIONS FOR THE DEVELOPMENT OF A PEPTIDE MAPPING PROCEDURE
Each protein to be mapped presents unique characteristics that must be well understood so
that the scientific and analytical approaches permit validated development of a peptide map
that provides sufficient specificity. In addition, the design of peptide mapping procedures may
differ according to the goal of the procedure. For protein identity, a peptide map needs high
specificity. Complete or nearly complete sequence coverage is important, because there may
be no prior knowledge of the alterations to the protein. There are general considerations that
apply to all peptide mapping applications.
Four major steps are typically necessary for the development of a peptide mapping procedure:
sample pretreatment (e.g., desalting, reduction, alkylation); selective cleavage of the amide
bonds; peptide separation; and detection of the peptides. This chapter provides detailed
guidance in the application of peptide mapping approaches.
The flow chart in Figure 1 outlines the steps and decisions involved in developing a peptide
mapping procedure. In general, development of a peptide mapping procedure starts with
knowledge of the amino acid sequence of the protein product. Because the chemical or
enzymatic proteolysis methods used in peptide mapping have specificity towards amide bonds
prior to or after specific amino acids, knowledge of the amino acid sequence can be used to
predict the set of peptides that will be formed. Computational tools are available to predict the
peptides generated by a chemical reagent capable of cleaving a sequence-specific peptide
bond or a proteolytic enzyme, i.e., for performing an in silico digestion. For each peptide
mapping application, in silico digestion is first performed to both “design” the set of
hypothetical proteolytic peptides that, once characterized, will achieve the goal of the peptide
map and determine which proteolytic reagent to use. After performing the in silico digestion
experiment, the next step in developing a peptide mapping procedure is to perform the selected
proteolytic process followed by analytical characterization of the peptides generated. The
techniques used for analytical characterization can vary, but typically involve a method to first
separate the peptides [such as reversed-phase liquid chromatography (RPLC)] and then to
detect and identify separated peptides [such as UV detection or mass spectroscopy (MS) or
Edman sequencing of the isolated peptides]. The analytical results are then compared to those
predicted by in silico digestion and optimization of the sample processing, peptide separation, or
detection can be performed iteratively or by using Design of Experiments (DOE) if the
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experimental results do not sufficiently match the expected results.

Figure 1: Peptide Map Method Development and Characterization
EXPERIMENTAL ASPECTS OF PEPTIDE MAPPING
Peptide mapping is not a general method, but involves developing a specific map for each
unique protein. Although the technology is evolving rapidly, there are certain methods that are
well established. Variations of these methods will be indicated, when appropriate, in specific
monographs.
Computational Tools for Peptide Mapping
There are a variety of computational tools available to assist in the experimental design of a
peptide map. To use one of these computational tools for in silico peptide mapping, one starts
with the amino acid sequence of the test protein and selects a cleavage agent to be used in
the generation of the peptide map. Next, a list of potential peptides is generated for the
selected cleavage agent. Depending on the sophistication of the computational tool used, the
list of potential peptides can also include characteristics about each peptide including molecular
mass and charge state masses for MS analysis, calculated hydrophobicities, and calculated
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retention factors for chromatographic analysis. By examining the list of potential peptides for a
variety of cleavage agents, one can decide which cleavage agent (or combination of cleavage
agents) may best match the peptide mapping goals. Computational tools for peptide mapping
are often included as a component of protein sequence databases found on the internet or as
part of the protein/peptide data analysis software that is produced by manufacturers of LC-MS
instrumentation.
Pretreatment of Sample
Isolation and purification may be necessary for analysis of bulk drugs, dosage forms, or
reference substances containing interfering excipients and carrier proteins. The procedures and
respective system suitability requirements for such procedures are specified in the individual
monographs.
The treatment of proteins with chaotropic agents (e.g., guanidinium chloride, urea) and
surfactants (e.g., SDS) can be used to unfold the protein prior to digestion. It is often
necessary to reduce and alkylate the disulfide bonds prior to digestion in order to allow the
enzyme to have full access to cleavage sites; however, the cysteine-to-cysteine linkage
information is then lost. Common reagents for disulfide reduction include dithiothreitol and
trialkylphosphine compounds such as tris(2-carboxyethyl)phosphine. Reagents for alkylating
reduced cysteines include iodoacetamide, iodoacetic acid, and 4-vinylpyridine.
Digestion
SELECTIVE CLEAVAGE OF PEPTIDE BONDS
The selection of the approach used for the cleavage of peptide bonds is protein dependent.
This selection process involves determination of the type of cleavage to be employed—
enzymatic or chemical—and the type of cleavage agent within the chosen category. Several
cleavage agents and their specificity are shown in Table 1. This list is not all-inclusive and
while only a few of the methods are widely utilized, there may be specific reasons for using
other methods or combinations of methods.
Table 1. Examples of Cleavage Agents
Type
Agent
Specificity
Enzymatic Trypsin, EC 3.4.21.4
C-terminal side of Arg and Lys
Chymotrypsin, EC 3.4.21.1
C-terminal side of hydrophobic
residues (e.g., Leu, Met, Ala,
aromatics)
Pepsin A (Pepsin), EC 3.4.23.1
Low-specificity digest
Lysyl endopeptidase (Lys-C endopeptidase), EC C-terminal side of Lys
3.4.21.50
Glutamyl endopeptidase (Glu-C endoproteinase; C-terminal side of Glu and Asp
V8 protease); (from S. aureus strain V8), EC
3.4.21.19
Peptidyl-Asp metalloendopeptidase (Asp-N
N-terminal side of Asp
endoproteinase), EC 3.4.24.33
Clostripain (Arg-C endopeptidase), EC 3.4.22.8 C-terminal side of Arg
Chemical Cyanogen bromide
C-terminal side of Met
2-Nitro-5-thiocyanobenzoic acid
N-terminal side of Cys
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O-Iodosobenzoic acid
Dilute acid
3-Bromo-3-methyl-2-(2-nitrophenylthio-3Hindole (BNPS-skatole)

C-terminal side of Trp and Tyr
Asp and Pro
Trp

ESTABLISHMENT OF OPTIMAL DIGESTION CONDITIONS
Factors that impact the effectiveness and reproducibility of digestion of proteins are common
to any chemical or enzymatic reactions: pH, temperature, time, choice, and ratio of digest
enzyme/reagent to substrate/reactant.
pH: The digestion mixture pH is generally determined by the enzyme or reagent, not the protein
being analyzed. For example, a highly acidic environment (e.g., pH 2, formic acid) is necessary
when using cyanogen bromide as a cleavage agent; however, a slightly alkaline environment
(pH 8) is optimal when using trypsin as a cleavage agent.
Temperature: The optimal temperature is dependent on the cleavage reagent; for example,
most enzymes have maximal activity in a range of 25 –37 . The temperature may to some
degree define the specificity of the enzyme. In such cases the fine tuning of the temperature
can be used to optimize the digestion conditions for certain proteins. Ideally, the digestion
temperature will minimize sample-related chemical side reactions and protein aggregation while
maximizing the susceptibility of the test protein to digestion while maintaining the activity of
the cleavage agent.
Time: It is necessary to ensure the digestion is sufficient for intended use to avoid variable
digests. A simple time-course study is an efficient means to ensure sufficient digestion. Time of
digestion varies from minutes to days and aliquots of a single reaction may be appropriately
stabilized for analysis to determine the time required for complete digestion of the protein.
Amount of cleavage agent: Sufficient cleavage agent should be used to attain the desired
level of digestion within a practical time period (i.e., 2–20 h), while the amount of cleavage
agent is minimized to avoid its contribution to the peptide map. For an enzymatic digest, the
protein-to-protease mass ratio between 20:1 and 200:1 is generally used. If the cleavage
agent is unstable then the result may be improved by dividing the addition of cleavage agent
over two or more additions. Alternately, the use of enzymes bound to a solid support does
allow the use of higher relative amounts of protease while avoiding enzyme autolysis
contamination. In any event, the final reaction volume should remain small enough to facilitate
the next step in peptide mapping—the separation step. Chemical cleavage reagents are usually
used in significant molar excess, and may need to be removed at the end of the digestion.
Other parameters: The concentration of the test protein should be empirically determined.
The test protein concentration should be compatible with the subsequent separation step. The
concentration should be low enough to minimize the potential aggregation of intact and partially
digested proteins. The pH, composition, and ionic strength of the buffer will vary depending on
the cleavage agent, the protein, and the subsequent method of separation.
Digestion can introduce ambiguities in the peptide map as a result of side reactions, such as
nonspecific cleavage, deamidation, disulfide isomerization, oxidation of methionine residues, or
formation of pyroglutamic groups created from the deamidation of glutamine at the N-terminus
of a peptide. These degradation mechanisms should be considered during computational
modeling of the peptide mapping procedure. Furthermore, autolysis may introduce extraneous
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peaks produced by the proteolytic enzyme digesting itself. The intensities of autolysis peptide
peaks are dependent on the enzyme to substrate ratio and the modifications and quality of the
enzyme used. To avoid autolysis, solutions of proteolytic enzyme should be prepared at a pH
which inhibits enzyme activity or prepared just before use. Modified enzymes, which are
prevented from autolysis, may be used. For example, commercial preparations of trypsin (often
called “proteomics grade”) are available in which the lysine residues of the enzyme have been
methylated or acetylated to reduce the number of autolytic cleavage sites. To identify any
digestion artifacts, a blank determination is performed using a digestion control with all the
reagents except the test protein.
Separation
Separation of a peptide mixture is meant to resolve its complexity so that a valid interpretation
of the data is meaningful and reproducible. Several methods and variations have been published
and many are used on a regular basis. Generally all have a common objective to obtain a highly
resolved peptide map.
Several parameters should be considered when developing methods for useful and robust
peptide maps. The complexity of the peptide map will ultimately dictate the optimal set of
conditions, column, and mobile phases. Method optimization experiments will be required to
obtain the highest quality reproducible chromatogram. The molecular weight of the protein
substrate will also influence the complexity of the map and the optimal separation.
CHROMATOGRAPHIC SEPARATION
Chromatographic analysis of peptide mixtures derived from enzymatic or chemical digestion of
recombinant proteins can be used to verify the primary amino acid sequence, locate posttranslational modifications, and disulfide linkages (when comparing reduced versus nonreduced
preparations) in the protein sequence. Many techniques (e.g., ion-exchange, hydrophobic, and
capillary electrophoresis) have been used to separate peptides. However, RPLC is by far the
most common method. This method is typically used with high-pressure liquid chromatographic
systems. In this section, the widely used RPLC method is described as the most common
procedure of chromatographic separation of peptide mixtures.
Chromatographic column: The selection of a chromatographic column is empirically
determined for each protein. Columns with different pore sizes (80–1000 ) or nonporous based
on silica, polymeric, or hybrid supports have been demonstrated to give adequate separation.
Column particle size can impact peptide separation. For example, columns with particle sizes <2
µm are available and are typically more efficient than those with 3–5 µm particle sizes.
Generally, octyl or octadecylsilyl bonded phases are ideal for peptides. Octadecylsilane (C18)
with 300

or smaller pores is the most commonly employed bonded phase.

Mobile phase: The most commonly used mobile phase for the LC separation of peptides is
water with acetonitrile as the organic modifier; however, other organic modifiers such as
methanol, isopropyl alcohol, or n-propyl alcohol can be employed. Solvents such as the propyl
alcohols may be useful for samples that contain many highly hydrophobic peptides while
realizing that hydrophilic or small peptides may elute in a column void peak.
Mobile phase additives, such as acids/bases, buffer salts, and ion-pairing reagents, are
generally needed to produce high-quality chromatographic separations of peptides. The most
common mobile phase additive has been trifluoroacetic acid (TFA) where typical concentrations
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of 0.05%–0.2% have been employed. Volatile acids and salts can be used to improve MS
compatibility. Other additives such as phosphate are less common, primarily due to MS
becoming a common detection method, but are useful when separating peptides by LC with UV
detection. While TFA has a significant positive impact on the quality of peptide separation, MS
sensitivity can suffer with TFA due to ion-suppression. Formic acid, acetic acid, or
combinations of these with TFA increase MS sensitivity by reducing ion-suppression. In
addition, there are several buffers, such as those containing volatile ammonia, that are
compatible with UV and MS detection. Basically, these buffers allow the selection of a broad
range of pH values to optimize separation without causing column degradation or compromising
UV or MS detection.
Gradient selection: Mobile phase gradients can be linear, nonlinear, or include step functions.
The separation of highly complex peptide mixtures may benefit from shallow gradients.
Regardless, gradients are optimized to provide clear resolution of one or two peaks that will
become “marker” peaks to monitor the quality of the test. Isocratic methods (a single mobile
phase) are generally avoided for peptide mapping since they provide limited resolution of the
peptide mixture.
Other parameters: Temperature control of the column is necessary to achieve good
reproducibility. Also, the temperature may be used to optimize peptide separation or improve
the retention/elution of certain peptides as the resolution typically increases with temperature
for a reversed-phase column. The flow rate for the mobile phases is based on the column
diameter employed. The column chemistry such as pore size and design and particle size will
also influence the optimal flow rate.
Detection
Several detection methods are available including photometric, such as ultraviolet (UV)
absorbance and evaporative light scattering, as well as MS. The choice of detection method
will depend on analytical requirements of the peptide map.
Ultraviolet absorbance is simple and useful. Methods incorporating LC/UV can be validated and
are highly reproducible. The limitation of this method is that UV absorbance provides no peptide
structural information. This is a particularly complex situation when peptides co-elute or when
unknown peaks appear.
Mass spectrometry has become a useful detection method since the LC effluent can be directly
introduced into the MS system. With MS-compatible mobile phases, direct mass information will
correlate to specific eluting or co-eluting peptides. Employing MS allows assignment of masses
to the “peaks” eluting from the LC column.
Data Comparison
To determine whether a biotechnology-derived test article is the desired protein product, a
peptide map of the test article is compared to that of a reference standard of the desired
protein product (see Figure 2). In simple terms, the test article can be sufficiently identified as
being the same protein as the reference standard if both sets of peptide map “fingerprints”
match. Measures to compare UV absorbance traces may include the number of peaks detected,
their relative retention times, the peak responses, and the overall elution profile. Visual
comparison may suffice, although software approaches to align peaks and provide quantitative
comparisons are available. Coupling of the separation to a mass spectrometer for routine
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analyses provides additional information on comparability between the test and reference
samples. This mass information can be correlated to the masses of predicted peptides from the
protein digest, giving insight into peptide modifications, truncations, missed cleavages,
impurities, and unresolved co-eluting entities under a single peak.

Figure 2: Use of the Peptide Map for Identity Testing
ANALYSIS AND IDENTIFICATION OF PEPTIDES
This section gives guidance on the use of peptide mapping during development in support of
regulatory applications.
Peptide mapping requires the analysis and identification of peptides generated by the enzymatic
or chemical cleavage of an intact protein. The aim is to provide a validated method that can
characterize at least 95% of the primary structure of the protein. Analysis of peptides can be
done directly on-line during chromatographic separation of the peptides, by direct coupling of
the chromatography system to a suitable mass spectrometer, or fractions can be collected offline for further characterization of the peptides within each aliquot.
For off-line methods, UV absorbance can be used to monitor the presence of peaks eluting
during a high-performance liquid chromatography (HPLC) separation. The peptides within each
aliquot can be identified using amino acid analysis, Edman sequencing, or MS. When using these
identification methods, the sample size may need to be scaled up to provide sufficient material
for identification. The chromatography system should be optimized to allow this scaling up so
that resolution of the peptides is not compromised. Edman sequencing can be hindered by
blockage of the N-terminus of the protein. To overcome this, the blocked peptide can be
analyzed using MS or carboxy-terminal sequencing (however, C-terminal sequencing is not
commonly available) or using pyroglutamate amino peptidase to remove an amino terminal
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pyroglutamate if that is the residue blocking the amino terminus.
To identify peptides within the peptide map, the raw MS data is analyzed using software that
compares the experimental mass-to-charge ratios (m/z) obtained using MS with predicted m/z
values of peptides and MS/MS fragmentation patterns expected from the protein of interest.
Furthermore, MS/MS analysis can provide the sequence information.
For unknown peptides, the experimental data can be compared with databases using search
engines. An enzyme constraint, representing the proteolytic enzyme used to generate peptides
from the protein of interest, should be included in the data analysis. An alternative strategy is
to compare the experimental tandem MS spectra using databases and search engines for
comparing these types of data. As with comparing experimental and predicted m/z values of
the intact peptides, dynamic modifications corresponding to the masses of possible posttranslational modifications can be incorporated in the data analysis. Depending on the search
engine used, scoring thresholds should be established that indicate the confidence in the
identification of each measured peptide. An enzyme constraint should also be indicated within
the database analysis corresponding to the known proteolytic rules of the enzyme used to
cleave the protein of interest into peptides.
Use of the Peptide Map as an Identity Test
While peptide mapping is often viewed as a general methodology, it often involves developing
specific maps for each unique protein. Conversely, when similar peptide mapping procedures are
applied to different proteins, the set of peptides produced will be distinctly different. A peptide
map may be viewed as a fingerprint of that protein. Therefore, peptide mapping can be used to
identify a protein.
For use as an identity test, peptide mapping relies on the fact that the set of peptides
generated by the selective cleavage is dictated by the amino acid sequence of the target
protein and the specificity of the reagent used for cleavage.
VALIDATION
For peptide mapping, the intended analytical applications include the evaluation of amino acid
sequence, post-translational modifications, and product-related substances and productrelated impurities. When utilized for the purpose of identity testing and the evaluation of amino
acid sequence and post-translational modifications, the procedure is considered to be an
identification test where data are required to support the specificity of the test; however, due
to the complexity of the procedure, additional validation data characteristics of precision and
robustness must be considered in order to develop meaningful system suitability criteria. Peak
identification and evaluation of peak purity (or co-elution of peptides) should also be
considered.
Specificity
The specificity of the peptide map is established by the comparison of the peptide maps of a
suitable reference substance and samples of structurally related proteins. In order to minimize
the inherent variability of the test, the procedure is executed on reference substance and
samples at the same time, and a 1:1 (v/v) co-mixture of the digests from the pre-change and
post-change test articles and product reference standard may also be analyzed in parallel using
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chromatographic separation. Structurally related proteins include those produced by chemical
modification of the reference substance and those where the primary sequence differs due to
natural species variation or site-specific mutagenesis. Chemically modified forms of the
reference substance can be produced by exposure to conditions of pH, temperature, or
chemical agents known to cause alteration of the primary structure. These alterations typically
include deamidation of asparagine and glutamine residues, oxidation of methionine, histidine, or
tryptophan residues, and acid catalyzed cleavage of peptide bonds. Peptide maps of
structurally related proteins and the reference substance are compared based on
predetermined acceptance criteria. If the peptide map was designed properly, single amino acid
substitutions and amino acid side chain modifications should be easily detected by the method.
Visual comparison of the retention times, the peak responses (the peak area or the peak
height), the number of peaks, and the overall elution pattern is completed initially. It is then
complemented and supported by mathematical analysis of the peak response ratios and by the
chromatographic profile of a 1:1 (v/v) mixture of sample and reference substance digests. If all
peaks in the sample digest and in the reference material digest have the same retention times
and peak response ratios, then the identity of the sample under test is confirmed.
If peaks that initially eluted with significantly different relative retention times are then
observed as single peaks in the 1:1 mixture, the initial difference would be an indication of
system variability. However, if separate peaks are observed in the 1:1 mixture, this would be
evidence of the nonequivalence of the peptides in each peak. If a peak in the 1:1 mixture is
significantly broader than the corresponding peak in the sample and reference substance
digest, it may indicate the presence of different peptides. The use of computer-aided pattern
recognition software for the analysis of peptide mapping data has been proposed and applied,
but issues related to the validation of the computer software currently preclude its use in a
compendial test. Other automated approaches have been used that employ mathematical
formulas, models, and pattern recognition. Such approaches, for example, the automated
identification of compounds by IR spectroscopy and the application of diode-array UV spectral
analysis for identification of peptides, have been proposed. These methods have limitations due
to inadequate resolutions, co-elution of fragments, or absolute peak response differences
between reference substance and sample fragments.
The numerical comparison of the retention times and peak areas or peak heights can be done
for a selected group of relevant peaks that have been correctly identified in the peptide maps.
Peak areas can be calculated using one peak showing relatively small variation as an internal
reference, keeping in mind that peak area integration is sensitive to baseline variation and is
likely to introduce error into the analysis. Alternatively, the percentage of each peptide peak
height relative to the sum of all peak heights can be calculated for the sample under test. The
percentage is then compared to that of the corresponding peak of the reference substance.
The possibility of autohydrolysis of trypsin is monitored by producing a blank peptide map, that
is, the peptide map obtained when a blank solution is treated with the same enzyme used in
the hydrolysis of the protein.
Precision
To facilitate the determination of the precision of the peptide mapping procedure, an empirical
method of quantifying peak responses (peak areas or peak heights) and peak retention factor
should be developed. One approach is to make peak response and peak retention time
comparisons that are expressed relative to a highly reproducible reference peak within the same
chromatogram. The characteristics of the internal reference peak are described below (see
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System Suitability, Protein Digestion). The relative peak response is then expressed as the ratio
of the peak response to that of the internal reference peak. The retention factor can be
expressed as the retention time of the peak relative to that of the void volume peak. The use
of relative comparison methods eliminates the need to make separate corrections for minor
variations in digestion and chromatographic parameters.
Robustness
For peptide mapping, the test parameters include those that affect both the protein
fragmentation (i.e., digestion) and peptide separation portions of the procedure. The test
parameters associated with these two critical steps in the analytical procedure are considered
independently.
Factors such as composition of the mobile phase, protease quality or chemical reagent purity,
column variation and age, and digest stability are likely to affect the overall performance of the
test and its reproducibility. Tolerances for each of the key parameters are evaluated and
baseline limits established in case the test is used for routine lot release purposes.
PROTEIN DIGESTION
Many protein fragmentation strategies employ the use of proteolytic enzymes. As a result, the
digestion portion of the peptide mapping procedure is inherently more sensitive to minor
variation of test parameters. These parameters include digestion pH, buffer, buffer
concentration, ionic strength, digestion temperature, digestion kinetics, test article
concentration, protease quantity, protease quality, and the stability of the digest. Using a
design of experiments approach, these parameters are systematically studied to understand
their impact on assay variability. Those digestion parameters where small variations have been
shown to impact the precision of the peptide mapping procedure should be carefully controlled
within the test procedure using operating ranges established and validated by these studies.
Protease quality or chemical reagent purity: A sample of the Reference Standard or
reference substance for the protein under test is prepared and digested with different lots of
cleavage agent. The chromatograms for each digest are compared in terms of peak areas,
shape, and number. The same procedure can be applied to other critical chemicals or
pretreatment procedures used during sample preparation, such as reducing and Scarboxymethylation reagents.
Digest stability: The length of time a digest can be kept before it is resolved by the
chromatographic method, as well as the conditions under which the digest is stored before
chromatography, are assessed. Several aliquots from a single digest are stored at different
storage conditions and resolved by the chromatographic method. These maps are then
evaluated for significant differences.
PEPTIDE SEPARATION
The peptide separation portion of the peptide mapping procedure generally employs standard
chromatographic modalities to effect peptide separation. Most notable in this regard is
reversed-phase HPLC. This section will focus on a discussion of those chromatographic
parameters that tend to be more problematic for the peptide mapping procedure.
Column considerations: Column-to-column variability, even within a single lot, can affect the
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performance of the peptide mapping procedure. A reference substance of the protein under
test is digested and the digest is subjected to separation using different batches of columns
from a single manufacturer. The maps are then evaluated in terms of the overall elution profile,
retention times, and resolution according to predetermined acceptance criteria.
To evaluate the overall lifetime of the column in terms of robustness, a peptide mapping test is
performed on different columns and the number of injections is varied significantly (e.g., 10–
250). The resulting maps can then be compared for significant differences in peak broadening
and overall resolution. As a column ages, an increase in back pressure might be observed that
can affect the peptide map.
A sensible precaution in the use of peptide mapping columns is to select alternative columns in
case the original columns become unavailable or are discontinued. Analysts should perform a
peptide mapping test using equivalent columns from different manufacturers, and examine the
maps. Differences in particle shape and size, pore size and bed volume, carbon load, and endcapping can lead to significant differences in retention times and resolution. Modifications in the
gradient profile may be required to achieve equivalency of mapping when using columns from
different manufacturers.
Temperatures: The chromatographic resolution of peptide maps has been shown to be
sensitive to small variations in ambient temperature, and higher temperatures > 45 will improve
the resolution. The temperature dependence of the separation should be systematically studied
to establish an allowable temperature range and the column should be kept within a
temperature-controlled environment and preferably at a temperature above 45 .
Mobile phase: The composition of the mobile phase typically used for peptide separations can
accelerate the decomposition of the chromatographic matrix. The acidic nature of the aqueous
mobile phase (e.g., 0.1% trifluoroacetic acid) has been shown in silica-based columns to result
in hydrolytic removal of the end-capping resulting in a loss of resolution. The effects of this
phenomenon are most evident from the data derived from column lifetime studies.
System Suitability
The equivalency between instrumentation used for the validation of the peptide map and for
routine quality control testing should be considered. System suitability tests are used to verify
that the resolution and reproducibility of the chromatographic system are adequate for the
analysis to be done. These tests are based on the concept that the equipment, electronics,
analytical operations, and samples to be analyzed constitute an integral system that can be
evaluated as such. The application of this definition to the peptide mapping procedure demands
that additional tests, beyond those normally applied to chromatographic separations, be
developed to assure that the protein digestion portion of the test has proceeded adequately.
PROTEIN DIGESTION
One approach to developing an appropriate system suitability test to ensure that the protein
digestion of the peptide mapping procedure has performed adequately is to identify a highly
reproducible peak within the reference substance peptide map. The following criteria should be
considered in the selection of a highly reproducible peak.
The peptide is a digestion product shown to be robust with respect to digestion
parameters
The peak is chromatographically well resolved
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peak exhibits a good signal-to-noise ratio
peptide does not contain any labile amino acid side chain residues
peptide does not contain sites of post-translational modification
peak signal is free from any other experimental artifacts.

Upon identification, an appropriate operating range for the recovery of the highly reproducible
peak in the reference peptide map can be developed to ensure that the protein digestion has
performed adequately.
PEPTIDE SEPARATION
Requirements for the precision of replicate injections of the standard preparation, appropriate
peak resolution, and peak tailing should be included. Given the complexity of the peptide map
separation, allowable changes to chromatographic operating conditions to meet system
suitability requirements must be verified prior to implementation. It is recommended that a
reference substance digest be interspersed periodically with test samples to evaluate
chromatographic drift during the analysis.
Validation Study
Validation of peptide mapping requires that a protocol be designed, outlining in detail the
experiments to be conducted and the predetermined acceptance criteria for the peptide map.
The validation criteria include robustness, limit of detection, specificity, linearity, range,
accuracy, precision, recovery, and reagent stability. The acceptance criteria are dependent on
the identification of critical test parameters that affect data interpretation and acceptance.
The setting of acceptance criteria is based on empirical observations with respect to
quantification (peak area or height) and identification (retention factors) for the relevant peaks
that comprise the majority of primary sequence of the protein. Examples of appropriate
acceptance criteria would be to set resolution between two adjacent peaks that have
resolution > 2. For a peak that shows recovery instability, set a minimum relative peak area
compared to a peak with stable recovery. There are no new peaks in the reference plus sample
mixture.
BRIEFING
Low-Substituted Hydroxypropyl Cellulose, NF 32 page 6016. The United States
Pharmacopeia is the coordinating pharmacopeia for the international harmonization of the
compendial standards for the Low-Substituted Hydroxypropyl Cellulose monograph, as part
of the process of international harmonization of monographs and general analytical methods
of the European, Japanese, and United States pharmacopeias. The following monograph,
which is the OFFICIAL INQUIRY STAGE 4, REVISION 3 document, is based on the
OFFICIAL INQUIRY STAGE 4 draft published in PF 35(3) [May–June 2009] and comments
from the European Pharmacopoeia and the Japanese Pharmacopoeia. Changes from the
current NF 32 monograph for Low-Substituted Hydroxypropyl Cellulose include the following:
1.
Definition. Replace “hydroxypropyl ether of” with “O-(2-hydroxypropylated)”; delete
“When dried at 105 for 1 h,” and add “calculated on the dried basis.”
2.
Identification test A. Delete the previous test A and add an Identification test by
Infrared (IR) spectrophotometry.
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3.
Identification test B. Retain only the solubility test.
4.
Identification test C. Minor changes in verbiage.
5.
The test for Hydroxypropoxy Groups in the Assay. Modernize the GC method by using a
capillary GC column instead of a packed column in the analysis. A suitable column is
the Agilent Technologies DB-1 brand of G1 column. The retention time for the
internal standard (n-octane) is about 10 min.
6.
Residue on Ignition. For harmonization, a total Residue on Ignition limit of 0.8% is
proposed for public comment.
7.
Specific Tests. Add a new test for pH.
8.
Loss on Drying and Packaging and Storage. No changes for harmonization.
9.
Heavy Metals and Chloride and Sulfate. No changes from existing USP–NF text. These
attributes are not part of the Stage 4 PDG global text. Future decision on inclusion
as nonharmonized attributes or local requirements will be made at Stage 6.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: J. Liu.)
Correspondence Number—C105767

Comment deadline: July 31, 2014
Low-Substituted Hydroxypropyl Cellulose
DEFINITION
Change to read:
Low-Substituted Hydroxypropyl Cellulose is a low-substituted hydroxypropyl ether of
O-(2-hydroxypropylated)
cellulose. When dried at 105 for 1 h, it
It
contains NLT 5.0% and NMT 16.0% of hydroxypropoxy groups (–OCH2 CHOHCH3 ),
calculated on the dried basis.
IDENTIFICATION
Delete the following:
• A.
Sample: 20 mg
Analysis: Shake the Sample with 2 mL of water, and cautiously add 1 mL of a solution of
anthrone in sulfuric acid (350 µg/mL).
Acceptance criteria: A blue to greenish-blue color develops at the zone of contact.
Add the following:
• A. Infrared Absorption 197K : Meets the requirements
Change to read:
• B.
Sample: 0.1 g
Analysis: Shake the Sample thoroughly with 10 mL of water. Add 1 g of sodium hydroxide,
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and shake until it becomes homogeneous. Save 5 mL of this solution for Identification test
C. To 0.1 mL of this solution add 9 mL of 32 N sulfuric acid, and shake. Heat in a water
bath for 3 min, accurately timed, and immediately cool in an ice bath. While the mixture is
cold, carefully add 0.6 mL of ninhydrin TS. Allow to stand at room temperature.
Acceptance criteria: The red color that appears immediately turns to violet within 100
min.
It does not dissolve.
Change to read:
• C.
Sample solution: 5 mL of the solution prepared for
To the suspension obtained in
Identification test B
add 1 g of sodium hydroxide, and shake until it becomes homogeneous.
Analysis: Shake the Sample solution with
Transfer 5 mL of Sample solution to a suitable container, add
10 mL of a mixture of acetone and methanol (4:1),
and shake.
Acceptance criteria: A white, flocculent precipitate is formed.
ASSAY
Change to read:
• Procedure
Hydroxypropoxy Groups
[Caution—Hydriodic acid and its reaction byproducts are highly toxic. Perform all steps of the
Standard solution and the Sample solution in a properly functioning hood. Specific safety
practices to be followed are to be identified to the analyst performing this test.]
Apparatus: For the reaction vial, use a 5-mL pressure-tight serum vial, 50 mm in height,
20 mm in outside diameter, and 13 mm in inner diameter at the mouth. The vial is equipped
with a pressure-tight septum with a polytetrafluoroethylene-faced butyl rubber and an
air-tight seal using an aluminum crimp or any sealing system that provides sufficient airtightness. Use a heater with a heating module that has a square-shaped aluminum block
with holes 20 mm in diameter and 32 mm in depth, into which the reaction vial fits. The
heating module is also equipped with a magnetic stirrer capable of mixing the contents of
the vial, or use a reciprocal shaker that performs a reciprocating motion of approximately
100 times/min.
Hydriodic acid: Use a reagent with a typical concentration of hydrogen iodide (HI) of
about 57%.
Internal standard solution: 30 mg/mL of n-octane in o-xylene
Standard solution: Into a suitable serum vial, weigh between 60 and 100 mg of adipic
acid, and add 2.0 mL of Hydriodic acid and 2.0 mL of Internal standard solution into the
vial. Close the vial securely with a suitable septum stopper. Weigh the vial and contents,
add 15–22 µL of isopropyl iodide through the septum with a syringe, weigh again, and
calculate the weight of isopropyl iodide added, by difference. Use
Shake the reaction vial well, and use
the upper layer as the Standard solution.
Sample solution: Transfer 0.065 g of dried Low-Substituted Hydroxypropyl Cellulose to a
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5-mL, thick-walled reaction vial equipped with a pressure-tight septum-type closure, add
between 60 and 100 mg of adipic acid, and pipet 2.0 mL of Internal standard solution into
the vial. Cautiously pipet 2.0 mL of Hydriodic acid into the mixture, immediately cap the
vial tightly, and weigh. Using the magnetic stirrer equipped in the heating module, or using
a reciprocal shaker, mix the contents of the vial continuously, heating and maintaining the
temperature of the contents at 130 ± 2 for 60 min. If a reciprocal shaker or magnetic
stirrer cannot be used, shake the vial well by hand at 5-min intervals during the initial 30
min of the heating time. Allow the vial to cool, and weigh. If the weight loss is greater
than or equal to 0.50% of the contents or there is evidence of a leak, discard the mixture,
and prepare another Sample solution.
If the weight loss is less than 0.50% of the contents and there is no evidence of a leak, use
the upper layer of the mixture as the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Thermal conductivity or hydrogen flame ionization
Column: 3–4-mm × 1.8–3-m glass, packed with 20% liquid phase G28 on 100–120 mesh
support S1C that is not silanized.
0.53-mm × 30-m fused silica capillary column, coated with a 3-µm layer of phase G1. Use
a guard column if necessary.[Note—Use a column giving well resolved peaks of methyl
iodide, isopropyl iodide, and the internal standard in this order.]
Column temperature: 100
Temperatures
Detector: 280
Injection port: 250
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
50
0
50
3
50
10
100
—
100
34.9
250
8
Carrier gas: Helium is used for the thermal conductivity detector; helium or nitrogen can be
used for the hydrogen flame-ionization detector.
Flow rate: With the Standard solution, adjust the flow rate so that the retention time of the
internal standard is about 10 min
(about 4.3 mL/min).
Injection volume: 1–2 µL
Injection type: Split; split ratio, 40:1
Run time: 20.3 min
System suitability
Sample: Standard solution
Suitability requirements
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Resolution: NLT 5 between isopropyl iodide and n-octane
Relative standard deviation: NMT 2.0%, using the peak area ratio between isopropyl
iodide and the internal standard for six injections
Analysis
Samples: Upper layer of the Standard solution and the Sample solution
Calculate the percentage of hydroxypropoxy (–OC3 H6 OH) in the sample taken:
Result = (RUb/RSb) × (WSb/WU) × 44.17
(RU/RS) × (WS/WU) × (Mr1/Mr2) × 100
RU= peak response ratio of isopropyl iodide to n-octane from the Sample solution
RS= peak response ratio of isopropyl iodide to n-octane from the Standard solution
W=
S weight of isopropyl iodide in the Standard solution (mg)
W=
U weight of Low-Substituted Hydroxypropyl Cellulose calculated on the dried basis, taken for
the Sample solution (mg)
Mr1= molecular weight of hydroxypropoxy group, 75.1
Mr2= molecular weight of isopropyl iodide, 170.0
Acceptance criteria: 5.0%–16.0% on the dried basis
IMPURITIES
Change to read:
• Residue on Ignition 281 : NMT 0.5%
0.8%
• Chloride and Sulfate, Chloride 221
Sample solution: Shake 0.50 g of Low-Substituted Hydroxypropyl Cellulose thoroughly
with 30 mL of boiling water, heat on a water bath for 10 min, and filter the supernatant by
decantation while hot. Wash the residue thoroughly with 50 mL of boiling water, combine
the washings with the filtrate, and add water to make 100 mL after cooling.
Control solution: 0.25 mL of 0.02 N hydrochloric acid
Analysis: Using 10 mL of the Sample solution and the Control solution, proceed as directed
in the chapter, starting with the addition of the nitric acid.
Acceptance criteria: NMT 0.36%; the Sample solution shows no more chloride than the
Control solution.
• Heavy Metals, Method II

231 : NMT 10 µg/g

SPECIFIC TESTS
Add the following:
• pH 791
Sample solution: 10 mg/mL suspension, prepared by evenly distributing the powder with
100 mL of carbon dioxide-free water stirring the mixture with a magnetic stirrer
Acceptance criteria: 5.0–7.5
• Loss on Drying 731
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Analysis: Dry at 105 for 1 h.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
BRIEFING
Sodium Lauryl Sulfate, NF 32 page 6181. The United States Pharmacopeia is the coordinating
pharmacopeia for the international harmonization of the compendial standards for this
monograph, as part of the process of international harmonization of monographs and general
analytical methods of the European, Japanese, and United States pharmacopeias. The
following monograph, which is an OFFICIAL INQUIRY STAGE 4 document, includes the
following proposed changes from the current monograph:
1.
Definition. Add the sentence “It contains NLT 85.0% of sodium alkyl sulfates calculated
as C12 H25 NaO4 S.”
2.
Identification test A. Describe the modified procedure in detail.
3.
Identification test B. Describe the modified procedure in detail.
4.
Identification tests C and D. Add these two new tests.
5.
Assay, test for Content of Sodium Alkyl Sulfate. On the basis of supporting data and
comments from both JP and EP, this new Assay test is proposed.
6.
Sodium Chloride. Add a solution preparation procedure and minor changes in the
Analysis.
7.
Sodium Sulfate. Move this test from the Specific Tests section to the Impurities
section. Modify the procedure by using Barium chloride solution instead of Lead
nitrate solution.
8.
Alkalinity. Use a tighter limit, 0.5 mL instead of 0.60 mL, for neutralization.
9.
Unsulfated Alcohols. Replace solvent hexane with petroleum ether.
10.
Heavy Metals,Total Alcohols, and Packaging and Storage. No changes from existing USP–
NF text. These attributes are not part of the Stage 4 PDG global text. A decision on
their inclusion as nonharmonized attributes or local requirements will be made at
Stage 6.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: J. Liu.)
Correspondence Number—C101945

Comment deadline: July 31, 2014
Sodium Lauryl Sulfate
Sulfuric acid monododecyl ester sodium salt;
Sodium monododecyl sulfate
[151-21-3].
DEFINITION
Change to read:
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Sodium Lauryl Sulfate is a mixture of sodium alkyl sulfates consisting chiefly of sodium lauryl
sulfate [CH3 (CH2 )10 CH2 OSO3 Na]. The combined content of sodium chloride and sodium sulfate
is NMT 8.0%.
It contains NLT 85.0% of sodium alkyl sulfates calculated as C12 H25 NaO4 S.
IDENTIFICATION
Change to read:
• A. Identification Tests—General, Sodium 191 Ignite 500 mg at 800 until the carbon is
consumed. The residue dissolved in 10 mL of water meets the requirements.
Potassium pyroantimonate solution: To 2 g of potassium pyroantimonate add 100 mL
of water. Boil the solution for about 5 min, cool quickly, and add 10 mL of a solution of
potassium hydroxide (3 in 20). Allow to stand for 24 h, and filter.
Sample: 2.5 g
Analysis: Place the Sample in a silica or platinum crucible, and add 2 mL of 10 N sulfuric
acid. Heat on a water bath, then cautiously raise the temperature progressively over
an open flame. Ignite, preferably in a muffle furnace, at 600 ± 25 . Continue heating
until all black particles have disappeared. Cool, add a few drops of 2 N sulfuric acid,
and heat and ignite as above. Add a few drops of 2 M ammonium carbonate, evaporate
to dryness, and ignite as above. Cool, dissolve the residue in 50 mL of water, and mix.
To a 2-mL portion of this solution, add 4 mL of Potassium pyroantimonate solution. If
necessary, rub the inside of the test tube with a glass rod.
Acceptance criteria: A white, crystalline precipitate is formed.
Change to read:
• B. Identification Tests—General, Sulfate 191 A solution (1 in 10), after acidification
with hydrochloric acid and gentle boiling for 20 min, meets the requirements.
Sample: Solution (1 in 10)
Analysis: After acidification with hydrochloric acid and boiling for 20 min, no precipitate
is formed. Add barium chloride solution; a white precipitate is produced.
Acceptance criteria: Meets the requirements
Add the following:
• C.
Sample: 0.1 g
Analysis: Dissolve the Sample in 10 mL of water and shake.
Acceptance criteria: A copious foam is formed.
Add the following:
• D.
Sample: Solution prepared for Identification test C
Analysis: To 0.1 mL of the Sample, add 0.1 mL of a 1 g/L solution of methylene blue and 2
mL of sulfuric acid, diluted. Add 2 mL of methylene chloride and shake.
Acceptance criteria: An intense blue color develops in the methylene chloride layer.
ASSAY
Add the following:
• Content of Sodium Alkyl Sulfates
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Methylene blue solution: Dissolve 0.003 g of methylene blue, 5.0 g of anhydrous sodium
sulfate, and 1.2 g of sulfuric acid in 100 mL of water.
[Note—Anhydrous sodium sulfate is the emulsion breaker.]
Sample: 1.5 g of Sodium Lauryl Sulfate
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.004 M benzethonium chloride, prepared by dissolving in water 1.792 g of
benzethonium chloride, previously dried to constant mass at 100 –105 , and diluting to
1000.0 mL with the same solvent.
Endpoint detection: Visual
Analysis
Dissolve the Sample in water, warming if necessary, and dilute with water to exactly
1000.0 mL. To 10.0 mL of the solution, add 25 mL of Methylene blue solution, 15 mL of
chloroform methylene chloride, and 20 mL of water. Titrate with Titrant, shaking
vigorously and allowing the layers to separate before each addition, until the two layers
are almost the same blue color. One mL of Titrant is equivalent to 1.154 mg of sodium
alkyl sulfates, calculated as C12 H25 NaO4 S.
Acceptance criteria: NLT 85.0%, calculated as C12 H25 NaO4 S
IMPURITIES
• Heavy Metals, Method II

231 : 20 ppm

Change to read:
• Sodium Chloride
Fluorescein sodium solution: Dissolve 0.2 g of fluorescein sodium in water to make 100
mL.
Dilute nitric acid: Dilute 105 mL of nitric acid with water to 1000 mL.
Sample solution: 100 mg/mL
of Sodium Lauryl Sulfate
in water
Analysis: Neutralize 50 mL of Sample solution with 0.8 N nitric acid
Dilute nitric acid,
using litmus paper as the indicator. Add 2 mL of potassium chromate TS,
If necessary, add exactly 5.0 mL of 0.1 N sodium chloride
and titrate with 0.1 N silver nitrate VS
(indicator: 2 drops of Fluorescein sodium solution) to the first appearance of turbidity.
Perform a blank determination, and make any necessary correction.
Each mL of 0.1 N silver nitrate is equivalent to 5.844 mg of sodium chloride.
Change to read:
• Sodium Sulfate
Lead nitrate
Barium chloride
solution: 33.1 g/L of lead nitrate
120 mg/mL of barium chloride
in water
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Sample solution: 100 mg/mL of Sodium Lauryl Sulfate in water
Analysis: Transfer 1 g of Sodium Lauryl Sulfate, weighed, to a 250-mL beaker. Add 35 mL
of water, and warm to dissolve. To the warm solution add 2.0 mL of 1 N nitric acid, mix,
and add 50 mL of alcohol. Heat the solution to boiling, and slowly add 10 mL of Lead
nitrate solution, with stirring. Cover the beaker, simmer for 5 min, and allow to settle. If
the supernatant is hazy, allow to stand for 10 min, heat to boiling, and allow to settle.
When the solution is almost to the boiling point, decant as much liquid as possible through
9-cm paper (Whatman No. 41 or equivalent). Wash four times by decantation, each time
using 50 mL of 50% alcohol, and bring the mixture to a boil. Transfer the paper to the
original beaker, and immediately add 30 mL of water, 20.0 mL of 0.05 M edetate disodium
VS, and 1 mL of ammonia–ammonium chloride buffer TS. Warm to dissolve the precipitate,
add 0.2 mL of eriochrome black TS, and titrate with 0.05 M zinc sulfate VS. Each mL of
0.05 M edetate disodium is equivalent to 7.102 mg of Na2 SO4 .
To 10 mL of Sample solution, add 100 mL of alcohol and heat at a temperature just below
the boiling point for 2 h. Pass through a glass filter while hot, and wash with 100 mL of
boiling alcohol. Dissolve the precipitate by washing with 150 mL of water, collecting the
washings in a beaker. Add 10 mL of hydrochloric acid, diluted, heat to boiling, add 25 mL
of Barium chloride solution, and allow to stand overnight. Collect the precipitate and wash
with water until the last washing shows no opalescence with 0.1 N silver nitrate. Dry the
precipitate, ignite to constant mass between 500 and 600 by raising the temperature
gradually, and weigh as barium sulfate (BaSO4 ; 233.39).
Amount (mg) of sodium sulfate (Na2 SO4 ) = amount (mg) of barium sulfate (BaSO4 ) × 0.6086

Acceptance criteria: NMT 8.0% of the combined content of sodium chloride and sodium
sulfate
SPECIFIC TESTS
Change to read:
• Alkalinity
Sample solution: Dissolve 1.0 g in 100 mL of water, add phenol red TS, and titrate with
0.10 N hydrochloric acid.
Acceptance criteria: NMT 0.60
0.5
mL for neutralization
• Total Alcohols: Transfer 5 g to an 800-mL Kjeldahl flask, and add 150 mL of water, 50 mL of
hydrochloric acid, and a few boiling chips. Attach a reflux condenser to the Kjeldahl flask,
heat carefully to avoid excessive frothing, and boil for 4 h. Cool the flask, rinse the
condenser with ether, collecting the ether in the flask, and transfer the contents to a 500mL separator, rinsing the flask twice with ether and adding the washings to the separator.
Extract the solution with two 75-mL portions of ether, evaporate the combined ether
extracts in a tared beaker on a steam bath, dry the residue at 105 for 30 min, cool, and
weigh.
Acceptance criteria: The residue represents the total alcohols and is NLT 59.0% of the
weight of Sodium Lauryl Sulfate taken.
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Change to read:
• Unsulfated Alcohols
Sample solution: Dissolve 10 g in 100 mL of water, and add 100 mL of alcohol.
Analysis: Transfer the solution to a separator, and extract with three 50-mL portions of
solvent hexane
petroleum ether.
If an emulsion forms, sodium chloride may be added to promote separation of the two
layers. Wash the combined solvent hexane
petroleum ether
extracts with three 50-mL portions of water, and dry with anhydrous sodium sulfate. Filter
the solvent hexane
petroleum ether
extract into a tared beaker. Evaporate on a steam
water
bath until the odor of solvent hexane
petroleum ether
no longer is perceptible, dry the residue at 105 for 30 min, cool, and weigh.
Acceptance criteria: The weight of the residue is NMT 4.0% of the weight of Sodium
Lauryl Sulfate taken.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
BRIEFING
Povidone, USP 37 page 4370. The Japanese Pharmacopoeia is the coordinating pharmacopeia
for the international harmonization of the compendial standards for the Povidone monograph,
as part of the process of international harmonization of monographs and general analytical
methods of the European, Japanese, and United States pharmacopeias. The following
monograph, which is the OFFICIAL INQUIRY STAGE 4, REVISION 1 to the original Stage 6
sign-off document in 2006, includes the following changes from the current USP 37
monograph for Povidone:
1.
Definition. Change the verbiage according to Stage 4 PDG global text.
2.
Limit of Aldehyde. Use acetaldehyde ammonia trimer trihydrate instead of acetaldehyde
in the Standard solution. The calculation of CS is adjusted accordingly; the Sample
solution is changed from “20 mg/mL” to “10 mg/mL”.
3.
Limit of Hydrazine. Add description to silica gel plate “with fluorescent indicator”.
4.
Vinylpyrrolidinone. The Mobile phase is changed from “Methanol and water (1:4)” to
“Acetonitrile and water (10:90)”. Mobile phase is also used as a diluent in the
Standard solution and Sample solution. The column inner diameter and length have
also been modified. Add the Flow rate of 1.0 mL/min. Delete the note for adjusting
flow rate and the note for column back flushing. A suitable column and guard column
are the GL Sciences, Inertsil ODS-3 brand of L1 column and conventional guard
column.
5.
2-Pyrrolidone. The Mobile phase is changed from “Water adjusted with phosphoric acid
to a pH of 2.4” to “Water and methanol (19:1)”. Mobile phase is also used as a
diluent in the Standard solution and Sample solution. The column inner diameter and
length have been modified. The Column temperature is changed from “30 ” to “40 ”.
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Add the Flow rate of 0.8 mL/min. Delete the note for adjusting flow rate and the
note for column back flushing. A suitable column and guard column are the GL
Sciences, Inertsil ODS-3 brand of L1 column and conventional guard column.
6.
Formic Acid. The Mobile phase is changed from “Diluted perchloric acid (5 in 1000)” to
“Diluted perchloric acid (1 in 700)”. The Column temperature is changed from “30 ”
to “35 ”. Add the Flow rate of 1.0 mL/min and delete the note for adjusting flow
rate. The column inner diameter and length have been modified. A suitable column is
the Shimazu Japan, Shim-pack SCR-101H brand of 7.9-mm × 30-cm, 10-µm L17
column, packed with strongly acidic ion-exchange resin for liquid chromatography
(LC) consisting of styrene–divinylbenzene copolymer carrying sulfonic acid groups (H
type).
7.
Identification test E, Nitrogen Determination, Peroxides, Residue on Ignition, pH, Water
Determination, and K-value. No change for harmonization.
8.
Identification tests A, B, C, and D, Lead, Packaging and Storage, and Labeling. No
changes from existing USP–NF text. These attributes are not part of the Stage 4 PDG
global text. Future decision on inclusion as non-harmonized attributes or local
requirements will be made at Stage 6.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: J. Liu.)
Correspondence Number—C103875

Comment deadline: July 31, 2014
Povidone
Portions of the monograph text that are national USP text, and are not part of the harmonized
text, are marked with symbols (

) to specify this fact.

Change to read:

(C6 H9 NO)n
2-Pyrrolidinone, 1-ethenyl-, homopolymer;
1-Vinyl-2-pyrrolidinone polymer;
Poly [(2-oxo-1-pyrrolidinyl)ethylene]
[9003-39-8].
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DEFINITION
Change to read:
Povidone is a synthetic polymer consisting essentially of linear 1-vinyl-2-pyrrolidinone groups,
the degree of polymerization of which results in polymers of various molecular weights. The
different types of Povidone are characterized by their viscosity in aqueous solution, relative to
that of water, expressed as a K-value (see Specific Tests, K-value). The K-value of Povidone
having a stated (nominal) K-value of 15 or less is NLT 85.0% and NMT 115.0% of the stated
values. The K-value of Povidone having a stated K-value or a stated K-value range with an
average of more than 15 is NLT 90.0% and NMT 108.0% of the stated value or of the average
of the stated range. It contains NLT 11.5% and NMT 12.8% of nitrogen (N: 14.01), calculated
on the anhydrous basis. It has a nominal K-value of NLT 10 and NMT 120. The nominal K-value
is shown on the label.
Povidone is a chain polymer of 1-vinyl-2-pyrrolidone. It contains NLT 11.5% and NMT 12.8% of
nitrogen (N: 14.01), calculated on the anhydrous basis. It has the nominal K-value of NLT 10
and NMT 120. The nominal K-value is shown on the label.
IDENTIFICATION
•

A. Infrared Absorption 197K
Sample: Dry at 105 for 6 h.
Acceptance criteria: Meets the requirements

•

B.
Sample solution: 20 mg/mL of Povidone
Analysis: To 10 mL of the Sample solution add 20 mL of 1 N hydrochloric acid and 5 mL of
potassium dichromate TS.
Acceptance criteria: An orange-yellow precipitate is formed.

•

C.
Solution A: Dissolve 75 mg of cobalt nitrate and 300 mg of ammonium thiocyanate in 2 mL
of water.
Sample solution: 20 mg/mL of Povidone
Analysis: Combine Solution A and 5 mL of the Sample solution, and render the resulting
solution acidic by the addition of 3 N hydrochloric acid.
Acceptance criteria: A pale blue precipitate is formed.

•

D.
Sample solution: 5 mg/mL of Povidone
Analysis: To 5 mL of the Sample solution add a few drops of iodine TS.
Acceptance criteria: A deep red color is produced.
• E.
Sample solution: 50 mg/mL of Povidone in water
Acceptance criteria: The substance dissolves.
ASSAY
• Nitrogen Determination, Method II
Sample: 0.1 g of Povidone

461
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Analysis: Proceed as directed in the chapter, using the Sample. In the Procedure, omit the
use of hydrogen peroxide, and use 5 g of a powdered mixture of potassium sulfate, cupric
sulfate, and titanium dioxide (33:1:1) instead of potassium sulfate and cupric sulfate
(10:1). Heat until a clear, light-green solution is obtained. Heat for an additional 45 min,
and proceed as directed in the Procedure, beginning with “Cautiously add to the digestion
mixture 70 mL of water”.
Acceptance criteria: 11.5%–12.8% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
•

Lead 251
Test preparation: 1.0 g in 25 mL of water
Acceptance criteria: NMT 10 ppm

Change to read:
• Limit of Aldehydes
Solution A: Transfer 8.3 g of potassium pyrophosphate to a 500-mL volumetric flask, and
dissolve in 400 mL of water. Adjust, if necessary, with 1 N hydrochloric acid to a pH of
9.0, and dilute with water to volume.
Solution B: Transfer a quantity of lyophilized aldehyde dehydrogenase equivalent to 70
units to a glass vial, and dissolve in 10.0 mL of water. [Note—This solution is stable for 8
h at 4 .]
Solution C: Transfer 40 mg of nicotinamide adenine dinucleotide to a glass vial, and
dissolve in 10.0 mL of Solution A. [Note—This solution is stable for four weeks at 4 .]
Standard solution: Add 2 mL of water to a glass weighing bottle, and weigh. Add 100 mg
(0.13 mL) of freshly distilled acetaldehyde, and weigh. Transfer this solution to a 100-mL
volumetric flask. Rinse the weighing bottle with several portions of water, transferring
each rinsing to the 100-mL volumetric flask. Dilute the solution in the 100-mL volumetric
flask with water to volume. Store at 4 for about 20 h. Pipet 1 mL of this solution into a
100-mL volumetric flask, and dilute with water to volume.
Dissolve 0.140 g of acetaldehyde ammonia trimer trihydrate in water to make 200.0 mL, and
dilute 1.0 mL of the solution with Solution A to 100.0 mL.
Sample solution: 20
10
mg/mL of Povidone in Solution A. Insert a stopper into the flask, heat at 60 for 1 h, and
cool to room temperature.
Blank: Water
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 340 nm
Cell: 1 cm
Analysis
Samples: Standard solution, Sample solution, and Blank
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Pipet 0.5 mL each of the Standard solution, Sample solution, and Blank into separate cells.
Add 2.5 mL of Solution A and 0.2 mL of Solution C to each cell. Cover the cells to exclude
oxygen. Mix by inversion, and allow to stand for 2–3 min at 22 ± 2 . Determine the
absorbances of the solutions using the Blank as the reference. Add 0.05 mL of Solution B
to each cell. Cover the cells to exclude oxygen. Mix by inversion, and allow to stand for 5
min at 22 ± 2 . Determine the absorbances of the solutions, using the Blank as the
reference.
Calculate the percentage of aldehydes, expressed as acetaldehyde, in the portion of
Povidone taken:
Result = 100 × (CS/CU) × {[(AU2

AU1)

(AB2

AB1)]/[(AS2

AS1)

(AB2

AB1)]}

C=
S concentration of acetaldehyde in the Standard solution (mg/mL)
concentration of acetaldehyde in the Standard solution, calculated from the weight of the
acetaldehyde ammonia trimer trihydrate with the factor 0.72 (mg/mL)
[Note—The molar mass of acetaldehyde is 44.05 g/mol, and the molar mass of
acetaldehyde ammonia trimer trihydrate is 183.26 g/mol. (44.05 × 3)/183.26 = 0.72]
CU= concentration of the Sample solution (mg/mL) AU2= absorbance of the solution from the
Sample solution, after addition of Solution B AU1= absorbance of the solution from the
Sample solution, before addition of Solution B AB2= absorbance of the solution from the
Blank, after addition of Solution B AB1= absorbance of the solution from the Blank, before
addition of Solution B AS2= absorbance of the solution from the Standard solution, after
addition of Solution B AS1= absorbance of the solution from the Standard solution, before
addition of Solution B
Acceptance criteria: NMT 0.05%
Change to read:
• Limit of Hydrazine
Standard solution: 9.38 µg/mL of salicylaldazine in toluene
Sample solution: Transfer 2.5 g to a 50-mL centrifuge tube, add 25 mL of water, and mix
to dissolve. Add 500 µL of a solution (1 in 20) of salicylaldehyde in methanol. Swirl, and
heat in a water bath at 60 for 15 min. Allow to cool, and add 2.0 mL of toluene. Insert a
stopper in the tube, shake vigorously for 2 min, and centrifuge. Use the clear upper
toluene layer in the centrifuge tube as the Sample solution.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of dimethylsilanized chromatographic silica gel mixture
with fluorescent indicator
Application volume: 10 µL
Developing solvent system: Methanol and water (2:1)
Analytical wavelength: UV 365 nm
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter. Allow the spots to dry, and develop the chromatogram
with the Developing solvent system until the solvent front has moved three-fourths of the
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length of the plate. Locate the spots on the plate by examination under UV light. Remove
the plate from the chamber, mark the solvent front, and allow the solvent to evaporate.
Acceptance criteria: Salicylaldazine appears as a fluorescent spot having an RF value of
0.3; and the fluorescence of any salicylaldazine spot from the Sample solution is not more
intense than that produced by the spot from the Standard solution (NMT 1 ppm of
hydrazine).
Change to read:
• Vinylpyrrolidinone
Mobile phase: Methanol and water (1:4)
Acetonitrile and water (10:90)
System suitability solution: Transfer 10 mg of vinylpyrrolidinone and 500 mg of vinyl
acetate to a 100-mL volumetric flask, and dissolve in and dilute with methanol to volume.
Transfer 1.0 mL of this solution to a 100-mL volumetric flask, and dilute with Mobile phase
to volume.
Standard stock solution: 5 µg/mL of vinylpyrrolidinone in methanol
Mobile phase
Standard solution: 0.25 µg/mL from vinylpyrrolidinone Standard stock solution in Mobile
phase
Sample solution: 25 mg/mL of Povidone in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Columns
Guard: 4.0-mm × 2.5
1.0
-cm; packing L1
Analytical: 4.0
4.6
-mm × 25
15
-cm; 5-µm packing L1
[Note—The analysis can also be performed with a 4.0-mm × 30-mm or a 4.6-mm × 30mm guard column containing packing L1 and with a 4.6- × 25-cm analytical column
containing 5-µm packing L1.]
Column temperature: 40
[Note—Adjust the flow rate so that the retention time of vinylpyrrolidinone is about 10
min.]
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between vinylpyrrolidinone and vinyl acetate
and with this elution order,
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System suitability solution
Relative standard deviation: NMT 2.0% of vinylpyrrolidinone for six injections,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure the responses for the vinylpyrrolidinone peak.
[Note—If necessary, after each injection of the Sample solution wash the polymeric
material of Povidone from the guard column by passing the Mobile phase through the
column backwards for 30 min at the same flow rate.]

Calculate the percentage of vinylpyrrolidinone in the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of vinylpyrrolidinone from the Sample solution
rS= peak response of vinylpyrrolidinone from the Standard solution
C=
S concentration of vinylpyrrolidinone in the Standard solution (mg/mL)
C=
U concentration of Povidone in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.001%
Change to read:
• 2-Pyrrolidone
Mobile phase: Water adjusted with phosphoric acid to a pH of 2.4
Water and methanol (19:1)
Standard solution: 30 µg/mL of 2-pyrrolidinone in water
Mobile phase
Sample solution: 5 mg/mL of Povidone in water
Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Columns
Guard: 4.0-mm × 2.5
1.0
-cm; packing L1
Analytical: 4.0
4.6
-mm × 25
15
-cm; 5-µm packing L1
Column temperature: 30
40
[Note—Adjust the flow rate so that the retention time of 2-pyrrolidinone is about 11 min.]
Flow rate: 0.8 mL/min
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Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% of 2-pyrrolidinone for six injections
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure the responses for the 2-pyrrolidinone peak. [Note
—After each injection of the Sample solution wash the polymeric material of Povidone from
the guard column by passing the Mobile phase through the column backwards for 30 min
at the same flow rate.]

Calculate the percentage of 2-pyrrolidinone in the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of 2-pyrrolidinone from the Sample solution
rS= peak response of 2-pyrrolidinone from the Standard solution
C=
S concentration of 2-pyrrolidinone in the Standard solution (mg/mL)
C=
U concentration of Povidone in the Sample solution (mg/mL), calculated on the anhydrous
basis
Acceptance criteria: NMT 3.0%
• Peroxides
Sample solution: 40 mg/mL of Povidone in water, calculated on the anhydrous basis
Blank: To 25 mL of the Sample solution add 2 mL of 13% sulfuric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis
Analytical wavelength: 405 nm
Cell: 1 cm
Analysis
Sample: Sample solution

851 .)

To 25 mL of the Sample solution add 2 mL of titanium trichloride–sulfuric acid TS, and
allow to stand for 30 min. Measure the absorbance of a portion of this solution against the
Blank.
Acceptance criteria: NMT 0.35, corresponding to NMT 400 ppm, expressed as hydrogen
peroxide (H2 O2 )
Change to read:
• Formic Acid
Mobile phase: Diluted perchloric acid (5 in 1000
1 in 700)
Standard solution: 10 µg/mL of formic acid in water
Sample stock solution: 20 mg/mL of Povidone in water
Sample solution: Transfer a suspension of strongly acidic ion-exchange resin (use the
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hydrogen form of ion-exchange resin) in water to a column of about 0.8 cm in inner
diameter to give a packing depth of about 20 mm in length, and keep the strongly acidic
ion-exchange resin layer constantly immersed in water. Pour 5 mL of water, and adjust
the flow rate so that water drops at a rate of about 20 drops/min
1 mL/min.
When the level of the water is near the top of the strongly acidic ion-exchange resin layer,
add 100 mL of the Sample stock solution into the column. After dropping 2 mL of the
solution, collect 1.5 mL of the solution, and use this as the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4- to 8-mm × 25- to 30-cm; 5- to 10-µm packing L17
7.8-mm × 30-cm; 10-µm packing L17
Column temperature: 30
35
[Note—Adjust the flow rate so that the retention time of formic acid is about 11 min.]
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% of formic acid for six injections
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure the responses for the formic acid peak.
Calculate the percentage of formic acid in the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of formic acid from the Sample solution
rS= peak response of formic acid from the Standard solution
C=
S concentration of formic acid in the Standard solution (mg/mL)
C=
U concentration of Povidone in the Sample solution (mg/mL), calculated on the anhydrous
basis
Acceptance criteria: NMT 0.5%
SPECIFIC TESTS
• pH 791
Sample solution: 50 mg/mL in water
Acceptance criteria: 3.0–5.0 for Povidone having a nominal K-value of 30 or less; 4.0–7.0
for Povidone having a nominal K-value greater than 30
• Water Determination, Method I
• K-value

921 : NMT 5.0%
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Sample solution: Weigh a quantity of undried Povidone equivalent, on the anhydrous
basis, to the amount specified in Table 1.
Table 1
Nominal K-value
18

Quantity
(g)
5.00

>18 to 95
>95

1.00
0.10

Dissolve it in 50 mL of water in a 100-mL volumetric flask, and dilute to volume. Allow to
stand for 1 h.
Analysis
Sample: Sample solution
Determine the viscosity of the Sample solution, using a capillary-tube viscometer (see
Viscosity—Capillary Viscometer Methods
Povidone:

911 ), at 25 ± 0.2 . Calculate the K-value of

c= weight, on the anhydrous basis, of the specimen tested in each 100.0 mL of solution (g)
z= viscosity of the Sample solution relative to that of water
Acceptance criteria
K-value of Povidone having a stated (nominal) K-value of NMT 15: 85.0%–115.0% of
the stated values
K-value of Povidone having a stated K-value or a stated K-value range with an
average of more than 15: 90.0%–108.0% of the stated value or of the average of the
stated range
ADDITIONAL REQUIREMENTS
•

Packaging and Storage: Preserve in tight containers.

•

Labeling: Label it to state, as part of the official title, the K-value or K-value range of
Povidone.

•

USP Reference Standards
USP Povidone RS

11
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors
Contributions in the form of original research reports, evaluations of new and existing
compendial methods, and other commentaries and articles relevant to drug standards or to
USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that
they have not been published previously in any language or medium and that they are not
simultaneously under consideration by any other publication. All manuscripts are subject to
review by USP headquarters staff, Committee members, or qualified outside referees, and if
accepted for publication they will be subject to editing by USP staff. Accepted manuscripts
become the property of the USP Convention (USPC) and may not be subsequently published
elsewhere without written permission from the USPC. Authors are also responsible for obtaining
permission for reprinting any illustrations that have been published elsewhere.
Abstract—Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References—Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
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Copyright—Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest—Maintaining independence and impartiality are
critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/conflicts-of-interest/
Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions—Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Modernization of Organic Impurities Testing in USP Drug Substance and Drug Product
Monographs
Impurities in Drug Substances and Drug Products Expert Panela
ABSTRACT Impurity measurements and control processes continue to evolve significantly as a
result of scientific and technological innovations. These innovations, in combination with
advancements in the field of toxicology, have contributed to the evolution of compendial
standards for control of impurities in drug substances and drug products. As part of an ongoing
monograph modernization initiative, U.S. Pharmacopeial Convention (USP) is updating general
chapter Impurities in Drug Substances and Drug Products 1086 as it relates to the organic
impurities tests for monographs in United States Pharmacopeia–National Formulary (USP–NF).
In this issue of Pharmacopeial Forum, USP also proposes a new general chapter, Organic
Impurities in Drug Substances and Drug Products 476 . In late 2011, USP established the
Impurities in Drug Products Expert Panel, with oversight from the Physical Analysis Expert
Committee, to evaluate the current content of USP’s impurities general chapters,

1086

and

Ordinary Impurities 466 , and General Notices and Requirements 5.60, Impurities and
Foreign Substances. The Expert Panel was charged with making recommendations on updating
the general chapters to align them with current standards and to help ensure the appropriate
control of organic impurities in drug substances and drug products. The proposals of the Expert
Panel are published in this same issue of Pharmacopeial Forum for public comments. The
purpose of this Stimuli article is to (1) provide the rationale behind the revision of general
chapter

1086

general chapter
implementation.

as it relates to organic impurities, (2) provide the rationale for the creation of
476 , and (3) describe the scope of revision and the strategy for

INTRODUCTION
In a USP/FDA-sponsored workshop held in 2011, attendees explored some key challenges posed
by over-the-counter (OTC) products with regard to quality. One critical factor discussed was
the large number of drug product monographs associated with single or multiple drug
substances. With the modernization of USP–NF monographs in process, and also based on work
of the Acetaminophen and Diphenhydramine Expert Panels in working with multiple drug product
monographs with reference to both drug substances, USP created the Impurities in Drug
Products Expert Panel, which met for the first time in December 2011. The original charge of
the group was to revise general chapter Impurities in Drug Substances and Drug Products
1086 in the context of current regulatory thinking with regard to OTC and generic product
testing.
After several meetings, the Panel decided to expand the scope of its efforts and was renamed
the Modernization of Organic Impurities Testing in Drug Substances and Drug Products Expert
Panel. The Panel proposed to use the current ICH Q3A/Q3B and FDA guidances as starting
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points, with associated regulatory documents. The Panel also used additional strategies such
as a survey, updates on websites, articles, and other approaches to gather feedback and also
to inform stakeholders about this effort. Based on an impact analysis, the Expert Panel decided
to begin its review with general chapter Ordinary Impurities 466 , and organic impurities
tests in individual monographs. Based on this review, the Panel determined that general chapter
466 , while outdated for modern control of impurities in drug substances and drug products,
should be retained in certain settings. The final decision of the group was to perform three key
activities: (1) create a new general chapter, which became Organic Impurities in Drug
Substances and Drug Products

476 , and appears elsewhere in this issue of Pharmacopeial

Forum (PF); (2) perform a revision of the informational chapter 1086 ; and (3) provide
suggestions to update USP–NF General Notices and Requirements 5.60. A survey was launched
in June 2013 to obtain feedback and comments from stakeholders regarding this initiative. The
main goal was to help shape development of USP written standards and reference standards on
organic impurities in drug substances and drug products. The results were positive and were
supportive of the decisions made by the Expert Panel.
RATIONALE FOR REVISION OF CHAPTERS
Public and regulatory expectation is that all products, including OTC products and legacy
prescription products, will be safe and of high quality, and that pharmacopeial requirements in
USP–NF should promote this level of quality. In September 2011, a workshop sponsored by USP
and FDA focused on the development of standards for OTC products. USP had received from
the FDA a list of drug substances and products prioritized for modernization. Ongoing
modernization of the monographs for these drug substances and corresponding drug products is
addressing missing or outdated tests for impurities and the replacement of nonspecific
identification tests with more specific analytical procedures.
Survey Results
A survey was launched in June 2013 to obtain feedback and comments from stakeholders
regarding the USP modernization initiative. The main goal of the survey was to help shape
development of USP standards on organic impurities in drug substances and drug products.
Specific survey objectives were to: (1) identify overall needs and challenges regarding the
current written standards on organic impurities, (2) assess the level of satisfaction with the
written standards on organic impurities, (3) gauge opportunities for improvement, (4) analyze
reactions to modernizing written standards on organic impurities, and (5) determine potential
challenges to implementing the new approach. The survey was sent to a list of around 20,000
valid email addresses including USP–NF customers, USP–NF online users, PF users and USP
Reference Standards customers.
A total of 991 complete responses from industry representatives were received. The three
figures below show responses to several key messages derived from the survey. The
percentages represent a response of 6 or 7 (combined) on a 7-point scale where 7 equals
“Extremely Satisfied”, 6 equals “Very Satisfied”, and 1 equals “Not at all Satisfied”.
Figure 1 shows that in general, there is only a moderate level of satisfaction (less than 60%
responding very or extremely satisfied) with existing USP information for testing organic
impurities. The scores may reflect the fact that only about half of respondents say USP–NF
written resources are easy to follow.

PF 40(3): May-Jun. 2014

539

Figure 1. Percentage responding “Very Satisfied” or better with current USP–NF resources for
testing organic impurities.
In Figure 2, the data show a strong perceived need to modernize the USP–NF written standards
for impurities. The percentage saying modernization is very needed is similar to the percentage
that is less than very satisfied with current written resources.

Figure 2. Percentage saying modernization of USP–NF resources for testing organic impurities is
very needed.
Figure 3 shows that the most supported areas for modernization (by about three in four
respondents) are revising monographs, achieving harmonization with ICH, and offering
alternative testing options.
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Figure 3. Percentage very supportive of modernizing USP–NF written standards on organic
impurities in selected ways (top areas for modernization).
GENERAL CHAPTERS 476 AND 1086
Results obtained from the survey confirmed the preliminary decisions made by the Expert Panel:
(1) create a new descriptive chapter

476 , (2) update the informational chapter

1086

in

order to synchronize it with the new chapter 476 , and (3) provide a recommendation to
update General Notices 5.60. The Panel addressed some recommendations based on the survey
findings. For example, respondents showed interest in conceptual/informative elements and
schematics, including tables showing thresholds and decision trees/flow charts, and some of
these resources were included in both chapters.
The Panel created a new general chapter 476 to align with current scientific and regulatory
standards and to help ensure the appropriate control of organic impurities in drug substances
and drug products. The goal is to provide a science-based approach for the control of
impurities in relevant monographs, in order to ensure the quality of the product as it relates to
safety and efficacy. Chapter 476 will support those monographs that do not include specific
organic impurity tests and those monographs that are in need of additional guidance in this
area.
General chapter 1086 has been updated to align it with current scientific and regulatory
standards and to support the development of appropriate control of organic impurities in drug
substances and drug products. In addition to the updated general guidelines, chapter 1086
introduces definitions, threshold tables, and a decision tree for use when needing to address or
report impurities associated with drug substances and drug products; these new resources
should assist the user who may have questions related to implementation of the newly created
chapter 476 .
In addition, the Panel proposes to update General Notices 5.60 to clearly describe the intention
of the two chapters:

476 , which will not be enforced as the default standard for organic
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impurities in all monographs but instead on a case-by-case basis, and chapter 1086 , which
will provide complementary information that should be useful to stakeholders, irrespective of
whether they are relying on chapters

466

or

476 .

GENERAL CHAPTER ORDINARY IMPURITIES

466

The new descriptive chapter 476 is not intended to replace the procedural chapter 466 .
However, the ongoing monograph modernization process for USP–NF is eliminating references to
chapter 466 by an independent process. USP has performed an evaluation of impact and
identified about 100 monographs in USP 36 that are in need of replacement of tests described in
chapter 466 with specific organic impurities tests. The monographs were posted on the USP
website under the priority list and are being updated. As of mid-October 2013, the references
to chapter 466 had been deleted from 14 monographs; another 54 monographs were in the
process of revision, and 32 monographs were still in need of modernization. Starting January 1,
2014, monographs posted to revise chapter

466

have been taken down, and the process of

modernization is underway. When this monograph modernization project is complete, chapter
466

will become obsolete and will be omitted. Any new monograph should refer to chapter

476 , if appropriate.
IMPLEMENTATION
New chapter

476

and revised chapter

1086

will provide greater alignment with current

applicable regulatory guidance and scientific thinking. The implementation of chapter 476 is
expected to utilize a phased-in approach. This means that this chapter may be used when it
first appears (i.e., becomes official) in USP–NF, but the final implementation date will be based
on the time needed for manufacturers to achieve compliance. The implementation plan will allow
time to identify and resolve issues for specific monographs caused by introduction of chapter
476 .
The Expert Panel anticipated, and the survey results confirmed, that users perceive that
implementation of new chapter

476

may be challenging. In contrast to the challenges of

implementing general chapters Residual Solvents
and Elemental Impurities—Procedures

467 , Elemental Impurities—Limits

232 ,

233 , which affected many monographs, the new

chapter 476 will be referenced only in monographs that are new, are missing tests, or are in
need of complementary testing for organic impurities.
The Expert Panel requests feedback from stakeholders regarding the following questions.
Stakeholder input will enable the design of a seamless and successful implementation path:
1. Do the newly revised/created chapters adequately address impurity control in drug
substances and drug products? If not, what needs to be changed?
2. Would it be helpful to hold a workshop to inform the user community of the upcoming
changes in USP written standards for impurities and to discuss the potential impact of
these changes?
3. What length of time would be reasonable for implementing chapter

476

in new OTC
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drug products, OTC products that do not have a USP monograph, and existing OTC
monographs that do not refer to chapter 466 ?
4. Would it be useful for USP to hold pharmacopeial education classes to provide training in
how to use chapter

476 ?

a C orrespondence should be addressed to: Antonio Hernandez-C ardoso, Senior Scientific Liaison, United
States Pharmacopeial C onvention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel.
+1.301.816.8308; e-mail ahc@usp.org.
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ISSN: 1542-1945
Pharmacopeial Forum is covered in Current Contents/Life Sciences and in the Science Citation
Index (SCI), in International Pharmaceutical Abstracts, and in Current Awareness in Biological
Sciences.
The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.
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Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Section

Proposed and Adopted Revisions to the USP–NF
Content
How Readers Can Respond
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Proposed
Interim
Revision
Announcements

In-Process
Revision

Proposals for Interim
Revision Announcements
(IRAs) that will be published
as official USP or NF
standards
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
Proposals for standards that
will be published as official in
a future USP–NF book or
Supplement.
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Review material and send comments within 90
days of the PF publication in which the
standard was proposed (or per the comment
deadline listed in the Briefing section). Direct
comments to the USP Scientific Liaison using
the contact information provided at the end of
each Proposed IRA

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-9986839 or stdsmonographs@usp.org.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

Review material and provide comments to the
USP Scientific Liaison using the contact
information provided at the end of each Stage
4 Harmonization. Individuals who wish to
correspond with the European and Japanese
Pharmacopoeias concerning monographs in the
Stage 4 period of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a copy to
USP.
PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Department
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu
JP Secretariat
Mr. Issei Takayama
Technical Officer
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
takayama-issei@pmda.go.jp
Articles on standards
Review material and provide comments to the
development topics authored recipient indicated (usually footnoted in each
by the USP Council of
Stimuli article).
Experts, USP staff, or other
interested parties on which
USP desires public input prior
to further development.

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Calcitonin Salmon Injection, USP 37 page 2068. The monograph is being revised to reflect
the released USP Reference Standards.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends September 30, 2014. In the absence of any
significant adverse comment, it is proposed to implement this revision via an Interim Revision
Announcement to the Second Supplement to USP 38–NF 33, with an official date of January
1, 2015.
(BIO1: D. Schmidt.)
Correspondence Number—C136162

Comment deadline: September 30, 2014
Calcitonin Salmon Injection
DEFINITION
Calcitonin Salmon Injection is a sterile solution of Calcitonin Salmon in a suitable diluent. Each
mL of Calcitonin Salmon Injection possesses an activity of NLT 80% and NMT 120% of that
stated on the label.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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ASSAY
Change to read:
• Procedure
Solution A: Dissolve 3.26 g of tetramethylammonium hydroxide pentahydrate in 900 mL of
water, add 100 mL of acetonitrile, and mix. Adjust with phosphoric acid to a pH of 2.5,
pass through a filter of 0.5-µm or finer pore size, and degas.
Solution B: Dissolve 1.45 g of tetramethylammonium hydroxide pentahydrate in 400 mL of
water, add 600 mL of acetonitrile, and mix. Adjust with phosphoric acid to a pH of 2.5,
pass through a filter of 0.5-µm or finer pore size, and degas.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
72
28
30
48
52
32
72
28
55
72
28
System suitability solution: Dissolve the contents of a vial of USP Calcitonin Salmon
Related Compound A RS in 0.4 mL of Solution A, add 0.1 mL of the Standard solution, and
mix.
Prepare a solution in Solution A containing about 0.2 mg/mL of USP Calcitonin Salmon
Related Compound A RS and 0.2 mg/mL of USP Calcitonin Salmon RS. (IRA 1-Jan-2015)
Take 0.1 mL of this solution, add 0.9 mL of Solution A, and mix.
Standard stock solution: 1.0 mg/mL of USP Calcitonin Salmon RS in Solution A
Standard solution: 0.1 mg/mL of USP Calcitonin Salmon RS from Standard stock solution
diluted with Solution A
Sample solution: Use the solution from an undiluted Injection vial.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 65
Flow rate: 1 mL/min
Injection volume: 200 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for calcitonin salmon and calcitonin salmon related
compound A are 1.0 and 1.15, respectively.]
Suitability requirements
Resolution: NLT 3 between calcitonin salmon and calcitonin salmon related compound A
Tailing factor: NMT 2.5
Relative standard deviation: NMT 3%
Analysis
Samples: Standard solution and Sample solution
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Calculate the potency, in USP Calcitonin Salmon Units/mL, in the portion of Injection
taken:
Result = (rU/rS) × CS
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Calcitonin Salmon RS in the Standard solution (USP Calcitonin
Salmon Units/mL)
Acceptance criteria: 80%–120%
SPECIFIC TESTS
• Bacterial Endotoxins Test
Unit

85 : NMT 0.625 USP Endotoxin Units/USP Calcitonin Salmon

• Sterility Tests 71 : Meets the requirements when tested as directed in Test for Sterility
of the Product to Be Examined, Membrane Filtration
• Particulate Matter in Injections
injections
• pH

788 : Meets the requirements for small-volume

791 : 3.9–4.5

• Injections

1 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass. Avoid freezing. Store in a refrigerator.
• Labeling: Label it to indicate the activity in USP Calcitonin Salmon Units/mL. The labeling
states that the material is synthetic. Label it to state that it is to be stored in a
refrigerator, and that freezing is to be avoided.
• USP Reference Standards 11
USP Calcitonin Salmon RS
USP Calcitonin Salmon Related Compound A RS
N-Acetyl-cys1-calcitonin.
C146 H243 N44 O49 S2
3463
USP Endotoxin RS
BRIEFING
Calcitonin Salmon Nasal Solution, USP 37 page 2068. The monograph is being revised to
reflect the released USP Reference Standards.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends September 30, 2014. In the absence of any
significant adverse comment, it is proposed to implement this revision via an Interim Revision
Announcement to the Second Supplement to USP 38–NF 33, with an official date of January
1, 2015.
(BIO1: D. Schmidt.)
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Correspondence Number—C136161

Comment deadline: September 30, 2014
Calcitonin Salmon Nasal Solution
DEFINITION
Calcitonin Salmon Nasal Solution is a solution of Calcitonin Salmon in a suitable diluent. It
contains suitable preservatives, and is packaged in a form suitable for nasal administration so
that the required dosage can be controlled as required. Each mL of Calcitonin Salmon Nasal
Solution possesses an activity of NLT 80% and NMT 115% of that stated on the label.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 3.26 mg/mL of tetramethylammonium hydroxide pentahydrate in water and
acetonitrile (9:1). Adjust with phosphoric acid to a pH of 2.5.
Solution B: 1.45 mg/mL of tetramethylammonium hydroxide pentahydrate in acetonitrile
and water (3:2). Adjust with phosphoric acid to a pH of 2.5.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
72
28
30
48
52
32
72
28
55
72
28
Diluent: 7.5 mg/mL of sodium chloride, 2 mg/mL of sodium acetate, and 2 mg/mL of glacial
acetic acid in water
System suitability stock solution: Dissolve the contents of a vial of USP Calcitonin
Salmon Related Compound A RS in 0.4 mL of Solution A, and add 0.1 mL of the Standard
solution.
Prepare a solution in Solution A containing about 0.2 mg/mL of USP Calcitonin Salmon
Related Compound A RS and 0.2 mg/mL of USP Calcitonin Salmon RS. (IRA 1-Jan-2015)
System suitability solution: System suitability stock solution and Solution A (1:9)
Standard stock solution: 1.0 mg/mL of USP Calcitonin Salmon RS in Solution A
Standard solution: 0.1 mg/mL of USP Calcitonin Salmon RS from the Standard stock
solution in Solution A
Sample solution: Nasal Solution in Diluent (1:9)
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 220 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 65
Flow rate: 1 mL/min
Injection volume: 200 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for calcitonin salmon and calcitonin salmon related
compound A are 1.0 and 1.15, respectively.]
Suitability requirements
Resolution: NLT 3 between calcitonin salmon and calcitonin salmon related compound
A, System suitability solution
Tailing factor: NMT 2.5, Standard solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of calcitonin salmon
(C145 H240 N44 O48 S2 ) in the portion of Nasal Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the Sample solution
rS= peak area of the Standard solution
C=
S concentration of USP Calcitonin Salmon RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcitonin salmon in the Sample solution (mg/mL)
Acceptance criteria: 80%–115%
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 102 cfu/g, and the total combined molds and yeasts
count is NMT 5 × 101 cfu/g. It meets the requirements for absence of Staphylococcus
aureus and Pseudomonas aeruginosa.
• pH

791 : 3.5–4.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in containers suitable for spraying the contents into the
nasal cavities in a controlled individualized dosage. Store unopened containers in a
refrigerator and opened containers at room temperature.
• Labeling: Label it to indicate that it is for intranasal administration only. The labeling also
states that it has been prepared either with Calcitonin Salmon of synthetic origin or
Calcitonin Salmon of rDNA origin. Label it to state that it is to be stored in a refrigerator,
and that freezing is to be avoided. Label it to indicate the activity in USP Calcitonin Salmon
Units/mL.
• USP Reference Standards
USP Calcitonin Salmon RS

11
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USP Calcitonin Salmon Related Compound A RS
N-Acetyl-cys1-calcitonin.
C146 H243 N44 O49 S2
3463
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example,
2S (USP 34)

and

indicates that the proposed revision is slated for the Second Supplement to USP 34,
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indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
31 Volumetric Apparatus, USP 37 page 51. The General Chapters–Physical Analysis
Expert Committee proposes the following revisions:
1.

In the section Use, it is proposed to delete the reference to the drain rate of pipets
and burets, because this requirement is not aligned with the ASTM standard referenced
in the chapter.
2.
A Note is added in Standards of Accuracy to indicate that the tables in the chapter
list only the most common capacities and to direct the users to the ASTM standards for
a complete list of available tolerances and other applicable requirements.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCPA: H. Pappa.)
Correspondence Number—C143444

Comment deadline: September 30, 2014
31

VOLUMETRIC APPARATUS

Most of the volumetric apparatus available in the United States is calibrated at 20 , although
the temperatures generally prevailing in laboratories more nearly approach 25 . To minimize
volumetric error, the temperature should be the same for the volumetric apparatus, the material
being prepared, the solvents being used to prepare the volumetric solutions, the area in which
they are prepared, and the final volume adjustment.
Change to read:
USE
To attain the degree of precision required in many Pharmacopeial assays involving volumetric
measurements and directing that a quantity be “accurately measured”, the apparatus must be
chosen and used with care. A buret should be of such size that the titrant volume represents
not less than 30% of the nominal volume. Where less than 10 mL of titrant is to be measured, a
10-mL buret or a microburet generally is required.
The design of volumetric apparatus is an important factor in assuring accuracy. For example,
the length of the graduated portions of graduated cylinders should be not less than five times
the inside diameter, and the tips of burets and pipets should restrict the outflow rate to not
more than 500 µL per second.
2S (USP38)
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Change to read:
STANDARDS OF ACCURACY
The capacity tolerances for volumetric flasks, transfer pipets, and burets are those accepted
by the National Institute of Standards and Technology (Class A),1 as indicated in Table 1,
Table 2, and Table 3, respectively.
[Note—The tables in this chapter list the tolerances for the most commonly used sizes. See
the referenced ASTM standards for a complete list of tolerances and other applicable criteria.]
2S (USP38)

Use Class A volumetric apparatus unless otherwise specified in the individual monograph. For
plastic volumetric apparatus the accepted capacity tolerances are Class B
When plastic volumetric apparatus is specified, the accepted capacity tolerances are equal to
Class B glass. 2S (USP38)
2

The capacity tolerances for measuring (i.e., “graduated”) pipets of up to and including 10-mL
capacity are somewhat larger than those for the corresponding sizes of transfer pipets, namely,
10, 20, and 30 µL for the 2-, 5-, and 10-mL sizes, respectively.
Transfer and measuring pipets calibrated “to deliver” should be drained in a vertical position and
then touched against the wall of the receiving vessel to drain the tips. Volume readings on
burets should be estimated to the nearest 0.01 mL for 25- and 50-mL burets and to the
nearest 0.005 mL for 5- and 10-mL burets. Pipets calibrated “to contain” are called for in
special cases, generally for measuring viscous fluids such as syrups; however, a volumetric
flask may be substituted for a “to contain” pipet. In such cases, the pipet or flask should be
washed clean after draining, and the washings should be added to the measured portion.
Table 1. Volumetric Flasks
Designated volume, mL 10 25 50 100 250 500 1000
Limit of error, mL
0.02 0.03 0.05 0.08 0.12 0.20 0.30
Limit of error, %
0.20 0.12 0.10 0.08 0.05 0.04 0.03
Table 2. Transfer Pipets
Designated volume, mL 1
2
5 10 25 50 100
Limit of error, mL
0.006 0.006 0.01 0.02 0.03 0.05 0.08
Limit of error, %
0.60 0.30 0.20 0.20 0.12 0.10 0.08
Table 3. Burets
Designated volume, mL 10 (“micro” type) 25 50
Subdivisions, mL
0.02
0.1 0.1
Limit of error, mL
0.02
0.03 0.05
1 See ASTM 288-06, ASTM E287-02, ASTM E1189-00, and ASTM E969-02.
2 See ASTM E288 Fed. Spec. NNN-F-289,
2S (USP38)

and ISO Standard 384.

BRIEFING
111 Design and Analysis of Biological Assays, USP 37 page 111; and PF 39 (4) [July–
Aug. 2013]. USP has developed four general information chapters pertinent to bioassays:

PF 40(4): Jul.-Aug. 2014

18

Biological Assay Chapters—Overview and Glossary
Biological Assays

1030 , Design and Development of

1032 , Biological Assay Validation

1033 , and Analysis of Biological Assays

1034 . The latter three became official August 1, 2012, and

1030

became official

December 1, 2013. These new chapters largely replace the current general chapter

111 . It

is now proposed to replace the current 111 with a completely revised 111 that covers a
much reduced set of topics appropriate for a chapter numbered below 1000. This version
incorporates revisions in response to public comments following the PF 39(4) revision proposal
of this chapter. Most important are clarification of the scope of applicability of 111 , revision
to the criterion for requiring the alternate weights, and revision of the formula for the weighted
method to agree with the current

111 . The following monographs and chapters cite chapter

111 and have already been revised to contain needed content or will be updated in parallel
(if needed) when this chapter moves to official:
Calcium Pantothenate Assay
Insulin Assays

91

121

Glucagon Bioidentity Tests

123

Vitamin B12 Activity Assay 171
Anti-Factor Xa and Anti-Factor IIa Assays for Unfractionated and Low Molecular
Weight Heparins

208

Analytical Data—Interpretation and Treatment
Bovine Serum

1010

1024

Biological Assay Chapters—Overview and Glossary
Biotechnology-Derived Articles

1030

1045

Immunological Test Methods—Enzyme-Linked Immunosorbent Assay (ELISA)
Immunological Test Methods—Surface Plasmon Resonance
Vaccines for Human Use—General Considerations 1235
Chorionic Gonadotropin
Corticotropin for Injection
Corticotropin Injection
Repository Corticotropin Injection
Digitalis
Iron Dextran Injection
Oil- and Water-Soluble Vitamins Capsules
Oil- and Water-Soluble Vitamins Oral Solution
Oil- and Water-Soluble Vitamins Tablets
Oil- and Water-Soluble Vitamins with Minerals Capsules
Oil- and Water-Soluble Vitamins with Minerals Oral Solution
Oil- and Water-Soluble Vitamins with Minerals Tablets
Water-Soluble Vitamins Capsules
Water-Soluble Vitamins Tablets
Water-Soluble Vitamins with Minerals Capsules

1105

1103
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Water-Soluble Vitamins with Minerals Oral Solution
Water-Soluble Vitamins with Minerals Tablets
To simplify revision of existing documents, the chapter title and titles of retained sections
have been kept as they appear in the current

111 .

Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(STAT: M. Kibbey.)
Correspondence Number—C141571

Comment deadline: September 30, 2014
111

DESIGN AND ANALYSIS OF BIOLOGICAL ASSAYS

Change to read:
General
The potency of several Pharmacopeial drugs must be determined by bioassay. A controlling
factor in assay design and analysis is the variability of the biological test system, which may
vary in its mean response from one laboratory to another, and from time to time in the same
laboratory. To control this type of variation, the response to a Pharmacopeial drug is compared
with a USP Reference Standard or other suitable standard. For convenience, each such
preparation will be called the “Standard” and each preparation under assay, or Sample, the
“Unknown,” and these will be designated respectively by the symbols S and U. (The Sample is
sometimes referred to as the “test preparation.”)
After elimination of extraneous variables from the comparison of the Standard and the
Unknown, an error variance is computed from the remaining variation, which, while uncontrolled,
can nevertheless be measured. The error variance is required in calculating the confidence
interval of the assayed potency. The confidence interval, known also as the fiducial interval, is
so computed that its upper and lower limits are expected to enclose the true potency of the
Unknown in 19 out of 20 assays. Many assay procedures fix the acceptable width of the
confidence interval, and two or more independent assays may be needed to meet the specified
limit. The confidence limits of the individual component assays usually overlap.
The aim of this chapter is to present a concise account of biometrical procedures for the USP
bioassays. Its various sections are interrelated. Although the procedures are planned primarily
for the assay of a single Unknown, equations for the joint assay of several Unknowns are given
in context throughout the chapter and are summarized in the last section. Proof that an
assayed potency meets its required confidence limits may be based also upon other recognized
biometric methods that have a precision equivalent to that of the methods outlined herein.
A glossary of the terms used in the equations is provided at the end of this chapter.
Steps Preceding the Calculation of Potency
Designs for Minimizing the Error Variance—Variation in response is reduced as much as is
practicable by the limitations imposed on body weight, age, previous handling, environment,
and similar factors. In a number of assays, the test animals or their equivalent are then
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assigned at random but in equal numbers to the different doses of the Standard and Unknown.
This implies an objective random process, such as throwing dice, shuffling cards, or using a
table of random numbers. Assigning the same number of individuals to each treatment simplifies
the subsequent calculations materially, and usually leads to the shortest confidence interval for
a given number of observations.
In some assays, the potential responses can be assembled into homogeneous sets in advance
of treatment. The differences between sets are later segregated, so that they do not affect
adversely either the computed potency or its confidence interval. One unit within each set,
picked at random, receives each treatment. Examples of randomized sets are the cleared areas
on a single plate in the plate assay of an antibiotic, and four successive paired readings in the
same rat in the Vasopressin Injection assay. Sets of two occur where each test animal is used
twice, as in the assays of Tubocurarine Chloride Injection and Insulin Injection. In these cases,
neither the average differences between individuals nor the order of treatment can bias the
potency or precision. In the microbial assays for vitamin B12 activity and for calcium
pantothenate, replicate tubes are assigned to two or more separate, complete sets, preferably
with the tubes arranged at random within each set. This restricts the variation due to position
or order within a set to the differences within each complete replicate.
Rejection of Outlying or Aberrant Observations—A response that is questionable because of
failure to comply with the procedure during the course of an assay is rejected. Other aberrant
values may be discovered only after the responses have been tabulated, but can then be
traced to assay irregularities, which justify their omission. The arbitrary rejection or retention
of an apparently aberrant response can be a serious source of bias. In general, the rejection of
observations solely on the basis of their relative magnitudes is a procedure to be used
sparingly. When this is unavoidable, each suspected aberrant response or outlier may be tested
against one of two criteria:
1. The first criterion is based upon the variation within a single group of supposedly equivalent
responses. On the average, it will reject a valid observation once in 25 or once in 50 trials,
provided that relatively few, if any, responses within the group are identical. Beginning with the
supposedly erratic value or outlier, designate the responses in order of magnitude from y1 to
yN , where N is the number of observations in the group. Compute the relative gap G1 = (y2
y1 )/(yN

y1 ) when N = 3 to 7, G2 = (y3

y1 )/(yN

1

y1 ) when N = 8 to 13, or G3 = (y3

y1 )/(yN 2 y1 ) when N = 14 to 24. If G1 , G2 , or G3 exceeds the critical value in Table 1 for
the observed N, there is a statistical basis for omitting the outlier.
Table 1
Test for outliers. In samples from a normal population, gaps equal to or larger than
the following values of G1, G2, and G3 occur with a probability P = 0.02 where outliers
can occur only at one end, or with P = 0.04 where they may occur at either end.
N
3
4
5
6
7
G1 .976
.846
.729
.644
.586
N
8
9
10
11
12
13
G2 .780
.725
.678
.638
.605
.578
N
14
15
16
17
18
19
20
21
22
23
24
G3 .602
.579
.559
.542
.527
.514
.502
.491
.481
.472
.464
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This criterion is applicable also in a microbial assay where each treatment is represented by a
transmittance in each of two separate complete sets. Subtract each transmittance in the first
set from its paired value in the second set, and record each difference with its sign, either plus
or minus. Beginning with the most divergent difference, designate the N differences in order of
magnitude from y1 to yN and compute the relative gap G1 , G2 , or G3 . If this exceeds its critical
value in Table 1, one of the two transmittances giving the aberrant difference is suspect and
may be identified on inspection or by comparison with its expectation (see next column).
Repeat the process with the remaining differences if an outlier is suspected in a second pair.
2. The second criterion compares the ranges from a series of k = 2 or more groups. Different
groups may receive different treatments, but all f responses within each group represent the
same treatment. Compute the range from each group by subtracting the smallest response from
the largest within each of the k groups. Divide the largest of the k ranges by the sum of all the
ranges in the series. Refer this ratio R* to Table 2. If k is not larger than 10, use the tabular
values in the upper part of Table 2; if k is larger than 10, multiply R* by (k + 2) and interpolate,
if necessary, between the tabular values in the lower part of Table 2. If R* exceeds the tabular
or interpolated value, the group with the largest range is suspect and inspection of its
components will usually identify the observation, which is then assumed to be aberrant or an
outlier. The process may be repeated with the remaining ranges if an outlier is suspected in a
second group.
Table 2
Test for groups containing outliers. Compute the range from the f observations in
each of k groups, where all groups in the series are equal in size. The observed ratio
R* of the largest range to the sum of the k ranges will equal or exceed the following
critical values at a probability of P = 0.05.
Critical R* for Ranges Each from f Observations
No. of Ranges k
2
3
4
5
6
7
8
9
10

2
3
4
5
6
7
8
9
0.962 0.862 0.803 0.764 0.736 0.717 0.702 0.691
.813 .667 .601 .563 .539 .521 .507 .498
.681 .538 .479 .446 .425 .410 .398 .389
.581 .451 .398 .369 .351 .338 .328 .320
0.508 0.389 0.342 0.316 0.300 0.288 0.280 0.273
.451 .342 .300 .278 .263 .253 .245 .239
.407 .305 .267 .248 .234 .225 .218 .213
.369 .276 .241 .224 .211 .203 .197 .192
.339 .253 .220 .204 .193 .185 .179 .174

10
0.682
.489
.382
.314
0.267
.234
.208
.188
.172

Critical (k + 2)R* for Ranges Each from f Observations
No. of Ranges k
10
12
15
20
50

2
4.06
4.06
4.06
4.13
4.26

3
3.04
3.03
3.02
3.03
3.11

4
2.65
2.63
2.62
2.62
2.67

5
2.44
2.42
2.41
2.41
2.44

6
2.30
2.29
2.28
2.28
2.29

7
2.21
2.20
2.18
2.18
2.19

8
2.14
2.13
2.12
2.11
2.11

9
2.09
2.07
2.06
2.05
2.06

10
2.05
2.04
2.02
2.01
2.01

Replacement of Missing Values—As directed in the monographs and in this section, the
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calculation of potency and its confidence interval from the total response for each dose of
each preparation requires the same number of observations in each total. When observations
are lost or additional responses have been obtained with the Standard, the balance may be
restored by one of the following procedures, so that the usual equations apply.
1. Reduce the number of observations in the larger groups until the number of responses is the
same for each treatment. If animals have been assigned at random to each treatment group,
either omit one or more responses, selected at random, from each larger group, or subtract the
mean of each larger group from its initial total as often as may be necessary. The latter
technique is preferred when extra animals have been assigned deliberately to the Standard.
When the assay consists of randomized sets, retain only the complete sets.
2. Alternatively, an occasional smaller group may be brought up to size when the number of
missing responses is not more than one in any one treatment or 10% in the entire assay.
Estimate a replacement for each missing value by either Method a or Method b. One degree of
freedom (n) is lost from the error variance s2 for each replacement by either method, except in
a microbial assay where each response is based on the sum of two or more transmittances and
only one transmittance is replaced.
(a) If animals have been assigned to treatments at random, add the mean of the remaining
responses in the incomplete group to their total. In a microbial assay, when one of two
transmittances is missing for a given treatment, add the mean difference between sets,
computed from all complete pairs, to the remaining transmittance to obtain the replacement.
(b) If the assay consists of randomized sets, replace the missing value by

where f is the number of sets, k is the number of treatments or doses, and T r¢, T t¢, and T¢ are
the incomplete totals for the randomized set, treatment, and assay from which an observation
is missing.
If the assay consists of n¢ Latin squares with k rows in common, replace a missing value by

where n¢ is the number of Latin squares with k rows in common, k is the number of treatments
or doses, and T c ¢, T r¢, T t¢, and T¢ are respectively the incomplete totals for the column, row,
treatment, and assay from which an observation is missing.
If more than one value is missing, substitute the treatment mean temporarily in all but one of
the empty places, and compute y¢ for the other by Equation 1. Replace each of the initial
substitutions in turn by Equation 1, and repeat the process in successive approximations until a
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stable y¢ is obtained for each missing observation.
Calculation of Potency from a Single Assay
Directions for calculating potency from the data of a single assay are given in the individual
monographs. In those assays that specify graphical interpolation from dosage-response curves
but that meet the conditions for assay validity set forth herein, potency may be computed
alternatively by the appropriate method in this section.
Planning the assay involves assigning to the Unknown an assumed potency, to permit
administering it in dosages equivalent to those of the Standard. The closer the agreement
between this original assumption and the result of the assay, the more precise is the calculated
potency. The ratio of a given dose of the Standard, in µg or in USP Units, to the corresponding
dose of the Unknown, measured as specified in the monograph, is designated uniformly by R.
The log-relative potency in quantities assumed initially to equal those of the Standard is
designated as M¢.
Ideally, M¢ should not differ significantly from zero. The log-potency is equation 2
M = M¢ + log R

(2)

or
Potency = P* = antilog M = (antilog M¢)R
Assay from Direct Determinations of the Threshold Dose—Tubocurarine Chloride Injection
and Metocurarine Iodide are assayed from the threshold dose that just produces a
characteristic biological response. The ratio of the mean threshold dose for the Standard to
that for the Unknown gives the potency directly. The threshold dose is determined twice in
each animal, once with the Standard and once with the Unknown. Each dose is converted to
its logarithm, the difference (x) between the two log-doses is determined for each animal, and
potency is calculated from the average of these differences.
In the Bacterial Endotoxins Test 85 , the geometric mean dilution endpoint for the Unknown
corresponding to the geometric mean dilution endpoint for the Standard (multiplied by a dilution
factor, where applicable) gives the concentration of endotoxin in the test material.
In these assays, the confidence interval depends upon the variability in the threshold dose.
Indirect Assays from the Relationship between the Log-Dose and the Response
—Generally, the threshold dose cannot be measured directly; therefore, potency is determined
indirectly by comparing the responses following known doses of the Standard with the
responses following one or more similar doses of the Unknown. Within a restricted dosage
range, a suitable measure of the response usually can be plotted as a straight line against the
log-dose, a condition that simplifies the calculation of potency and its confidence interval. Both
the slope and position of the log-dose response relationship are determined in each assay by
the use of two or more levels of the Standard, or, preferably, of both the Standard and the
Unknown.
In the assay of Heparin Sodium, the interval between the dose at which clotting occurs and
that which produces no clotting is so small that the dosage-response curve is not determined
explicitly. Moving averages are used instead to interpolate the log-dose corresponding to 50%
clotting for both the Standard and the Unknown, leading to the log-potency (see Calculation
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under Heparin Sodium). The precision of the potency is estimated from the agreement between
independent assays of the same Unknown.
For a drug that is assayed biologically, the response should plot as a straight line against the
log-dose over an adequate range of doses. Where a preliminary test is required or the assay
depends upon interpolation from a multi-dose Standard curve, plot on coordinate paper the
mean response of the Standard at each dosage level on the ordinate against the log-dose x on
the abscissa. If the trend is basically linear over the required dosage range, the initial response
unit may be used directly as y; if, instead, the trend is clearly curvilinear, a suitable
transformation of each initial reading may bring linearity.
One possible transformation is to logarithms; another, in microbial tube assays, where y = (100
% transmittance) does not plot linearly against the log-dose x, is to probits. In this case, if
absorbance cannot be read directly, the percent transmittance for each tube or test solution is
first converted to absorbance, A = 2 log(% transmittance). Each absorbance value, in turn,
is converted to % reduction in bacterial growth as
% reduction = 100(AC

A)/AC

where Ac is the mean density for the control tubes (without antibiotic or with excess of
vitamin) in the same set or tube rack. Percent reduction is then transformed to a probit (see
Table 3) to obtain a new y for all later calculation. The probit transformation offers the
advantage of extending the working range of linearity even where a portion of the dosageresponse relationship is nonlinear in the original units of percent transmittance, provided that
the incubation period does not extend beyond the logarithmic phase of growth of the control
tubes.
Table 3
Probits (normal deviates + 5) corresponding to percentages in the margins.
0
10
20
30
40
50
60
70
80
90
99

0
—
3.72
4.16
4.48
4.75
5.00
5.25
5.52
5.84
6.28
0.0
7.33

1
2.67
3.77
4.19
4.50
4.77
5.03
5.28
5.55
5.88
6.34
0.1
7.37

2
2.95
3.82
4.23
4.53
4.80
5.05
5.31
5.58
5.92
6.41
0.2
7.41

3
3.12
3.87
4.26
4.56
4.82
5.08
5.33
5.61
5.95
6.48
0.3
7.46

4
3.25
3.92
4.29
4.59
4.85
5.10
5.36
5.64
5.99
6.55
0.4
7.51

5
3.36
3.96
4.33
4.61
4.87
5.13
5.39
5.67
6.04
6.64
0.5
7.58

6
3.45
4.01
4.36
4.64
4.90
5.15
5.41
5.71
6.08
6.75
0.6
7.65

7
3.52
4.05
4.39
4.67
4.92
5.18
5.44
5.74
6.13
6.88
0.7
7.75

8
3.59
4.08
4.42
4.69
4.95
5.20
5.47
5.77
6.18
7.05
0.8
7.88

9
3.66
4.12
4.45
4.72
4.97
5.23
5.50
5.81
6.23
7.33
0.9
8.09

The LD50 in the Safety test for Iron Dextran Injection is calculated with log-doses and probits.
The four doses of the Injection, in mg of iron per kg of body weight, are transformed to x1 =
2.574, x2 = 2.699, x3 = 2.875, and x4 = 3.000. The probits corresponding to the number of
deaths observed in each group of 10 mice are designated y1 , y2 , y3 , and y4 , respectively, and
are given in Table 3 for mortalities from 10 to 90 percent. For observed deaths of 0 and 10
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adjacent to doses giving an intermediate mortality, use the approximate probits 3.02 and 6.98,
respectively; omit the end value (at x1 or x4 ) if not adjacent to an intermediate mortality.
Since the information in a probit varies with its expectation, assign each probit an approximate
relative weight w for computing the LD50 of the Injection, as shown in the accompanying table.
No. of Deaths 0 or 10 1 or 9 2 or 8 3 or 7 4 to 6
Weight, w
0.3
0.7 1.0 1.2 1.3
Calculate the weighted means
x = S(wx)/Sw
and

(2a)

y = S(wy)/Sw
from the sum of the weights, Sw, of the four (or three) acceptable responses and the
corresponding weighted sums of the log-doses, S(wx), and of the probits, S(wy). From the
sums of the weighted products, S(wxy), and of the weighted squares, S(wx2), compute the
slope b of the log-dose-probit line as
b = [S(wxy)

xS(wy)]/[S(wx2)

xS(wx)]

(2b)

The LD50 for this safety test, in mg of iron per kg of body weight, is calculated as
LD50 = antilog[x + (5

y)/b]

(2c)

In quantal assays not included in this Pharmacopeia, such as the mouse assay for insulin, the
calculation with probits involves other adjustments that are omitted here.
When the mean response yt for each dose of Standard plots linearly against the log-dose, and
the k doses are spaced at equal intervals on the logarithmic scale, the predicted responses (Y L
and Y H ) at the extreme ends of the line of best fit can be computed directly with the
coefficients x* in Table 4, which correspond to the k successive log-doses, as
Y L = S(x* yt)/divisor
and

(3)

Y H = S(x* yt)/divisor
where S stands uniformly for “the sum of” the values that follow it. When Y L and Y H are plotted
against the low and high log-doses, XL and XH , respectively, they may be connected by a
straight line with the slope
b = (Y H

Y L )/(XH

XL )

(4)

At any selected log-dose x of Standard, the predicted response is
Y = y + b(x

x)

(5)

where x = Sx/k, and y = (Y L + Y H )/2, or, for predictions within a set, y is the mean response
for the Standard within the set.
Table 4
Coefficients x* for computing the responses y L and y H predicted by least squares at
the lowest and highest of k log-doses when these are spaced at equal intervals.
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Coefficient x* for Mean Response y t at
Log-Dose

No. of
Doses

Predicted
End y

1

2

3

yL

5

2

yH

1

yL

4

7

yH

2

yL

5

6

3

3

4

6

Divisor

1

6

2

5

4

1

1

4

7

2

1

0

6
2

yH

1

0

1

2

yL

11

8

5

2

yH

4

2

5

1

5

10
10
1

5

3
1
8

5
4

21

11

21

When the log-dose response relationship is linear, but the k doses (expressed in mL) are spaced
substantially in an arithmetic sequence as in Table 5 (which refers to the microbial assays set
forth under Antibiotics—Microbial Assays 81 ), the slope b of the straight line of best fit may
be computed with the terms in Table 5 and the mean response at each dose yt, or T t = fyt
where the number of y's(f) is constant at each dose, as
b = S(x1 yt)/eb¢i = S(x1 T t)/feb¢i

(6)

The coefficients x1 are convenient multiples of the differences (x

x) about the mean log-

dose x, and eb¢i is the corresponding multiple of S(x x)2. The predicted response Y at a given
log-dose x may be computed by substitution of the assay slope b in Equation 5 and of the
mean y either of all the responses on the Standard in the entire assay or of those for each set
separately.
Table 5
Coefficients x1 for computing the slope b of a log-dose response curve when the
doses are spaced on an arithmetic scale as shown.
Coefficients x1 for Computing b from the
Responses y at Doses, in mL, of

2

3

4

5

Divisor
eb¢ i

29
—

12

12

29

—

14.4663

Mean
Log-Dose
x
0.38908

9

5

15

23

24.7827

0.41584

20

11

2

11

18

13.3249

0.45105

8

3

4

9

13

14.1017

0.37588

No. of
Doses

1

1.5

4

—

5
5

34
—

6

15

potencies interpolated from a standard curve—Where the log-dose response curve of the
Standard in a given assay is curvilinear and is fitted graphically to the plotted points, the
amount of Standard that would be expected to produce each observed response y of an
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Unknown is estimated by interpolation from the curve and then adjusted for the known
concentration of its test solution.
When the response to the Standard can be plotted linearly against the log-dose, it is fitted
numerically by a straight line, as described in the preceding section. For assays in randomized
sets, a standard curve is computed with b for the assay and y for each set and the response
yU in each tube of a given Unknown in that set is converted to an estimated log-relative
potency,
X = (yU

Y S)/b

(7)

where Y S is the response predicted by the standard curve at the assumed log-dose x of the
Unknown. The average of the separate estimates from each of f sets, M¢ = SX/f, is the assayed
log-relative potency of the Unknown.
Factorial Assays from the Response to Each Treatment—When some function of the
response can be plotted linearly against the log-dose, the assayed potency is computed from
the total response for each treatment, and its precision is measured in terms of confidence
intervals. This requires that (1) in suitable units the response (y) depends linearly upon the logdose within the dosage range of the assay, and (2) the number (f) of responses be the same
at each dosage level of both Standard and Unknown. The y's are totaled at each dosage level
of each preparation. In different combinations, these totals, T t, lead directly to the log-relative
potency and to tests of assay validity. The factorial coefficients in Tables 6, 7, and 8
determine how they are combined. In a given row, each T t is multiplied by the corresponding
coefficient and the products summed to obtain T i. The T i's in the successive rows carry the
same meaning in all assays.
Table 6
Factorial coefficients x1 for analyzing a balanced bioassay, in which successive logdoses of Standard (Si) and of Unknown (Ui) are spaced equally, each with the same
number (f) of responses totaling Tt .
Factorial Coefficients x1 for Each Dose
S1

S2

a

1

1

b

1

Design

Row

2,2

ab
3,3

4,4

1

a

1

b

1

ab

1

q

1

1
1
0
0
2

1

a

1

1

b

3

1

3

S4

1

aq

ab

S3

2

1

1

1
1
1

1
1

U2

ei

Ti

1

1

4

Ta

1

1

4

Tb

1

1

4

T ab

1
3
3

U3

U4

1

1

6

Ta

1

0

1

4

Tb

1

0

1

4

T ab

1

1

1

U1

1

2

1

12

Tq

1

2

1

12

T aq

1

1

1

1

8

Ta

3

1

1

3

40

Tb

3

1

1

3

40

T ab
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1

aq

1

1

1

1

1

1

1

1

1

1

1

8

Tq

1

1

1

1

8

T aq

Value of Constant for Design
For Computing
M¢
L

Equation No.
8, 10
26, 29

Constant
c
c¢

2,2
1
1

3,3
4/3
8/3

4,4
5
5

T a in the first row measures the difference in the average response to the Standard and to the
Unknown. T b in the second row leads directly to the combined slope of the dosage-response
curves for both Standard and Unknown. The third to the fifth rows (ab, q, and aq) provide
tests for the validity of an assay, as described in a later section. From the totals T a and T b,
compute the log-relative potency of the Unknown, before adjustment for its assumed potency,
as
M¢ = ciT a/T b

(8)

where i is the interval in logarithms between successive log-doses of both the Standard and
the Unknown, and the constant c is given separately at the bottom of each table. Each M¢ is
corrected to its log-potency M by Equation 2.
When doses are spaced unequally on a log scale, as in Table 8, use instead the constant ci at
the bottom of the table.
Table 7
Factorial coefficients x1 for analyzing a partially balanced assay, in which
successive log-doses of Standard (Si) and of Unknown (Ui) are spaced equally, each
with the same number (f) of responses totaling Tt . If the number of successive
doses of the Unknown exceeds by one the number on the Standard, interchange Si
and Ui in the heading and reverse all signs in rows a, ab, and aq.
Factorial Coefficients x1 for Each Dose
S1

S2

a

1

1

b

1

a

2

b

2

Design

Row

2,1

3,2

4,3

ab

1

q

1

2
0
0
2

3

3

b

3

1

3

q

3

aq

1

S4

1

a

ab

S3

1
3
1

2

1
1

1
1
3
1

ei

Ti

2

6

Ta

0

2

Tb

3

30

Ta

1

1

10

Tb

2

2

10

T ab

0

0

6

Tq

4

4

4

84

Ta

2

0

2

28

Tb

5

0

5

70

T ab

3

2

3

U1

3
3
3
3
1

U2

U3

2

4

2

60

Tq

1

2

1

10

T aq
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Value of Constant for Design
For Computing
M¢
L

Equation No.
8, 10
26, 29

Constant
c
c¢

2,1
1/2
3/4

3,2
5/6
25/12

4,3
7/6
49/12

Table 8
Factorial coefficients x1 for analyzing assays with a 3- or 4-dose sequence of 1.5,
2.0, 3.0, and 4.0, each dose having the same number (f) of responses.
Dose of Standard
Design

Row

4,4

3,3

1.5

2.0

3.0

4.0

a

1

1

1

1

b

29

12

12

29

1.5

2.0

3.0

4.0

ei

Ti

1

1

1

1

8

Ta

29

12

12

29

3940

Tb

3940 T ab

ab

29

12

12

29

29

12

12

29

q

1

1

1

1

1

1

1

1

8

Tq

1

1

1

1

8

T aq

1

6

Ta
Tb

aq

1

a

1

1

1

b

25

3

28

1

ab

25

3

q

31

53

aq
3,3

Dose of Unknown

31

1

1

28
22

53

22

a

1

1

b

28

3

ab

28

3

q

22

53

aq

1

22

53

1

25

3

28

2836

25

3

28

2836 T ab

31

53

22

8508

31

53

22

8508 T aq

1

1

1

6

Ta

28

3

25

2836

Tb

28

3

25

2836 T ab

22

53

31

8508

22

53

31

8508 T aq

1
25
25
31
31

Tq

Tq

Value of Constant for Design
For Computing
M¢
L

Equation No.
8, 10
26, 29

Constant
ci
c¢i2

4,4
7.2332
0.10623

3,3
5.3695
0.06100

In a fully balanced assay, such as the assay for corticotropin, compute M¢ with the coefficients
in Table 6. If one preparation has one less dose than the other but the successive log-doses of
both Standard and Unknown differ by a constant interval i, use the factorial coefficients in
Table 7, correcting for the actual difference between the observed mean log-doses, xS and xU ,
by computing
M = xS

xU + M¢

(9)

In assays where the successive doses are not spaced at equal log-intervals, the log-relative
potency of a single Unknown may be computed by Equation 8 with the factorial coefficients
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and ci in Table 8.
In an assay of two or more Unknowns against a common Standard, all with dosage-response
lines that are parallel within the experimental error, each log-relative potency may be computed
with the same assay slope as follows. For each preparation, determine the slope factor T b¢ =
S(x1 T t) or S(x1 y), where the values of x1 are the factorial coefficients for the Standard in the
appropriate row b of Table 6 or 8. The log-relative potency of each Unknown is
M¢ = cih¢T a/2ST b¢

(10)

where h¢ is the number of values of T b¢ summed in the denominator.
Assays from Differences in Response—When doses of the Standard and Unknown are paired
and the difference in response is computed for each pair, these differences are not affected by
variations in the average sensitivity of the paired readings. The paired 2-dose insulin assay
corresponds to the first design in Table 6, and requires four equal groups of rabbits each
injected twice (see Insulin Assays 121 ). The difference (y) in the blood sugar response of
each rabbit to the two treatments leads to the log-relative potency M¢ (see the first two
paragraphs of the section, Calculation of Potency from a Single Assay). The Vasopressin
Injection assay follows a similar design, substituting two or more randomized sets of four
successive pairs of injections into rats for the four treatment groups of rabbits in the insulin
assay.
Oxytocin Injection is assayed from blood pressure changes in a single test animal following
alternating injections of a single dose of Standard and of one of two doses of the Unknown.
The calculation of potency from the differences in the response of the Unknown and to the
average of the two adjacent responses to the Standard is equivalent to the first design in
Table 7 with S and U reversed, where i is the log-interval between the two dosage levels of the
Unknown.
Experimental Error and Tests of Assay Validity
As the term is used here, “experimental error” refers to the residual variation in the response of
biological indicators, not to a mistake in procedure or to an outlier that needs replacement. It is
measured in terms of the error variance of a single response or other unit, which is designated
uniformly as s2, despite differences in the definition of the unit. It is required in tests of assay
validity and in computing the confidence interval.
Error Variance of a Threshold Dose—The individual threshold dose is measured directly in
some assays. In a Digitalis assay, designate each individual threshold dose by the symbol z, the
number or frequency of z's by f, and the total of the z's for each preparation by T, with
subscripts S and U for Standard and Unknown, respectively. Compute the error variance of z as
s2 = [Sz2

T S2/fS

T U 2/fU ]/n

(11)

with n = fS + fU 2 degrees of freedom. In the assay of Tubocurarine Chloride Injection, each
log-threshold dose of the Unknown is subtracted from the corresponding log-dose of the
Standard in the same rabbit to obtain an individual difference x. Since each x may be either
positive or negative (+ or ), it is essential to carry the correct sign in all sums. Designate the
total of the x's for the animals injected with the Standard on the first day as T 1 , and for those
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injected with the Standard on the second day as T 2 . Compute the error variance of x with n =
N

2 degrees of freedom as
s2 = {Sx2

(T 1 2 + T 2 2)/f}/n

(12)

where N is the total number of rabbits that complete the assay, excluding any replacement for
a missing value to equalize the size of the two groups.
Error Variance of an Individual Response—In the Pharmacopeial assays, differences in dose
that modify the mean response are assumed not to affect the variability in the response. The
calculation of the error variance depends upon the design of the assay and the form of the
adjustment for any missing values. Each response is first converted to the unit y used in
computing the potency. Determine a single error variance from the combined deviations of the
y's around their respective means for each dosage level, summed over all levels. Doubtful
values of y may be tested as described under Rejection of Outlying or Aberrant Observations,
and proved outliers may be replaced as missing values (see Replacement of Missing Values).
In the simplest design, the units of response are assigned at random to each dosage level, as
in the assay for corticotropin. If a missing value is replaced by adding the mean of the
remaining y's at any given dosage level to their total, the degrees of freedom (n) in the error
variance are reduced by one for each replacement but no other change is needed in the
calculation. Assuming that f is then the same for all doses or groups, compute the error
variance from the variation within doses of all the y's as
s2 = {Sy2

ST t2/f}/n

(13)

where T t is the total at each dose of the f values of y, there are k totals T t and the degrees of
freedom n = Sf

k, with Sf diminished by 1 for each replacement.

If variations in f are adjusted by subtracting a group mean from its group total, compute the
error variance from the observed y's and the unadjusted totals T t as
s2 = {Sy2
where n = Sf

S(T t2/f)}/n

(14)

k.

In the calculation of the result of an assay using the coefficients of Table 6 or 8, s2 may be
computed from the response y for each of the h¢ preparations, including the h Unknowns and
the corresponding dosage levels of the Standard. For each preparation, compute T¢ = Sy and
the slope factor T b¢ = S(x1 y) where the values of x1 are the factorial coefficients for the
Standard in the appropriate row b of Table 6 or 8. The error variance for the assay is
s2 = {Sy2

ST¢ 2/k

where the degrees of freedom n = h¢(k
as the coefficients x1 .

1)

2(ST b¢)2/h¢ebf}/n

(15)

1, and eb is the ei from the same table and row

The Error Variance in Restricted Designs—In some assays, the individual responses occur in
randomized sets of three or more. Examples of sets are litter mates in the assay of vitamin D,
the cleared areas within each plate in an antibiotic assay, and the responses following four
successive pairs of injections in the vasopressin assay. Arrange the individual y's from these
assays in a 2-way table, in which each column represents a different treatment or dose and
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each row a randomized set. Losses may be replaced as described under Replacement of Missing
Values. The k column totals are the T t's required for the analysis of balanced designs. The f
row totals (T r) represent a source of variation that does not affect the estimated potency and
hence is excluded from the assay error. Compute the approximate error variance from the
squares of the individual y's and of the marginal totals as
s2 = {Sy2

ST r2/k

ST t2/f + T 2/N}/n

(16)

where T = ST r = ST t, and the n = (k 1)(f 1) degrees of freedom must be diminished by one
for any gap in the original table that has been filled by computation.
When the order of treatment is an additional potential source of variation, its effect can be
corrected by the dose regimen for a series of n¢ Latin squares with k rows in common, such as
that for the two Latin squares in the dose regimens 1 to 4 and 5 to 8 in the assay of Glucagon
for Injection. List the observed responses y of each test animal in a separate column in the
order of dosing. The responses to each of the k doses then occur equally often in each of the k
rows and of the n¢k columns, where n¢ is the number of Latin squares. Total the responses y in
each row (T r) in each column (T c ), and, in a separate listing, for each dose or treatment (T t).
An occasional lost reading may be replaced by Equation 1a as described under Replacement of
Missing Values. Compute the error variance from the squares of the individual y's and of the
marginal and treatment totals as
s2 = {Sy2

ST r2/n¢k

ST c 2/k

ST t2/n¢k + 2T 2/N}/n

(16a)

where T = Sy = ST r = ST c = ST t, N = n¢k2, and the n = (k 1)(n¢k 2) degrees of freedom
must be diminished by one for any gap in the original table that has been filled by computation.
In assays where the reactions occur in pairs, the differences between test animals or paired
reactions are segregated automatically by calculating the assay with the difference within a
pair as the response. With insulin, the response is the difference y in the blood sugar of a single
rabbit following two injections (see Insulin Assay 121 ). After adjustment for rabbits lost
during the assay, compute the error variance of y from the responses in all four groups and
from the group totals T i= T 1 to T 4 as
s2 = {Sy2

ST i2/f}/n

(17)

where the number of rabbits f is the same in each group and the degrees of freedom, n = 4(f
1), are reduced by one for each replacement of a rabbit lost during the assay. In the Oxytocin
Injection assay, each y represents the difference between the blood pressure response to a
dose of the Unknown and the average for the two adjacent doses of Standard. Compute the
error variance of y as
s2 = {Sy2

(T 1 2 + T 2 2)/f}/n

(18)

with n = 2(f 1) degrees of freedom, where T 1 is the total of the y's for the low dose of the
Unknown and T 2 that for the high dose.
In a microbial assay calculated by interpolation from a standard curve, convert each difference
between two paired responses to units of log-dose, X, by the use of Equation 7. With each
difference X as the unit, a composite s2 is computed from the variation in the f values of X for
each Unknown, totaled over the h Unknowns in the assay, as
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s2 = {SX2

S(T x2/f)}/n

(19)

where T x = SX for a single Unknown and the degrees of freedom n = Sf

h.

Tests of Assay Validity— In addition to the specific requirements in each monograph and a
combined log-dose response curve with a significant slope (see the statistic C in the next
section), two conditions determine the validity of an individual factorial assay: (1) the log-dose
response curve for the Unknown must parallel that for the Standard within the experimental
error, and (2) neither curve may depart significantly from a straight line. When the assay has
been completely randomized or consists of randomized sets, the necessary tests are computed
with the factorial coefficients for ab, q, and aq from Tables 6 to 8 and the treatment totals T t.
Sum the products of the coefficients in each row by the corresponding T t's to obtain the
product total T i, where the subscript i stands in turn for ab, q, and aq, respectively. Each of
the three ratios, T i2/eif, is computed with the corresponding value of ei from the table and with
f equal to the number of y's in each T t. That in row ab tests whether the dosage-response
lines are parallel, and is the only test available in a 2-dose assay. With three or more doses of
both preparations, that in row q is a test of combined curvature in the same direction, and in
row aq of separate curvatures in opposite directions. If any ratio in a 3- or 4-dose assay
exceeds s2 as much as three-fold, compute
F 3 = S(T i2/eif)/3s2

(20)

For a 2-dose assay, compute instead
F 1 = T ab2/eabfs2

(21)

and for a 3,2 assay (Table 7) determine
F 2 = S(T i2/eif)/2s2

(22)

For a valid assay, F 1 , F 2 , or F 3 does not exceed the value given in Table 9 (at odds of 1 in 20)
for the degrees of freedom n in s2.
Table 9
Values of t, t2, F i and 2 for different degrees of freedom n that will be exceeded
with a probability P = 0.05 (or 0.95 for confidence intervals).†
n
1
2
3
4
5
6
7
8
9
10
11
12

t
12.706
4.303
3.182
2.776
2.571
2.447
2.365
2.306
2.262
2.228
2.201
2.179

t2 = F 1

F2

F3

161.45
18.51
10.128
7.709
6.608
5.987
5.591
5.318
5.117
4.965
4.844
4.747

—
19.00
9.55
6.94
5.79
5.14
4.74
4.46
4.26
4.10
3.98
3.89

—
19.16
9.28
6.59
5.41
4.76
4.35
4.07
3.86
3.71
3.59
3.49

2

3.84
5.99
7.82
9.49
11.07
12.59
14.07
15.51
16.92
18.31
19.68
21.03

n
19
20
21
22
23
24
25
26
27
28
29
30

t
2.093
2.086
2.080
2.074
2.069
2.064
2.060
2.056
2.052
2.048
2.045
2.042

t2 = F 1

F2

F3

4.381
4.351
4.325
4.301
4.279
4.260
4.242
4.225
4.210
4.196
4.183
4.171

3.52
3.49
3.47
3.44
3.42
3.40
3.38
3.37
3.35
3.34
3.33
3.32

3.13
3.10
3.07
3.05
3.03
3.01
2.99
2.98
2.96
2.95
2.93
2.92

2

30.1
31.4
32.7
33.9
35.2
36.4
37.7
38.9
40.1
41.3
42.6
43.8
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13
14
15

2.160
2.145
2.131

4.667
4.600
4.543

3.81
3.74
3.68

3.41 22.36 40 2.021
3.34 23.68 60 2.000
3.29 25.00 120 1.980

4.085
4.001
3.920

3.23
3.15
3.07

2.84
2.76
2.68

16
17
18

2.120
2.110
2.101

4.494
4.451
4.414

3.63
3.59
3.55

3.24 26.30
3.20 27.59
3.16 28.87

3.841

3.00

2.60

1.960

55.8
79.1
146.6

† Adapted from portions of Tables III to V of “Statistical Tables for Biological, Agricultural and
Medical Research,” by R. A. Fisher and F. Yates, published by Oliver and Boyd, Ltd., Edinburgh.
An assay may fail the test for validity and still provide a contributory estimate of potency that
can be combined profitably with the result of a second assay of the same Unknown, as
described in a later section. An end dosage level for either the Standard or the Unknown, or
both, may fall outside the linear zone. With three or more dosage levels and relatively large
values of T a, T ab, and T aq, the total response T t at an end dose of one preparation may
approach an upper or lower limit and be responsible for the large values of T ab and T aq. This T t
may be omitted and the assay recomputed with the appropriate design in Table 7. If the assay
then meets the test in Equation 20, or 22, the resulting potency, M, may be combined with
that of a second assay in computing the log-potency of the Unknown (see under Combination
of Independent Assays). If T a is not significant but T q shows significant combined curvature,
the largest (or smallest) dose of both preparations may be too large (or too small). Their
omission may lead to a valid assay with the factorial coefficients for the next smaller design in
Table 6 or 8. A statistically significant T q or ST q¢ may be neglected and all dosage levels
retained without biasing the computed log-potency M¢ and its confidence interval by more than
5% when the following inequality is true:
T b2/eb > 100T q2/eq
or
(ST b¢)2/eb > 100(ST q¢)2/eq

(23)

where each T b¢ and T q¢ is computed with the T t's (or y's) for a single preparation multiplied by
the coefficients for the Standard in rows b and q, respectively. If both T a and T ab are
significant in a 2-dose assay, one T t may be outside the linear zone. Sometimes a preliminary or
contributory estimate of potency can be computed from the remaining three values of T t and
the first design in Table 7. In assays of insulin and of other drugs in which the responses are
paired, the test for parallelism is so insensitive that it is omitted. If the tubes in each set are
arranged systematically instead of at random in a microbial assay, the tests for validity may be
subject to bias from positional effects.
The Confidence Interval and Limits of Potency
A bioassay provides an estimate of the true potency of an Unknown. This estimate falls within
a confidence interval, which is computed so that the odds are not more than 1 in 20 (P = 0.05)
that the true potency either exceeds the upper limit of the confidence interval or is less than
its lower limit. Since this interval is determined by a number of factors that may influence the
estimate of potency, the required precision for most bioassays is given in the monograph in
terms of the confidence interval, related either to the potency directly or to its logarithm.

PF 40(4): Jul.-Aug. 2014

35

General Calculation—Despite their many forms, bioassays fall into two general categories: (1)
those where the log-potency is computed directly from a mean or a mean difference, and (2)
those where it is computed from the ratio of two statistics.
(1) When the log-potency of an assay is computed as the mean of several estimated logpotencies that are approximately equal in precision, the log-confidence interval is
L = 2st /

k

(24)

where s is the standard deviation of a single estimated log-potency, t is read from Table 9 with
the n degrees of freedom in s, and k is the number of estimates that have been averaged. The
same equation holds where the log-potency is computed as the mean x of k differences x, with
s the standard deviation of a single x. In either case, the estimated log-potency M is in the
center of its confidence interval, so that its confidence limits are
XM = M + ½L and M

½L, or XM = M ± ½L (25)

The upper and lower limits are converted to their antilogarithms to obtain the limits as explicit
potencies.
(2) More often, the log-potency or potency is computed from a ratio, and in these cases the
length of the confidence interval is typified by the log-interval in the equation

where M¢ is the log-relative potency as defined (see Calculation of Potency from a Single
Assay), i is the log-interval between successive doses, and c¢ is a constant characteristic of
the assay procedure. The remaining term C depends upon the precision with which the slope of
the dosage-response curve has been determined. (This is sometimes expressed in terms of g =
(C

1)/C.) In factorial assays, it is computed as
C = T b2/(T b2

ebfs2t 2)

(27)

where s2 is the error variance of a single observation, t 2 is read from Table 9 with the degrees
of freedom in s2, f is the number of responses in each T t used in calculating T b, and T b and eb
are computed with the factorial coefficients for row b in Tables 6 to 8. The s2 in Equation 26
depends upon the design of the assay, as indicated for each drug in the next section. In a valid
assay, C is a positive number.
In an assay of two or more Unknowns against a common Standard, all with dosage-response
curves that are parallel within the experimental error, C may be computed with the error
variance s2 for the assay and with the assay slope as
C = (ST b¢)2/{(ST b¢)2

ebfh¢s2t 2/2}

(28)

The slope factor T b¢ = S(x1 T t) or S(x1 y) for each of the h¢ preparations, including the Standard,
is computed with the factorial coefficients x1 for the Standard in the appropriate row b of Table
6 or 8. If a treatment total T t includes one or more replacements for a missing response,
replace ebf in Equation 27, or ebfh¢/2 in Equation 28, by f2S(x1 2/f¢), where each x1 is a factorial
coefficient in row b of Tables 6 to 8, in this chapter, and f¢ is the number of responses in the
corresponding T t before adding the replacement. With this C, compute the confidence interval
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as

In assays computed from a ratio, the most probable log-potency M is not in the exact center of
the confidence interval. The upper and lower confidence limits in logarithms are
XM = log R + CM¢ + ½L and log R + CM¢

½L

(30)

C is often very little larger than unity, and the more precise the assay, the more nearly C
approaches 1 exactly. R = zS/zU is the ratio of corresponding doses of the Standard and of the
Unknown or the assumed potency of the Unknown. The upper and lower confidence limits in
log-potencies are converted separately to their antilogarithms to obtain the corresponding
potencies.
Confidence Intervals for Individual Assays—Since the confidence interval may vary in detail
from the above general patterns, compute it for each assay by the special directions given
under the name of the substance in the paragraphs following.
Antibiotic Assays—The confidence interval may be computed by Equations 24 and 25.
Calcium Pantothenate—For log-potencies obtained by interpolation from the Standard curve,
the confidence interval may be computed with Equations 19 and 24. For log-potencies
calculated with Equation 8 or 10, s2 may be computed with Equation 15, C with Equation 27 or
28, and the confidence interval L with Equation 26 or 29.
Corticotropin Injection—Compute the log confidence interval by Equations 26 and 27, with the
coefficients and constants in Table 6 for a 3-dose assay, and s2 as determined by Equation 13
or 14.
Digitalis—Compute the confidence interval as

where fU and fS are the number of observations on the Unknown and on the Standard, and
C = zU 2/(zU 2

s2t 2/fU )

(32)

is determined with s2 from Equation 11. The confidence limits for the potency in USP Units are
then
XP* = R{C(zS/zU ) ± ½L}

(33)

in which R is as defined in the Glossary of Symbols.
Glucagon for Injection—Compute the error variance s2 by Equation 15a, C by Equation 27 with
ebf = 16n¢, and the log confidence interval L by Equation 26 with c¢i2 = 0.09062.
Chorionic Gonadotropin—Proceed as directed under Corticotropin Injection.
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Heparin Sodium—If two independent determinations of the log-potency M differ by more than
0.05, carry out additional assays and compute the error variance among the N values of M as
s2 = {SM2

(SM)2/N}/n

(34)

with n = N 1 degrees of freedom. Given this value, determine the confidence interval in
logarithms (L) by Equation 24.
Insulin Injection—Compute the error variance (s2) of y by Equation 16 and C as
C = T b2/(T b2

s2t 2N)

(35)

where t 2 from Table 9 depends upon n = 4(f 1) degrees of freedom in s2 and N = 4f is the
total number of differences in the four groups. By Equation 26, compute the confidence interval
L in logarithms, where c¢i2 = 0.09062. The upper and lower confidence limits in USP Units of
insulin are given by the antilogarithms of XM from Equation 30.
Oxytocin Injection—Compute the approximate log confidence interval by Equation 26, in which
C = (T 2

T 1 )2/{(T 2

T 1 )2

4(f + 1)s2t 2/3}

(36)

where s2 is defined by Equation 18, and
c¢ = (4f

1)/8(f + 1)

(37)

Tubocurarine Chloride Injection—Compute the error variance by Equation 12, and the
confidence interval by Equation 24.
Vasopressin Injection—Compute the error variance s2 by Equation 16, C by Equation 35, and
the log confidence interval by Equation 26, where c¢ = 1 and i is the log-interval separating the
two dosage levels.
Vitamin B12 Activity—Proceed as directed under Calcium Pantothenate.
Combination of Independent Assays
When the method permits, additional animals can be added to an insufficiently precise assay
until the combined results reduce the confidence interval within the limits specified in the
monograph. Where two or more independent assays are required, each leading to a log-potency
M, the M's are combined in determining the weighted mean potency of the Unknown. Except in
the Heparin Sodium assay, where the log-potencies are weighted equally, the relative
precisions of the two or more independent M's determine the weight assigned to each value in
computing their mean and its confidence interval.
Before combining two or more separate estimates of M, test their mutual consistency. If the
M's are consistent, their respective confidence intervals will overlap. Where the intervals do not
overlap or where the overlap is small, compute an approximate
individual assays a weight w, defined as
w = 4t 2/L2

M

2.

Assign each of the h

(38)

where the length of the confidence interval L is computed with the appropriate equation from
the preceding section, and t 2 is read from Table 9 for the degrees of freedom n in the error
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variance of the assay. Sum the individual weights to obtain Sw. Then an approximate

2

with h

1 degrees of freedom is determined as
Approx.

M

2

= S(wM2)

{S(wM)}2/Sw

(39)

For two assays with log-potencies M1 and M2 and weights w1 and w2 , Equation 35 reduces to
Approx.

M

2

M2 )2/(w1 + w2 )

= w1 w2 (M1

(40)

with one degree of freedom. If the approximate M 2 is well under the critical value for 2 in
Table 9, use the weights w in computing the mean log-potency M and its confidence interval,
L. If M 2 approaches or exceeds this critical value, use instead the semi-weights w¢ (Equation
47) when computing M.
Compute the mean log-potency M of two or more mutually consistent assays as
M = S(wM)/Sw

(41)

This is the most probable single value within a combined confidence interval of length Lc ,
defined as the square root of
Lc 2 = 4t L 2/Sw {1 + (4/S2w)S(w(Sw
where each n¢ = n
freedom

4(h

2)/(h

w)/n¢}

(42)

1) and t L 2 is interpolated from Table 9 with the degrees of
nL = S2w/S(w2/n)

For two assays (h = 2) with log-potencies M1 and M2 and weights w1 and w2 , respectively, the
above equation may be rewritten as
Lc 2 = 4t L 2/Sw {1 + [1/n1 + 1/n2 ]4w1 w2 /S2w}

(43)

where Sw = w1 + w2 . Where Lc , the confidence interval for a combined estimate, does not
exceed the requirement in a monograph, upper and lower confidence limits are taken ½Lc above
and below M, to obtain approximately a 95% confidence interval.
Where the variation in the assayed potency between the h independent determinations, as
tested by M 2, approaches or exceeds P = 0.05, the several estimates are assigned semiweights w¢. From the weight w, compute the variance of each M as
V = 1/w = L2/4t 2

(44)

Calculate the variance of the heterogeneity between assays as
v = SM2

(SM2/h)/(h

1)

Sv/h

(45)

or if h = 2,
v = (M1

M2 )2/2

(V1 + V2 )/2

(46)

Where V varies so markedly that v calculated as above is a negative number, compute instead
an approximate v by omitting the term following the minus sign in Equations 45 and 46. A semiweight is defined as
w¢ = 1/(V + v)

(47)

Substitute w¢ and Sw¢ for w and Sw in Equation 41 to obtain the semi-weighted mean M. This
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falls near the middle of a confidence interval of approximate length Lc ¢, where
Lc ¢ 2 = 4t 2/Sw¢

(48)

and t 2 from Table 9 has SN degrees of freedom.
Where M 2 in Equation 39, from h = 4 or more estimates of M, exceeds the critical level in
Table 9 by more than 50%, and the weights w differ by less than 30%, the h estimates of M
may be checked for a suspected outlier with Table 1. Where significant, the outlying M may be
omitted in computing M with w¢.
Where the potency of a drug is determined repeatedly in a given laboratory by the same
bioassay method, successive determinations of both the slope b and the error variance s2 may
scatter randomly within the sampling error about a common value for each parameter. Plotting
estimates from successive assays on a quality control chart for each statistic and computing
the midvalue and control limits defining the allowable random variation make it possible to check
continuously the consistency of an assay technique. Where estimates of b and s2 from a single
assay fall within the control limits, they may be replaced by their laboratory means. Reject any
assay in which these statistics fall outside the control limits, or accept it only after close
scrutiny with respect to its validity.
Joint Assay of Several Preparations
Each monograph describes the assay of a single Unknown against the Standard. Although not
provided explicitly, several different Unknowns are often included in the same assay and each is
compared separately with the same responses to the Standard. This fact may warrant
increasing the number of observations with the Standard. Given f observations at each dosage
level of each of h different Unknowns, the number of observations at each dosage level of the
Standard may be increased advantageously, if h is large, to
f h
This rule can be applied only approximately where litter differences or their equivalent must be
segregated, and in any case is merely suggestive.
If all of several assays conducted concurrently meet the requirements for validity, and have
linear log-dose response curves with the same slope b and the same error variance s2 about
these lines, these two statistics may be considered as characteristic of the assay. Combining
all of the evidence from the same assay into a single value of the assay slope results in a more
stable and reliable estimate of b than if each Unknown were analyzed independently. The
degrees of freedom and reliability of the error variance s2 can be increased similarly. Confidence
intervals computed with these composite values for b and s2 are smaller on the average than if
based upon only part of the relevant data. For the calculation or application of such assay
estimates, see Equations 10, 15, 16, 19, 28, and 29. The potency estimated with a slope
computed from a single Unknown and the Standard agrees within a fraction of the confidence
interval with that computed from the combined slope for the entire assay. Since it is based
upon more evidence, the latter is considered the better estimate.
GLOSSARY
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A
b
c
c¢
ci
c¢i2
C
2
M2

eb
eb¢i
ei
eq
f

Glossary of Symbols
absorbance for computing % reduction in bacterial growth from turbidimetric readings.
slope of the straight line relating response (y) to log-dose (x) [Equations 2b, 4, 5, 6].
constant for computing M¢ with Equations 8 and 10.
constant for computing L with Equations 26and 29.
constant for computing M¢ when doses are spaced as in Table 8.
constant for computing L when doses are spaced as in Table 8.
term measuring precision of the slope in a confidence interval [Equations 27, 28, 35,
36].
statistical constant for testing significance of a discrepancy [Table 9].
2

testing the disagreement between different estimates of log-potency [Equations
39, 40].
ei from row b in Tables 6 to 8.
multiple of S(x x)2 [Table 5; Equation 6].
sum of squares of the factorial coefficients in each row of Tables 6 to 8.
ei from row q in Tables 6 to 8.
number of responses at each dosage level of a preparation; number of replicates or
sets.
number of observations on the Standard.
number of observations on the Unknown.
observed variance ratio with 1 to 3 degrees of freedom in numerator [Table 9].

fS
fU
F 1 to
F3
G1 ,
G2 ,
and G3 relative gap in test for outlier [Table 1].
h
number of Unknowns in a multiple assay.
h¢
number of preparations in a multiple assay, including the Standard and h Unknowns;
i.e.,
h¢ = h + 1.
i
interval in logarithms between successive log-doses, the same for both Standard and
Unknown.
k
number of estimated log-potencies in an average [Equation 24]; number of treatments
or doses [Table 4; Equations 1, 13, 15, 16]; number of ranges or groups in a series
[Table 2]; number of rows, columns, and doses in a single Latin square [Equations 1a,
16a].
L
length of the confidence interval in logarithms [Equations 24, 26, 29, 38], or in terms
of a proportion of the relative potency of the dilutions compared [Equations 31, 33].
Lc
length of a combined confidence interval [Equations 42, 43].
Lc ¢
length of confidence interval for a semi-weighted mean M [Equation 48].
LD50 lethal dose killing an expected 50% of the animals under test [Equation 2c].
M
log-potency [Equation 2].
M¢
log-potency of an Unknown, relative to its assumed potency.
M
mean log-potency.
n
degrees of freedom in an estimated variance s2 or in the statistic t or 2.

40
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n¢
N
P
P*
R
R*
s=
s2
s2
Si
S
t
T
T¢
T1
T2
Ta
T ab
T aq
Tb
T b¢
Ti
Tq
Tr
T r¢
Tt
T t¢
Ui
v
V=
1/w
w
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number of Latin squares with rows in common [Equations 1a, 16a].
number; e.g., of observations in a gap test [Table 1], or of responses y in an assay
[Equation 16].
probability of observing a given result, or of the tabular value of a statistic, usually P =
0.05 or 0.95 for confidence intervals [Tables 1, 2, 9].
potency, P* = antilog M or computed directly.
ratio of a given dose of the Standard to the corresponding dose of the Unknown, or
assumed potency of the Unknown [Equations 2, 30, 33].
ratio of largest of k ranges in a series to their sum [Table 2].
standard deviation of a response unit, also of a single estimated log-potency in a
direct assay [Equation 24].
error variance of a response unit.
a log-dose of Standard [Tables 6, 7].
“the sum of.”
Student's t for n degrees of freedom and probability P = 0.05 [Table 9].
total of the responses y in an assay [Equation 16].
incomplete total for an assay in randomized sets with one missing observation
[Equation 1].
S(y) for the animals injected with the Standard on the first day [Equations 18, 36].
S(y) for the animals injected with the Standard on the second day [Equations 18, 36].
T i for the difference in the responses to the Standard and to the Unknown [Tables 6
to 8].
T i for testing the difference in slope between Standard and Unknown [Tables 6 to 8].
T i for testing opposed curvature in the curves for Standard and Unknown [Tables 6 to
8].
T i for the combined slope of the dosage-response curves for Standard and Unknown
[Tables 6 to 8].
S(x1 T t) or S(x1 y) for computing the slope of the log-dose response curve [Equations
10, 23, 28].
sum of products of T t multiplied by the corresponding factorial coefficients in each row
of Tables 6 to 8.
T i for testing similar curvature in the curves for Standard and Unknown [Tables 6 to
8].
row or set total in an assay in randomized sets [Equation 16].
incomplete total for the randomized set with a missing observation in Equation 1.
total of f responses y for a given dose of a preparation [Tables 6 to 8; Equations 6,
13, 14, 16].
incomplete total for the treatment with a missing observation in Equation 1.
a log-dose of Unknown [Tables 6 to 8].
variance for heterogeneity between assays [Equation 45].
variance of an individual M [Equations 44 to 47].
weight assigned to the M for an individual assay [Equation 38], or to a probit for
computing an LD50 [Equations 2a, 2b].
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semi-weight of each M in a series of assays [Equations 47, 48].
a log-dose of drug in a bioassay [Equation 5]; also the difference between two logthreshold doses in the same animal [Equation 12].
coefficients for computing the lowest and highest expected responses yL and yH in a
log-dose response curve [Table 4; Equation 3].

x1

a factorial coefficient that is a multiple of (x x) for computing the slope of a straight
line [Table 5; Equation 6].
x
mean log-dose [Equation 5].
xS
mean log-dose for Standard [Equation 9].
xU
mean log-dose for Unknown [Equation 9].
X
log-potency from a unit response, as interpolated from a standard curve [Equations
7a, 7b, 19].
XM
confidence limits for an estimated log-potency M [Equations 25, 30].
XP *
confidence limits for a directly estimated potency P* (see Digitalis assay) [Equation
33].
y
an observed individual response to a dose of drug in the units used in computing
potency and the error variance [Equations 13 to 16]; a unit difference between paired
responses in 2-dose assays [Equations 17, 18].
y1 ...yN observed responses listed in order of magnitude, for computing G1 , G2 , or G3 in Table
1.
y¢
replacement for a missing value [Equation 1].
y
mean response in a set or assay [Equation 5].
yt
mean response to a given treatment [Equations 3, 6].
Y
a response predicted from a dosage-response relationship,often with qualifying
subscripts [Equations 3 to 5].
z
threshold dose determined directly by titration (see Digitalis assay) [Equation 11].
z
mean threshold dose in a set (see Digitalis assay) [Equations 31, 32, 33].

INTRODUCTION
The potency of several Pharmacopeial articles must be determined by bioassays. The aim of
this chapter is to present a concise account of certain essential biometrical procedures for
bioassays in chapters or monographs of USP–NF, namely outlier identification, confidence
intervals for relative potency measurements, and combination of independent assays. For
bioassays not in USP–NF, other methods may be appropriate. See general information chapter
Analysis of Biological Assays

1034

which may be a helpful, but not mandatory, guidance.

REJECTION OF OUTLYING OR ABERRANT OBSERVATIONS
A response that is questionable because of failure to comply with the procedure during the
course of an assay is rejected. Other aberrant values may be discovered only after the
responses have been tabulated, but can then be traced to assay irregularities that justify their
omission. The arbitrary rejection or retention of an apparently aberrant response can be a
serious source of bias. In general, the rejection of observations solely on the basis of their
relative magnitudes, without investigation as to cause, is a procedure to be used sparingly.
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Should it be understood, either following an investigation into cause or based on practical
assay experience, that an observation's discordance is unlikely to arise from a reasonable
expectation of response to assay treatments, then a suspected aberrant response or outlier
may be tested against one of two criteria, both of which assume that the data have a nearly
normal distribution (which may be satisfied only after a suitable transformation of the original
responses). The conditions under which outlier testing will be conducted and the criterion to be
used should be specified a priori in the lab's procedures if not specified in the monograph or
chapter.
Criterion 1 (Dixon's Test)
The first criterion is based on the variation within a single group of supposedly equivalent
responses, such as a group of animals given a common concentration of a sample. On the
average, a valid observation will be rejected once in 100 trials (when the suspected outlier can
occur at only one end) or once in 50 trials (when the suspected outlier can occur at either
end), provided that relatively few, if any, responses within the group are identical. Arrange the
responses in order of magnitude from y1 to yN, where N is the number of observations in the
group. Compute the relative gap by using Table 2. Test for Outlier Measurements and the
formulas in Table 1 below.
Sample Size
(N)
3–7

Table 1
Candidate Outlier is Smallest
(y1)
G1 = (y2

y1)/(yN

Candidate Outlier is Largest
(yN)

y1)

G1 = (yN

yN

1)/(yN

y1)

8–10

G2 = (y2

y1)/(yN

1

y1)

G2 = (yN

yN

1)/(yN

y2)

11–13

G3 = (y3

y1)/(yN

1

y1)

G3 = (yN

yN

2)/(yN

y2)

If G1, G2, or G3, as appropriate, exceeds the critical value in Table 2, for the observed N, there
is a statistical basis for identifying the discordant measurement as an outlier and considering its
removal. For N larger than 13, use Criterion 2.
In samples from a normal population, gaps equal to or larger than the following values of G1, G2,
and G3 occur with a probability P = 0.01, when outlier measurements can occur only at one
end; or with P = 0.02, when they may occur at either end.
Table 2. Test for Outlier Measurements
N 3
4
5
6
7
G1 0.988 0.889 0.781 0.698 0.637
N 8
9
10
G2 0.681 0.634 0.597

—
—

—
—

N 11
12
13
G3 0.674 0.643 0.617

—
—

—
—

Criterion 2 (Grubbs, Extreme Studentized Deviate Test)
The second criterion may be used to examine for outlying values in groups of supposedly
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equivalent responses and may also be used in examining the set of residuals from a fitted model
(linear or nonlinear) where there is constant variance. The final model (which yields the
residuals for outlier detection) should include all important design variables. (For further
discussion of design variables, see general information chapter Design and Development of
Biological Assays 1032 , which may be a helpful, but not mandatory, resource.) (Note that
for application to residuals, the following is an approximation. If the statistical software
provides studentized residuals, those values should be used instead of those from the following
equation.) For the value, R, that is furthest from the sample mean, compute the standardized
deviation Z:
Z = (R

R)/S

where R and S are the mean and standard deviation, respectively, of the set of values. For
residuals from a least squares fit, such as for a parallel line assay, R = 0, and S is the square
root of the residual mean square from the analysis. If |Z| is greater than C as determined
below, then the value R is identified as a statistical outlier at the 1% level.

where N is the sample size, t is the one-sided 100p percentage point from the t distribution
with df the degrees of freedom associated with S:

For further discussion of outliers, see general information chapter Analytical Data—
Interpretation and Treatment

1010 , which may be a helpful, but not mandatory, resource.

THE CONFIDENCE INTERVAL AND LIMITS OF POTENCY
The following method (Fieller's) is used to determine the confidence interval for an estimate of
log relative potency from a parallel line assay or a slope ratio assay. Let M = a/b be the ratio
for which we need a confidence interval. For the estimates, a and b, we have their respective
standard errors, SEa and SEb, and a covariance between them, denoted Cov. The confidence
interval, (MLow, MUp), for the estimated log relative potency then is as follows:
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where:

and t = t df, /2 is the upper /2 percentage point (or the two-sided percentage point) with
the residual degrees of freedom, df, from the statistical analysis and chosen confidence level,
100*(1 ), (usually 95%). If g 1, it means that the denominator, b, is not statistically
significantly different from 0 and the use of the ratio is not sensible for those data. The length,
L, of this confidence interval is MUp

MLow.

For those cases where the estimates of a and b are statistically uncorrelated (Cov = 0), the
confidence interval formula simplifies to the following:

For further discussion of confidence intervals for potency, see chapter
a helpful, but not mandatory, resource.

1034

which may be

COMBINATION OF INDEPENDENT ASSAYS
When the monograph or chapter permits, multiple independent assays may be performed until
the combined results reduce the confidence interval width to within the limits specified in the
pertinent monograph or chapter. Where two or more independent assays are required, each
leading to a log-potency M, the M's are combined using one of the following two methods. Use
Method 1 unless otherwise directed by the pertinent monograph or chapter.
Method 1
Let Mi denote the logarithm of the relative potency of the ith assay of h assay results to be
combined. To combine the h results, the mean, standard deviation, and standard error of the Mi
are calculated in the usual way:
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)% confidence interval is then found as:

1, /2

is the upper

t-distribution with h

/2 percentage point (or the two-sided

percentage point) of a

1 degrees of freedom. The width, L, of this interval is 2t h

1, /2SE.

Method 2
It is assumed that the results of each of the h assays have been analyzed to give h values of
log potency with associated confidence limits. For each assay, i, the confidence interval for the
log potency or log relative potency and a value Li are obtained by subtracting the lower
confidence limit from the upper. A weight wi for each value of the log relative potency, Mi, is
calculated as follows, where t i has the same t-distribution value as that used in the calculation
of confidence limits in the ith assay and is based on ni degrees of freedom:

The products wiMi are formed for each assay, and their sum is divided by the total weight (w)
for all assays to give the weighted mean log relative potency and its standard error as follows:
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Next compute an approximate chi-square:

If the value of the approximate 2M is well under the 5% value shown in Table 3, compute the
confidence interval using the equation above; otherwise use Alternate weights as described
below. Labs need to specify in their procedures how to quantify “well under”. Absent such a
specification, the 20% values of Table 3 are suggested.
A 100(1

)% confidence interval in the log scale is then found as:
M ± L/2
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where t N, /2 is the upper /2 percentage point (or the two-sided percentage point) of a tdistribution with degrees of freedom, df. The width of this interval is L.
Table 3. Critical Values for Approximate Chi-Square Test
Critical Values
h
2
3
4
5
6
7
8
9
10

5%
3.841
5.991
7.815
9.488
11.070
12.592
14.067
15.507
16.919

20%
1.642
3.219
4.642
5.989
7.289
8.558
9.803
11.030
12.242

Alternate weights: The observed variation among the estimated log potencies or relative
potencies can be divided into two components:
intra-assay variation for assay i:
Vi = 1/wi
inter-assay component of variation:

For each assay, a weighting coefficient is then calculated as:
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The confidence interval is then found as:

and t, the t-distribution value, is often approximated by the value 2.
For further discussion of combination of assays, see chapter
but not mandatory, resource.

1034 , which may be a helpful,
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2S (USP38)

BRIEFING
411 Folic Acid Assay, USP 37 page 200. This general test chapter is being revised as part
of the USP monograph modernization effort. The following changes are proposed:
1.
The previous text is deleted and replaced with content presented in the redesigned
format to more closely align with current USP–NF monograph style. The deleted text
can be seen in this PDF.
2.
Replace the current, stand-alone folic acid assay procedure in the chapter with newer
procedures for the determination of folic acid as an ingredient of pharmaceutical
formulations containing other active constituents.
3.
Consolidate all the existing chromatographic procedures in the various monographs by
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migrating them to this chapter, which will serve as a center for cross-references for
all folic acid assay procedures described in the individual monographs.
(DS: H. Dinh.)
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FOLIC ACID ASSAY

INTRODUCTION
The following liquid chromatographic procedures are provided for the determination of folic acid
as an active pharmaceutical ingredient, a dietary supplement ingredient, or a component of
dietary supplements or pharmaceutical dosage forms.
Throughout these procedures, protect solutions containing and derived from the test specimen
and the Reference Standards from the atmosphere and light, preferably by using low-actinic
glassware.
ASSAY
• Procedure 1
This procedure can be used to determine folic acid in the following:
Oil- and Water-Soluble Vitamins with Minerals Tablets
Oil- and Water-Soluble Vitamins with Minerals Capsules
Oil- and Water-Soluble Vitamins Tablets
Oil- and Water-Soluble Vitamins Capsules
Water-Soluble Vitamins with Minerals Tablets
Water-Soluble Vitamins with Minerals Capsules
Water-Soluble Vitamins Tablets
Water-Soluble Vitamins Capsules
This procedure involves the extraction of analytes from the formulation by using an
Internal standard solution that contains methylparaben, tetrabutylammonium hydroxide,
and pentetic acid in alcoholic phosphate buffer and by mechanically shaking to release the
analytes from the matrices.
Unless specified in the individual monographs, the reagent solutions, Internal standard
solution, Standard solution, and Sample solutions are prepared as follows.
Reagent A: 25% Solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (1%–3%).]

50

PF 40(4): Jul.-Aug. 2014

51

Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in the Internal standard solution
Sample solution for Tablets: Crush NLT 30 Tablets until finely powdered. Transfer a
portion of powder, equivalent to 0.4 mg of folic acid, to a 50-mL amber-colored centrifuge
tube. Add 25.0 mL of the Internal standard solution, shake by mechanical means for 10
min, and centrifuge. Filter a portion of the clear supernatant, and use the filtrate.
Sample solution for Capsules: Weigh NLT 20 Capsules in a tared weighing bottle. Open
the Capsules, without the loss of shell material, and transfer the contents to a 100-mL
beaker. Remove any contents adhering to the empty shells by washing, if necessary, with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight per
Capsule. Transfer an amount of the Capsule contents to a suitable centrifuge tube, and
add a volume of Internal standard solution to obtain a concentration of 0.016 mg/mL of
folic acid. Shake by mechanical means for 10 min, and centrifuge. Filter a portion of the
clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of folic acid (C19 H19 N7 O6 ) in the portion
of the Sample taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U internal standard ratio (peak response of folic acid/peak response of the internal
standard) from the appropriate Sample solution
R=
S internal standard ratio (peak response of folic acid/peak response of the internal
standard) from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the appropriate Sample solution (µg/mL)
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• Procedure 2
This procedure can be used to determine folic acid in the following:
Oil- and Water-Soluble Vitamins with Minerals Tablets
Oil- and Water-Soluble Vitamins with Minerals Capsules
Oil- and Water-Soluble Vitamins Tablets
Oil- and Water-Soluble Vitamins Capsules
Water-Soluble Vitamins with Minerals Tablets
Water-Soluble Vitamins with Minerals Capsules
Water-Soluble Vitamins Tablets
Water-Soluble Vitamins Capsules
This procedure involves the extraction of analytes from the formulation by using an
extracting solution that contains either a mixture of edetate disodium and ammonium
hydroxide or a mixture of methanol, glacial acetic acid, and ethylene glycol, and by
mechanically shaking to release the analytes from the matrices.
Unless specified in the individual monographs, the reagent solution, Diluent, Standard stock
solution, Standard solutions, and Sample solutions are prepared as follows.
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide.
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution for Tablets: Mix 5.0 mL of the Standard stock solution with 10.0 mL of
methanol and 35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60 ,
and cool. Filter, discarding the first few mL of the filtrate.
Standard solution for Capsules: Mix 5.0 mL of the Standard stock solution with 10.0 mL
of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of
methanol and ethylene glycol (1:1). Shake for 15 min in a water bath maintained at 60 ,
and cool. Filter, discarding the first few mL of the filtrate.
Sample solution for Tablets: Transfer a portion of finely powdered Tablets, equivalent to
0.3 mg of folic acid, to a 125-mL stoppered flask. Add 10.0 mL of methanol and 35.0 mL of
Reagent. Shake for 15 min in a water bath maintained at 60 , and cool. Filter, discarding
the first few mL of the filtrate.
Sample solution for Capsules: Weigh NLT 20 Capsules in a tared weighing bottle. Open
the Capsules, without the loss of shell material, and transfer the contents to a 100-mL
beaker. Remove any contents adhering to the empty shells by washing, if necessary, with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight per
Capsule. Transfer an amount of the Capsule contents, equivalent to 0.3 mg of folic acid,
to a 125-mL stoppered flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid
(9:1) and 30.0 mL of a mixture of methanol and ethylene glycol (1:1). Shake for 15 min in
a water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of folic acid (C19 H19 N7 O6 ) in the portion
of the Sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of folic acid from the appropriate Sample solution
rS= peak response of folic acid from the appropriate Standard solution
C=
S concentration of USP Folic Acid RS in the appropriate Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the appropriate Sample solution (µg/mL)
• Procedure 3
This procedure can be used to determine folic acid in the following:
Active pharmaceutical ingredient
Dietary ingredient
This procedure involves the dissolution of analytes and internal standard in Mobile phase.
Unless specified in the individual monographs, the reagent solutions, Internal standard
solution, Standard stock solution, Standard solution, Sample stock solution, and Sample
solution are prepared as follows.
3 N phosphoric acid: 98 g/L of phosphoric acid in water
6 N ammonium hydroxide: Dilute 40 mL of ammonium hydroxide with water to 100 mL.
Mobile phase: Transfer 2.0 g of monobasic potassium phosphate into a 1000-mL
volumetric flask, dissolve in 650 mL of water. Add 15.0 mL of a solution of 0.5 M
tetrabutylammonium hydroxide in methanol, 7.0 mL of 3 N phosphoric acid, and 270 mL of
methanol. Cool to room temperature, adjust with 3 N phosphoric acid or 6 N ammonium
hydroxide to a pH of 5.0, and dilute with water to volume. Recheck the pH before use.
Internal standard solution: 2 mg/mL of methylparaben in Mobile phase. Dissolve the
methylparaben first with methanol (about 4% of the final volume), and dilute with Mobile
phase to volume.
Standard stock solution: 1 mg/mL of USP Folic Acid RS in Mobile phase. Dissolve the folic
acid with the aid of 10% ammonium hydroxide (about 1% of the final volume), and dilute
with Mobile phase to volume.
Standard solution: Transfer 4.0 mL of Standard stock solution and 4.0 mL of Internal
standard solution to a 50-mL volumetric flask, and dilute with Mobile phase to volume.
Sample stock solution: Transfer 100 mg of folic acid to a 100-mL volumetric flask, and
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dissolve in 40 mL of Mobile phase and 1 mL of 10% ammonium hydroxide. Dilute with Mobile
phase to volume.
Sample solution: Transfer 4.0 mL of Sample stock solution and 4.0 mL of Internal
standard solution to a 50-mL volumetric flask, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.6 between methylparaben and folic acid
Relative standard deviation: NMT 2.0% for the ratios of the folic acid peak
response to the internal standard peak response
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of folic acid (C19 H19 N7 O6 ) in the portion of the Sample taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U internal standard ratio (peak response of folic acid/peak response of the internal
standard) from the Sample solution
RS= internal standard ratio (peak response of folic acid/peak response of the internal
standard) from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard stock solution (mg/mL)
C=
U concentration of folic acid in the Sample stock solution (mg/mL)
• Procedure 4
This procedure can be used to determine folic acid in the following:
Folic Acid Tablets
Folic Acid Injection
This procedure involves the dissolution of analytes in a Diluent that contains 2 mL of
ammonium hydroxide and 1 g of sodium perchlorate per 100 mL of water.
Unless specified in the individual monographs, the Diluent, System suitability solution,
Standard solution, and Sample solutions are prepared as follows.
Mobile phase: Transfer 35.1 g of sodium perchlorate and 1.40 g of monobasic potassium
phosphate to a 1-L volumetric flask. Add 7.0 mL of 1 N potassium hydroxide and 40 mL of
methanol, dilute with water to volume and mix. Adjust with 1 N potassium hydroxide or
phosphoric acid to a pH of 7.2.
Diluent: Aqueous solution containing 2 mL of ammonium hydroxide and 1 g of sodium
perchlorate per 100 mL
System suitability solution: 0.2 mg/mL each of USP Folic Acid RS and USP Folic Acid
Related Compound A RS in Diluent. [Note—Before use, pass through a filter of 1-µm or
finer pore size.]
Standard solution: 0.20 mg/mL of USP Folic Acid RS in Diluent
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Sample solution for Tablets: Equivalent to 0.2 mg/mL of folic acid from NLT 20 powdered
Tablets in Diluent. Shake gently to aid dissolution, and filter, discarding the first few mL of
the filtrate.
Sample solution for Injection: Dilute with Diluent an accurately measured volume of
Injection, quantitatively and stepwise, to obtain a solution having a concentration close
to that of the Standard solution and between 0.20 and 0.80 mg/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.6 between folic acid related compound A and folic acid, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution for Tablets or Sample solution for
Injection
Calculate the percentage of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of folic acid from the Sample solution for Tablets
rS= peak response of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (mg/mL)
C=
U nominal concentration of folic acid in the Sample solution for Tablets (mg/mL)
Calculate the quantity, in mg, of folic acid (C19 H19 N7 O6 ) in each mL of Injection taken:
Result = (rU/rS) × (CS/vU) × V
rU= peak response of folic acid from the Sample solution for Injection
rS= peak response of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (mg/mL)
v=
U volume of Injection taken for preparation of the Sample solution for Injection (mL)
V= total volume used to dilute the Injection (mL)
ADDITIONAL REQUIREMENTS
• USP Reference Standards 11
USP Folic Acid RS
USP Folic Acid Related Compound A RS
Calcium formyltetrahydrofolate.
2S (USP38)

BRIEFING
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755 Minimum Fill, USP 37 page 380. The General Chapters–Dosage Forms Expert
Committee proposes to revise this general chapter, which provides procedures for confirming
that a pharmaceutical product contains the labeled amount. In the proposed revision, a
procedure is recommended for determining the density of the drug product. The density can be
used by the analyst as a means of calculating the contents of products labeled by volume from
their observed masses. The proposed revision also extends the scope of this test to containers
with contents of more than 150 g or 150 mL.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCDF: W. Brown..)
Correspondence Number—C140612

Comment deadline: September 30, 2014
755

MINIMUM FILL

Delete the following:
The following tests and specifications apply to articles such as creams, gels, jellies, lotions,
ointments, pastes, powders, and aerosols, including pressurized and nonpressurized topical
sprays that are packaged in containers in which the labeled content is not more than 150 g or
150 mL. 2S (USP38)
Add the following:
SCOPE
The following tests and specifications apply to articles such as creams, gels, jellies, lotions,
ointments, pastes, powders, and aerosols, including pressurized and nonpressurized topical
sprays that are packaged in containers. To minimize the impact of entrained air for products
labeled by volume, the fill determination is performed by mass from which the volume is
calculated by use of the density of the preparation. 2S (USP38)
Add the following:
PURPOSE
The test for minimum fill ensures that the amount of material filled into the product conforms to
the labeled amount. 2S (USP38)
Add the following:
PROCEDURE FOR DOSAGE FORMS OTHER THAN AEROSOLS

For containers labeled by weight: Select a sample of 10 filled containers, and remove any
labeling that might be altered in weight during the removal of the container contents.
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Thoroughly cleanse and dry the outside of the containers by a suitable means, and weigh
individually. Quantitatively remove the contents from each container, cutting the latter open
and washing with a suitable solvent, if necessary, taking care to retain the closure and other
parts of each container that were present during the initial weighing. Dry and reweigh each
empty container, together with its corresponding parts. Determine the net weight of the
contents of the container by difference.
For containers labeled by volume: Proceed as indicated above for products labeled by
weight, but convert the mass to volume using the density of the preparation. A suggested
approach to determine the density of the materials is as follows:
1. Tare a 100-mL volumetric flask containing 50.0 mL of liquid which is miscible with the
formulation.
2. Add approximately 25 mL of a representative sample of the product and gently swirl the
contents to mix.
3. Reweigh the flask.
4. From a buret, add an accurately measured amount of the miscible liquid to bring the
flask contents to volume while gently swirling the contents of the flask. Record the
volume taken from the buret.
5. Calculate the density of the sample:
W/V
W = weight of the material taken (g)
V = 50.0 mL minus the volume, in mL, of water necessary to adjust the contents of
the flask to 100 mL
Other methods of determining the density may be employed depending on the formulation (e.g.,
substantially nonaqueous formulations). Similarly, if the container contents are less than 25 mL,
smaller graduated vessels may be used, with the quantities of miscible liquid adjusted
accordingly.
Alternatively for lotions, pour the contents of 10 containers into 10 suitable graduated
cylinders, and allow to drain completely. Record the volume of the contents of each of the 10
containers. 2S (USP38)
Delete the following:
PROCEDURE FOR DOSAGE FORMS OTHER THAN AEROSOLS—
For containers labeled by weight, select a sample of 10 filled containers, and remove any
labeling that might be altered in weight during the removal of the container contents.
Thoroughly cleanse and dry the outside of the containers by a suitable means, and weigh
individually. Quantitatively remove the contents from each container, cutting the latter open
and washing with a suitable solvent, if necessary, taking care to retain the closure and other
parts of each container. Dry, and again weigh each empty container together with its
corresponding parts. The difference between the two weights is the net weight of the contents
of the container. For containers labeled by volume, pour the contents of 10 containers into 10
suitable graduated cylinders, and allow to drain completely. Record the volume of the contents
of each of the 10 containers. The average net content of the 10 containers is not less than
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the labeled amount, and the net content of any single container is not less than 90% of the
labeled amount where the labeled amount is 60 g or 60 mL or less, or not less than 95% of the
labeled amount where the labeled amount is more than 60 g or 60 mL but not more than 150 g
or 150 mL. If this requirement is not met, determine the content of 20 additional containers.
The average content of the 30 containers is not less than the labeled amount, and the net
content of not more than 1 of the 30 containers is less than 90% of the labeled amount where
the labeled amount is 60 g or 60 mL or less, or less than 95% of the labeled amount where the
labeled amount is more than 60 g or 60 mL but not more than 150 g or 150 mL. 2S (USP38)
Add the following:
Acceptance Criteria
This test meets the acceptance criteria either at Stage 1 or Stage 2:
Stage 1:
1. The average net content of the 10 containers is NLT the labeled amount, and the net
content of any single container is NLT 90% of the labeled amount where the labeled
amount is 60 g or 60 mL or less, or NLT 95% of the labeled amount where the labeled
amount is more than 60 g or 60 mL. If these criteria are not met, proceed to Stage 2.
Stage 2:
1. If the net content of 9 containers is NLT 90% of the labeled amount (labeled amount 60
g or 60 mL or less) or the the net content of 9 containers is NLT 95% of the labeled
amount (labeled amount more than 60 g or 60 mL)
2. Then determine the content of 20 additional containers.
3. The average content of the 30 containers is NLT the labeled amount, and the net
content of NMT 1 of the 30 containers is less than 90% of the labeled amount where
the labeled amount is 60 g or 60 mL or less, or less than 95% of the labeled amount
where the labeled amount is more than 60 g or 60 mL.
2S (USP38)

PROCEDURE FOR AEROSOLS
Select a sample of 10 filled containers, and remove any labeling that might be altered in weight
during the removal of the container contents. Thoroughly cleanse and dry the outsides of the
containers by suitable means, and weigh individually. Remove the contents from each container
by employing any safe technique (e.g., chill to reduce the internal pressure, remove the valve,
and pour). Remove any residual contents with suitable solvents, then rinse with a few portions
of methanol. Retain as a unit the container, the valve, and all associated parts, and heat them
at 100 for 5 min. Cool, and again weigh each of the containers together with its corresponding
parts. The difference between the original weight and the weight of the empty aerosol
container is the net fill weight. Determine the net fill weight for each container tested.
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Acceptance Criteria
The requirements are met if the net weight of the contents of each of the 10 containers is NLT
the labeled amount.
BRIEFING
909 Uniformity of Dose from Oral Suspensions in Multiple-Unit Containers. This
proposed new general test chapter addresses the uniformity of delivered dose from multipleunit oral suspensions. Uniformity of delivered dose is a concern for oral suspensions in which
the solid components may tend to settle over time. Shaking the container is necessary to
resuspend the solids prior to administration. If the container contents are inadequately shaken
before the doses are delivered by volume, initial doses may contain a reduced amount of the
drug substance, whereas subsequent doses may exceed the recommended dosing. However,
shaking the container contents introduces an additional source of variability in delivered doses
by introducing entrained air into the volume of suspension measured for administration.
Furthermore, as the volume of suspension remaining in the container decreases with removal of
doses, the potential for air entrainment during shaking also changes, introducing additional
variability in delivered dose.
This proposed general chapter evaluates the uniformity of dose as the contents are
delivered from a container. A sample of doses is systematically taken from each container under
test, allowing for evaluation of dose variability over the use of the container. The test is
provided with two stages. If the Stage 1 criteria are not met based on evaluation of the
delivered doses from one container, Stage 2 is performed by evaluating delivered doses from
two additional containers. A zero-tolerance criterion is imposed, limiting acceptable samples to
those with NMT 25% deviation from the labeled delivered dose. Dieke and Süverkrüp found that
while erythromycin ethyl succinate oral suspensions could conform to a range of ±25% of the
label, products that did not do so had additional issues with wide variability or subpotency of
delivered doses [Dieke A, Süverkrüp R. Dose uniformity and redispersibililty of pharmaceutical
suspensions 2: assessment of three commercial erythromycin ethyl succinate oral liquids, Eur J
Pharm Biopharm. 2000, 49(1), 73–78].
(GCDF: W. Brown.)
Correspondence Number—C140660

Comment deadline: September 30, 2014
Add the following:
909 UNIFORMITY OF DOSE FROM ORAL SUSPENSIONS IN MULTIPLE-UNIT
CONTAINERS
PURPOSE
The intent of this chapter is to provide assurance that oral suspensions in multiple-unit
containers provide accurate dosing when used according to the labeling.
PROCEDURE
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If necessary, reconstitute the product according to labeling instructions. Obtain the doses for
testing as follows:
1. Follow the label instructions to ensure that the contents of the container are mixed as
intended (shake by hand), and proceed to obtain doses of the product, as follows:
2. From one container, collect a total of 10 doses, of the labeled contents, following the
label instructions: 3 doses at the beginning, 4 in the middle [(n/2) 1 to (n/2) + 2,
where n is the minimum number of doses recommended on the label], and 3 at the end.
Prior to collecting each of the doses to be analyzed, agitate the contents of the
container as directed by the package literature.
3. Using a validated assay, determine the potency of each sample obtained.
ACCEPTANCE CRITERIA
The test article meets the acceptance criteria either at Stage 1 or Stage 2.
Stage 1:
1. All doses are within 85.0%–115.0% of the labeled amount and the % relative standard
deviation (%RSD) is less than or equal to 6.0%.
2. If 9 of 10 doses are within 85.0%–115.0% of the labeled amount and none are outside
of 75.0%–125.0%, proceed to Stage 2.
Stage 2:
1. Collect and determine the potency of an additional 10 doses from each of 2 additional
containers, for a total of 20 additional doses.
2. The criteria are met if 29 of 30 doses are within 85.0%–115.0% of the labeled amount
and none are outside of 75.0%–125.0%. 2S (USP38)

BRIEFING
1132 Residual Host Cell Protein Measurement in Biopharmaceuticals. During
manufacture of biopharmaceuticals produced by cells, the various types and quantity of
residual host cell proteins (HCPs) in drug substances must be minimized as much as possible.
This chapter provides detailed information regarding the design, validation, and implementation
of immunoassays (and associated reagents) that measure residual HCPs throughout the
process. The chapter also describes orthogonal methods to complement the primary
immunoassay.
(GCBA: M. Kibbey.)
Correspondence Number—C135852

Comment deadline: September 30, 2014
Add the following:
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1132 Residual Host Cell Protein Measurement in Biopharmaceuticals
1. INTRODUCTION AND SCOPE
Many medicinal products are produced through recombinant technology via a host cell (e.g.,
bacteria, yeast, or mammalian, insect, or plant cell lines). During the manufacture of such
products, some amount of nonproduct, host cell-derived material will inevitably be introduced
into the process stream due to either cell lysis or secretion by the cells. This process results in
a mixture of the desired product and host cell-derived impurities, including host cell proteins
(HCPs), and other process-related impurities that will ultimately be cleared or minimized through
bioprocessing.
Residual HCPs have the potential to affect product quality, safety, and efficacy; therefore, the
quantity of HCPs should be low. The product purification processes must be optimized to
consistently remove as many HCPs as feasible, with the goal of making the product as pure as
possible.
The primary concern with HCPs in biopharmaceutical products is their potential to induce antiHCP antibodies that could induce a clinical effect in patients. In addition, HCPs may possibly
act as adjuvants, which can induce anti-drug antibodies that can affect the safety or efficacy
of the drug. A more extensive discussion of immunogenicity and its effect on preclinical and
clinical studies is described in USP general chapter 1106 Immunogenicity Assays—Design
and Validation of Immunoassays to Detect Anti-Drug Antibodies. HCPs can also have a direct
effect on the quality of the product itself. For example, proteolytic HCPs, even in minute
quantities, can cleave the desired protein product over time, reducing or eliminating biological
potency or altering bioavailability.
This chapter focuses on HCP immunoassays for recombinant therapeutic products. It does not
address products such as vaccines or gene-, cell-, or tissue-based therapies, although the
general principles discussed may apply to the measurement of HCPs in these products. The
design and validation of immunoassays for HCPs involve unique and significant challenges due
to: 1) the wide variety of possible HCPs in medicinal products; 2) the general use of polyclonal
antibody reagents to detect them; 3) the lack of exactly matched standards for quantitation;
and 4) in some cases, a considerable effect from sample dilution effects.
The chapter includes assay development strategies throughout the product and process
development lifecycle, and it describes approaches to demonstrate that the assay is fit for use
(e.g., illustrates unit operation clearance of HCPs, lot release). Because of the complexity of
HCP immunoassays, careful development and characterization of critical reagents are required,
particularly for the immunogen required to elicit the anti-HCP antibodies, the antibody
reagent(s), and the assay HCP standard. Because HCP testing is an essential part of process
development and product quality control, HCP testing is also discussed in conjunction with
regulatory requirements and other considerations for guidance on an overall control strategy for
HCPs. A brief outline of the General Chapter follows:
1. Introduction and Scope
1.1 Considerations for Manufacturing, Characterization, and Consistency
2. Terminology
3. HCP Immunoassay Methods
3.1 The Assay Development Cycle
3.2 Development and Characterization of HCP Reagents
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3.3 Immunoassay Method Development and Qualifying as Fit for Use
4. HCP Immunoassay Method Validation
4.1 Accuracy
4.2 Sensitivity and Assay Range
4.3 Linearity
4.4 Specificity
5. Supporting Technologies for Residual HCP Detection, Identification, and Measurement
5.1 Considerations for Electrophoretic Methods
5.2 Considerations for Western Blot Methods
5.3 Considerations for Chromatographic and Proteomic Methods
5.4 Concluding Remarks on Supporting Technologies for HCPs
6. Use of HCP Immunoassays for Process Development, Characterization, and Validation
6.1 Assays for Individual HCPs
6.2. Control Strategy
7. Summary and Conclusions
8. Bibliography
1.1 Considerations for Manufacturing, Characterization, and Consistency
Different cell-based expression systems are used to manufacture medicinal products, such as
bacteria (Escherichia coli, Pseudomonas fluorescens), yeast (Saccharomyces cerevisae, Pichia
pastoris), mammalian cells (e.g., Chinese hamster ovary (CHO), mouse myeloma cell line NSO,
and others), insect cells (baculovirus-infected Spotoptera frugiperda cells), and plant cells
(tobacco, Arabidopsis, rice). The particular HCP profile is unique and specific to the particular
host cells under specific culture conditions and manufacturing processes. HCPs can vary in pI
(~3–11) and hydrophobicity, and HCPs display a wide range of molecular weights (<5 kDa to
>250 kDa), depending on the host cell and manufacturing process used. The number of HCPs in
upstream samples can run anywhere from several hundred to more than one thousand proteins,
depending on the host cell and culture conditions. Although many cellular hosts have been used
in biopharmaceutical manufacturing historically, the most experience has been gained using E.
coli and the mammalian cells CHO, NSO, SP2/0, and human embryonic kidney cell line HEK293.
The guidance in this chapter draws most heavily from the experience with these expression
systems; however, general principles apply broadly to any host cell system.
In mammalian cells, the recombinant protein is typically secreted from the cells into the cell
culture fluid (CCF), along with many of the HCPs. However, it has been observed that
intracellular protein trafficking may not proceed in a normal fashion in production cultures. For
example, proteins usually associated with intracellular organelles, such as lysosomes, may be
found in the CCF of largely viable cell cultures, because the clones have been selected for
maximum protein export. In addition, as some of the cells die, their soluble, intracellular proteins
are released into the CCF. Some harvest operations also lyse cells via shear stress; therefore,
the resulting harvested CCF typically contains both secreted and intracellular HCPs. While this
mixture of proteins incubates in the fermenter, additional changes in the HCP population may
occur, for example, as the result of proteinases or sialidases.
HCP assays provide important information about the composition of the material entering the
downstream recovery process and how each purification step affects HCP clearance. In some
cases, HCPs can even bind to, and co-purify with, certain products. Process characterization
and validation studies are needed to show which process steps remove HCPs and also to
demonstrate the robustness of these steps for consistently removing HCPs. As such, HCP
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assays are an essential part of purification process development and help ensure manufacturing
consistency. Lastly, reproducible and reliable HCP assays may be required to measure residual
HCPs remaining in the drug substance (DS) used to make drug product (DP) that is delivered to
the patient. HCP levels should be measured in: 1) preclinical lots used in toxicology assessment,
2) all lots during clinical development, and 3) process validation samples from the final
manufacturing process. After approval, HCP monitoring may be required as an element of the
control system. Subsequent sections of this chapter discuss in more detail the use of HCP
assays in process validation and in a good manufacturing practices (GMP) control system.
2. TERMINOLOGY
Terminology for HCP-related assays and reagents has not been consistent in the literature;
therefore, Table 1 lists common terms with their definitions (indicating how they are used in
this chapter) in addition to synonyms that have been used historically. Note that the term
“platform” indicates that the same set of standards and reagents is used within a company to
test a variety of products made from the same type of expression system (e.g., CHO cells)
grown under similar upstream conditions. In the case of platform HCP assays, the antibodies to
HCP are obtained from animals immunized with HCP antigens generated from a common
upstream process that is applicable to many products, even if the downstream purification is
different. This approach allows the knowledge from prior products to be leveraged. Justification
that an assay is suitable for a new product, using the same expression system and common
upstream conditions, is therefore often relatively straightforward.
The HCP immunogen used to generate platform anti-HCP antibodies and used often as the
assay calibration standard is, by design, comprised of a broad set of HCPs. In contrast, the
qualifier “process-specific” indicates that the immunogen/standard has been prepared from a
set of HCPs unique to a given process (either a unique upstream cell culture process or a
unique downstream purification process). Process-specific assays are, therefore, limited in their
utility, and each must be fully qualified for each process. Process-specific immunogens and
calibration standards are, by intent, more narrow and specific to a given process. “Commercially
available” assays produced by vendors are often derived from a combination of strains and
harvest/purification procedures, and these assays are intended to have a broad application;
but these commercially available assays are not as well matched to a given manufacturer’s
proprietary cell line, and users do not have control over reagent availability and lot-to-lot
consistency.
Table 1. HCP-associated Terminology
Historical
Definition
Synonyms
Available to the public for commercial sale;
Commercially typically a combination of upstream isolates and
available
corresponding antibodies made by the vendor and sold as Generic
reagents or kits.
The same set of an HCP standard and antibodies is
developed with a company’s proprietary host cell strain Custom, in-house,
Platform
and used broadly within a type (e.g., CHO) across several proprietary
products when the upstream conditions are similar.
Term
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An assay designed from material where the upstream
culture process deviates significantly from the platform.
This is before any purification and may be applied to more
than one product if these parameters are similar.
An assay designed from materials where the downstream
Downstream unit operations are used to enrich the HCP population.
process
This may be applied to more than one product if these
specific
parameters are similar. This is rarely used today and is
not recommended.
Assay for an An assay using a standard composed of an identified,
individual
single, known HCP and its specific antibody/antibodies.
HCP
Upstream
process
specific

Custom, in-house,
product-specific,
proprietary
Custom, in-house,
product-specific,
proprietary
Single analyte assay
or Custom,
HCP-specific

Describes the qualitative assessment of how completely
the antibodies raised to the immunogen (used as the HCP
standard) bind
Coverage
and therefore recognize the entire mixture of HCPs. It is
one of the methods for characterizing the quality of the
antibodies used in the
immunoassay method.
Demonstration of suitability of analytical methods
reagents used in these methods) for their
Qualification (including
intended application to a given process
and in-process samples.
Protein A/G- Affinity purification of antibodies from serum with
Affinity
affinity
a
chromatography
immobilized
Protein
A
or
G.
purification
Affinity
HCP-affinity Affinity purification of antibodies from serum using
chromatography,
purification immobilized HCP (antigen).a
immunoaffinity
chromatography
The cell strain used for production that does not contain
the product-specific genetic elements and is incapable of
product expression;
Parental, blank, or
Null cell
includes untransfected parental cells and cells
mock-transfected cell
transfected with the expression vector but without the
product gene.
The numerical quantity (ratio) of HCP per product, where
ng represents HCP mass and mg represents the product
ng/mg
mass.
ppmb
It is calculated by dividing the HCP concentration (ng/mL)
by the product protein concentration (mg/mL).
a In some cases, both purifications are performed, typically the protein A/G first, then the
HCP affinity.
b Although ppm has been used historically, it is not advised because this term is used to
reflect mass per unit volume for other types of tests. It is recognized that ng is used
conventionally as a value derived from interpolation from an HCP standard curve (in units of
ng/mL), where the signal is reflective of antibody binding and, unlike the therapeutic protein
concentration measurement, does not strictly reflect the mass of HCP that
may be present.
3. HCP IMMUNOASSAY METHODS
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Immunoassay methods rely on antibodies that recognize, as broadly as possible, the population
of HCPs entering the downstream purification process; therefore, the sandwich immunoassay,
designed with polyclonal antibodies, is the workhorse of HCP monitoring and quantitation. This
assay format offers a combination of high sensitivity, specificity, and throughput, automation
potential, rapid turnaround, a quantitative readout, and low cost per assay that is unmatched
by any other currently available assay technology. Other immunoassay formats (e.g.,
competitive immunoassays) may not be suitable, because they lack either the specificity or the
sensitivity afforded by the sandwich format. Although these methods result in a single HCP
value for a given lot, the number can give greater weight to HCPs for which high-affinity
antibodies are present in the reagent(s)—and no or low weight to HCPs, which are either not
recognized or recognized by low-affinity antibodies in the assay. For these reasons, orthogonal
measures of product purity are also needed. More details on these methods can be found in 5.
Supporting Technologies for Residual HCP Detection, Identification, and Measurement.
The basic principles and design of immunoassays are discussed in USP chapter 1103
Immunological Test Methods—Enzyme-Linked Immunosorbent Assay (ELISA). The format that
is most commonly used for HCP testing is the sandwich ELISA, but other detection systems
(e.g., electrochemiluminescent (ECL), chemiluminescent, radioactive, and others) have been
used successfully. Homogeneous immunoassays, including competitive assays, where all of the
reagents are combined at once and the binding occurs in a single step without washing, are
rarely used for HCP assays. The heterogeneous sandwich immunoassay format described in
chapter 1103 is preferred, because it separates the captured HCP from the high
concentration of product before exposure to detecting antibodies. The formats, with their
advantages and disadvantages, are discussed further in chapter 1102 Immunological Test
Methods—General Considerations. Data analysis is typically performed with a nonlinear fit of the
sigmoidal curve generated by a wide range of standard concentrations, although some analyses
may focus on the low end of the curve for greater sensitivity.
3.1 The Assay Development Cycle
Figure 1 illustrates common assay development plans, depending on the reagents available at
various stages. Fewer crossover studies are required when: 1) platform reagents are available,
and 2) upstream processes are historically consistent. Figure 1A illustrates a scenario where
platform methods are not available, and a commercially available assay is used up to the stage
of process validation with appropriate assay qualification. For phase III and beyond, either a
platform or upstream, process-specific method is preferred. A crossover study should be
performed to support assay replacement. If the commercial assay is intended for phase III and
post-approval, care must be taken to fully demonstrate that the assay reagents are applicable
to the process HCPs. An additional risk is that the reagents are from an outside vendor over
whom the biopharmaceutical manufacturer has less control.
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Figure 1A. If there is no platform assay before product development starts. Figure 1B. If there
is a platform assay before product development starts.
Figure 1B suggests that a platform assay can be used through all stages of product
development if already available when product development starts. The platform assay should
be qualified for each new product. Switching to an upstream, process-specific assay may be
necessary for phase III or process validation and beyond, if the cell culture process is
significantly changed from the platform process, and may introduce significantly different HCP
populations. A crossover study should be performed to support assay replacement.
The limitations of a downstream-specific HCP assay should be considered, because it may be
tempting to think that HCP assays are improved by taking the HCPs from null expression
through the first column(s) and immunizing animals with a downstream column pool. Historically,
the logic was that the immunogen and standard would be enriched in those HCPs most likely to
enter the recovery process and be in the final product. This strategy was based on the
assumption that, rather than having thousands of irrelevant proteins in the immunogen, only
those most likely to be in the process will be present in the immunogen; thus, the resulting
assay will be focused on those HCPs of greatest interest. Potential concerns that may arise as
a result of this approach are:
1. If only HCPs from a null cell run pool from the first column are used, then later changes
during process development (e.g., changes in column run conditions) could invalidate
the HCP assay. Thus, process development becomes very restricted and involves the
risk of needing to develop multiple HCP assays for slight process changes (or the need
to manage the uncertainty).
2. HCPs that co-purify with a product may do so because they bind directly or indirectly to
the product protein. A null cell run of a column without the product protein would miss
these HCPs.
3. Nonspecific adsorption to chromatography resins is not uncommon and, often, is not a
reproducible phenomenon. Compared to the first passage, subsequent passage of the
null cell run material over a column will likely produce a different set of HCPs after
passage over a new column resin.
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For these reasons, “downstream, process-specific” HCP assays are not recommended but can
still be an option.
3.2 Development and Characterization of HCP Reagents
3.2.1 PREPARATION OF ANTIGEN/HCP STANDARD
As described in 1.1 Considerations for Manufacturing, Characterization, and Consistency, the
total HCP “antigen” is a complex population of proteins; therefore, when generating the HCP
antigen/standard reagent, it is important to ensure that: 1) the calibration standard is
representative of the cell line and manufacturing process, 2) its protein concentration is
accurately quantified, and 3) the immunogen is administered in a way that generates polyclonal
antibodies with reactivity to as many different HCPs as possible. The HCP antigen composition
should also be comprehensive enough to tolerate normal process manufacturing changes during
the life cycle of the product(s).
In addition to the uses above, the HCP antigen may also be needed to prepare the affinity
column for purification of the antisera. If affinity purification is used, the quantity of HCP
antigen needed should be carefully planned. The amount produced should be large enough to
provide sufficient inventory for many years (often 10–20 years); ideally, for the whole life span
of the product. However, the antigen preparation process should be performed and documented
in a way that facilitates a potential resupply.
Because the HCP assay is used to test DS samples that contain trace HCP impurities, any
cross-reactivity of the anti-HCP antibodies with the product may compromise the test method
and yield false-positive results. Therefore, any contamination of the HCP antigen with product
must be avoided to prevent the generation of anti-product antibodies.
3.2.1.1 Preparation of HCP antigen from mammalian cells: The majority of
biopharmaceutical products produced today are expressed in mammalian cells, e.g., CHO cells.
A typical process for the preparation of CHO HCP antigen is outlined in Figure 2.

Figure 2. Example of mammalian HCP antigen preparation.
The first step is to establish a null cell that does not express the product gene, either by using
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non-transfected (i.e., parental) cells with a common origin to those used to make product
alone, or to transfect them with the vector used to create the production cell line without the
product coding gene (historically described as a “mock” transfection). The main advantage to
the latter is that selective markers (e.g., dihydrofolate reductase or glutamine synthetase) are
expressed. Alternatively, antibodies can be raised to selective markers independently. Another
advantage is that mock-transfected null cells express selection markers and may be grown in
cell culture conditions more closely resembling the manufacturing process. However, these
cultures, which are seeded with cell pools (not cloned), may demonstrate more variability from
run to run. Both approaches (non-transfected (parental) and mock transfected) are commonly
used. Both are also subject to the following issues: the cell culture process optimized for the
production clone may not lead to similar viability and cell density of the null cells. In addition, in
the absence of the stresses experienced by cells producing large quantities of product protein,
the null cell lines may exhibit a different HCP profile. These changes in viability, cellular
metabolism, and cell density may alter the HCP profile of the antigen, making it less
representative of the manufacturing process. More about choosing appropriate HCP antigen
preparation conditions is discussed below.
Once the null cells have been established, the HCP antigen is prepared in a bioreactor. A
platform cell culture process may be applied, which represents a common manufacturing
process for several products (e.g., CHO-derived monoclonal antibodies). Typically, the resulting
HCP antigen is minimally processed to ensure a broad HCP spectrum, making the antigen
suitable for HCP monitoring of multiple products generated from the platform process. A
platform HCP antigen also may be produced by combining several null cell runs with slightly
different cell culture conditions (e.g., allowing the culture to remain in the bioreactor for longer
periods of time to vary the cell viability). This approach is used to obtain a broader HCP
spectrum, and antisera raised against this immunogen may be suitable for HCP detection in
products generated from a variety of slightly different processes. These reagents also may
increase the robustness of the HCP immunoassay toward process changes.
Alternatively, the HCP antigen may be prepared using an upstream, process-specific approach
in which the cell culture process is tailored to mimic the production process for a unique
product or specific process. The advantage of this approach may be the high relevance of the
resulting HCP antigen to a particular upstream process. As with platform reagents, because no
additional processing purification steps are included, the antigen contains a broad range of
HCPs, and the antigen will often remain suitable for HCP monitoring after downstream
production-process changes. The disadvantage of this approach is that the use of the
reagents typically will be limited to a single (or few) product(s) or process(es).
The HCP antigen can be produced from a representative small scale, pilot scale, or production
scale run. There are pros and cons for each approach. Pilot or production scale may mimic the
actual process best; however, normal variation between cell culture runs may not be reflected
if only one run at large scale is applied. Conversely, several small-scale preparations can be
pooled and may better reflect the run-to-run variability of the cell culture process. Regardless
of the scale, the presence of product should be aggressively avoided, because its presence in
the HCP immunogen will compromise the quality of the resulting immunoassay antisera.
After performing the null cell run, the HCP antigen can be prepared from the cell lysate, the
concentrated CCF, or as a mixture of both as shown in Figure 2. If the antigen is prepared from
CCF, the cells may be harvested at a time when production line harvest is performed or some
days later, to allow for some of the cells to lyse and release HCPs into CCF and thereby
broaden the HCP spectrum.
To prepare immunogen from cell lysate, the cells are harvested by centrifugation, and the cell
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pellets are washed and lysed (e.g., by using repeated cycles of freeze/thaw, or high pressure
homogenization, or by sonication). Conditions are typically selected to mimic the production
process (i.e., to prepare immunogen from CCF, cells and debris are removed by centrifugation,
and the CCF is then treated by ultrafiltration/diafiltration). The buffer is exchanged (e.g., into
PBS or HEPES), and the CCF is concentrated. The cut-off for filtration should be chosen to
minimize loss of HCP, e.g., 10 kDa or less.
3.2.1.2 Preparation of HCP antigen from bacterial cells: Many of the above-described
principles used in the preparation of mammalian HCP antigens also apply to prokaryotic cell
culture. However, some unique challenges should be considered. In particular, manufacturing
processes for bacterial expression system come in more varieties, such as those yielding
concentrated protein deposits known as inclusion bodies, which can represent up to 95% of the
total cell protein. HCP impurities are also present in the inclusion bodies, including bacterial
membrane proteins, ribosomal subunit proteins, and cytoplasmic proteins, such as small heat
shock proteins or chaperones. The formation of inclusion bodies in the production strain makes
it more difficult to generate a representative HCP preparation from a null cell fermentation
process. The null cell may not have the same HCP profile, and it will not generate inclusion
bodies with which specific HCPs may co-purify, as described above. In other cases, HCPs have
been created from periplasmic secretion systems, if the production process can be replicated in
the null cell.
Because there is no obvious approach for overcoming these limitations, in practice the bacterial
HCP antigen is usually generated from the lysates of cells washed previously, using null cell
fermentations, that are grown and induced under conditions representing the upstream
manufacturing process as closely as possible. As for any HCP antigen, it is necessary to
demonstrate that the HCP profile is representative of the manufacturing process before use in
assay development. This approach yields the full complement of HCPs expressed and hence is
very broad.
Because most animals have been exposed to bacterial antigens and may have pre-existing
antibodies to many bacterial cell proteins, it is important to characterize the pre-existing
antibody responses, and if appropriate, consider the use of specific pathogen-free (SPF)
animals. The presence of pre-existing anti-HCP antibodies may confound the analysis of the
antibody responses, may drive an immunodominant antibody response, or may increase the
background in the immunoassay.
Null bacterial cells transfected with the expression vector contain chaperone genes that may
be expressed at high levels (e.g., 5% of the total HCPs). Such overexpression of particular HCP
impurities might necessitate the development of single-analyte assays for these particular
impurities (see 6.1 Assays for Individual HCPs).
3.2.1.3 Characterization of the HCP antigen: Several analyses are required before
immunization: 1) protein content (total protein assay); 2) absence of product (as shown by
Western blotting, immunoassay, and/or MS analysis); and 3) characterization by 1-D or 2-Dpolyacrylamide gel electrophoresis (PAGE). Protein concentration is measured to establish the
standard concentration for future use and to determine the overall amount of the prepared
antigen. The most commonly used methods are the bicinchoninic assay (BCA), the Bradford
assay, and amino acid analysis (AAA), although the colorimetric methods require a standard
(e.g., BSA) that is not well matched to the (HCP) analyte. These methodologies often provide
similar results, but some methods may be more significantly affected by the presence of
interfering substances than others. One should consider using two orthogonal methods to
exclude a gross over- or underestimation of the protein concentration by one particular
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method. For more information, see general chapter 1057 Biotechnology-Derived Articles—
Total Protein Assay, which discusses the advantages and disadvantages of various protein
analysis methods. The HCP concentration must be assigned with a scientifically sound approach
that is used consistently for its lifetime. The lack of product can be assessed with gels, antiproduct Western blots, or other suitable methods. Lastly, the 1-D and 2-D gels help
characterize the pattern of HCPs, show that a broad spectrum of proteins are present, and
show that a reasonable match to production is present. However, this can be challenging
because of the presence of large amounts of the product, which can obscure HCP detection.
Comparisons may be made between the specific populations of host proteins produced in the
null cultures and production cultures using the orthogonal methods discussed in 5. Supporting
Technologies for Residual HCP Detection, Identification, and Measurement.
3.2.1.4 HCP standard reference reagents: Frozen HCP material is usually stable for a very
long time, but stability of the HCP standard reagents should be monitored over time because
the assay lifetime can be very long. HCP standard stability can be confirmed by monitoring the
HCP standard performance in the HCP immunoassay as well as in orthogonal methods. Several
parameters of the HCP standard curve (such as signal, background, and slope) are valuable
metrics to collect and chart over time.
HCP control samples may be prepared as dilutions of the HCP reference standard at specified
levels, e.g., low and high, and used for assay controls. The diluted preparations are usually
divided into aliquots and stored at 70 , and single vials are thawed and used once. Diluted
reference material used as a control will have the same HCP population and will be most
representative of the HCP standard in the assay. However, there is a slight risk that control
prepared as a dilution from the same HCP standard material can degrade at the same rate as
undiluted HCP standard, and degradation of the standard will not be detected. To mitigate the
risk, data from several standard curve parameters are often assessed for each assay and used
to support HCP standard stability. Alternatively, material from a separate null cell production
run, or an in-process upstream sample (for example, after column 1), can be used to prepare
controls for the assay. Using material different from the reference to prepare controls will help
ensure that the degradation rate will be different, and HCP standard degradation can be
detected easily.
Assay control charts can be established and used to record reference curve parameters,
control sample values, and lot-specific information for the critical reagents, such as labeled HCP
antibodies. Acceptable ranges for the controls should be established on the basis of multiple
runs (usually 20–30) and may be used as part of routine assay acceptance criteria. In addition,
the values for % coefficient of variation (CV) of standard and control replicates are often a
part of the assay acceptance criteria. Differences over time in HCP standard curve performance
or HCP control levels, or an increase in assay variability, may indicate a lack of HCP standard
stability.
3.2.2 PREPARATION AND CHARACTERIZATION OF ANTIBODIES
3.2.2.1 Preparation of antibodies to HCPs: The anti-HCP antibodies prepared are often used
for many applications (Western blots, immunoassay) over a long period of time (e.g. the
anticipated life of a product or platform). Therefore, material needs should not be underestimated. The recommended antisera quantity will depend on many factors including the
intended use, the predicted quantity purified from a given volume of antisera, the amount
coated on microtiter plates, and many other considerations. The choice of animal species used
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to generate anti-HCP antibodies is driven by the immunogen, the requirements for the particular
method, and the preferences of the individual investigator. Rabbits, sheep, and goats are often
chosen for immunization programs. In rare cases, multiple animal species have been used. In
some cases, using species more phylogenetically distant from mammals (e.g., chickens) have
helped to generate anti-HCP antibodies to conserved mammalian HCP proteins. The choice of
animal species may also be driven by a desire to either increase the amount of antisera
available from one or several animals (goats or sheep), or to use a strategy to obtain a greater
diversity of responses provided by the use of many more individual animals from a single species
(e.g., rabbits). The number of animals chosen to generate the antiserum pool(s) depends on
the species used and the duration of the immunization protocol. If smaller animals are used to
generate the antiserum, more individual animals are generally needed (e.g., 10–20 rabbits). In
contrast, if larger animals (goats or sheep) are used, investigators usually will immunize 5–10
animals per protocol. Typical immunization protocols provide approximately 100–150 mL of
antiserum per rabbit or approximately 500 mL of antiserum per goat, and the total yield of
Protein A or Protein G purified antibody is approximately 1 gram per rabbit or 5 grams per goat.
A portion of the prepared HCP antigen is mixed with an appropriate adjuvant (most commonly,
Freund’s adjuvant) and used for the immunization of animals. Each animal receives an initial
priming immunization, followed by multiple (often 4 to 8) booster immunizations, to mature the
immune response and generate high-titer, high-affinity antibody responses. Antiserum is
collected from each animal before the initial priming immunization (time 0) and at appropriate
intervals (usually 10–14 days) after booster doses. Four to six bleeds are usually collected from
each animal. However, the duration of the immunization protocol may be extended by
increasing the number of booster immunizations, making it possible to collect additional hightiter antisera.
Investigators should perform titer or Western blot analyses of the individual test bleeds before
antiserum pooling to screen for and remove sera that 1) have low titer, 2) display an
immunodominant immune response to a small group of HCPs, or 3) have nonspecific binding
characteristics or anti-product reactivity. This evaluation should also be performed on the final
antibody pools to demonstrate broad coverage of HCPs and a lack of binding to the therapeutic
product. In addition, some laboratories have found it useful to evaluate antibodies for
aggregates using size exclusion chromatography as described below. Acid elution conditions
may cause some antibodies to aggregate, and multimers of this type, particularly when labeled
with either biotin or horseradish peroxidase, may lead to increased assay background. In
addition, some laboratories include a final process-scale size-exclusion chromatography step to
reduce aggregate levels to low levels (e.g., <5%).
Multiple approaches to the purification of antibodies from antiserum pools have successfully
generated antibodies suitable for use in HCP immunoassays. Antibody purification is often
performed by Protein A, Protein G, or HCP column affinity chromatography. The application of
coated magnetic beads can also provide benefits in some scenarios. The choice of Protein A or
Protein G is driven by which animal species was used to generate the antibody. Manufacturers
provide standard protocols for these routine antibody purifications. When affinity purifying antiHCP antibodies, materials such as chromatography resins, which may have been used previously
for other products, should be avoided, and additional cleaning cycles should be in place to
minimize carryover. Ideally, manufacturers should use a resin that has never been exposed to a
DP. Before the affinity purification step, some laboratories also include an initial 50% ammonium
sulfate precipitation of the crude antiserum to enrich and concentrate the antibody fraction
and thereby extend the performance and duration of use of affinity columns. The use of Protein
A or Protein G purification strategies generates reagents in which the anti-HCP-specific
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antibodies compose a smaller proportion of the total antibody. In contrast, HCP affinity
purification strategies selectively purify anti-HCP-specific antibodies from the antisera or
antibody-enriched preparations. In this case, the HCP antigens are coupled to an activated
resin, and the antiserum is purified over the column following established protocols or the resin
manufacturer’s instructions. The purified antibodies may be further purified by size-exclusion
chromatography to remove aggregates, then dialyzed, concentrated, divided into aliquots, and
stored frozen (typically colder than 60 ).
Affinity purification of specific antibodies using HCP immobilized on a column requires careful
management of the column preparation and use so that it can be reproduced reliably for future
purifications. In addition, if reused, appropriate resin storage and regeneration procedures
should be evaluated and controlled to avoid degradation during storage. Done properly, it is a
reliable, reproducible process that has led to consistent anti-HCP antibodies and HCP
immunoassays. After loading the column with antisera, an optimized wash procedure is critical.
Because the preparation is a mixture of antibodies with differing affinities, extensive washing
may remove low-affinity antibodies. Similarly, loading large amounts of anti-HCP antisera onto
the column may result in high-affinity antibodies, displacing low-affinity antibodies if they
recognize epitopes that are in close proximity. In either case, the low-affinity antibodies may
be removed. In theory, higher affinity antibodies may also be more challenging to elute.
Whatever load and wash conditions are initially selected for the antigen-specific affinity
purification, these conditions need to be maintained in future production lots of the antibodies.
A comparison between these two purification strategies is shown in Table 2. Both approaches
are commonly used.
Table 2. Antibody Purification Strategies
Type of
Purification

Pros
and reproducible for
Protein A or G Robust
quickly
IgG
Affinity Column fractionseparating
from
other
serum
Chromatography proteins
Enriches for specific high
HCP Affinity
affinity anti-HCP antibodies;
Column
excludes nonspecific
Chromatography antibodies and serum
proteins

Cons
Lower proportion of antibodies specific to HCPs
and may have a higher amount of low affinity
antibodies
More skill and documentation required to make
and maintain resins consistently. Some high
affinity anti-HCP antibodies may not be eluted in
usable form and may not be recovered

3.2.2.2 Characterization of antibodies to HCPs: Antibodies prepared for capture and
detection are assessed independently and as part of the sandwich immunoassay pair. The
concentration of the unmodified antibody is determined most commonly by absorbance at 280
nm, AAA, or BCA. Each approach is acceptable, provided it is applied consistently and (if
colorimetric) is standardized similarly. It is important to match the concentration of the capture
and detection antibodies in each batch because they will be diluted to a certain concentration
in the optimized immunoassay method. The detection and capture antibodies are characterized
by their performance in the immunoassay method(s). The best label:antibody conjugation ratio
should also be empirically evaluated primarily based on the best performance in the assay. This
optimal ratio should be targeted in the future when new labeled antibodies are made. Finally,
although antibodies are generally very stable when stored frozen (e.g., 70 ), investigators
should ensure storage integrity and determine a defined period of use. This can be
accomplished by continuous monitoring with trending charts or by requalification experiments at
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specified time intervals.
The quality of the antibody pair (capture and detector) is often evaluated in two ways:
1. Show that the antibody pairs are specific and sensitive in an immunoassay format for
the HCPs present in a series of samples taken from the unit operations of a given
purification scheme, including the DS. This topic is also addressed in more detail in 4.
HCP Immunoassay Method Validation. In concept, the ability to detect and measure
HCPs (immunoreactivity) in a series of actual process samples from a given process for
a product in development is demonstrated with data showing: 1) sequential clearance
as the product is purified, 2) sample linearity throughout a dilution series, and 3) lack of
cross-reactivity to product or matrix. The reduction of HCPs during the purification
process is determined by clearance factors where the HCP content (in ng/mg) at each
step in the process is divided by the amount in the prior step. Typically, starting
samples from the cell culture may have HCP levels ranging from several hundred
thousand to several million ng/mg, and final products may have HCP levels ranging from
<1 to 100 ng/mg (showing many logs of clearance). When these trends are observed,
they suggest that the process and the assay are functioning effectively, and the
antibodies used in the immunoassay have suitable quality attributes. If these trends are
not observed, it may not necessarily reflect a problem with the antibodies, because it is
also possible that the purification process is not effective.
2. Showing that a broad range of HCPs in the calibration standard is recognized (i.e., that
the coverage of the HCP population is adequate). Coverage is evaluated using the
capture antibodies using 2-D gel Western blots or immunoaffinity fractionation to the
total HCP population by immobilizing the anti-HCP antibodies on a column. The benefits
and limitations of using either 2-D gels or immunoaffinity fractionation to demonstrate
coverage is discussed more fully below. Whichever method is used, the extent of
coverage must be addressed in qualifying the immunochemical reagents.
More recently, the relative affinity of the antibody(s) for HCPs has been studied through
determination of the dissociation constant of the antibody/antibodies for HCPs by surface
plasmon resonance (SPR)-based methods in which the HCP capture antibodies are immobilized
on the biosensor chip and a solution containing the HCP calibration standard is injected into the
microflow system (see also 1105 Immunological Test Methods—Surface Plasmon
Resonance). This label-free SPR characterization method can be helpful to evaluate the
proportion of high-affinity antibodies, as an ongoing monitoring tool, and as a useful measure of
antibody quality when the anti-HCP reagent is to be replaced (see 3.2.3 Generation and
Qualification of Replacement Reagents).
HCP coverage evaluations help assess the ability of the antibodies to recognize a wide range of
HCPs in the calibration standard and those present in in-process and DS samples. Two methods
are in fairly common usage, and both have the limitation that they tend to underestimate the
true antigen binding in immunoassay methods but may have value in comparing two
preparations head-to-head (or a platform to a commercial reagent). Both procedures use
reducing 2-D gel electrophoresis to separate HCPs in the HCP standard or in early process
sample(s) (e.g., harvest). Numerical coverage comparisons should be used with caution
because of the many method variables and the art required to reproduce results, even with the
same reagents in the same laboratory. Because of this variability, the results are best
evaluated qualitatively. Comparisons of batches (or sources) of antibodies should be done side
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by side as much as possible to determine if antibody lots are comparable or if one is superior to
another. One approach, the SDS-PAGE/Western, is essentially a comparison of the number of
spots present in the immunologically stained membrane versus the number in a duplicate gel (or
blot) stained for total protein (e.g., by fluorescent dye or silver; see also USP chapter 1104
Immunological Test Methods—Immunoblot Analysis). Differential staining of each preparation
may power the analysis, because it can be used to analyze the same 2-D gel. The second
approach, immunoaffinity binding/SDS-PAGE, involves comparing the eluate to the load from the
HCP calibration standard (or early process sample) passed over a column to which the capture
antibodies have been covalently immobilized. The column is washed after loading and before
elution to remove nonspecifically bound HCPs. Table 3 lists the advantages and disadvantages
of these two coverage methods.
Table 3. Comparison of Coverage Methods
Pros
Cons
Good separation of
antigens are denatured, may not represent
individual HCPs allows for HCP
what
is seen in immunological assays (e.g., ELISA).
individual spot counting.

2-D SDSPAGE/Western
blot

HCPs bind to antibody
column in solution under
native conditions similar to
the sandwich
Immunoaffinity immunoassay.
binding/2-D
Analysis of spots in gels
SDS-PAGE
does not require
immunoblotting and is
simpler because the
problems of transfer are
avoided.

High variability – numerical “percent coverage”
values vary widely with the same material tested
within a single lab and between different
laboratories.
Transfer efficiency of a broad range of HCPs
difficult to optimize, leading to under- and/or overestimates due to over-transfer through the
membrane or failure to transfer from the gel,
dependent on molecular weight.
Matching spots between blots and gels are difficult
and not standardized.
May under represent some HCPs if they are bound
too tightly and do not elute, resulting in an
underestimation of coverage.

Preparation of the anti-HCP column must be done
carefully and may be difficult to reproduce. Results
can be dependent on column loading and elution
conditions.
Proteins at low concentration that only show up in
Westerns will not be detected.

More information about the appropriate use of SDS-PAGE/Western blot methods and ways to
minimize the disadvantages above can be found in the later section 5.2 Considerations for
Western Blot Methods.
An example of a suitable use of this approach is shown in Figure 3.
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Figure 3. Top panel: 2-D IEF/SDS-PAGE analysis of representative E. coli HCP calibration
standard stained with a sensitive silver stain. Bottom panel: Western blot analysis of the same
gel shown in the top panel.
3.2.3 GENERATION AND QUALIFICATION OF REPLACEMENT REAGENTS
When the supply of HCP reagents are depleted or if their performance declines, new reagents
may be needed. Typically, new HCP antigens and new HCP antibodies are both generated at
the same time. In theory, the new set of reagents should be created by following the same
protocol that was used for the previous set of reagents to match the performance of the new
and old assays as closely as possible and produce consistent data for a given program. In
practice, however, it is not always possible (nor advisable) to generate the assay reagents
exactly the same way that they were originally made. For example, if the manufacturing
process has been optimized over time and the original platform assay reagents are no longer
relevant, a careful assessment should be made. When such changes are required, the ideal way
to confirm the quality of the replaced reagents is through characterization of antibodies (see
below) and a demonstration that they can detect similar or more sensitively HCP log reduction,
from harvest to DS, using the same samples tested head to head with the original assay
reagents.
When replacing an HCP antigen in which the process is essentially unchanged, the new HCP
antigen should be prepared as similarly to the old as possible. It is important to compare the
protein concentrations of the old and new HCP antigens side by side, using the same method to
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correctly assign the protein concentration for the new antigen and to ensure that the protein
concentrations are comparable in the new and old HCP calibration standard. Characterization by
1-D and 2-D SDS-PAGE should also be performed as a side-by-side comparison of the old and
new HCP antigens (see above) to be sure that gross changes in protein composition have not
occurred.
For antibody replacement, the same animal species should be used, if possible. In cases where
better antibody response is desired, antibodies produced by different species may be needed.
In those cases, side-by-side comparison of results from process samples using old and new
antibodies in a sandwich immunoassay format is highly recommended to demonstrate suitability
of the replacement antibodies. Additional characterization by orthogonal methods (e.g.,
coverage using 1-D and 2-D SDS-PAGE) is recommended, as described above. Assay
qualification or validation should also be performed.
To fully understand the effect of replacing HCP critical reagents on assay results requires
testing of process samples in bridging studies using multiple samples from harvest, process
intermediates from all appropriate purification steps, and the final DS. The new assay should
demonstrate good performance and similar or better log reduction of HCP, compared with the
current process. These studies can be very resource intensive, which underscores the
importance of making sufficient quantities of HCP critical reagents at the outset (and minimizing
replacement).
3.3 Immunoassay Method Development and Qualifying as Fit for Use
As noted in the 1. Introduction and Scope, HCP immunoassays serve two important functions in
the development and control of biopharmaceutical manufacturing processes. HCP immunoassays
serve as a measure of product purity, and therefore are potentially related to patient safety.
They also serve as a measure of manufacturing consistency, and therefore they are reflective
of process control. To meet these requirements, HCP assays are often validated and
incorporated into the cGMP control system, which includes specific reject limits (in the DS as a
Certificate of Analysis (C of A) method or as an in-process control). If the final DS is a
conjugated protein, the testing should be done on the protein intermediate (before
conjugation). In addition, HCP assays are used to guide process development and are often
used to demonstrate robust process performance in the context of formalized process
validation activities.
HCP immunoassays are often formatted as a sandwich ELISA, and multiple antibody labeling
options are available (see

1103 ). Depending on the label chosen, appropriate conjugates

and substrates are selected; examples are described in 1103 . Most proteins can be
biotinylated because of their lysine content and, because biotin is small, it is less likely to
affect the protein’s binding activity. Because antibodies are large and have many lysine
residues, the conjugation ratio of biotin to antibody can be higher than that of smaller proteins.
However, it is important to not over- or under-label the antibody (e.g., with biotin or HRP),
because this might lead to either less antigen binding or lower signal/sensitivity, respectively.
Controlling and defining the labeling stoichiometry (e.g., mole of biotin to mole of IgG) is useful
for making future batches consistently. Multiple ratios of any antibody label should be tested
and optimized for performance in the immunoassay. Excess unconjugated reagents should be
removed, either by dialysis or by using a suitable desalting column.
Often, the standard is first screened to see whether a dose-response curve can be generated,
and if so, in which concentration range of analyte. The results can also reveal a starting point
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for initial reagent concentrations that can be optimized further. If more than one antibody pair
has been prepared, then each is tested to find the best performance (see USP chapter

1103

for more information). The signal (low calibration standard) to noise (background) ratios
generated with each antibody candidate can be used to select the best pair. HCP
immunoassays do not always possess a full dose-response curve with both asymptotes;
therefore, for the purposes of residual HCP detection, the assay for DS release should focus on
the low end of the curve near the quantitation limit (QL).
3.3.1 QUALIFYING A NEW MANUFACTURING PROCESS WITH A PLATFORM HCP ASSAY
As noted earlier, if the upstream/isolation procedure is matched, then a new product produced
in that system can benefit from a platform assay approach that can decrease qualification time
and effort. However, in cases where there are variations that occur in optimizing the
production cultures and the cell culture design space is not completely defined, it is important
to understand whether these variations are significant enough to render the platform assay
unsuitable. In these cases, the platform assay should be qualified experimentally to
demonstrate that it is suitable for measuring HCPs from the new process. Assay accuracy,
precision, sensitivity, linearity, range, and specificity must be evaluated (see 4. HCP
Immunoassay Method Validation). In addition, the range of HCPs in the platform HCP standard
should be compared to those present in the new process. The antibodies should also be
characterized using samples from the new process or product using approaches discussed
previously.
The following approaches and concepts may be useful in qualifying a new product for a platform
HCP assay or a new HCP standard with pre-existing antibodies:
1. Conduct a representative, small-scale null cell run grown under conditions used in the
new culture process, and determine the protein concentration of the null cell run CCF.
Assay the null cell run CCF at the same nominal concentration as the assay HCP
standard using the HCP sandwich immunoassay, and compare the dilution curve from
the null cell run CCF to the standard used in the assay. If the standard and new null cell
run CCF curves are similar (e.g., in shape and amplitude, and the calculated HCP
concentrations are within a factor of 2), then the new process is considered not
different from the platform, and a process-specific HCP assay is not usually needed.
2. With the CCF from the above null cell run from the new process, make a comparison to
the HCP calibration standard using 2-D gel electrophoresis. This will compare the
diversity of proteins produced by the two processes. However, be aware that new
“spots” may appear in the 2-D gels that may not reflect immunochemical differences in
the assay, for example, post-translational modifications or limited proteolysis. As such,
the appearance of a few new spots or up-regulated or down-regulated spots in the
process-specific null cell run is not a basis for invalidating the application of the
platform assay. A qualitative assessment (e.g., versus a Western blot) is recommended.
3. Comparison of HCP levels at harvest in actual production runs (CCF samples) with the
same product produced in the original versus the “new” process is also valuable. In
general, results within a factor of 2 are considered similar, thereby confirming the
platform HCP reagents.
4. HCPs in CCF from production cultures may also be estimated on the basis of total
protein measurements. The total protein in the CCF is the sum of product (measured
using a product-specific titer assay) and HCPs. Samples from harvests of the
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manufacturing run cell culture can be dialyzed, as long as they are sufficiently
concentrated to make membrane losses negligible, to remove small peptides and amino
acids, and then the total protein is determined (e.g., by amino acid analysis).
Subtraction of the product concentration from the total protein provides an estimate of
the non-product protein, HCP, in mg/mL. This value may be compared with the HCP
concentration from the immunoassay. Comparable values (e.g., within 2×) indicate that
the HCP platform is confirmed for the new process.
3.3.2 NEED FOR NEW REAGENTS AFTER PROCESS CHANGES
Major changes, such as substantial and unambiguous changes in cell culture conditions (e.g.,
moving from a serum-containing process to a serum-free production process), typically require
production of new reagents and development and validation of a new HCP assay. In this
example, the HCP reagents created using the old process recognize a number of serum proteins
but may not recognize many new HCP proteins in the serum-free process. Because of both the
process change and the assay change, different HCP levels will be observed when the same
samples are measured for HCP in the old and new assays (i.e., the samples from the serumcontaining process may have a high level of HCP measured by the old assay and low level of
HCP measured by the new assay, whereas the samples from the serum-free process may have
much lower HCP results by the old assay but more with the new assay).
If the assay was developed as a downstream, process-specific assay, changes in the
purification steps can also require replacing the assay with a new one that is relevant to the
new downstream process. This is the biggest problem with these very specialized assays and
why platform-based assays are usually preferred, because they do not require a new assay
when the downstream steps are changed.
3.3.3. SAMPLE STABILITY
It is important to demonstrate that the sample handling procedures do not affect the assay
results. This is particularly true when comparing results for various intermediate process pools.
Occasionally, HCPs can precipitate during freezing or when the sample pH is adjusted from
acidic to neutral. In addition, storage at 2–8 or multiple freeze-thaws may result in loss of
reactivity. The analyst may need to add specific stabilizing components (e.g., divalent cations)
to the samples to ensure stability.
4. HCP IMMUNOASSAY METHOD VALIDATION
HCP immunoassays for product purity assessment typically are part of the cGMP control
system, either as an in-process test or on the C of A, and need to be validated appropriately.
The validation approach depends in part on the types of samples that will be tested with the
method. All validation parameters for a quantitative impurity test are needed when used for the
final DS, whereas validation for in-process samples usually focuses on dilution linearity,
interference, and precision. Whether the assay is an in-process assay or a C of A assay (DS),
both alert (trend) and reject limits are valuable as a part of an overall control strategy. Readers
are referred to ICH Q2(R1) guidelines and chapter 1225 Validation of Compendial Procedures
for general expectations for assay validation, particularly those requirements for cGMP assay
validation, and to chapter

1103

for sandwich immunoassays. Although the main focus of this
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section is on cGMP assay validation, many of the same principles apply to the assays used to
demonstrate that process purification steps are suitable for their intended purpose.
This section will focus on those aspects of HCP immunoassays that are unique or require special
attention and documentation. HCP immunoassays differ from more conventional immunoassays
in that they are multi-analyte assays. There are potentially thousands of proteins in the
immunogen and standard, and a correspondingly diverse set of antibodies is produced, yet only
upstream CCF will contain a diversity of proteins that approximate the HCP calibration standard.
Intermediate pools and final products typically contain progressively fewer of the HCP proteins
that are present in the standard. As discussed previously, this is the aspect of accuracy that is
compromised by HCP immunoassays, and why the mass unit ratios (ng of HCP per mg of DS) are
not a literal “mass” relationship. However, below are common industry approaches that address
these limitations as much as possible.
The validation summary below is for the final DS or a penultimate process step, whichever is
chosen for the C of A method. It should be noted that for in-process testing, the focus is on
method accuracy (spike recovery), dilution linearity, and precision. In the case of accuracy,
some samples will have more potential interfering substances (other process impurities or
additives) that may need to be confirmed as non-interfering (e.g., residual DNA, leached
protein A, virus inactivators, chaotropes, and low pH buffers).
4.1 Accuracy
To assess HCP assay accuracy in the DS, at a minimum the analytical assay standard should be
added to appropriate samples and accurate spike recovery demonstrated over the range of the
assay. Matrix interference can come from both buffer components and product, and the
minimum dilution required for acceptable spike recovery (typically between 70% and 130%)
needs to be determined for each sample type. Typically, spike recovery experiments are
conducted with spikes using at least three and potentially as many as five different levels.
Because samples are assayed at multiple dilutions, the investigator may spike and then dilute
the sample, or dilute the sample and then spike the diluted samples. Spikes near the QL help to
evaluate the accuracy and repeatability of the assay near the QL, which is where the
measurement is often the most variable. An accuracy of 50%–200% is often acceptable for a
spike near the QL.
Although these are minimum requirements for assay validation, they should not be interpreted
as demonstrating accuracy for the specific HCP that may co-purify with the product. To
accomplish that, if the HCP is present in antigen excess in the assay, comparison to a standard
of that particular HCP species is needed; however, because this HCP is rarely known, it is
usually not possible. Tips for discerning these situations are provided below in the dilution
linearity section and in 5. Supporting Technologies for Residual HCP Detection, Identification,
and Measurement.
4.2 Sensitivity and Assay Range
HCP sandwich immunoassays often achieve standard curve sensitivity in the low single digits of
ng/mL. For sample protein concentrations where the test dilution is 10 mg/mL, this implies that
a sensitivity of about 1 ng of HCP per mg of product is possible. However, this sensitivity may
be difficult to achieve for products with lower protein concentrations. It is important to
highlight that the reported HCP ratio (ng of residual HCP relative to mg of product) is not really
the ratio of masses implied by the unit ng/mg but rather “immunological equivalents” per mg of
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product.
The first aspect of determining QL is typically determined experimentally for each product in a
given sample buffer matrix in spike recovery studies. The minimum required dilution (MRD) for
the DS should be established by spiking the HCP standard in a sample dilution series. For
example, an HCP spike of 10 ng/mL added to each of a series of solutions containing undiluted
(e.g., 10 mg/mL) protein and serially diluted DS. Those dilutions in which the spike recovery is
70%–130% (50%–150% is also commonly used) are considered acceptable. Typically, a
proposed DS MRD is tested further to ensure that spike recovery is consistently achieved.
If the DS sample does not have detectable HCP, it can be used for the second part of the QL
determination; otherwise, a formulation buffer may be used. The product MRD (or the
formulation by itself, if necessary) is used as the first dilution in a series to which increasingly
lower concentrations of HCP are spiked (e.g., six replicates at each of these levels: 1, 2, 5,
and 10 ng/mL). This study is typically repeated at least three times, preferably by different
analysts or on different days. The HCP spike level that can be recovered in all experiments
(e.g., within 70%–130% or 50%–150%) in the majority of tests (e.g., four of six), divided by
the protein concentration, is confirmed as the QL. For example, a spike of 3 ng/mL of HCP in a
product protein concentration of 5 mg/mL has a QL of 0.6 ng/mg if spike recovery is achieved
in at least four of six tests.
Typically, assays are set up to cover the range from a few ng/mL to >100,000 ng/mL. This
range allows the analyst to test a variety of samples at multiple dilutions (see discussion of 4.3
Linearity) and allows for a practical assay that can accommodate in-process pools with highly
differing HCP levels. For example, upstream samples may contain >100,000 ng/mL of HCPs and
require large dilutions to obtain results in range of the standard curve.
For routine DS testing where the protein product concentration is known, a single dilution (
MRD), which produces results not lower than the QL (in ng/mL), is typically used for release
testing. By fixing the protein product concentration, the results are reported in consistent units
(ng/mg). This is helpful when the DS has undetectable levels; therefore, results “less than” are
consistent (e.g., <0.6 ng/mg) in the example above. Before setting this target concentration,
however, the dilution linearity should be well understood in a development study (see below).
4.3 Linearity
HCP assay nonlinearity is not uncommon for some samples and should be assessed for multiple
batches of a given sample type (e.g., from several clinical DS lots or process validation
batches) to ensure consistency and proper reporting of results. Because a single HCP (or a few
individual HCPs) may co-purify with product, it is possible that particular HCP(s) will be present
in excess of the available antibodies in the HCP immunoassay. This is possible in multi-analyte
assays where only a limited surface area is available on assay microtiter plates or beads, and
because thousands of different anti-HCPs are needed, antibodies to any one HCP will, of
necessity, be limited. Furthermore, the relative amount of antibody to each separate HCP is
also not controlled, so the binding capacity for each separate HCP differs. For samples
exhibiting this behavior, the analyst must dilute the sample into the range of the assay, i.e., to
a point where nonlinear behavior is no longer observed because the HCP has been diluted to a
concentration where it no longer exceeds the available antibody. In some cases, the sensitivity
of the assay becomes limiting, and one never reaches a dilution where the assay result is
independent of the sample dilution. In such cases, the highest HCP ratio value (corrected for
sample dilution) within the validated assay range should be reported. A detailed example of how
to handle nonlinear dilutions arising as a result of antibody insufficiency follows.
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Table 4 and Figure 4 show data for three different samples tested in an ELISA that has a range
of 1–100 ng/mL. In this example, all were diluted initially to 10 mg/mL (the MRD, where spike
recovery had been previously confirmed), and then serially diluted using a 2-fold dilution series
to below the assay QL of 1 ng/mL. Whereas Sample 1 (diamonds) dilutes linearly over the full
range tested, both Sample 2 (squares) and Sample 3 (triangles) HCP results plateau at higher
concentrations of the sample. Saturation of the antibodies reflects antigen excess, and
determination of the HCP value is made by diluting the sample into the range of linear dilution;
visually estimated as <2 mg/mL for the squares and <1 mg/mL for the triangles. [Note—It is
wise to start the dilution series just above the QL dilution to minimize compounding of errors
due to any slight inaccuracies with each serial dilution.]
Table 4.a Raw Data for the Graph in Figure 4a
Product
Conc.
(mg/mL)
10.00
5.00
2.50
1.25
0.63
0.31
0.16
Reported HCP
ratio value
(guide)
Ratio SD
Ratio %CV
n

Sample 1
HCP
conc.
(ng/mL)
49
28.5
12
7.4
3.1
1.6
Below Q L

HCP
ratio
(ng/mg)
4.9
5.7
4.8
5.9
5.0
5.1
Below Q L

Sample 2
% max
ratio
value
83%
97%
81%
100%
85%
86%

5.2 (guides 1 and 2)
0.455
9%
6

HCP
conc.
(ng/mL)
20
16.5
10
7.4
3.3
1.9
Below Q L

HCP
ratio
(ng/mg)
2.0
3.3
4.0
5.9
5.2
6.0
Below Q L

Sample 3
% max
ratio
value
33%
55%
67%
98%
87%
100%

5.7 (guide 1) or 5.3 (guide 2)
0.44 (guide 1), 0.92 (guide 2)
8% (guide 1), 17% (guide 2)
3 (guide 1), 4 (guide 2)

HCP
conc.
(ng/mL)
10
9
7
4.5
2.9
1.9
Below Q L

HCP
ratio
(ng/mg)
1.5
3.0
3.7
4.3
4.7
6.1
Below Q L

% max
ratio
value
25%
49%
61%
70%
77%
100%

6.1 (guide 1) or 5.0 (guide 2)
n.a. (guide 1), 0.95 (guide 2)
n.a. (guide 1), 19% (guide 2)
1 (guide 1), 3 (guide 2)

a Numerical data for three samples (also graphed in Figure 4) show differing degrees of saturation of the response at higher
concentrations of product (and HCP impurity) tested. Two guides on how to interpret these data (guides 1 and 2) illustrate how
the "linear range" of the assay is limited to the most dilute data points shown in Table 4 and Figure 4. Note—Samples are
always diluted until the HCP concentration is below the Q L of the assay. Guide 1: A ll values within 20-25% of maximum value
are averaged. Guide 2: V alues are averaged as long as the CV of the values is <20%, removing less diluted samples first.
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Figure 4. Twofold serial dilution of the three samples listed in Table 4. HCP concentration
results are plotted against the product concentration in the samples, which serves as a
measure of sample dilution.
Because measurements near the QL may have higher variability and less reproducibility than
measurements farther from the assay limit, usually (if possible) values within the linear HCP
concentration response range are averaged. The procedure for which data points may be
averaged must be specified in advance of running the assay and is typically documented as
part of the test procedure. In the example shown in Table 4, two different guidelines are
illustrated. Guide 1 averages all values within 20%–25% of the maximum HCP ratio value. Guide
2 averages values only if the CV for the resulting averaged values is <20%–25%. Although their
data sets are not identical, both rules are justified, based on the argument that variations of
20%–25% are within the variation seen in assay replicates and reflect the underlying
reproducibility of immunoassay methods. In this example, both methods give very similar results.
Homogeneous (one-step incubations without washes between reagent additions) sandwich
immunoassays are more prone to antigen excess and resulting dilution nonlinearity problems and
may exhibit “high-dose hook effects” in which samples with large amounts of antigen give
inaccurately low readings, because the antigen excess prevents formation of the complete
sandwich. Suitable use of this format should be confirmed experimentally for each sample type
and could be acceptable if the samples are diluted to assay QL and lack of hook effects is
confirmed.
Historically, some companies have used spike-recovery data produced in the validation of
accuracy to demonstrate linearity. Although this demonstrates the linear dilution of the
standard, it does not demonstrate the linear dilution of the HCPs in the samples. For the
reasons of antigen excess discussed above, the linear dilution of the standard is a necessary
condition but not sufficient to demonstrate linearity of the assay for different sample types.
Finally, although antibody insufficiency is generally believed to be the primary cause of a lack of
dilution linearity, other potential causes are: 1) reactivity of the antibodies with product
protein, 2) the presence of non-specific antibodies (“sticky” antibodies), 3) reactivity of the
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antibodies to non-HCP proteins present in samples (such as peptones or BSA), 4) HCP
aggregation, 5) HCP standard dilution profile that is not representative of the in-process or final
product HCP, and 6) sample matrix interference. Cross-reactivity and matrix interference are
discussed below.
4.4 Specificity
Assessment of potential matrix interference in samples is addressed in section 4.1 Accuracy
and is primarily used to establish the lack of formulation interference (in the DS) and other
impurities that are normally present (for upstream process samples). Another specificity issue
to evaluate is the potential cross-reactivity of the anti-HCP antibodies with the product itself,
because the product will be present at 10,000-fold to 1 million-fold more than the HCPs to be
quantified, increasing the likelihood that a homologous epitope might be recognized by the
antibodies. Although this is possible, antibodies to HCPs that cross-react with product epitopes
are rarely observed.
In those cases where cross-reactivity is observed, more false-positive assay signals are risks
that must be managed. If cross-reactivity is suspected, it should be carefully and scientifically
established. In the vast majority of cases, signals in HCP immunoassays are real, indicating the
presence of HCP impurities. In particular, instances where the HCP(s) are noncovalently
associated with product, and they co-purify, may give the appearance of cross-reactivity.
However, because of the tremendous variety of antibodies in a polyclonal anti-HCP pool, when
measuring residual HCP in the presence of excessive levels of product, some antibodies may still
bind product, yielding a false-positive signal. In this case, it may be necessary to modify the
assay or the anti-HCP reagent. If a platform HCP assay is used to test multiple batches (for the
same program), and different levels of HCP between batches are observed, this is strong
evidence that the HCP-positive signal is real and not due to cross-reactivity.
Evidence for cross-reactivity is often seen in a product that has been purified in a sequence of
steps and where the HCP levels are not reduced by typical purification processes. The
HCP/product ratio (ng/mg) should be used so that changes in the HCP/product ratio during
purification can be compared. First, Western blots of DS are usually probed with anti-HCP
antibodies to determine if HCP(s) are noncovalently associated with product. If bands are
detected that are unrelated to the product (e.g., light and heavy IgG chains of monoclonal
antibodies seen by reduced SDS-PAGE), this suggests that cross-reactivity is not occurring,
and further process development may be required if lower HCP levels are sought.
Alternatively, if the anti-HCP is recognizing a product-associated band, this suggests crossreactivity. Caution should be exercised, however, because the product is denatured (by SDSPAGE), and binding may be to epitopes not accessible when in the native, solution phase (i.e.,
in the immunoassay). In this case, a positive Western blot could be an artifact (conversely, a
negative Western blot could also miss cross-reactivity, but this is less probable). Regardless, if
cross-reactivity is suspected, it can be confirmed and corrected by either: 1) addition of a
high-purity product (or related structures, such as human IgG from a different source, for a
monoclonal antibody) to block the cross-reacting antibodies in the assay, or 2) depletion of the
anti-HCP in the reagents using a product-affinity column made from highly purified product. In
either case, it is important to ensure that the antigen used to block or deplete the serum is
itself free of residual HCPs. This information is available from the Western blots probed with
anti-HCP. If HCP bands are present, this indicates that a higher-purity product may be needed
and can be prepared with orthogonal, lab-scale purifications. Sometimes reversed-phase HPLC
can be effective in making this material, although this is not useful during product production
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because of its denaturing properties.
5. SUPPORTING TECHNOLOGIES FOR RESIDUAL HCP DETECTION, IDENTIFICATION, AND
MEASUREMENT
Biopharmaceutical manufacturers need an integrated control system that offers assurance of
overall product purity and manufacturing consistency. Typically, product purity is demonstrated
by using a combination of methods, and this is very much the case for HCPs. In addition to the
most common sandwich immunoassay format, other assay types provide valuable
complementary information. Tables 5, 6, and 7 provide overviews for commonly used methods
for HCP detection, quantitation, and characterization. Table 5 discusses electrophoretic
methods, Table 6 discusses Western blot methods, and Table 7 discusses chromatographic and
proteomic methods. Gel electrophoresis and immunoblots are also discussed in 3.2.2.2
Characterization of antibodies to HCPs.
Orthogonal assay methods used to provide additional assurance of purity and the lack of HCPs
may be used in any of three modes: “detection”, “identification”, or “quantitation”. In the case
of detection, orthogonal assays address the question, “Is there any protein other than a form
of the product that the immunoassay may have missed?” If this is the case, as knowledge
accumulates regarding the identity of the HCP(s), it becomes possible to perform a specific
protein risk assessment and, if necessary, generate a standard and separate test for that
particular HCP impurity. The orthogonal method may then be used in a “quantitative” mode by
comparing the product sample with the appropriate HCP standard for the known HCP. For
example, a quantitative HPLC-MS/MS method may be developed, based on monitoring peptides
that ionize well from digests of the analytical standard protein and the sample.
5.1 Considerations for Electrophoretic Methods
Three electrophoretic methods that are useful in impurity analysis are 1-D and 2-D SDS-PAGE
and SDS-capillary electrophoresis using non-gel sieving (CE-SDS). In all these methods, excess
sample is loaded to ensure detection of trace protein impurities. The drawback is that excess
product obscures impurities that migrate close to the product and cause interference.
However, 1-D gels or CE-SDS may already be part of the GMP control system for monitoring
product-related fragments; therefore, extending these methods for HCP monitoring does not
involve additional testing. 2-D gels have been used to investigate the purity of the final
product and to identify minor spots in the gels associated with either product variants or HCP
impurities. The presence of a new band in the gel, or a new peak in the CE-SDS
electropherogram, may represent either a new product-related substance/impurity or may
reflect the presence of an HCP impurity (“process related”). In either case, an investigation is
warranted. If not part of the routine control system, a 1-D gel is still an excellent method for
extended characterization of important lots, such as registration lots, and for manufacturing
investigations. Gels and CE-SDS are useful for confirming the absence of gross levels of HCPs
(should they be present and missed in the immunoassay). Gels are typically stained with a high
sensitivity stain, such as a fluorophore or silver. Ideally, the stain should be compatible with ingel proteolyic digestion and subsequent analysis by mass spectrometry to identify the protein.
Proteins differ in their staining intensity with silver or fluorescent dyes; therefore, only
semiquantitative estimates of the amount of protein in a band or spot are possible (e.g.,
glycosylated forms may not stain as intensely). Nonetheless, because these methods do not
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rely on anti-HCP antibodies, they provide an important orthogonal measure of purity.
Some proteins may appear in gels as multiple bands or spots that result from post-translational
modifications or proteolytic clipping. To the extent that a single gene product is distributed to
multiple locations in the gel, this further reduces the sensitivity of gels to detect impurities.
As discussed following Table 7 on proteomic methods, it is often possible to excise bands or
spots from the gels. These excised gel fragments may then be incubated with proteases to
provide in situ digestion of the protein into peptides. These peptides may then be fractionated
and sequenced using LC-MS/MS and compared with databases to identify the origin of the
peptides as either product-related or HCPs.
Table 5. Analytical and Characterization Electrophoretic Methods for HCP Testing
Approximate
Sensitivity
for HCPs and
Ability to
Method
Use
Advantages
Disadvantages
Quantify
High resolution
separation;
provides
1-D gel,
Screening a large
Large excess of
either
number of samples approximate
protein may
weight product
reduced or for consistency and molecular
obscure
HCP bands.
100 ng/mg.
(MW)
nonreduced, presence of
Different
proteins
show
Semiquantitative
stained with nonproduct protein information;
differences
in
staining
unless used with
simple intensities so only
silver or
bands. May be used relatively
an analytical
to run. Side by
highas part of GMP
semi-quantitative.
for a
side analyses of Limited capacity of gel standard
sensitivity
control system.
known
HCP.
provide lanes for total protein
fluorescent Typical sample size: samples
powerful
dye.
1–5 µg/lane.
comparisons for load.
manufacturing
consistency.
Screening a small
number of samples
for consistency and
Large excess of
Large-format presence of
protein may
High-resolution product
2-D gel
unknown protein
obscure
HCP spots.
100 ng/mg of
of
(e.g., 20 × spots. Not suitable separation
Different
proteins
show
total protein
HCP
25 cm)
for routine use in lot trace
differences
in
staining
load).
from
stained with release but may be impurities
intensities
so
only
Semiquantitative
product. Provides semiquantitative.
silver or a
used for
unless used with
MW Highly techniquehighcharacterization of approximate
an analytical
pI
sensitivity
specific lots or HCP and
dependent
results
standard for a
on
fluorescent standards. Typical information
requiring
skilled
staff
known HCP.
protein spots.
dye.
sample size: 40
and sophisticated
µg/gel (E. coli HCP)
equipment.
to 120 µg/gel (CHO
HCP).
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CE-SDS with
laserinduced
fluorescence
(LIF)
detection.
Fluorescently
labeled
samples are
separated as
either
reduced or
nonreduced
samples.
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Screening a large
number of samples
for consistency and
presence of
unknown protein
peaks. May be used
as part of GMP
control system.
Typically only 1 ng
of protein sample is
loaded into the
capillary, so
technique is suitable
for small samples.

Sensitivity may not be
as high as a 1-D gel
with a highly sensitive
stain. Fluorescent
labels are not specific
Rapid, highHCP proteins, so
resolution method for
there
is no distinction
to separate
between
HCP and
fluorescently
product-related
labeled proteins. peptides. Difficult to
extend to other
measures, such as
Western blots, or to
identify protein peaks.

1000 ng/mg
(0.1% of total
protein load).
Semiquantitative
unless used with
an analytical
standard for a
known HCP.

5.2 Considerations for Western Blot Methods
The Western blot technique is complementary to the sandwich immunoassay for demonstrating
product purity and for characterizing the immunochemical reagents used in the immunoassay
(see 3.2.2.2 Characterization of antibodies to HCPs). When the anti-HCP antibody is used as a
probe, it may be useful to: 1) detect HCPs that are noncovalently associated with the product
and (potentially) missed in immunoassay, or 2) monitor an individual HCP. In other cases, a
protein that reacts well in the immunoassay may not be detected in Western blot because a
conformational epitope was lost following denaturation. Immunoblots require only one antibody
to a given protein, whereas sandwich immunoassays require two. Previous work has shown that
high-affinity antibodies that react with a given HCP can be more sensitive than silver or
fluorescent dye staining of gels.
1-D Western blots of final product provide a simple reliable orthogonal method for
demonstrating product purity. Although the same antibody preparation may be used in both the
immunoassay and Western blot, for the reasons noted above, the blot may provide additional
information on trace proteins (and miss others), hence its orthogonal nature. Table 6 presents
the advantages and disadvantages of 1-D and 2-D Western blot methods for these purposes.
Below is a list of the major considerations for optimization of SDS-PAGE/Western methods:
2-D-gel format and size: The larger formats (18-cm length or longer) resolve proteins
better and come in a variety of isoelectric focusing (IEF) application modes and
molecular weight dimensions (e.g., gradients). Total protein staining of various formats
can be studied to optimize the separation in both dimensions and thereby find the
balance that separates most (or the maximum number) of HCPs.
The load on 2-D gels should be optimized to balance sensitivity needed (higher load)
versus resolution desired (lower load). The protein load, ionic content of the sample,
and speed of separation need to be balanced to avoid coulombic heating and to
optimize resolution. The stains or substrates to be used will influence this choice.
Typically, more is loaded for the immunoblot (e.g., 200 µg) than for the total proteinstained gel or blot (e.g., 50 µg for silver stains). The difference in load may confound
the separation to some extent; therefore, finding the right balance will require
experimentation.
Signal development for both the total protein (gel or blot) and the Western blot requires
significant experimentation (e.g., dye types, exposure times, buffer conditions) to
optimize. For example, because it is important to detect as many bands as possible,
sometimes the signal is amplified so much that the most abundant species obscure the
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others, or the background increases and contrast is lost. A related issue is
standardization of the densitometer, which must be fine-tuned to achieve consistency
under experimentally determined conditions. Both reagent and instrument optimization
can require significant time to reproducibly establish the optimized conditions where
signal is maximized and background is minimized (see also USP chapter 1104 ).
The transfer and blocking reagents require experimentation to identify the best
conditions (such as buffers, instrument power/time, temperature, and blockers).
Table 6. Analytical and Characterization Western Blot Methods for HCP Testing
Approximate
Sensitivity
and Ability
to Quantify
Method
Use
Advantages
Disadvantages
HCPs
highScreening a large High-resolution Requires
quality
anti-HCP
number of samples separation;
antibody source.
for consistency
provides
Large excess of
Not quantitative
and presence of
approximate
MW
product
in
the
gel
for HCPs unless a
unknown protein
information;
can
lead
to
protein
that react relatively simple nonspecific staining specific
1-D gel, Western bands
standard
is used.
with anti-HCP
blot
to
run.
Side
by
of
product
bands.
Sensitivity
antibodies. May be side analyses of SDS-induced
depends entirely
used as part of
samples
provide
denaturation
of
on the quality of
GMP control
powerful
proteins
leads
to
the antibody.
system. Typical
comparisons
of
loss
of
sample size: 1–5 lots.
conformational
µg/lane.
epitopes.
Screening a small
Requires highnumber of samples
quality anti-HCP
for consistency
antibody source.
and presence of
Large excess of
unknown protein
High-resolution
product protein
Not quantitative
reacting with separation of
Large-format 2-D spots
may
obscure
HCP
for HCPs unless a
antibodies.
gel (e.g., 20 × 25 HCP
trace
HCP
spots.
SDSspecific protein
suitable for
cm) Western Blot Not
impurities
from
denaturation
of
standard is used.
routine use but
with
product.
proteins
leads
to
Sensitivity
be used for
chemiluminescence may
Provides
loss
of
depends entirely
characterization of approximate MW conformational
or similar highon the quality of
specific lots of
sensitivity
and
pI
epitopes.
Produces
the antibody, but
product or
detection.
information
on
highly
techniqueng/mg is
characterization of protein spots. dependent results 100
possible.
antibody reagents.
requiring skilled
Typical sample
staff and
size: 75 µg/gel (E.
sophisticated
coli HCP) or 250
equipment.
µg/gel (CHO).
5.3 Considerations for Chromatographic and Proteomic Methods
Mass spectrometric techniques for the identification and quantitation of HCPs are rapidly
evolving and leverage much of the technology developed for proteomics. Furthermore, as new
genomic databases become available (e.g., the CHO genome), mass spectrometric approaches
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are more useful. These methods (see also proposed chapter 1736 Applications of Mass
Spectrometry for additional information) often combine sample preparation such as reduction,
alkylation, and proteolytic digestion, followed by separation with reversed-phase
chromatography (RP-HPLC or RP-UHPLC) or capillary isoelectric focusing (cIEF) before
introduction into a mass spectrometer (such as quadropole, ion trap, time of flight, and others)
that fragments the peptides, providing an amino acid sequence for each peptide. The resulting
sequence information is compared to the product sequence to identify product-related
fragments and to a database related to the host (e.g., E. coli, yeast, CHO, or rodent
sequences) to identify impurity proteins.
The central problem for MS analysis stems from the overwhelming number of product-derived
peptides relative to impurity peptides. To address this issue of competitive ionization of the
peptides (also called ion suppression of the HCP peptides by the product peptides), LC-MS/MS
analysis may be reserved for partially purified or fractionated HCP preparations. This purification
reduces the product contribution to total ions in the mass spectrometer. For example, bands
cut from 1-D gels can be selected to avoid gel regions that are overloaded in product.
LC-MS/MS data may be used in two ways. First, if the MS-based method does not find HCPs in
samples that were also below QL in the immunoassay, then these orthogonal techniques can
increase confidence that the HCP ELISA did not miss an HCP that has co-purified. The
detection limit for many LC-MS/MS methods is currently about 100 ng of HCP per mg of
product. This is not as sensitive as the immunoassay but is sufficiently sensitive to rule out an
HCP being present at a high level and is more sensitive than gels stained with sensitive
fluorescent dyes. Second, if an impurity is identified at a high level or one that is a safety
concern, then one can assess whether the purification process needs to be improved to
remove it, whether the current control system is adequate, and whether development of a
specific assay is required. Absence of signal does not prove absence of HCPs, but once an HCP
is identified, the sensitivity of LC-MS/MS can be enhanced. LC-MS/MS is complementary to
other HCP technologies and is increasingly valuable as an orthogonal method. Detailed
discussion of all the proteomic approaches to the analysis of HCPs is beyond the scope of this
chapter, in part because the field is evolving so rapidly that any review would become out of
date quickly.
Intact HCPs also may be separated using HPLC with UV detection. The profile has been used for
comparing different lots of null cell runs, for example. Readers are referred to chapter 621
Chromatography for the core science behind HPLC chromatographic methods. Because HCPs
differ in abundance, and the chromatography may not provide unique resolution of all proteins,
an individual HCP must constitute about 1% (or less with good resolution) of the total protein
population for possible detection (even then, a given HCP may be obscured by product,
depending on its retention time). Nonetheless, investigation of unknown peaks as a general
practice and comparisons of the chromatographic profiles of null cell run HCPs may be useful in
determining the similarity of HCPs produced under different culture conditions.
As with the electrophoretic methods discussed in this chapter, reversed-phase separation of
proteolytically cleaved product samples with UV detection may already be included in a GMP
control system as a control for product integrity. The presence of new or unexpected peaks in
the UV chromatogram may indicate the presence of an HCP impurity, although this method is
not overly sensitive (~1% impurity if not obscured by other peaks). However, because no new
testing or sample preparation is required, this opportunity to use an orthogonal method for
determining purity should be considered.
Table 7. Analytical and Characterization Chromatographic and Proteomic Methods for
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HCP Testing

Method
Mass
Spectrometry
–
HPLC/electrospray
ionization (ESI)MS/MS or
cIEF/ESI-MS/MS
or MALDI-TOF of
protein digests

RP-HPLC/UV or
RP-UHPLC/UV.
May be applied to
intact proteins or
proteolytic
digests

Approximate
Sensitivity
and Ability
Use
Advantages
Disadvantages
to Quantify
100 ng/mg and
Identification of Allows
semi-quantitative
individual HCPs. identification
used in the
monitoring Low-throughput method ifdiscovery
May be applied and
mode
of individual
requiring significant
to the
for
unknown
May be sample preparation,
characterization HCPs.
HCPs. 10 ng/mg
combined
with skilled staff, and
of a purified
and quantitative
to identify sophisticated
product lot, or gels
if used with an
individual
instrumentation.
null cell run HCP the
analytical
proteins seen in
standards.
standard for a
gels.
known HCP.
Suitable for
to find a
comparing null High resolution, Difficult
stationary
phase and
cell run
separates
HCPs
mobile
phase
10,000 ng/mg
standards if
based
on
combination
able
to
(1%).
proteins are
hydrophobicity
resolve
and
elute
all
well separated. and size; Direct HCPs. Co-elution may SemiLarger proteins comparison of hinder quantitation of quantitative
unless used with
may need
null
strain
and
specific
proteins.
High
an analytical
limited
product
strain
is
concentration
of
standard for a
proteolysis or possible via
product
peak(s)
may
known HCP.
reduction to
overlays.
interfere
with
detection
improve
of trace HCPs.
resolution.

5.4 Concluding Remarks on Supporting Technologies for HCPs
A number of various hybrid analytical techniques have been attempted over the years. One
example is fractionation of HCP standards by ion exchange, followed by RP chromatography,
and then an immunoassay on the proteins in the final fractions. Alternatively, “product
subtraction” has been evaluated to remove the bulk of the total protein from final product
samples before gel electrophoresis of LC-MS/MS analysis. These hybrid methods for coverage
determination are very labor intensive, and they may introduce artifacts or biases of their own
(e.g., antibodies to product do not typically remove all the myriad of heterogeneous forms). As
such, they have not found widespread application, although in individual cases they may
provide insight into the nature of product impurities.
Electrophoresis, Western blotting, and immunoassay remain the most widely used methods for
HCP reagent characterization and for demonstration of HCP clearance by purification processes,
because they are robust, sensitive, and can cover a broad range of protein impurities.
Immunoassay and (increasingly) mass spectrometry are highly complementary and the most
powerful methods for monitoring residual HCP levels in samples and confirming their absence in
final DSs.
6. USE OF HCP IMMUNOASSAYS FOR PROCESS DEVELOPMENT, CHARACTERIZATION, AND
VALIDATION
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As described previously, although HCP testing has limitations as quantitative assays, if the
immunoassay can rapidly and robustly detect most of the HCPs ,then it is extremely valuable
during process development, characterization, and validation. HCP clearance at each
intermediate process step under a variety of conditions is valuable data. Application to process
validation requires that the assay be demonstrated to be scientifically sound, suitable for its
intended purpose, and appropriately documented. As stated earlier, process pools can differ
widely in terms of buffer components, product concentration, and HCP composition. At a
minimum, acceptable spike recovery of the HCP standard into in-process pool samples is
necessary to qualify test dilutions of the various pools in the assay. In addition, testing each
sample type at multiple dilutions is helpful during development to verify that: 1) results are
within the range of the assay, and 2) nonlinearity in sample dilution is considered. In cases
where the process is shown to clear HCPs robustly, process validation may also be used to
justify not having the HCP ELISA as part of the cGMP control system.
Figure 5 illustrates data gathered during process development and validation and shows the
dilution dependence for a number of in-process pools (Pool 1 is after the first CCF purification
step, Pool 2 the next, and so on) through the process. Figure 5 shows HCP ratio (in ng/mg) on
the Y-axis plotted against the product dilution in the test well on the X-axis. Each sample is
serially diluted through three or four 2-fold dilutions. The starting dilution is determined by both
the need to dilute samples with high levels of HCP into the range of the assay and the need to
test only at dilutions where acceptable spike recovery has already been demonstrated. In
Figure 5, the CCF has slightly more than 1 million ng of HCP per mg of product, meaning that a
little less than one-half of the total protein in the CCF is product. The first column pool reduces
the HCP level to just over 10,000 ng/mg. The second column has minimal HCP clearance; the
third column reduces the HCP ratio to 1,000 ng/mg. The final column in the process reduces the
HCP level by an additional 2 logs, resulting in a final HCP ratio of 10 ng/mg. All of the
intermediate pools show HCP ratio values that are independent of the dilution of the sample.

Figure 5. Example of HCP clearance by each purification step.
Figure 6 presents a set of data for a different recovery process. As in Figure 5, the HCP ratio
data for a serial 2-fold dilution series of each in-process pool sample are plotted. For CCF and
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the column 1 and column 2 pools, the HCP ratio (ng/mg) is independent of sample dilution
(dilution linearity is achieved as in Figure 5). But after processing over the third column,
distinct dilution dependence is apparent in the assay. This nonlinear dilution is likely associated
with antigen excess relative to available antibody for the particular set of HCP(s) in the sample
(i.e., a single or limited number of HCP species co-purify with the product). With product
purification, more product must be put in the assay well for residual HCPs to be detectable in
immunoassay. The product concentration in the assay may be increased with each purification
step, and thus there is a similar increase in the concentration of the co-purifying HCP impurity.
By column 3, the amount of the impurity likely exceeds the capacity of the available antibodies.
This phenomenon is repeated in the final pool, which involves no HCP clearance but only buffer
exchange by UF/DF. The reported value for these pools is the one obtained by diluting the
sample to near the QL of the assay (the most dilute sample in the series) using a method
described in Table 4, which is about 300 ng/mg in this case. Additional discussion of assay
nonlinearity is found in the 4.3 Linearity subsection of 4. HCP Immunoassay Method Validation.

Figure 6. Example of HCP clearance with a purification process.
6.1 Assays for Individual HCPs
In some cases, a manufacturing process might result in production of relatively high levels of a
single HCP that can result in a bias in the reported results. As discussed above, in this situation
the concentration of antibodies present in the total HCP assay may not be sufficient to capture
all of that particular HCP present. In such cases, where a single, known HCP is present, another
assay for that single HCP may be needed. For example, in the case of E. coli production
cultures, co-expressing chaperones or other processing enzymes that aid in folding or disulfide
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formation can be produced in very high levels. In addition, these chaperones may be present in
the immunogen used to develop the HCP assay reagents, in a conformation that is different
from the way the protein is presented in samples. Thus, antibodies produced to chaperones not
bound to product may not recognize, or may poorly recognize, product-bound HCPs. In this
case, separate assays using appropriate antibodies may need to be developed. The existence
of high levels of a single HCP is not unique to bacterial cell cultures and is possible with any
cellular expression system. Another example is when a protein is intentionally added as part of
the processing, then it is treated as a single HCP, and a specific assay will provide better data
(than the total HCP immunoassay).
6.2 Control Strategy
6.2.1 TARGETS, ALERT LIMITS, AND REJECT LIMITS
In both United States and European Union regulations, and generally in other markets, HCPs are
described as process-related impurities, and guidances state that their presence should be
minimized by the use of appropriate, well-controlled manufacturing processes. U.S. 21 CFR
610.13 requires biological products to be “...free of extraneous material except that which is
unavoidable...”. ICH Q6B indicates that biologic product manufacturers should assess impurities
that may be present and develop acceptance criteria for the impurities based on their
preclinical and clinical experience. However, regulatory guidance also recognizes the inherent
challenges involved in using assay-specific data and product- and process-specific reagents.
Guidance states “The absolute purity of biotechnological and biological products is difficult to
determine and the results are method-dependent” (ICH Q6B), and, “In the same manner,
standardization of the analytical methods would be problematic since the reagents used are
product and production system-related” [European Agency for the Evaluation of Medicinal
Products (EMEA) 1997].
Although FDA guidance describes the need to test for HCPs, it also allows, through validation,
removal of the release testing requirement, once clearance has been shown to be consistent.
An expectation exists that, whenever possible, impurities that were introduced by
manufacturing processes and remain in products should be below detectable levels based on a
highly sensitive analytical method. However, an appropriately conducted clearance study
performed as part of process validation can be an acceptable substitute for lot-to-lot (C of A)
testing (FDA 1997), even when low levels of HCPs are present in the DS. In addition, “If
impurities are qualitatively and quantitatively (i.e., relative amounts and/or concentrations) the
same as in the DS, testing of the DP is not necessary” (ICH Q6B). This is the case for HCPs,
the concentration of which in the DP may be inferred from the DS, because the manufacturing
process does not introduce, or clear, HCPs when the DS is converted to the DP. Thus, in these
instances, HCP testing of the DP is generally not required.
The overarching goal is to develop processes that minimize the quantities of residual HCPs in
DSs. When using HCP immunoassays as part of a manufacturing control system, limits for
acceptable results need to be established. The “target” for HCP in final product gives the
purification development group an objective for the process, which may or may not be
achievable. Antibody processes with highly selective affinity chromatography steps (e.g., using
Protein A) are sometimes able to achieve a sensitivity of 1 ng of HCP per mg of protein. Target
HCP levels determine the design criteria that are then used to develop the process.
Preclinical toxicology lots are the first lots for which official HCP values should be determined,
because at this point in product development, the investigator is building the data set that will
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be used to support the safety of subsequent clinical studies. As the molecule advances through
clinical development, the preceding studies are used to support the projected safety (and risk)
associated with subsequent studies. Ideally, changes in HCP level and clinical exposure should
decrease as the product moves through clinical development.
As part of an overall control strategy, the “reject limits” are those levels which, if exceeded,
render the product no longer fit for use. During product development, knowledge about the
process and the product increases; therefore, it is expected that reject limits can be tightened
as one moves from toxicology material to phase I/II material, to phase III, and finally to
commercial material. Each drug candidate profile and its clinical program are unique; hence, no
single numerical limit is applicable to all.
Reject limits are primarily concerned with patient safety. Typically, one does not have specific
data documenting “unsafe” levels of HCPs. Rather, acceptable levels are based on the
experience gathered during the clinical trials. Because the HCP impurity profiles may be
influenced by the purification process, the registration batches used in the pivotal clinical trials
must be representative of the to-be-marketed process. Reject limits for commercial product
should be set to exclude HCP values that are outside the range of clinical experience upon
which the risk/benefit decision was made for the biopharmaceutical.
Alert limits, trend limits, or action limits (different companies use different terms) reflect
considerations of manufacturing consistency. In a commercial process, there should be
sufficient manufacturing history to be able to define out-of-trend results. However, early in
product development, where there is little or no manufacturing history, action limits may be
used to set upper limits on the expected HCPs, based on experience with similar products for
which there is a history, or in comparison to the target value. Exceeding these limits should
trigger an investigation to determine whether the lot is releasable. Orthogonal measures of
product purity are valuable in such investigations.
With the emergence of orthogonal measures of purity, any significant signal observed that is
not product related is to be identified. Efforts should be made to revise the purification process
to remove the unwanted HCP, or a specific justification of its acceptability must be provided.
This is accomplished as part of a risk analysis that considers the clinical exposure similar to that
described above for immunoassays.
In cases where HCP assays are improved or changed due to unforeseen events, the reject
limits may need to be modified, even increased in some cases (if the new assay has broader
coverage). However, it is essential that samples be tested in cross-over studies to ensure that
no changes in quality would be missed in the new, improved assay. In some cases, improved
assays give higher values, so cross-over studies (head-to-head with original versus improved
assay) will be needed to justify the new specification limit.
6.2.2 SAFETY CONSIDERATIONS IN SETTING LIMITS
HCP specification limits in units of ng/mg are typically set using process capabilities and also on
the basis of clinical experience (i.e., the levels used in trials where the clinical outcomes are
known). Although there are several theoretical safety concerns about HCP impurities, the
immunogenicity of the impurity is a primary consideration. An immune response may include
formation of antibodies directed against the HCP or directed against the therapeutic protein,
where the HCP is believed to have acted as an adjuvant. Readers are referred to chapter
1106 Immunogenicity Assays—Design and Validation of Immunoassays to Detect Anti-Drug
Antibodies for a more in-depth discussion of factors influencing immunogenicity. When patients
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receive more than one biotherapeutic protein with their associated impurities, immunogenicity is
an even greater concern. Although high-dose products necessarily will contain a higher mass of
residual HCPs per dose and this should be considered during risk assessments, the potential
effect is not necessarily predictable of a clinical outcome. In some cases, very low levels of
certain HCPs have been shown to have clinical effects, whereas high levels of other HCPs have
had none.
Different limits may be set, depending on whether the product has only one or a very limited
number of co-purifying HCPs or it has a multiplicity of HCPs, each present as a small fraction of
the total HCP level in the product. This could lead to a separate assay and specification for
individual HCP(s) that cannot be cleared from the process and are expected to be present in
the DS and may have bioactivity.
The host cell origin can also be a consideration. It is possible that HCPs from human cell lines
(e.g., HEK293 cells) may pose less immunogenicity risk than HCPs from more distantly related
species because of sequence homology. However, if these proteins are normally intracellular,
then they might still be immunogenic and seen as “foreign” by the patient’s immune system. If
such antibodies develop, then they could cross-react with endogenous human proteins and
neutralize or render ineffective one or more necessary biological systems. As a consequence,
arguments can be made on both sides; hence, the risks based on production cell line (microbial
versus mammalian) are generally believed to be the same and cannot be practically informative
a priori.
In addition to considering immunogenicity, the HCP may be bioactive and a risk. For example, a
hamster homolog of a therapeutic protein expressed in CHO cells could be sufficiently similar to
the product to co-purify. Alternatively, an anti-human cytokine antibody product expressed in
CHO cells could bind to the homologous hamster cytokine, and the complex could co-purify with
the antibody product. In both cases, the homologous hamster proteins could be biologically
active when administered to patients.
7. SUMMARY AND CONCLUSIONS
Biopharmaceutical products should be as free of residual HCPs as reasonably possible. The
industry standard for measuring HCPs is a sandwich immunoassay using polyclonal antibodies
directed against the broadest possible spectrum of potential impurity proteins. Because the
diversity and proportion of HCPs in the calibration standard is never matched exactly to the
HCPs in any sample and due to the broad range of antibodies in the immunochemical reagents,
different HCP assays will quantify individual HCPs to a differing extent. Thus, the single
numerical value readout of the HCP immunoassay is “immunologically weighted”. Highly
immunogenic proteins will overquantify relative to the average population, and weakly
immunogenic proteins will underquantify. Some proteins may not induce an immune response,
and the HCP immunoassay will be blind to those proteins. Because of this possibility, orthogonal
methods for judging product purity also should be included in the control system. The best
strategy is to use the HCP immunoassay in conjunction with other analytical tools.
Finally, one should use caution in extrapolating safe HCP values across products. No single
specification limit will suffice. Differences in the biological properties of particular HCPs that copurify with product, the route of administration, the patient population, and product/HCP dose
all contribute to possible factors influencing patient risk. Over the history of recombinant
biologic therapeutics, there have been examples where individual co-purifying proteins have
been immunogenic, acted as adjuvants to increase the patient immune response to the
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therapeutic protein, or had biological activities themselves. Although these examples exist, they
are rare, and overall there is an excellent safety record for biologics. In spite of the limitations
and complexities of HCP assays, careful and diligent development and application of these
assays have helped to ensure patient safety for millions of doses. HCP analysis continues to be
a complex problem demanding time, resources, and careful thought by biopharmaceutical
manufacturers with the goal of ensuring that products consistently meet the standard of
having as low an HCP impurity level as can reasonably be achieved.
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BRIEFING
1223 Validation of Alternative Microbiological Methods, USP 37 page 1152. This
proposed revision provides guidance on the selection and implementation of assay
methodologies to serve as alternatives to compendial microbiological methods. The revised
chapter describes important steps that should be taken to evaluate candidate alternative
methods, to select the analytical technology, and ultimately to qualify the method with actual
product. These steps include, but are not limited to, identification of a potentially suitable
alternative methodology, demonstration that the method is equivalent and applicable as a
replacement for a standard compendial method, development of user specifications for
equipment selection, and qualification of the method in the laboratory. In addition, this chapter
outlines four distinct options for demonstrating equivalence.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCM2: R.Tirumalai.)
Correspondence Number—C143433

Comment deadline: September 30, 2014
1223
Change to read:

VALIDATION OF ALTERNATIVE MICROBIOLOGICAL METHODS
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INTRODUCTION
The purpose of this chapter is to provide guidance for validating methods for use as
alternatives to the official compendial microbiological methods. For microbial recovery and
identification, microbiological testing laboratories sometimes use alternative test methods to
those described in the general chapters for a variety of reasons, such as economics,
throughput, and convenience. Validation of these methods is required. Some guidance on
validation of the use of alternate methods is provided in the Tests and Assays section in the
General Notices and Requirements. This section also notes that in the event of a dispute, only
the result obtained by the compendial test is conclusive.
Validation studies of alternate microbiological methods should take a large degree of variability
into account. When conducting microbiological testing by conventional plate count, for
example, one frequently encounters a range of results that is broader (%RSD 15 to 35) than
ranges in commonly used chemical assays (%RSD 1 to 3). Many conventional microbiological
methods are subject to sampling error, dilution error, plating error, incubation error, and
operator error.
Validation of Compendial Procedures 1225 defines characteristics such as accuracy,
precision, specificity, detection limit, quantification limit, linearity, range, ruggedness, and
robustness in their application to analytical methods. These definitions are less appropriate for
alternate microbiological method validation as “at least equivalent to the compendial method”
given the comparative nature of the question (see the Tests and Assays—Procedures section
in General Notices and Requirements). The critical question is whether or not the alternate
method will yield results equivalent to, or better than, the results generated by the
conventional method.
Other industry organizations have provided guidance for the validation of alternate
microbiological methods.* The suitability of a new or modified method should be demonstrated in
a comparison study between the USP compendial method and the alternate method. The
characteristics defined in this chapter may be used to establish this comparison.
TYPES OF MICROBIOLOGICAL TESTS
It is critical to the validation effort to identify the portion of the test addressed by an alternate
technology. For example, there is a variety of technologies available to detect the presence of
viable cells. These techniques may have application in a variety of tests (e.g., bioburden,
sterility test) but may not, in fact, replace the critical aspects of the test entirely. For
example, a sterility test by membrane filtration may be performed according to the compendial
procedure up to the point of combining the processed filter with the recovery media, and after
that the presence of viable cells might then be demonstrated by use of some of the available
technologies. Validation of this application would, therefore, require validation of the recovery
system employed rather than the entire test.
There are three major types of determinations specific to microbiological tests. These include
tests to determine whether microorganisms are present in a sample, tests to quantify the
number of microorganisms (or to enumerate a specific subpopulation of the sample), and tests
designed to identify microorganisms. This chapter does not address microbial identification.
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Qualitative Tests for the Presence or Absence of Microorganisms
This type of test is characterized by the use of turbidity in a liquid growth medium as evidence
of the presence of viable microorganisms in the test sample. The most common example of this
test is the sterility test. Other examples of this type of testing are those tests designed to
evaluate the presence or absence of a particular type of microorganism in a sample (e.g.,
coliforms in potable water and E. coli in oral dosage forms).
Quantitative Tests for Microorganisms
The plate count method is the most common example of this class of tests used to estimate
the number of viable microorganisms present in a sample. The membrane filtration and Most
Probable Number (MPN) multiple-tube methods are other examples of these tests. The latter
was developed as a means to estimate the number of viable microorganisms present in a sample
not amenable to direct plating or membrane filtration.
General Concerns
Validation of a microbiological method is the process by which it is experimentally established
that the performance characteristics of the method meet the requirements for the intended
application, in comparison to the traditional method. For example, it may not be necessary to
fully validate the equivalence of a new quantitative method for use in the antimicrobial efficacy
test by comparative studies, as the critical comparison is between the new method of
enumeration and the plate count method (the current method for enumeration). As quantitative
tests, by their nature, yield numerical data, they allow for the use of parametric statistical
techniques. In contrast, qualitative microbial assays, e.g., the sterility test in the example
above, may require analysis by nonparametric statistical methods. The validation of analytical
methods for chemical assays follows well-established parameters as described in Validation of
Compendial Procedures 1225 . Validation of microbiological methods shares some of the
same concerns, although consideration must be given to the unique nature of microbiological
assays (see Table 1).
Table 1. Validation Parameters by Type of Microbiological Test
Qualitative
Quantitative
Parameter
Tests
Tests
Accuracy
No
Yes
Precision
No
Yes
Specificity
Yes
Yes
Detection limit
Yes
Yes
Quantification limit
No
Yes
Linearity
No
Yes
Operational range
No
Yes
Robustness
Yes
Yes
Repeatability
Yes
Yes
Ruggedness
Yes
Yes
VALIDATION OF QUALITATIVE TESTS FOR DEMONSTRATION OF VIABLE MICROORGANISMS
IN A SAMPLE
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Specificity
The specificity of an alternate qualitative microbiological method is its ability to detect a range
of microorganisms that may be present in the test article. This concern is adequately
addressed by growth promotion of the media for qualitative methods that rely upon growth to
demonstrate presence or absence of microorganisms. However, for those methods that do not
require growth as an indicator of microbial presence, the specificity of the assay for microbes
assures that extraneous matter in the test system does not interfere with the test.
Limit of Detection
The limit of detection is the lowest number of microorganisms in a sample that can be detected
under the stated experimental conditions. A microbiological limit test determines the presence
or absence of microorganisms, e.g., absence of Salmonella spp. in 10 g. Due to the nature of
microbiology, the limit of detection refers to the number of organisms present in the original
sample before any dilution or incubation steps; it does not refer to the number of organisms
present at the point of assay.
One method to demonstrate the limit of detection for a quantitative assay would be to
evaluate the two methods (alternative and compendial) by inoculation with a low number of
challenge microorganisms (not more than 5 cfu per unit) followed by a measurement of
recovery. The level of inoculation should be adjusted until at least 50% of the samples show
growth in the compendial test. It is necessary to repeat this determination several times, as
the limit of detection of an assay is determined from a number of replicates (not less than 5).
The ability of the two methods to detect the presence of low numbers of microorganisms can
be demonstrated using the Chi square test. A second method to demonstrate equivalence
between the two quantitative methods could be through the use of the Most Probable Number
technique. In this method, a 5-tube design in a ten-fold dilution series could be used for both
methods. These would then be challenged with equivalent inoculums (for example, a 10 1, 10
2,

and 10 3 dilution from a stock suspension of approximately 50 cfu per mL to yield target
inocula of 5, 0.5, and 0.05 cfu per tube) and the MPN of the original stock determined by each
method. If the 95% confidence intervals overlapped, then the methods would be considered
equivalent.
Ruggedness
The ruggedness of a qualitative microbiological method is the degree of precision of test results
obtained by analysis of the same samples under a variety of normal test conditions, such as
different analysts, instruments, reagent lots, and laboratories. Ruggedness can be defined as
the intrinsic resistance to the influences exerted by operational and environmental variables on
the results of the microbiological method. Ruggedness is a validation parameter best suited to
determination by the supplier of the test method who has easy access to multiple instruments
and batches of components.
Robustness
The robustness of a qualitative microbiological method is a measure of its capacity to remain
unaffected by small but deliberate variations in method parameters, and provides an indication
of its reliability during normal usage. Robustness is a validation parameter best suited to
determination by the supplier of the test method. As there are no agreed upon standards for
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current methods, acceptance criteria are problematic and must be tailored to the specific
technique. It is essential, however, that an estimate of the ruggedness of the alternate
procedure be developed. The measure of robustness is not necessarily a comparison between
the alternate method and the traditional, but rather a necessary component of validation of the
alternate method so that the user knows the operating parameters of the method.
VALIDATION OF QUANTITATIVE ESTIMATION OF VIABLE MICROORGANISMS IN A SAMPLE
As colony-forming units follow a Poisson distribution, the use of statistical tools appropriate to
the Poisson rather than those used to analyze normal distributions is encouraged. If the user is
more comfortable using tools geared towards normally distributed data, the use of a data
transformation is frequently useful. Two techniques are available and convenient for
microbiological data. Raw counts can be transformed to normally distributed data either by
taking the log10 unit value for that count, or by taking the square root of count +1. The latter
transformation is especially helpful if the data contain zero counts.
Accuracy
The accuracy of this type of microbiological method is the closeness of the test results
obtained by the alternate test method to the value obtained by the traditional method. It
should be demonstrated across the operational range of the test. Accuracy is usually expressed
as the percentage of recovery of microorganisms by the assay method.
Accuracy in a quantitative microbiological test may be shown by preparing a suspension of
microorganisms at the upper end of the range of the test, that has been serially diluted down
to the lower end of the range of the test. The operational range of the alternate method
should overlap that of the traditional method. For example, if the alternate method is meant to
replace the traditional plate count method for viable counts, then a reasonable range might be
from 100 to 106 cfu per mL. At least 5 suspensions across the range of the test should be
analyzed for each challenge organism. The alternate method should provide an estimate of
viable microorganisms not less than 70% of the estimate provided by the traditional method, or
the new method should be shown to recover at least as many organisms as the traditional
method by appropriate statistical analysis, an example being an ANOVA analysis of the log10
unit transforms of the data points. Note that the possibility exists that an alternate method
may recover an apparent higher number of microorganisms if it is not dependent on the growth
of the microorganisms to form colonies or develop turbidity. This is determined in the Specificity
evaluation.
Precision
The precision of a quantitative microbiological method is the degree of agreement among
individual test results when the procedure is applied repeatedly to multiple samplings of
suspensions of laboratory microorganisms across the range of the test. The precision of a
microbiological method is usually expressed as the standard deviation or relative standard
deviation (coefficient of variation). However, other appropriate measures may be applied.
One method to demonstrate precision uses a suspension of microorganisms at the upper end of
the range of the test that has been serially diluted down to the lower end of the range of the
test. At least 5 suspensions across the range of the test should be analyzed. For each
suspension at least 10 replicates should be assayed in order to be able to calculate statistically
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significant estimates of the standard deviation or relative standard deviation (coefficient of
variation). Generally, a RSD in the 15% to 35% range would be acceptable. Irrespective of the
specific results, the alternate method should have a coefficient of variation that is not larger
than that of the traditional method. For example, a plate count method might have the RSD
ranges as shown in the following table.
Table 2. Expected RSD as a Function of cfu per Plate
cfu per Plate
Expected RSD
30–300
<15%
10–30
<25%
<10
<35%
Specificity
The specificity of a quantitative microbiological method is its ability to detect a panel of
microorganisms suitable to demonstrate that the method is fit for its intended purpose. This is
demonstrated using the organisms appropriate for the purpose of the alternate method. It is
important to challenge the alternate technology in a manner that would encourage false
positive results (specific to that alternate technology) to demonstrate the suitability of the
alternate method in comparison to the traditional method. This is especially important with
those alternate methods that do not require growth for microbial enumeration (for example, any
that do not require enrichment or can enumerate microorganisms into the range of 1–50 cells).
Limit of Quantification
The limit of quantification is the lowest number of microorganisms that can be accurately
counted. As it is not possible to obtain a reliable sample containing a known number of
microorganisms, it is essential that the limit of quantification of an assay is determined from a
number of replicates (n > 5) at each of at least 5 different points across the operational range
of the assay. The limit of quantification should not be a number greater than that of the
traditional method. Note that this may have an inherent limit due to the nature of bacterial
enumeration and the Poisson distribution of bacterial counts (see Validation of Microbial
Recovery from Pharmacopeial Articles 1227 ). Therefore, the alternate method need only
demonstrate that it is at least as sensitive as the traditional method to similar lower limits.
Linearity
The linearity of a quantitative microbiological test is its ability to produce results that are
proportional to the concentration of microorganisms present in the sample within a given range.
The linearity should be determined over the range of the test. A method to determine this
would be to select at least 5 concentrations of each standard challenge microorganism and
conduct at least 5 replicate readings of each concentration. An appropriate measure would be
to calculate the square of the correlation coefficient, r2, from a linear regression analysis of the
data generated above. While the correlation coefficient does not provide an estimate of
linearity, it is a convenient and commonly applied measure to approximate the relationship. The
alternate method should not have an r2 value less than 0.95.
Limit of Detection
See Limit of Detection under Validation of Qualitative Tests for Demonstration of Viable
Microorganisms in a Sample.
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Range
The operational range of a quantitative microbiological method is the interval between the
upper and lower levels of microorganisms that have been demonstrated to be determined with
precision, accuracy, and linearity.
Ruggedness
See Ruggedness under Validation of Qualitative Tests for Demonstration of Viable
Microorganisms in a Sample.
Robustness
See Robustness under Validation of Qualitative Tests for Demonstration of Viable
Microorganisms in a Sample.

INTRODUCTION
This chapter provides guidance on the evaluation, selection, and use of microbiological methods
as alternatives to compendial methods. To properly implement alternative methods, one must
consider a number of important issues before selecting the analytical technology and ultimately
qualifying the method with actual product. These issues include, but are not limited to,
identification of suitable alternative methodology, development of user specifications for
equipment selection, demonstration of the applicability of the method as a replacement for a
standard compendial method, and qualification of the method in the laboratory. A glossary of
the terms used in the chapter is provided at the end of this chapter.
Microbiological methods described in the compendia fall into two general categories:
1. Qualitative methods (not enumerative) that are used to assess the general microbial
quality of compendial articles. This category includes assays that are intended to
demonstrate the absence of microorganisms in a compendial article.
2. Quantitative methods that yield a numerical (enumerative) result in terms of the
microbial content of a compendial article.
There are inherent analytical factors that must be considered in the implementation of
microbiological methods and in the comparison of a candidate alternative method to an existing
compendial method. With respect to qualitative (“absence of”) analysis, it is critical to consider
that in microbiology, the finding of “no microorganisms present” does not mean in absolute
terms that zero cells are actually present. A result of “no growth” in a current compendial
method is properly interpreted as “no growth was detected under the specified conditions”.
The actual limits of detection of compendial microbiological methods have never been
established quantitatively, and it is understood that many variables can affect the recovery of
microorganisms. These variables include selection of growth media, incubation conditions,
nutritional requirements of microorganisms that may be present, physical condition of
microorganisms, and characteristics of the compendial article under test. Studies on the
recovery of microorganisms from potable and environmental waters have demonstrated that
traditional plate-count methods reporting cell count estimates as colony-forming units (cfus)
may recover 0.1%–1% of the actual microbial cells present in a sample, whereas alternative
methods that use flow cytometry yield a different signal (cell count). The presence of a greater
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number of cells based on an alternative method with a signal other than cfu has not correlated
with more user risk or a higher likelihood of pathogens being present when there is an
established safety record. These results do indicate that in some types of samples, the mean
estimated cell count recorded using a growth-based compendial assay may result in a very
different mean value than a cell count estimate derived from a molecular biochemical analysis.
It is extremely important in the application of this chapter that users take into account that
traditional growth-based microbiological methods constitute a logarithmic science. The inherent
variability of these methods always must be considered in the selection, development, and
validation of candidate alternative methods. The expectation of an unreasonable degree of
agreement between modern molecular methods and traditional growth-based methods could
complicate the implementation of newer analytical technologies.
Achieving the level of characterization (variability of the method) that is possible using modern
chemical methods (e.g., high-performance liquid chromatography) is not possible in
microbiology. Also, the enormous diversity of potential microorganisms in nature makes recovery
of all types of microorganisms and their accurate enumeration or characterization an unrealistic
target to achieve. The advent of modern molecular methods, which in some cases may recover
higher cell counts than previously seen using existing compendial methods, should not be taken
to mean that new risks exist that had not been heretofore recognized.
USP Perspective on Implementation of Alternative Methods or Procedures
The U.S. Pharmacopeia (USP) has long provided mechanisms for the implementation of
alternative assay methods or procedures to analyze compendial articles. General Notices and
Requirements in the USP states, “Alternative methods and/or procedures may be used if they
provide advantages in terms of accuracy, sensitivity, precision, selectivity, or adaptability to
automation or computerized data reduction, or in other special circumstances.” This statement
allows considerable user latitude in the decision to use an alternative procedure, provided that
proper technical and scientific attention is paid to the selection, qualification, and
implementation of the method.
USP Methods and Procedures as Referee Tests
All methods and procedures described in the USP general chapters on microbiological tests,
which are numbered below 1000 , are intended to be referee tests. This means that in the
event a dispute should occur for any reason, only the result obtained using the method or
procedure given in USP is conclusive. Thus, alternative methods or procedures implemented and
qualified by a user do not serve as a legal replacement for the official USP method, which will
continue to serve as the referee test in the case of a dispute.
General Considerations Regarding Quality Control Product-Release Assays
Although the methods and procedures described in the USP general chapters are intended to be
official referee test methods, it is recognized that these tests may not function optimally as
quality control tests for specific compendial articles without modification. It is expected that
the official USP methods will require evaluations to determine their suitability for use when
applied to specific products, and that such evaluations will be conducted on the basis of a
user's specific product knowledge. Techniques for demonstration of this method suitability
(verification; inhibition/enhancement) are provided in the relevant compendial test chapters.
For example, some compendial articles may have inherent antimicrobial properties that could, if
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not modified (or neutralized), adversely affect the suitability of a given compendial method or
procedure. When these methods are included in regulatory filings and the product is approved,
they will be used as product-release and shelf-life tests.
Harmonized Chapters
Some USP microbiological methods or procedures contain a statement that they have been
harmonized with corresponding methods or procedures found in the European Pharmacopoeia
and the Japanese Pharmacopoeia. In chapters containing this statement, the text describing
the method or procedure is considered interchangeable (for additional information, see
Pharmacopeial Harmonization 1196 ). If a compendial method or procedure is conducted
using harmonized text as written in the USP, European Pharmacopoeia, or Japanese
Pharmacopoeia, it is considered legally interchangeable. However, the implementation of an
alternative method as a quality control test to replace a method described in the USP does not
mean this method or procedure would be interchangeable from the perspective of all relevant
jurisdictions unless it meets the criteria for alternative methods as specified by the other
compendia.
Submission of Alternative Methods or Procedures to USP
In the USP, it is stipulated by General Notices and Requirements that alternate methods should
be submitted to the USP for evaluation, if the alternative method is to be considered for
inclusion as a compendial method. Submission of alternative methods or procedures allows USP
to consider any such method as an addition to or replacement for an existing, standard method
or procedure. A submission of an alternative method must include complete analytical and
equipment details, as well as detailed analytical data from relevant qualification trials.
For any method or procedure to be considered as a replacement or additional referee method, it
must not be a patented method or procedure with reagents or instrumentation available from
only a single source. Also, any candidate replacement or additional method must have broad
applicability and must be compatible with a broad spectrum of relevant compendial articles.
Additional USP Chapters Germane to the Implementation of Alternative Microbiological
Methods
Several USP general information chapters provide usual information regarding the implementation
of alternative methods and procedures. Validation of Compendial Procedures 1225 provides
detailed information on submissions of alternative methods to the compendia as well as general
guidance on validation and the evaluation of analytical performance characteristics. Useful
information regarding the validation of methods used for the recovery of viable microorganisms
from compendial articles appears in Validation of Microbial Recovery from Pharmacopeial
Articles

1227 . Information on the qualification of microbial identification methods may be

found in Microbial Characterization, Identification, and Strain Typing 1113 . Finally,
information on the qualification of analytical equipment can be found in Analytical Instrument
Qualification

1058 .

The USP also contains Design and Analysis of Biological Assays 111 . Although this chapter is
primarily concerned with the determination of product potency by utilizing bioassays, it also
discusses fundamental principles regarding variance, error, and biometrics that may be
informative to those who are developing and validating alternative microbiological methods or
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procedures.
Other Information and Regulation Regarding the Use of Alternative Methods
In the U.S Food and Drug Administration (FDA) Current Good Manufacturing Practices
regulations, 21 CFR Part 211.194 describes requirements for test methods utilized to assess the
compliance of pharmaceutical articles with approved specifications. The regulations state that
test methods must have suitable capability regarding accuracy and reliability. This subsection
of the regulations also recognizes the legal basis of USP and the National Formulary (NF)
standards and makes it clear that it is the responsibility of the user to validate methods or
procedures that differ from those standardized in the compendia.
The International Conference on Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) document Validation of Analytical Procedures: Text and
Methodology [Q2(R1)] also may be a useful reference in the development and validation of
alternative methods or procedures. This ICH document provides information useful in the
submission of analytical procedures in association with product registration applications
submitted within the United States as well as Japan and Europe.
USER REQUIREMENTS
Determining the precise requirements for an alternative microbiological method is essential
before one can document the technology on suitability for use. This user requirements
document should include all critical functions of the technology, critical user interface
requirements, space requirements, operational requirements, and all other important
characteristics of an alternative method for the intended use. These requirements will be
specific to the company or organization, as well as to the alternative method's intended use,
and therefore the requirements must be generated by the user.
In generating this user requirements specification (URS) document, the three separate
components of the alternative microbiological method validation must be considered:
1. Instrument qualification. Most alternative microbiological methods will depend on
specific equipment. This analytical equipment is subject to industry standard instrument
qualification requirements (see 1058 for further information).
2. Validation of alternate technologies. The basic rationale for using an alternative
methodology is to improve on some aspect of the existing technology of the current
compendial method without sacrificing essential characteristics of that technology
(e.g., plate count and membrane filtration). The current technology for compendial
microbiology methods consists of detection of the growth of viable microorganisms on
(or in) the nutrient medium. The alternative technology must be at least equivalent to
the current technology in terms of performance for the intended use. Much of the
technical support for equivalence may come from the peer-reviewed scientific literature
or from a prior regulatory submission (e.g., a vendor submitted the Drug Master File to
the FDA, or a company had a prior submission on this technology), but this must be
confirmed, as appropriate to the intended use.
3. Method suitability. This consideration must address both the technology's suitability to
the specific test and the lack of product inhibition and enhancement on the test
results.
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a. Suitability of the technology to the specific test. Many compendial
microbiological tests have mandated test requirements. An example of this would
be sample plans consisting of the quantity of material to be tested (e.g., 10 g or
20 units of a specific volume). Because the test results are frequently used to
determine compliance with finished product specifications, and the specifications
are dependent on sample volume or quantity, the alternative technology must
be able to satisfy sample volume requirements. The alternative technology is
considered suitable if it can meet all critical parameters of the compendial test.
b. Inhibition and enhancement. Specific products may interfere or enhance the
signal of different measurement technologies to the specific signal of interest
(see 1227 ). This component of alternative microbiological method validation
(i.e., suitability) must be demonstrated for each product tested.
Components of Data Quality
General information chapter 1058 describes four different components of data quality. The
most fundamental component is qualification of the instrument; that is, a demonstration that
the instrument is functioning as designed. Next in significance is the method validation; a
demonstration that the technology is functioning as expected. For instance, this might be a
demonstration that an alternative microbiological method is at least as suitable for its role in
the test method as was the traditional plate count or recovery in nutrient broth. Next in
importance is the inclusion of relevant controls in the test to demonstrate the suitability of the
test system. The final component of data quality is the use of quality control check samples, a
practice not commonly used in microbiology because analysts strive to exclude live cultures
from a product testing area. These different components of data quality are an important
consideration in validating an alternative microbiological test as they help frame the URS.
Classical Microbiological Methods
The cfu has been in use for about 125 years and continues to be specified as the unit of
microbial enumeration in all USP monographs. However, it is important to understand that the
cfu has always been an estimation of organisms present, rather than an actual count. The
conceptualization of cfu as a signal requires a fundamental grasp of the process of plating
bacteria or mold on solid media, as well as knowledge of what is required to produce a single
colony.
The plate count method provides an estimate of the number of microorganisms present based
on the growth of discrete colonies on an individual plate; thus, the plate count is not a true
cell count. Although it is theoretically possible for a single viable cell to give rise to a cfu, a
single cell growing into a colony on a plate is unlikely to happen in nature. “Viability of a cell” is
defined as the ability to multiply by binary fission such that a colony appears. For a colony to
appear, viable cells must find specific conditions of nutrient growth medium, incubation, and
time. Individual cells, however, are a rarity in nature, and it is far more likely that any colony
growing on solid media arose from a clump, chain, or mass of cells deposited together. The cfu
signal then is prone to underestimate the actual number of cells present in a sample. The
extent of underestimation will vary, depending on the nature of the microorganism and the way
in which the sample was prepared.
The cfu signal is also completely dependent upon growth, and if the nutritional or incubation
conditions are not sufficient for the growth of colonies, the signal may be 0 cfu, or no growth,
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even when viable cells are present. Precision can be compromised further when organisms are
present in large clumps, often associated with organic material, and are broken into smaller
units during preparation. In this case, depending on the processing or handling of the sample, a
clump could appear as a single colony or multiple colonies. Furthermore, the number of cfus on
a plate must be in a countable range to have a statistically reliable enumeration.
Thus, the methods of growth-based microbiology represent a logarithmic science with a signal
of enumeration (cfu) that is truly an estimate rather than a precise cell count. Understanding
the strengths and weaknesses of the cfu as a signal is vital in the validation of an alternative
method that uses an alternative signal. The cfu cannot be considered the only unit of
microbiological enumeration, because it is only an estimate of cells present rather than an
absolute measure.
Signals from Alternate Microbiological Methods
Rapid or modern microbiological methods may depend on other signals than cfu for microbial
estimation and enumeration. These signals are often processed via instruments rather than
visually. Extensive studies have been conducted on the capabilities of the various methods that
can be applied to microbial assessment of compendial articles, and in most cases the
prospective user will know the characteristics of the method and the signal it produces before
selecting that method as an alternative. Guidance on method selection is provided in Validation
of Alternate Technologies and in refereed scientific publications.
Most of the rapid microbiological methods are, to some extent, direct cell count methods. They,
therefore, may provide a higher cell count estimate than the cfu method for a given sample,
depending on how the method is used and which compendial article is under evaluation.
Some rapid methods detect and measure or enumerate cells on the basis of metabolic activity,
which gives rise to a signal that can be measured instrumentally. Examples of these types of
signals include adenosine triphosphate (ATP) content (bioluminescence), enzymatic activity,
and changes to the composition of a nutritional broth or the headspace above the broth. It is
possible that some cells may, due to their physiological condition, react in a manner that does
not yield a detectable signal, or that they may be in a physiological state in which metabolism
is limited.
Alternative methods also may be based on vital staining, in which cells are stained or exhibit
autofluorescence (based on cell component autofluorescence) and then are directly counted,
either microscopically or instrumentally. To increase the probability that only living cells will be
counted, multiple stains may be used, which can (1) increase sensitivity based on cell
membrane function, (2) enhance reaction with nucleic acids, or (3) improve detection of
metabolic activity.
There are also genetic analytical methods that can be used, as well as a range of other
physicochemical methods of analysis that have been utilized in pharmaceutical,
biopharmaceutical, clinical, and food microbiology. These methods may target, amplify, detect,
or quantify a nucleic acid sequence, and it is important to understand the type of signal that
results from the analytical method. In addition, one should understand the physiological
characteristic of the microorganism that gives rise to the signal, which then makes it possible
to enumerate the cells.
SUCCESS CRITERIA
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Alternative methods for obtaining a cell count may provide higher or lower cell counts than
those provided by traditional compendial methods during the enumerative analysis of
compendial articles. Higher cell counts are more commonly observed when using modern
biochemical and instrumental methods compared to using traditional compendial methods that
rely upon recovery and growth reported as cfu results. However, whether the cell counts are
higher or lower with the alternative method, it is generally possible to correlate them with the
estimates obtained using a compendial method.
Observations of cell counts that differ from cfu results are not a concern if the different
methods and their different signals of cell presence are equivalent to or are non-inferior to
referee methods in terms of assessing the microbiological safety of an article. Higher cell counts
must not be considered as necessarily indicative of greater risk given the inherent variability of
standard growth methods and the physical and chemical nature of compendial articles subject
to analysis. This is especially true when enumerating microorganisms in articles that have a long
history of safe and efficacious use. In such cases the discovery that an article contains a
higher cell count then previously known does not mean that its safety has deteriorated.
SAMPLE SIZE
Any alternative microbiological test method (within its intended purpose) must use a sample
size and number of tests sufficient to produce an equivalent decision (or better) regarding
microbiological quality as compared to the reference method.
Statistics and Alternative Methods
Attempts to use statistics to compare the cfu results to signals arising from biochemical,
physiological, or genetic methods of analysis are probably of limited value. Given the differences
among these methods, they cannot be expected to yield signals that could be compared
statistically in terms of mean values and variability. Thus, the enumerative values, given as cfu
results in association with reference methods, typically cannot be used as acceptance criteria
for the assessment of articles via candidate alternative methods. Instead, it is the users'
responsibility to propose values that they consider acceptable and unacceptable for the
method that they have chosen; this will be done independently of existing standards expressed
in terms of cfu.
INSTRUMENT QUALIFICATION
Instrument qualification should follow, at least in general terms, the discussion in 1058 . The
instrument qualification for equipment critical to the functioning of an alternative microbiological
method involves four distinct phases:
1. Determination of the URS document
2. Installation qualification—Was the instrument installed correctly?
3. Operational qualification—Does the instrument meet the manufacturer's specifications
for correct operation?
4. Performance qualification—Does the instrument meet the URS for performance?
VALIDATION OF ALTERNATE TECHNOLOGIES
User Requirements Specification
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Preparation of the URS document should involve input from all stakeholders for the
microbiological test method. These stakeholders may include representatives from the
Microbiology, Quality, Regulatory Affairs, and Operations groups, as well as others. The time
spent on this step should be considered an investment in reaching a clear understanding of the
company's needs before equipment is purchased, which will drive the performance qualification.
At minimum, this document should include the following:
Purpose and intended use (defined need for instrument)
Description of who will use the equipment
Operational requirements (data format, user interfaces, and operating environment)
Constraints (timetables, downtime, maintenance, user skill levels, product compatibility,
limit of detection, accuracy, and rapidity)
Life cycle (development, testing, delivery, validation, training, and obsolesce)
Capability (turnaround time, test capacity and throughput, and labor requirements)
Sustainability (consumables, calibration, validation, and preventative maintenance)
Refer to

1058

for information on the qualification of analytical instrumentation. The

principles outlined in 1058 are generally applicable to the qualification of instruments used
to conduct molecular biological or physiological alternative microbiological analysis. The user
may need to tailor the specific recommendations in
qualification specifications.

1058

to their particular instrument

Validation Criteria
The validation parameters generally recommended for qualitative and quantitative
microbiological tests are shown in Table 1. Examples of qualitative tests are the sterility test
and the test for absence of specified microorganisms. A quantitative test would be microbial
enumeration. Note that qualitative testing is binary, and for this reason there is generally no
need to define equivalency of units of measure, only equivalency of outcome.
Table 1. Validation Parameters by Type of Microbiological Test
Validation Parameter
Qualitative Tests
Quantitative Tests
Accuracy
No
Yes
Precision
No
Yes
Specificity
Yes
Yes
Limit of detection
Yes
Yes
Limit of quantification
No
Yes
Linearity
No
Yes
Operational (dynamic) range
No
Yes
Robustness
Yes
Yes
Repeatability
Yes
Yes
Ruggedness
Yes
Yes
Equivalency
Yes
Yes
SPECIFICITY
Definition: The specificity of an alternate qualitative microbiological method is defined as its
ability to detect a range of challenge organisms specific to the technology. “Range of
microorganisms” may be defined as a limited number of microorganisms representing risk to
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patient or product, microorganisms found in the manufacturing environment and product
failures, microorganisms that are appropriate for measuring the effectiveness of the alternative
method, and microorganisms that are representative in terms of morphological and physiological
attributes appropriate for the method and the product.
Demonstration: Specificity is demonstrated by comparable recovery of the challenge panel in
both the compendial and alternate methods. The challenge is above the limit of detection or
quantification but at a level that provides a measure of efficacy of the methods.
Growth based—Add low numbers (around 100 cfu) of each microorganism on the panel and
perform both the compendial and alternative methods to demonstrate recovery of the
microorganism.
Nongrowth based—Use suitable negative and positive controls to demonstrate that extraneous
matter that may be in the system (e.g., extracellular ATP, DNA, or inhibition and enhancement
factors) does not interfere with the detection of the defined range of microorganisms.
All microorganisms should be recovered and identified.
LIMIT OF DETECTION
Definition: The limit of detection (LOD) of an alternate microbiological method is defined as
lowest number of microorganisms in a sample that can be detected, but not necessarily
quantified, under the stated experimental conditions. This should be conducted with the quality
control organisms cited in Antimicrobial Effectiveness Testing

51 , Microbiological

Examination of Nonsterile Products: Microbial Enumeration Tests

61 , Microbiological

Examination of Nonsterile Products: Tests for Specified Microorganisms
Tests

63

and Sterility Tests

71

62 , Mycoplasma

as appropriate to the alternative method.

Demonstration
Method 1
Inoculate with a serial dilution range of each challenge microorganism, appropriate for
the intended use of the method and the technology. In most cases, the compendial
media growth promotion test panel may be sufficient.
The level of inoculation should be adjusted to a target of 50% of the dilution samples
that show growth in the compendial test.
Perform both the compendial and alternate tests.
Tests should be repeated a sufficient number of times (statistically significant alpha
risk: 0.05; beta risk: 0.20) for both the compendial and alternate tests.
Statistics: Use the chi-square test or another appropriate approach to demonstrate
equivalent recovery of the microorganism challenges.
Alternately, use Method 2.
Method 2 (MPN Method)
Create a dilution series of the challenge organisms to include at least the range of 10
cfu to 10 2 cfu (for a 10-fold series) or 5 cfu to 10 1 cfu/inocula volume (for a 2-fold
dilution series).
Perform both the compendial and alternate tests with at least 5 simultaneous replicates
of each dilution from the chosen series.
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Determine the most probable number (MPN) from three dilutions in series that provide
both positive and negative growth (or signal).
RUGGEDNESS
Definition: The degree of precision of test results obtained by the analysis of the same
samples under a variety of typical test conditions such as different analysts (3), instruments,
and reagent lots (the method for demonstration may follow instrument or materials supplier
recommendations, or it could be based solely on data supplied by test method manufacturer).
ROBUSTNESS
Definition: The user may rely on data supplied by test method manufacturer.
A measure of robustness is not a comparison between the compendial and alternate methods;
rather, it is a necessary component of validation of the alternate method so that the user
understands the limits of the operating parameters of the method.
METHOD SUITABILITY
For each new product to be tested using the validated alternate microbiological method,
perform the suitability test as described in general test methods (see

51 ,

61 ,

62 ,

63 , and 71 ), using the number of unit and quantities prescribed and the sample
preparation appropriate for the product and the required test sensitivity to determine the
absence of a product effect that would obscure the signal of the method.
Method suitability may be demonstrated using three independent tests. Only the accuracy and
precision validation parameters are required for quantitative methods and the accuracy
parameter for qualitative methods.
After an alternative method has been shown to be equivalent to the compendial test with one
product, it is not necessary to repeat the equivalency parameter for every new product; it is
merely necessary to verify the method. For example, with each new product, one must
demonstrate that residual product does not interfere with the concentration, extraction,
purification, and recovery of the target nucleic acid, or the polymerase chain reaction (PCR)
amplification and chemical probe detection of the target ribosomal ribonucleic acid (rRNA) gene
sequence.
EQUIVALENCY
All microbiological tests are performed to enable informed decision making regarding the
microbiological quality of a product, raw material, component, or process step. In this respect,
the intended purpose of microbiological tests may be to either evaluate for the presence or
absence of microorganisms (as in the sterility test) or to estimate the number of organisms
present. The technological means by which microbiological test methods assess microbiological
quality and enable a product-quality decision may differ from the growth-based means typical
of reference methods. The units of measurement (signal) of a microbiological quality
assessment performed using alternative microbiological test methods will generally not be a cfu,
but rather a different approach to obtaining a cell count estimate. Therefore, the validation of
alternative microbial methods should involve two components: (1) equivalence demonstration
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and (2) analytical method and equipment qualification.
Equivalence Demonstration
General Notices and Requirements states that alternate methods may be used if they provide
advantages in terms of accuracy, sensitivity, precision, selectivity, or adaptability to
automation or computerized data reduction. It further stipulates that alternative methods can
be implemented in other special circumstances. Such alternate methods shall be validated as
described in 1225 and must be shown to produce equivalent or better results than the
referee method for any given quality attribute. When comparing two test procedures to show
equivalent or better performance, statistical evidence is assembled to show equivalence or, in
statistical terms, noninferiority. For example, with microbial enumeration, equivalency may be
shown if there is no statistically significant difference between the two means generated when
enumerating with the compendial and alternative methods. However, this may not be possible
when the two methods yield different signals. Examples of this situation are when the microbial
enumeration method uses vital staining of microbial cells or measurement of genomic material in
place of cfus.
Similarly, the FDA Guidance for Industry document Analytical Procedures and Methods
Validation: Chemistry, Manufacturing, and Controls Documentation states that a validated
alternative analytical procedure should be submitted only if it is shown to have performance
equal to or better than the regulatory analytical procedure. Also, section 2.7 of the ICH
document Test Procedures and Acceptance Criteria for New Drug Substances and New Drug
Products: Chemical Substances (Q6A) states that alternative procedures are those that may
be used to measure an attribute when such a procedure controls the quality of a drug
substance or drug product to an extent that is comparable to or superior to the official method.
However, other options to demonstrate equivalence are available and are discussed in
Demonstration of Equivalency.
Demonstration of Equivalency
Four options are available to establish the equivalence of a candidate alternative analytical
method: (1) acceptable procedures (i.e., merely meeting a minimum performance or acceptance
requirement); (2) performance equivalence of equivalent or better; (3) results equivalence; and
(4) decision equivalence (1). A comparison of these four equivalence options is given in Table
2. The multiple equivalence options reflect the diversity in the technology and applications of
the alternative test methodologies.

Option
1.
Acceptable
procedures
2.
Performance
equivalence
3. Results
equivalence

Table 2. Equivalence Option Matrix
Comparison to
Based on
Official
Numerical
Compendial
Results or
Demonstration
Method
Conclusion

Number of
Characteristics

Acceptable

No

Results

Multiple

Equivalent or
Better

Yes

Results

Multiple

Equivalent

Yes

Results

Single
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equivalence

Equivalent
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Yes

Conclusions

Single

OPTION 1: ACCEPTABLE PROCEDURE
When this option is used, no direct comparison between the candidate alternative method and
an official compendial method is required. Instead, a reference material with known properties
may be used, such as a standard inoculum of a specific microorganism, a quantity of highly
purified bacterial genome, or another appropriate signal. In some cases, it could be required
that the alternative method measure the signal in the presence of the test sample, with
validation criteria that are consistent with the capability of the technology, as described in the
scientific literature.
OPTION 2: PERFORMANCE EQUIVALENCE
Performance equivalence requires the demonstration of equivalent or better results with
respect to validation criteria—such as accuracy, precision, specificity, limit of detection, limit of
qualification, robustness, and ruggedness—that may be appropriate for the intended use of the
alternative qualitative or quantitative method. It is possible that the alternative method may be
worse at one or more of the listed test functions compared with the official method and still be
acceptable because of the advantages of the alternative method. This may be the case if the
alternative method has any of the advantages stated in the General Notices and Requirements
(methods “may be used if they provide advantages in terms of accuracy, sensitivity, precision,
selectivity, or adaptability to automation or computerized data reduction, or in other special
circumstances”). Other special circumstances would include improvements in time to result or
the cost of running the test. If a candidate alternative method is suitable for assessing the
quality of the material tested, it may be still acceptable, even if it differs from the official
method in one or more test functions. The final analytical qualification criteria should reflect
only the criteria that the microbiologist deems necessary to achieve performance equivalence.
OPTION 3: RESULTS EQUIVALENCE
When results equivalence is required, the hypothesis to be tested is that the alternative and
compendial test methods give equivalent numerical results. This contrasts with the evaluation
of the validation parameters, as is done in performance equivalence. Because the same sample
cannot be tested in microbiology, typically a tolerance interval is established when comparing
the two methods, with the alternative method determined to be numerically superior or
noninferior. Reports on the use of alternative nongrowth-based methods have shown that they
may produce significantly higher cell count estimates than a growth method that reports
outcomes in cfu. In this case, the analyst could use a calibration curve showing a correlation
between the two methods in the product specification range.
OPTION 4: DECISION EQUIVALENCE
A decision equivalence is similar to a results equivalence but differs in that a numerical result is
not generated; instead a pass/fail result is obtained. With this approach, the frequency of
positive and negative results generated should be no worse than with the compendial method.
For the purposes of qualification, laboratory studies involving spiking low levels of
microorganisms may be considered. The following sections provide suggested approaches for
demonstrating that the alternative procedure is equivalent to or better than the compendial
procedure. Other approaches may be used with justification.
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Equivalence Demonstration for Alternative Qualitative Microbiological Procedures
Results obtained by procedures in 62 , 63 , and 71 are indicative of the presence or
absence of microorganisms. These tests do provide a decision (i.e., the compendial article
either passes or fails the test). This type of data fits in the decision equivalence category as
described in the Stimuli article (1). Approach 1 is based on demonstrating decision equivalence.
Approach 2 is an alternative that converts the qualitative results to quantitative ones by using
the most probable number (MPN) procedure. Both approaches use a noninferiority hypothesis
(2).
To demonstrate the acceptability of the alternate procedure relative to the current
microbiological procedure, the laboratory must demonstrate that the new procedure is
equivalent to or better than the current procedure in terms of sensitivity for detecting the
presence of organisms. In general, a recommended approach for comparing the alternate
procedure to the compendial procedure is to use a noninferiority test (one-sided, as in
noninferiority clinical trials for new drug products) (3) rather than two-sided equivalence [as in
bioequivalence (4)]. Noninferiority is an appropriate approach for two reasons. First, from a
patient perspective, it is beneficial to promote an alternative procedure that is more sensitive
than the referee procedure. In contrast, a two-sided approach penalizes better sensitivity.
Note, though, that companies will need to assess the risk associated with the change in
procedure, because a more sensitive procedure may generate more positive results. Second,
the new procedure has benefits (principally, reduced time to a result) that make it preferable to
the microbiological procedure, even if it is not as sensitive, as long as it is close enough.
APPROACH 1: USE PRESENT AND ABSENT RESULTS
The noninferiority hypothesis for this approach is that the proportion of samples that produce a
signal for the new procedure (PN) is NMT some amount (D > 0) less than the proportion for the
current, compendial procedure (PC) (5):
Result = PN

PC

D

The D is the noninferiority margin. Unless the laboratory requires a tighter margin, use D = 0.20
in the experiments described below. Calculate a two-sided 90% confidence interval for PN

PC

(6). Noninferiority is concluded if the lower confidence limit exceeds 0.20. If the experiment is
able to conclude in favor of the noninferiority hypothesis, then it can be stated, with 95%
confidence, that PN

PC

0.20 at the bioburden level studied.

This evaluation needs to be conducted using multiple types of microorganisms to represent the
range of microorganisms encountered. The choices can follow 71 or appropriate suitability
test organisms, organisms recovered from product failure, or problematic organisms that would
be analytically challenging to the alternative test procedure.
The laboratory should conduct an evaluation to determine whether the alternate procedure can
be shown to be noninferior to the microbiological procedure in terms of sensitivity as measured
by the proportion of samples growing colonies. For each organism in a qualitative test, conduct
three evaluations. The first uses samples at or around 1 cfu, where no growth is likely to be
observed (hence no signal will be detected by the growth-based microbiological procedure) to
characterize the sensitivity of the new procedure at this level. The second uses samples at or
around 100 cfu, where the microbiological procedure would be expected to detect a relatively
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high percentage of the signal, to determine the acceptability of the new procedure. The third is
a comparison of the two procedures at a burden where 50%–75% of samples would be
expected to grow colonies (often around 10 cfu) to test the noninferiority hypothesis as
described above. In the noninferiority experiment for qualitative microbiology tests, a minimum
of 75–100 samples should be tested on each procedure. Using 75 samples provides
approximately 80% power, whereas using 100 samples provides approximately 90% power, both
for concluding noninferiority if the two procedures are actually equally sensitive using D = 0.20.
If the laboratory believes their new procedure is less sensitive, a larger number of samples is
required to maintain these power levels.
Independent samples: Suppose that NA samples have been tested with the candidate
alternative procedure, of which XA samples are positive, and that NC samples (not the same as
those tested with the candidate) have been tested with the compendial procedure and that XC
samples are positive. Calculate the following:

PF 40(4): Jul.-Aug. 2014

Conclude noninferiority if Z > z
normal distribution.
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where z

is the upper

percentage point of a standard
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Paired samples: Suppose that N samples have been tested by both the candidate alternative
and compendial procedures. The results can be displayed in a 2 × 2 table (see Table 3).
Table 3. Results for Paired Sample
Compendial Procedure
Alternative Procedure
Positive

Positive
X11

Negative
X10

Negative

X01

X00

Column totals

XC

N

Row Totals
XA
N

XC

XA
N

Compute the following:

Conclude noninferiority if Z > z
normal distribution.

where z

is the upper

percentage point of a standard

APPROACH 2: COMPARE MPN RESULTS
For both the compendial reference and the alternative procedures, conduct an MPN
comparative study using standard procedures for MPN for each of the N samples per procedure.
Ideally, the same samples are used for the two procedures, but this is not a necessity.
For Approach 2, the noninferiority hypothesis is
µA

µC

log(R) or antilog(µA

µC )

R

where µA and µC are the means in the log scale for the alternative and compendial procedures,
respectively.
Independent samples: Determine MPN for NA samples by the alternative procedure, convert
all values to logs, and determine the sample mean of the log values (xA) and sample variance of
the log values (S2A). Similarly, determine xC and S2C from the logs of NC samples tested with the
compendial procedure. Determine the following:
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is the upper
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percentage point of the t distribution with df degrees of freedom

If using software that only allows for integer degrees of freedom (e.g., Excel), use linear
interpolation to obtain the t value. Conclude noninferiority if antilog(Llow)

R.

Paired data: Determine MPN for N samples by the alternative procedure and for the same N
samples by the compendial procedure, convert all 2N values to logs, and determine the sample
mean (x) and variance (S2) of the differences of log alternative value minus log compendial
value. Determine the following:
Llow = x
where t

,N

1

is the upper

t

,N

1 S/

N

percentage point of the t distribution with N

freedom. Conclude noninferiority if antilog(Llow)

1 degrees of

R.

Equivalence Demonstration for Alternative Quantitative Microbiological Procedures
A key characteristic of potential alternative quantitative procedures is that their signal will
differ from the cfu of the compendial microbiological procedure. As a consequence, equivalence
as it is typically considered cannot be shown; that is, the numerical results are expected to
differ in magnitude and units. Instead, this chapter proposes two criteria for candidate
alternative quantitative procedures:
1. Results from the candidate procedure have at least acceptable precision (repeatability).
2. The results from the candidate procedure are highly correlated with those from the
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compendial procedure. A high correlation is taken to indicate that quantitative
acceptance criteria expressed in cfu can be calibrated to criteria in the unitage of the
alternative procedure.
PRECISION
Prepare a minimum of six samples at a minimum of two bioburden levels near specification limits
relevant to the laboratory. Run the candidate procedure for the prepared samples. [Note—This
is to correspond to repeatability conditions; see 1225 .] At each level, determine the sample
variance (S2) of the logarithms of sample results. Calculate the following:

Where n is the number of samples (n

6) and

2

.05, n

1

is the lower 5% value of a chi-

square distribution with n 1 degrees of freedom. Precision is acceptable if *UL
, where
is the predetermined maximal acceptable repeatability percent geometric coefficient of
variation, %GCV. (For small values, the %GCV will be approximately the %RSD.)
The greater the number of samples (n) the greater the likelihood (power, in statistical terms)
that a procedure, the precision of which is actually acceptable, will yield data that meet this
criterion and thus be declared acceptable. The lab may use prior data to determine a value of n
that meets their needs.
Example: For the data for the alternative procedure in Table 4, calculate the following:
n = 10
S2 = 0.000241, and

= 3.325113, so
UL = 6.06%
This alternative procedure thus has acceptable repeatability precision as long as the
prespecified

had been at least 6.06%.
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CORRELATION
Prepare a minimum of two samples at each of four different bioburden levels covering the range
from near limit of qualification (LOQ) to one log above the specification limit. Determine activity
for all samples by both the candidate alternative and compendial procedures. Plot and
determine the correlation between the log of values from the candidate alternative procedure
(y) and the log of values from the compendial procedure (x). The correlation is acceptable if at
least 0.95 (or R2 at least 0.9025).
Although a linear relationship between the two sets of results is typically expected, a nonlinear
relationship is acceptable. In the case of a nonlinear relationship, use the Spearman
(nonparametric) correlation instead of the Pearson correlation.
Table 4
Compendial
Alternative
(cfu)
(cell count)
70
970
71
965
75
950
92
990
100
1000
105
1051
116
1046
123
1039
127
985
130
1020
Figure 1 shows the plot of these data after conversion to base 10 logs. Because R2 does not
meet the stated requirement, the results from these two procedures are not sufficiently
correlated.
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Figure 1.
Candidate alternative procedures that may be suitable for making decisions about the
microbiological quality of a sample (as in Figure 1) may not correlate well enough with the
compendial procedure to meet the above correlation requirement. In that case, the other
option is to apply the decision equivalence approach as described earlier for qualitative tests.
During procedure development, the lab determines a candidate cut point to correspond to the
compendial cut point for the required level of microbiological quality. For example, if the
required level of microbiological quality is NMT 102 cfu, for which the compendial cut point is
200 cfu for a positive result, the laboratory will need to determine an acceptance criterion for
the candidate alternative procedure that will essentially match that value. Then, the validation
experiment to confirm this choice proceeds as described earlier for qualitative tests.
STATISTICAL TOOLS
As with process analytical chemistry, new developments in microbiological measurements make
real-time bioburden monitoring using signals other than cfus in air, water, in-process materials,
and finished products possible. For example, in a pharmaceutical water system, parameters
including flow rate, total organic carbon, conductivity, pH, total particulates, bacterial
endotoxin, and viable bacteria as autofluorescent particles could be monitored in real time and
subjected to multivariate analysis. Any cfus will be replaced by other signals, such as
autofluorescent particles, in a particular size range that may give higher counts but can be
correlated using multivariate calibrations. In addition, multivariate statistical tools are available
for process understanding, multivariate statistical process control, out-of-limit detection, and
general inference of product quality. These tools include multivariate control charting, principal
component analysis, and multiway partial least square analysis (7,8).
GLOSSARY
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Accuracy: Closeness of the test results obtained by the alternative test method to the value
obtained by the compendial method, to be demonstrated across the range of the method.
Alternative microbiological method: A modern or rapid microbiological test procedure (MMM
or RMM) that is different from the traditional growth-based method, such as the plate count
or recovery in liquid broth. The alternative or rapid method may use instrumentation and
software to manage the testing and analyses of data and may provide quantitative
(enumeration) or qualitative (detection) microbial identification.
Colony-forming unit (cfu): An estimate of the number of microorganisms obtained by
traditional plate count methods. Because it is uncertain whether a colony was derived from
the growth of one or even one thousand cells, the results are reported as cfu/mL (for a liquid)
or cfu/g (for a solid) and not as cells/mL or cells/g.
Conventional microbiological method: A classical or traditional growth-based method,
such as enumeration on an agar plate or detection in a liquid broth when incubated for a
specified time and temperature. These methods are used in

51 ,

61 ,

62 ,

63 , and

71 .
Equivalence: When the test results from two procedures are sufficiently close for the
intended use of the procedures. Demonstration of equivalence requires a prespecifed measure
of how similar the test results need to be.
False negative: A test result that is incorrectly determined as negative (e.g., the absence
of a viable microbial detection result when viable microorganisms are present). A type II error,
also known as an error of the second kind, occurs when the null hypothesis is false but
erroneously fails to be rejected. It is failing to assert what is, in fact, present—a miss. A type
II error may be compared with a so-called false negative in a test (and seen as a “miss”) that
is checking for a single condition with a definitive result of true or false. The rate of the type
II error is denoted by the Greek letter

and is related to the power of a test (which equals 1

).
False positive: A test result that is incorrectly determined as positive (e.g., a viable
microbial detection result when viable microorganisms are not present). In statistical test
theory, the idea of a statistical error is an integral part of hypothesis testing. These are
described as type I and type II errors. A type I error, also known as an error of the first kind,
occurs when the null hypothesis (H0) is true but is rejected. It is asserting something exists
that is, in fact, absent (i.e., a false hit). A type I error may be compared with a so-called
false positive (a result that indicates that a given condition is present when it actually is not
present) in tests where a single condition is tested. The rate of the type I error is called the
“size” of the test and denoted by the Greek letter . It usually equals the significance level
of a test. In the case of a simple null hypothesis, is the probability of a type I error.
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Independent samples: Samples selected from the same population or different populations
that have no effect on one another. That is, no correlation exists between the samples.
Limit of detection (LOD): The lowest concentration of microorganisms in a test sample that
can be detected, but not necessarily quantified, under defined experimental conditions.
Limit of quantification (LOQ): The lowest number of microorganisms in a test sample that
can be enumerated with acceptable accuracy and precision under defined experimental
conditions.
Linearity: The ability to produce results that are proportional to the concentration of
microorganisms present in the sample within a given range.
Method suitability: Demonstration of lack of a negative or positive influence of the product
on the signal generated by the method.
Multivariate analysis: A set of techniques dedicated to the analysis of data sets with more
than one variable. These techniques include multiple linear regression (MLR), where several
independent variables (which are supposed to be fixed or equivalently are measured without
error) are used to predict, with a least square approach, one dependent variable.
Multiway partial least square analysis: Methods that take into account the ordered way in
which data are collected, usually organized into time-ordered blocks that are representative
of a multiple sample or process run. Multiway, partial least-square analysis can use data from
statistical process-control charts using both process data and product quality control data,
allowing determination of how the variance of the process data is predictive of the product
quality.
Noninferiority: Demonstration that the alternate method is not worse than the compendial
method by more than a small prespecified amount. This amount is known as the noninferiority
margin or

.

Paired samples: A sample of matched pairs of similar units.
Principal component analysis: A technique used to express variations of many variables by
a small number of indices. It is used for data compression and information extraction, finding
the combination of variables or factors that describe major trends in a data set. Because
there is a great deal of correlated or redundant information in process measurements,
essential information related to a process may not lie in any individual process variable but in
how variables change with respect to one another.
Range: The interval between the upper and lower levels of microorganisms that have been
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demonstrated to be determined with specified accuracy, precision, and linearity.
Repeatability precision: The degree of agreement among individual test results when the
procedure is applied repeatedly to multiple samplings of the same suspension of
microorganisms and uses different suspensions across the range of the test. Also known as
“repeatability”.
Robustness: A method's capacity to remain unaffected by small but deliberate variations in
method parameters, providing an indication of its reliability during normal usage.
Ruggedness: Intermediate (within laboratory) precision associated with changes in operating
conditions. Factors contributing to intermediate precision involve anything that can change
within a given laboratory and that may affect the assay (e.g., different days, different
analysts, different equipment).
Specificity: The ability to detect a range of microorganisms, which demonstrate that the
method is fit for its intended use.
Validation: The process of demonstrating and documenting that the performance
characteristics of a procedure and its underlying method meet the requirements for the
intended application and that the procedure is thereby suitable for its intended use. Formal
validations are conducted prospectively according to a written plan that includes justifiable
acceptance criteria on validation procedures.
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BRIEFING
1223.1 VALIDATION OF ALTERNATIVE METHODS TO ANTIBIOTIC MICROBIAL
ASSAYS. Microbiological assay methods are used to quantify the potency, or antimicrobial
activity, of antibiotics. These microbial assays provide a direct measure of the effectiveness of
the antibiotic against a reference microorganism. However, microbial assays have limited
selectivity and are not appropriate for evaluating organic impurities. Also, the specific skill sets
required for performing microbiological antibiotic assays, their unique equipment requirements,
and their comparative complexity deter many stakeholders from using these methods. In
contrast, physicochemical analytical procedures, such as high-performance liquid
chromatography (HPLC), allow for simpler preparation and analysis of samples and rapid data
acquisition with improved precision, accuracy, selectivity, and specificity. Alternative methods
can be used effectively for both potency assignment and organic impurity testing. This
proposed general chapter presents points to consider for stakeholders who wish to use
physicochemical methods such as HPLC as alternatives to microbial assay methods described in
general chapter Antibiotics—Microbial Assays

81 .

(GCM: R. Tirumalai.)
Correspondence Number—C143432

Comment deadline: September 30, 2014
Add the following:
1223.1
ASSAYS

VALIDATION OF ALTERNATIVE METHODS TO ANTIBIOTIC MICROBIAL

INTRODUCTION
Microbiological assay methods have traditionally been used to quantify the potency, or
antimicrobial activity, of antibiotics. These microbiological procedures were historically used to
certify antibiotics on a lot-by-lot basis to ensure sufficient activity. Before 1998, monographs
for several approved antibiotics were published in FDA’s Code of Federal Regulations, 21 CFR.
These regulatory antibiotic assay procedures were later published in USP as the official referee
methods to determine the potency of antibiotics. The details of the microbial assay procedures
for individual antibiotics, including the challenge organisms and test parameters, are described
in general chapter Antibiotics—Microbial Assays 81 . Microbial assays provide a direct
measure of the effectiveness of the antibiotic against a reference microorganism. Although
these microbiological methods have continued to serve as the official compendial referee
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methods since their publication in USP, many manufacturers have replaced these microbiological
analyses with high-performance liquid chromatography (HPLC) methods.
Although the microbiological methods provide direct proof of antimicrobial effectiveness and can
integrate all moieties that contribute to antimicrobial effects in a formulation, these methods
are less precise, more complex to perform, and slower to complete than alternative methods
such as HPLC. Microbial assays also have limited selectivity and are not appropriate for
evaluating organic impurities. The specific skill sets required to perform the microbiological
antibiotic assays, their unique equipment requirements, and their comparative complexity deter
many stakeholders from using these methods.
There are numerous reasons for replacing the microbiological antibiotic assays with chemical
assays that use purity or content as surrogates for the measurement of biological activity. The
advantages of chemical-based analytical methods have been described previously for simple,
single-component antibiotics, as well as complex, multi-component antibiotics (1).
Physicochemical procedures, such as HPLC, allow for simpler preparation and rapid data
acquisition with improved precision, accuracy, selectivity, and specificity. HPLC methods can be
used effectively for both potency assignment and organic impurity testing. Additionally,
because modern instruments and the expertise to use such equipment are widely available, the
conversion to alternative methods may be economically advantageous.
This general chapter provides points to consider for manufacturers who want to use
physicochemical alternatives instead of the microbial assay methods described in general
chapter 81 . Given the widespread use of HPLC as an alternative to microbial assay methods,
this chapter focuses on HPLC methods. However, the principles set forth in this chapter are
applicable to any alternative physicochemical procedure.
GENERAL CONSIDERATIONS FOR ALTERNATIVE METHOD DEVELOPMENT
Multiple important factors need to be considered when replacing microbial methods with HPLC or
other chemical techniques; this is because of the specific characteristics of antibiotics.
1. It is essential to know whether the antimicrobial activity manifested by a preparation
results from a single, active ingredient or arises from multiple, often related, moieties.
Where technically possible, the analyst should determine the contribution of major
moieties to antibiotic effectiveness. For the purposes of this chapter, major moieties are
defined as those that contribute more than 1% of the antibiotic potency. Where
multiple moieties contribute to antibiotic activity, the chemical assay should be able to
resolve all major moiety peaks in the formulation.
2. To the extent possible, the individual activity of process impurities and degradation
products should be evaluated. This may not be necessary where evidence exists that
each of the impurities and degradation products contributes less than 1% of the total
antimicrobial activity of a preparation.
3. General chapter 81 is the referee standard in any procedure comparison. Therefore,
the currently official USP procedure should be performed by the manufacturer (or under
that manufacturer’s direction) to establish reference assay values within the test range.
It may be necessary to evaluate data using the guidelines in general chapter Analysis of
Biological Assays 1034 when the test design is one described in that chapter.
Manufacturers should establish appropriate limits for precision and accuracy of the
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microbial assay procedure based upon their product knowledge.
4. The candidate alternative HPLC or other chemical method should be fully validated
according to general chapter Validation of Compendial Procedures 1225 .
5. The value of any method comparison is dependent upon the precision and accuracy of
the assay test results obtained from both methods. No statistical comparison should be
undertaken if the assay data from either method does not meet predetermined
acceptance criteria for method validation.
6. The guidelines in this chapter do not apply to already marketed products for which the
manufacturer has already received regulatory approval to use an alternative method. In
all cases, the applicability of an alternative method can only be determined through
submission and review by the relevant regulatory authority.
7. Any alternative to a compendial procedure must be validated and proven to be
equivalent to, or better than, the referee method (2). A stimuli article published in PF
35(3) [May–June 2009] discusses the “equivalent or better” approach to evaluating
alternatives to compendial procedures (3). It is expected that such a comparison will
use appropriate statistical analysis. Examples of the recommended types of statistical
analyses are outlined in this chapter.
TECHNICAL CONSIDERATIONS
Simple and complex antibiotics are treated separately because there are significant differences
in methods development and validation for these two categories of antibiotics.
Simple antibiotics (such as Tetracycline) are those for which all antimicrobial activity is
contributed by a single moiety.
Complex antibiotics (such as Gentamicin) are those that have more than one active
moiety.
Stability-indicating alternative procedures are recommended. Where impurities or degradation
products contribute more than 1% of the antimicrobial activity of an antibiotic preparation,
impurities and degradation products must be evaluated.
The microbial assay and the candidate alternative method should be performed as described in
the appropriate general chapter, e.g., general chapter
chapter Chromatography

621

81

for microbial assays and general

for HPLC procedures.
BRIDGING STUDIES

Bridging studies are used to compare the data obtained from candidate alternative procedures
to the microbial assay data to determine whether the alternative procedure is an acceptable
substitute.
Simple Antibiotics
1. Separate the active antibiotic moiety from impurities and degradation products.
Compare the microbial activity of the main moiety, process impurities, and degradation
products against the USP Reference Standard for the antibiotic. Process impurities and
degradation products present at levels below 1% of antimicrobial activity may be
disregarded.
2. Continue as described in this section only if the product has a single moiety conveying
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the antimicrobial activity.
3. Validate the alternative procedure using general chapter 1225 . The alternative
procedure must be specific, selective, and stability indicating.
4. Test a minimum of three separate lots of the drug substance and the relevant USP
Reference Standard using the microbial assay procedure as well as the candidate
alternative method.
5. Test a minimum of six replicate samples per lot using both the microbial assay and
candidate alternative method. If possible, prepare stock standard and sample solutions
and subdivide them for use with the microbial assay and candidate alternative assay
procedures. This provides paired data that can be analyzed (see Appendix 2).
6. Apply appropriate outlier (see general chapters Analytical Data—Interpretation and
Treatment 1010 and Antibiotics—Microbial Assays 81 ) and comparison tests (see
Data Evaluation) to determine if the candidate alternative method and the microbial
assay procedures yield equivalent results.
7. If there are statistical outliers with either procedure, perform the comparison by
excluding the outlier values. If the bridging study criteria are met, repeat the bridging
study with controls to prevent outliers. Justification for rejection of outliers must be
provided in the bridging study report. The consistent appearance of outliers in the
candidate alternative assay results may indicate that the procedure has inadequate
controls. If this occurs, the bridging study is void and a different alternative procedure
should be developed and validated.
8. If the bridging study fails, it may be necessary to include potency contributions from
impurities that are below 1%.
Complex Antibiotics
1. Separate and purify each antimicrobial moiety of a complex antibiotic preparation,
process impurities, and degradation products. Compare the antimicrobial activity of the
main moiety, process impurities, and degradation products against the USP Reference
Standard for the antibiotic. Establish values for relative microbial activity (F) for each
moiety as compared with the USP Reference Standard. Active moieties, process
impurities, and degradation products at levels below 1% of antimicrobial activity may be
disregarded.
2. Evaluate a suitable number of production lots of the antibiotic to determine whether the
composition of the complex antibiotic is consistent from one lot to another.
3. Validate the candidate alternative procedure using general chapter 1225 . The
procedure must be specific, selective, and stability indicating.
4. Test a minimum of three separate lots of the drug substance and the USP Reference
Standard using the microbial assay method and the candidate alternative procedure.
5. Test a minimum of six replicate samples per lot using both the candidate alternative
method and the microbial assay procedures. If possible, prepare stock standard and
sample solutions and subdivide them for use with the microbial assay and candidate
alternative assay procedures. This provides paired data that can be analyzed (see
Appendix 2).
6. Use the relative microbial activity (F) to convert the percentage purity values for each
moiety, then sum them to determine a combined potency value.
7. Apply appropriate outlier (see general chapters

1010

and

81 ) and comparison
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tests (see Data Evaluation) to determine whether the candidate alternative procedure
and the microbial assay procedure yield equivalent results.
8. If there are statistical outliers with either procedure, perform a comparison by excluding
the outlier values. If the bridging study criteria are met, repeat the bridging study using
controls to prevent outliers. Justification for rejection of outliers must be provided in the
bridging study report. The consistent appearance of outliers in the candidate alternative
assay results may indicate that the procedure has inadequate controls. If this occurs,
the bridging study is void and a different or modified alternative procedure should be
developed and validated.
9. If the bridging study fails, it may be necessary to include potency contributions from
impurities that make a contribution below 1%.
DATA EVALUATION
Described below are USP’s recommendations for data evaluation. Alternative approaches such
as Deming regression (4) and commercially available comparison tests may also be used. For an
antibiotic with a comparatively narrow Assay range (80%–125% or narrower), follow Step 1. For
an antibiotic with a wide Assay range (80%–125% or wider), follow Steps 1 and 2.
1. Demonstrate the equivalence of results at the targeted potency of 100% using two
one-sided t-tests (TOST) (5), which offers several advantages over the t-test (6,7).
This requires the laboratory to set a maximum allowed percentage difference (such as
3%, 4%, or 5%), denoted by k in the appendices. Use the formulas in Appendix 1 for
independent samples (different samples used for the two procedures) or Appendix 2 for
paired samples (a set of samples each of which is assayed by both procedures).
2. Compare the chapter microbial assay and candidate alternative assay procedures using
paired samples that cover the full monograph range of activity values. Prepare a Bland–
Altman (BA) plot (Appendix 3). There should be no evidence of trend and the BA 95%
agreement limits should not extend outside a predetermined maximum difference
established by the laboratory.
APPENDIX 1: TOST FORMULAS FOR INDEPENDENT SAMPLES
On the basis of the knowledge of the product, the laboratory must establish the maximum
allowed percentage difference between the average result for the candidate alternative assay
and the average for the microbial assay results for the alternative assay. A difference that
meets the requirements indicates that the alternative method provides acceptable results in
the specified compendial range as compared with the microbial assay. In statistical notation,
what must be demonstrated is:
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(Eq. 1)
k = a small positive number such as 0.03 (for an allowed 3% difference)
µi = mean value for each procedure
i = alternative method (HPLC) or microbial assay (Micro)
These are the two values to be compared.
Rearranging, this becomes:
kµMicro < µHPLC

µMicro < kµMicro

(Eq. 2)

The idea of TOST is to consider the two inequalities of Equation 2 separately. That is, to
demonstrate the hypothesis in Equation 2 at the 5% level, one must demonstrate both of the
inequalities in Equation 3 at the 5% level:
µHPLC

(1 + k)µMicro < 0 and µHPLC

(1

k)µMicro > 0

(Eq. 3)

For a comparison of means, the TOST is equivalent to considering confidence bounds. If the
bounds satisfy the inequalities in Equation 3, then equivalence has been demonstrated. When
the samples for the two assays under comparison are different (“independent samples”),
determine the following upper (U) and lower (L) confidence bounds:

(Eq. 4)

(Eq. 5)
Xi = sample average
Si = sample standard deviation
N = sample size
t = two-sided 10% value for a t-distribution
i = alternative method (HPLC) or microbial assay method (Micro)
For the number of degrees of freedom, use:
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(Eq. 6)
This is an approximation that assumes k is small. If using software that only allows for integer
degrees of freedom (e.g., Excel), use linear interpolation to obtain the t value. Conclude that
the two procedures are equivalent (i.e., any difference on average is acceptably small) for the
given lot if:
L > 0 and U < 0

(Eq. 7)

Example 1:
Microbial Assay Data
72.02
67.3
71.79
71.16
69.06
75.56
74.7
74.16
76.48

HPLC Assay Data
72.68
72.24
72.5
—
—
—
—
—
—

Following the above formulas with k = 0.03:
NHPLC = 3; XHPLC = 72.5; SHPLC = 0.221
NMicro = 9; XMicro = 72.5; SMicro = 3.045
Degrees of freedom = 8.247; interpolated t-value = 1.853
L = 0.338 and U = 0.219, so the 3% equivalence criterion is satisfied.
APPENDIX 2: TOST FORMULAS FOR PAIRED SAMPLES
When the samples for the two assays are the same, the data are considered “paired”. The
hypotheses are the same as those in Appendix 1. Because of the pairing of samples, the
standard deviation calculations differ.
Determine the confidence bounds, U and L, as follows:

(Eq. 8)

(Eq. 9)
N = number of samples for each procedure
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df = N 1
SL and SU are calculated as follows:

(Eq. 10)

(Eq. 11)
Conclude that the two procedures are equivalent (i.e., any difference on average is acceptably
small) for the given lot if:
L > 0 and U < 0

(Eq. 12)

Example 2:
Microbial Assay Data
1011
990
960
1000
970

HPLC Assay Data
980.9
981.4
978.3
974.3
966.7

Following the above formulas with k = 0.03:
N = 5; XHPLC = 976.3; XMicro = 986.2
SL = 18.749; SU = 19.958
df = 4; t-value = 2.132
L = 1.830 and U = 20.438, so the 3% equivalence criterion is satisfied.
APPENDIX 3: BLAND–ALTMAN PLOTS
Figure 1 shows the data plotted as HPLC (y-axis) vs. Micro (x-axis). In Figure 2, the x-axis
represents the average response obtained using the alternative and microbial assay methods.
The y-axis represents the difference in responses measured with the alternative and microbial
assay methods.
The bias for each data set is represented by the average difference.
95% limits of agreement are represented by bias ± 2S.
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Data points outside the limits of agreement are considered outliers.
The Bland–Altman plot (8,9) should show data points scattered within the limits of agreement
with no obvious pattern. If a pattern exists (e.g. proportional pattern or funneling outwards
with increasing average), perform a log transformation. If performing a log transformation,
take the antilog of results for analysis using the original scale of measurement.
Acceptance criteria (use bias and precision statistics):
1. Compare the bias with predefined acceptance criteria for bias (2% is used in this
example).
2. The agreement limit should not exceed the predetermined criterion for repeatability or
precision (10% is used in this example).
3. If the bias and precision fall within the predefined criteria cutoffs set by the laboratory
developing and evaluating the alternative assay, the alternative method may be used
interchangeably with the microbial assay.
4. If the bias exceeds the acceptance criterion, the alternative procedure overestimates
or underestimates values obtained to an unacceptable extent as compared with the
microbial procedure.
5. If the precision exceeds the acceptance criterion, the difference between methods is
unreliable, and the alternative procedure is not an acceptable alternative to the
microbial procedure.
Example 3:
Level
150
150
150
150
150
120
120
120
120
120
90
90
90
90
90
60
60
60
60
60
30

Microbial Assay Data
854
862
871
845
836
678
699
688
705
671
530
536
522
510
515
366
363
348
352
357
197

HPLC Assay Data
867
893
880
906
854
704
722
739
686
669
541
554
528
515
502
343
361
334
370
352
185
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30
30
30
30

187
192
189
195

172
176
180
167

Figure 1. Example data plotted as HPLC data versus Microbial assay data.
Figure 1 shows the data plotted as HPLC (y-axis) vs. Micro (x-axis). This appears to be in good
agreement. Figure 2 shows what happens when the same data are instead plotted as
recommended by Bland and Altman.
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Figure 2. Example data in a Bland–Altman plot.
Calculate the bias, estimated by the mean difference (d) and standard deviation (SD) of the
difference.
Mean difference = 4.880
SD of difference = 26.646
Most of the differences are expected to lie between d 2SD and d + 2SD (if normally
distributed, 95% will lie in these limits). If differences within d ± 2SD (limits of agreement) are
not important, the two measurement methods can be used interchangeably.
LCL (d

2SD) = 58.173

(Eq. 13)
UCL (d + 2SD) = 48.413
(Eq. 14)
The difference between results from the two procedures has a strong trend. This trend can be
seen in Figure 1, but the Bland–Altman plot in Figure 2 makes it clearer.
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BRIEFING
Iminodiacetic acid. It is proposed to add this new reagent used in the test for Related
Compounds in the monograph for Glycine, published in PF 40(3) [May–June 2014].
(HDQ: M. Marques.)

Correspondence Number—C135173

Comment deadline: September 30, 2014
Add the following:
Iminodiacetic Acid, C4 H7 NO4 —133.10 [142-73-4]—Use a suitable grade with a content
of NLT 98.0%. 2S (USP38)
BRIEFING
Iron (Powder). It is proposed to add this new reagent.
(HDQ: M. Marques.)

Correspondence Number—C143513

Comment deadline: September 30, 2014
Add the following:
Iron (Powder), Fe—55.85 [7439-89-6]—Use a suitable grade with a content of NLT
99.9%. 2S (USP38)
BRIEFING
Manganese. It is proposed to add this new reagent.
(HDQ: M. Marques.)

Correspondence Number—C143512

Comment deadline: September 30, 2014
Add the following:

PF 40(4): Jul.-Aug. 2014

137

Manganese, Mn—54.94 [7439-96-5]—Powder, use a suitable grade with a content of NLT
99.99%. 2S (USP38)
BRIEFING
Sodium Stearyl Fumarate. It is proposed to add this new reagent used to prepare the
System suitability solution in the test for Organic Impurities in the monographs for Sitagliptin
Phosphate and Sitagliptin Tablets, published elsewhere in this PF.
(HDQ: M. Marques.)

Correspondence Number—C121170

Comment deadline: September 30, 2014
Add the following:
Sodium Stearyl Fumarate (Fumaric Acid Octadecyl Ester Sodium Salt, Fumaric Acid Stearyl
Ester Sodium Salt, Sodium Octadecyl Fumarate), C22 H39 NaO4 —390.54 [4070-80-8]—Use a
suitable grade with a content of NLT 98.0%.
[Note—A suitable grade is available as catalog number S0879 from www.tcichemicals.com.]
2S (USP38)

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 6455 of the First Supplement to
USP 37.
(HDQ.)
Correspondence Number—C128980; C128981; C129076; C130689; C131112
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Add the following:
Cyclobenzaprine Hydrochloride Extended-Release Capsules T, LR
Add the following:
Lamotrigine Extended-Release Tablets
Add the following:
Rizatriptan Benzoate Tablets

W

2S (USP38)

2S (USP38)

W, LR

2S (USP38)
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Add the following:
Rizatriptan Benzoate Orally Disintegrating Tablets
Add the following:
Sitagliptin Tablets

W, LR
W

2S (USP38)

2S (USP38)

BRIEFING
Description and Relative Solubility of USP and NF Articles, page 6465 of the First
Supplement to USP 37.
(HDQ.)
Correspondence Number—C107347; C107348; C121170; C132883
Add the following:
Ceftiofur Hydrochloride: White to beige powder. Sparingly soluble in dimethylformamide and
in ethanol; slightly soluble in 0.1 N hydrochloric acid; very slightly soluble in tetrahydrofuran;
practically insoluble in ethyl acetate. 2S (USP38)
Add the following:
Ceftiofur Sodium: White to beige powder. Freely soluble in propylene glycol; soluble in water;
slightly soluble in tetrahydrofuran, in dehydrated alcohol, and in acetone; insoluble in methylene
chloride. 2S (USP38)
Add the following:
Milbemycin Oxime: White to yellowish-white powder. Very soluble in acetonitrile, in
dehydrated alcohol, and in ethyl acetate; practically insoluble in water. 2S (USP38)
Add the following:
Sitagliptin Phosphate: White or almost white powder. Soluble in water; very slightly soluble
in anhydrous ethanol; practically insoluble in heptane. 2S (USP38)
BRIEFING
Aspartame, NF 32 page 5857. The Aspartame monograph was identified by the FDA Office of
Regulatory Affairs as a monograph that is in need of modernization. As part of the USP
monograph modernization effort, it is proposed to make the following changes:
1.
Replace the titration procedure in the Assay with an HPLC method. The proposed
method is based on the HPLC method utilized in the test for Limit of 5-Benzyl-3,6dioxo-2-piperazineacetic Acid. The method was validated using the LiChrospher
RP18-5 Endcapped brand of L1 column. The l-phenylalanine, aspartame related
compound A, and aspartame peaks elute at approximately 2.9, 4.8, and 16.9 min,
respectively. In addition, the method was evaluated with the Symmetry C18 column
with the same dimensions as the primary column.
2.
Add a requirement for resolution as part of the Suitability requirements section to the
tests for Limit of 5-Benzyl-3,6-dioxo-2-piperazineacetic Acid and Chromatographic
Purity.
3.
Change a recommendation for the length of elution of the Sample stock solution in the
Note of the test for Chromatographic Purity from “Continue the elution of Sample
stock solution for twice the retention time of the aspartame peak” to “Continue the
elution of the Sample stock solution for 45 min”. An impurity at approximately 43.7
min was observed after an aspartame sample was exposed to heat.
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4.
Add a Note containing a recommendation for the 45-min elution of the Sample solution
to the test for Limit of 5-Benzyl-3,6-dioxo-2-piperazineacetic Acid to ensure that all
impurity peaks came off the column and that there is no interference with the
determination of aspartame related compound A.
5.
Add USP l-Phenylalanine RS to the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: G. Holloway.)
Correspondence Number—C139766

Comment deadline: September 30, 2014
Aspartame

C14 H18 N2 O5

294.30

l-Phenylalanine, N-l- -aspartyl-, 1-methyl ester;
3-Amino-N-( -carboxyphenethyl)succinamic acid N-methyl ester

[22839-47-0].

DEFINITION
Aspartame contains NLT 98.0% and NMT 102.0% of aspartame (C14 H18 N2 O5 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
[Note—Do not dry specimens.]
ASSAY
Change to read:
• Procedure
Sample: 300 mg
Titrimetric system
(See Titrimetry

541 .)

0.1 N Perchloric acid: Use perchloric acid, tenth-normal (0.1 N) in glacial acetic acid as
specified for Reagents, Indicators, and Solutions—Volumetric Solutions, but in the
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standardization, titrate to a green endpoint.
Mode: Direct titration
Titrant: Use 0.1 N Perchloric acid
Blank: 1.5 mL of anhydrous formic acid and 60 mL of glacial acetic acid
Endpoint detection: Visual
Analysis: Dissolve the Sample in 1.5 mL of anhydrous formic acid, and add 60 mL of
glacial acetic acid. Add crystal violet, and immediately titrate with the Titrant to a green
endpoint. Perform a blank determination. [Note—A blank titration exceeding 0.1 mL may
be due to excessive water content, and may cause loss of visual endpoint sensitivity.]
Calculate the percentage of Aspartame C14 H18 N2 O5 ) in the Sample taken:
Result = [(V

B) × N × F × 100]/W

V= volume of the Titrant consumed by the Sample (mL)
B= volume of the Titrant consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 294.3 mg/mEq
W
= weight of the Sample (mg)
Buffer:
0.05 M monobasic potassium phosphate, adjusted with phosphoric acid to a pH of 4.3
Mobile phase: Methanol and Buffer (18:82)
Diluent: Methanol and water (1:9)
System suitability solution: 0.1 mg/mL each of USP Aspartame Related Compound A RS
and USP l-Phenylalanine RS in Diluent
Standard solution: 0.5 mg/mL of USP Aspartame RS in Diluent
Sample solution: 0.5 mg/mL of Aspartame in Diluent. [Note—Avoid heat and excessive
holding times.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 2 mL/min
Injection volume: 20 µL
Run time: 30 min
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the l-phenylalanine and aspartame related
compound A peaks are 0.6 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 8 between the l-phenylalanine and aspartame related compound A
peaks, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aspartame (C14 H18 N2 O5 ) in the portion of Aspartame taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of aspartame from the Sample solution
rS= peak area of aspartame from the Standard solution
CS= concentration of USP Aspartame RS in the Standard solution (mg/mL)
CU= concentration of Aspartame in the Sample solution (mg/mL)
2S (NF33)

Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Heavy Metals, Method II

231 : NMT 10 ppm

Change to read:
• Limit of 5-Benzyl-3,6-dioxo-2-piperazineacetic Acid
Diluent: Methanol and water (1:9)
Mobile phase: Dissolve 5.6 g of monobasic potassium phosphate in 820 mL of water in a
1-L volumetric flask, adjust with phosphoric acid to a pH of 4.3, and dilute with methanol
to volume.
Mobile phase, Diluent, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay. 2S (NF33)
Standard solution: 75 µg/mL of USP Aspartame Related Compound A RS in Diluent
Sample solution: 5 mg/mL of Aspartame in Diluent. [Note—Avoid heat and excessive
holding times.]
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 2 mL/min
Injection size: 20 µL
2S (NF33)

System suitability
Sample: Standard solution
Samples: System suitability solution and Standard solution 2S (NF33)
Suitability requirements
Resolution: NLT 8 between the l-phenylalanine and aspartame related compound A
peaks, System suitability solution 2S (NF33)
Tailing factor: NMT 2.0,
Standard solution 2S (NF33)
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Relative standard deviation: NMT 4.0%,
Standard solution 2S (NF33)
Analysis
Samples: Standard solution and Sample solution
[
Note—Continue the elution of the Sample solution for 45 min.]

2S (NF33)

Calculate the percentage of aspartame related compound A in the portion of Aspartame taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of aspartame related compound A from the Sample solution
rS = peak response of aspartame related compound A from the Standard solution
CS = concentration of 5-benzyl-3,6-dioxo-2-piperazineacetic acid in the Standard solution
(mg/mL)
CU = concentration of Aspartame in the Sample solution (mg/mL)
Acceptance criteria: NMT 1.5%
Change to read:
• Chromatographic Purity
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Limit of
5-Benzyl-3,6-dioxo-2-piperazineacetic Acid.
Mobile phase, Diluent, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay. 2S (NF33)
Sample stock solution: Proceed as directed in the Sample solution in the test for Limit of
5-Benzyl-3,6-dioxo-2-piperazineacetic Acid.
Sample solution: 0.1 mg/mL of Aspartame from the Sample stock solution in Diluent
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8 between the l-phenylalanine and aspartame related compound A
peaks, System suitability solution
2S (NF33)

Analysis
Samples: Sample stock solution and Sample solution
[Note—Continue the elution of the Sample stock solution for twice the retention time of the
aspartame peak
45 min. 2S (NF33)
]
Acceptance criteria: The sum of all of the peak responses of the Sample stock solution,
excluding the 5-benzyl-3,6-dioxo-2-piperazineacetic acid and aspartame peak responses, is
NMT the aspartame peak response of the Sample solution, corresponding to NMT 2.0% of
chromatographic impurities.
SPECIFIC TESTS
• Transmittance
Sample solution: 10 mg/mL of Aspartame in 2 N hydrochloric acid, prepared by means of
sonication
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Analysis: Determine the transmittance in a 1-cm cell at 430 nm with a suitable
spectrophotometer.
Acceptance criteria: Transmittance of NLT 0.95, corresponding to an absorbance of NMT
about 0.022
• Optical Rotation, Specific Rotation 781S
Sample solution: 40 mg/mL in 15 N formic acid
Acceptance criteria: +14.5 to +16.5 , determined at 20 within 30 min after preparation
of the Sample solution
• Loss on Drying 731
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 4.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Aspartame RS
USP Aspartame Related Compound A RS
5-Benzyl-3,6-dioxo-2-piperazineacetic acid.
C13 H14 N2 O4
262.27
USP l-Phenylalanine RS
2S (NF33)

BRIEFING
Isopropyl Palmitate, NF 32 page 6029. As part of the USP monograph modernization effort, it
is proposed to replace the current packed-column gas chromatographic (GC) Assay with a
capillary GC method. The proposed method is based on analysis performed with the Agilent
J&W DB-5 brand of G27 column. Isopropyl myristate and isopropyl palmitate peaks elute at
approximately 10.5 and 13.7 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: G. Holloway.)
Correspondence Number—C142487

Comment deadline: September 30, 2014
Isopropyl Palmitate

C19 H38 O2

298.50

Hexadecanoic acid, 1-methylethyl ester;
Isopropyl palmitate
[142-91-6].
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DEFINITION
Isopropyl Palmitate consists of esters of isopropyl alcohol and saturated high molecular weight
fatty acids. It contains NLT 90.0% of isopropyl palmitate (C19 H38 O2 ).
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of the
System suitability solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
System suitability solution: 4.5 mg/mL of USP Isopropyl Palmitate RS and 0.5 mg/mL of
USP Isopropyl Myristate RS in n-hexane
Sample solution: 5 mg/mL of Isopropyl Palmitate in n-hexane
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 4-mm × 1.8-m; packed with 10% liquid phase G8 on 100- to 120-mesh support
S1A
Temperatures
Injection port: 240
Detector: 280
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
90
2
210
8
Carrier gas: Nitrogen
Flow rate: 45 mL/min
Injection volume: 5 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for isopropyl myristate and isopropyl palmitate are 1.0
and 1.3, respectively.]
Suitability requirements
Resolution: NLT 6.0 between the peaks due to isopropyl myristate and isopropyl
palmitate
Tailing factor: NMT 2 for the isopropyl palmitate peak
Relative standard deviation: NMT 2.0%
Analysis
Sample: Sample solution
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Calculate the percentage of isopropyl palmitate (C19 H38 O2 ) in the portion of Isopropyl
Palmitate taken:
Result = (rU/rT) × 100
r=
U peak response for isopropyl palmitate
r=
T sum of the responses of all the peaks, except the solvent peak
System suitability solution:
5.0 mg/mL of USP Isopropyl Palmitate RS and 0.5 mg/mL of USP Isopropyl Myristate RS in
n-hexane
Sample solution: 5.0 mg/mL of Isopropyl Palmitate in n-hexane
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 15-m fused silica; coated with a 1.0-µm layer of stationary phase
G27
Temperatures
Injection port: 240
Detector: 280
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at
Temperature
Ramp
Temperature
Final Temperature
( )
( /min)
( )
(min)
150
—
150
1
150
6
230
8
Carrier gas: Helium
Flow rate: 1.5 mL/min
Injection volume: 2.0 µL
Injection type: Split injection, split ratio 10:1
Run time: 22 min
System suitability
Sample: System suitability solution
[Note—The relative retention times for isopropyl myristate and isopropyl palmitate are 0.8
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 6.0 between the isopropyl myristate and isopropyl palmitate peaks
Tailing factor: NMT 2 for the isopropyl palmitate peak
Relative standard deviation: NMT 2.0%
Analysis
Sample: Sample solution
Calculate the percentage of isopropyl palmitate (C19 H36 O2 ) in the portion of Isopropyl
Palmitate taken:
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Result = (rU/rT) × 100
rU= peak area of isopropyl palmitate
rT= sum of the peak areas of all the peaks, except the solvent peak
2S (NF33)

Acceptance criteria: NLT 90.0%
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
SPECIFIC TESTS
• Specific Gravity
• Refractive Index

841 : 0.850–0.855
831 : 1.435–1.438

• Fats and Fixed Oils, Acid Value
• Fats and Fixed Oils, Iodine Value

401 : NMT 1
401 : NMT 1

• Fats and Fixed Oils, Saponification Value

401 : 183–193

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP Isopropyl Myristate RS
USP Isopropyl Palmitate RS
BRIEFING
Olive Oil, NF 32 page 6089. As part of the USP monograph modernization effort, it is proposed
to make the following changes:
1.
Add Identification test B based on the newly proposed Identification of Fixed Oils by
Thin-Layer Chromatography 202 in PF 39(1) [Jan.–Feb. 2013], PF 39(3) [May–
June 2014], and PF 40(3) [May–June 2014].
2.
Change the title of the test for Specific Absorbance to Ultraviolet Absorbance, and
specify the path length of the UV cell in the procedure.
3.
Change the test method for Sterol Composition, specifically replacing the separation
procedure for sterols using a TLC plate with an HPLC procedure to avoid crosscontamination by the TLC plate coating. The HPLC method improves precision and
reproducibility. HPLC separation is based on the Kromasil 60-5SIL (5 µm) or
LiChrospher Si 60 (5 µm) brand of L3 columns (analytical and guard). The GC
procedure is based on analysis performed with the Agilent DB-5 or Agilent HP-5MS
brand of G27 column. The typical retention times for cholesterol, brassicasterol, 24methylene-cholesterol, campesterol, campestanol, stigmasterol, D7-campesterol,
D5,23-stigmastadienol, clerosterol, -sitosterol, sitostanol, D5-avenasterol, D5,24stigmastadienol, D7-stigmastenol, and D7-avenasterol are about 16.87, 18.57, 20.86,
21.32, 21.78, 22.81, 24.09, 24.69, 24.99, 26.12, 26.48, 26.87, 28.40, 29.39, and
30.47 min, respectively.
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4.
Add the USP Reference Standards section containing USP Olive Oil RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C75729

Comment deadline: September 30, 2014
Olive Oil
[8001-25-0].
DEFINITION
Olive Oil is the refined fixed oil obtained from the ripe fruit of Olea europaea Linné (Fam.
Oleaceae). It may contain suitable antioxidants.
IDENTIFICATION
• A. Identity by Fatty Acid Composition
Analysis: Proceed as directed in the test for Fats and Fixed Oils 401 , Fatty Acid
Composition.
Acceptance criteria: Meets the composition profile of fatty acids in Table 1
Add the following:
• B. Identity by Triglyceride Profile
Analysis: Proceed as directed in the test for Identification of Fixed Oils by Thin-Layer
Chromatography 202 .
Acceptance criteria: Meets the requirements in the chapter

2S (NF33)

IMPURITIES
• Heavy Metals, Method II 231 : NMT 10 µg/g
• Alkaline Impurities
Sample: 10 mL of Olive Oil
Analysis: Mix 10 mL of freshly opened acetone and 0.3 mL of water, and add 0.05 mL of
bromophenol blue TS. Add the Sample, shake, and allow to stand. Titrate with 0.01 N
hydrochloric acid VS to change the color of the upper layer to yellow.
Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochloric acid is required.
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value (Free Fatty Acids)

401 : NMT 0.3. [Note—Petroleum

ether with a 100 –120 boiling range can be used to replace ether in the test.]
• Fats and Fixed Oils, Peroxide Value

401 : NMT 10.0

• Fats and Fixed Oils, Fatty Acid Composition 401 : Olive Oil exhibits the composition
profile of fatty acids shown in Table 1, as determined in the chapter.
Table 1
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Percentage
Carbon-Chain LengthNumber of Double Bonds
(%)
<16
16

0
0

0.1
7.5–20.0

16
18
18
18

1
0
1
2

3.5
0.5–5.0
56.0–85.0
3.5–20.0

18

3

1.2

20

0

0.7

20

1

0.4

22

0

0.2

24

0

0.2

• Absence of Sesame Oil
Sample: 10 mL of Olive Oil
Analysis: Mix the Sample with a mixture of 0.5 mL of a 0.35% (v/v) solution of furfural in
acetic anhydride and 4.5 mL of acetic anhydride, and shake the mixture for about 1 min.
Pass through a filter paper previously wetted with acetic anhydride. Add 0.2 mL of sulfuric
acid to the filtrate.
Acceptance criteria: No bluish-green color develops.
• Fats and Fixed Oils, Unsaponifiable Matter

401 : NMT 1.5%. [Note—Petroleum ether with

a 40 –60 boiling range can be used to replace ether in the test.]
Change to read:
• Specific
Ultraviolet 2S (NF33)
Absorbance
Sample solution: Dissolve 1.0 g of Olive Oil in cyclohexane, and dilute with cyclohexane to
100 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Wavelength: 270 nm
Path length of the cell: 1 cm 2S (NF33)
Analysis: Determine the UV-Vis absorbance using the Instrumental conditions described
above.
Acceptance criteria: The absorbance is NMT 1.20.
• Water Determination, Method Ic

921 : NMT 0.1%

Delete the following:
• Fats and Fixed Oils, Sterol Composition
composition profiles of sterols.

401 : Olive Oil exhibits the following
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Component

Percentage
(%)

Cholesterol

0.5

Campesterol

4.0

D7-Stigmastenol

0.5

Sum of the contents of D5,23-stigmastadienol, clerosterol, -sitosterol,
sitostanol, D5-avenasterol, and D5,24-stigmastadienol
The content of stigmasterol is not greater than that of campesterol. 2S (USP38)

93.0

Add the following:
• Sterol Composition
2 M Alcoholic potassium hydroxide solution: Dissolve 12 g of potassium hydroxide in 10
mL of water, and dilute with alcohol (ethanol) to 100 mL.
Sample A: Accurately weigh 5 g of Olive Oil into a 150-mL flask fitted with a reflux
condenser. Add 50 mL of 2 M Alcoholic potassium hydroxide solution, and heat on a water
bath for 1 h, shaking frequently. Add 50 mL of water through the top of the condenser,
shake, and allow to cool. Transfer the contents of the flask to a separating funnel. Rinse
the flask with several portions totaling 50 mL of petroleum ether with a 40 –60 boiling
range, and add the rinsings to the separating funnel. Shake vigorously for 1 min. Allow to
separate, and transfer the aqueous layer to a second separating funnel. If an emulsion
forms, add small quantities of alcohol or a concentrated solution of potassium hydroxide.
Shake the aqueous layer with two 50-mL quantities of petroleum ether with a 40 –60
boiling range. Combine the petroleum ether layers in a third separating funnel and wash
with three 50-mL quantities of 50% alcohol. Transfer the petroleum ether layer to a tared
250-mL flask. Rinse the separating funnel with small quantities of petroleum ether with a
40 –60 boiling range, and add to the flask. Evaporate the petroleum ether on a water
bath and dry the residue at 100 –105 for 15 min, keeping the flask horizontal. Allow to
cool in a desiccator and weigh.
Reference A: Accurately weigh 5 g of sunflower oil into a 150-mL flask fitted with a reflux
condenser. Proceed as directed for Sample A, beginning with “Add 50 mL of 2 M Alcoholic
potassium hydroxide solution”.
Separation of the sterol fraction by LC
Mobile phase: Isopropyl alcohol and n-hexane (1:99)
Sample solution A: Transfer Sample A with three 4-mL quantities of petroleum ether
with a 40 –60 boiling range to a 15-mL test tube. [Note—Ether can be used to replace
petroleum ether if Sample A is not well soluble in petroleum ether.]Evaporate to dryness
under a stream of nitrogen. Dissolve Sample A in Mobile phase to obtain a solution with
an approximate concentration of 40 mg/mL. Add a few drops of isopropyl alcohol to
improve the solubility. [Note—3 drops are normally sufficient to ensure complete
solubilization.] Pass through a membrane filter (nominal 0.45-µm pore size).
Reference solution A: Prepare as directed for Sample solution A, except use Reference A
instead of Sample A.
Chromatographic system
(See Chromatography

621 .)
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Mode: LC
Detector: UV 210 nm
Columns
Guard: 4.6-mm × 0.5-cm (or 4.6-mm × 1.0-cm); 5-µm packing L3, with a 6-nm pore
size
Analytical: 4.6-mm × 25-cm; 5-µm packing L3, with a 6-nm pore size
Flow rate: 1.0 mL/min
Injection volume: 50 µL
Identification of the peaks due to sterols
Samples: Sample solution A and Reference solution A
Sterol identification: The sterol fraction elutes at the end of the chromatogram.
Locate the fraction to be collected by using the chromatogram from Reference
solution A. The chromatogram from Reference solution A shows two or three principal
peaks, which elute at approximately 21–35 min depending on the column used. The
chromatogram from Sample solution A may have one principal peak.
Sterol collection: Collect the fraction at the detector outlet in a 15-mL tube with a
screw cap. Evaporate the solvent under a stream of nitrogen. [Note—If necessary, to
increase the sample amount for later analysis, make the second injection of 50 µL on
the HPLC column and collect the fraction at the detector outlet in the same 15-mL
test tube with a screw cap. Evaporate the solvent under a stream of nitrogen.]
Determination of sterols by GC
Sample solution B: Dissolve the residue of the sterol fraction obtained from Sample
solution A in the previous LC step in 0.2 mL of anhydrous pyridine and 0.2 mL of a
mixture of 1 volume of chlorotrimethylsilane and 99 volumes of
bis(trimethylsilyl)trifluoroacetamide. Insert the stopper into the test tube tightly, and
heat at 80 for 20 min. Allow to cool and use the liquid phase.
Reference solution B: Dissolve 9 parts of the residue of the sterol fraction obtained from
Reference solution A in the previous LC step and 1 part of cholesterol in 0.2 mL of
anhydrous pyridine and 0.2 mL of a mixture of 1 volume of chlorotrimethylsilane and 99
volumes of bis(trimethylsilyl)trifluoroacetamide. Insert the stopper into the test tube
tightly and heat at 80 for 20 min. Allow to cool and use the liquid phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused-silica capillary; 0.25-µm layer of phase G27
Temperatures
Injection port: 290
Detector: 290
Column: See Table 2.
Table 2
Initial
Temperature Temperature Ramp
( )
( /min)
260
—

Final
Temperature
( )
260

Hold Time
at Final
Temperature
(min)
38
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260
5
290
5
Carrier gas: Helium
Flow rate: 2.6 mL/min
Injection volume: 1–3 µL (depending on the expected amount of sterols in the test
sample)
Injection type: Split injection; split ratio is 25:1
System suitability
Sample: Reference solution B
The chromatogram from Reference solution B shows five principal peaks corresponding to
cholesterol, campesterol, stigmasterol,

-sitosterol, and D7-stigmastenol.

[Note—The retention times of the sterols with reference to
3.]

-sitosterol are given in Table

Table 3
Relative
Retention
Identification
Time
Cholesterol
0.65
Brassicasterol
0.71
24-Methylene-cholesterol
0.80
Campesterol
0.82
Campestanol
0.83
Stigmasterol
0.87
D7-Campesterol
0.92
D5,23-Stigmastadienol
0.95
Clerosterol
0.96
-Sitosterol
1.00
Sitostanol
1.01
D5-Avenasterol
1.03
D5,24-Stigmastadienol
1.09
D7-Stigmastenol
1.13
D7-Avenasterol
1.17
Suitability requirements
Resolution: NLT 3.0 between the campesterol and stigmasterol peaks
Analysis
Samples: Sample solution B and Reference solution B
Use the chromatogram from Reference solution B to identify the peaks due to
cholesterol, campesterol, stigmasterol, -sitosterol, and D7-stigmastenol. Identify the
peaks due to the sterols in the chromatogram from Sample solution B using the
chromatograms from Reference solution B and the relative retention times with reference
to -sitosterol (main peak) given in Table 3.
Calculate the percentage content of each sterol in the sterol fraction of Olive Oil taken:
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Result = (rU/rT) × 100
r=
U area of the peak due to the sterol component to be determined
r=
T sum of the areas of the peaks due to the components indicated in Table 3
Acceptance criteria: Olive Oil exhibits the composition profiles of sterols shown in Table 4.
Table 4
Percentage
(%)

Component
Cholesterol

0.5

Campesterol

4.0

D7-Stigmastenol

0.5

Sum of the contents of D5,23-stigmastadienol, clerosterol,
sitostanol, D5-avenasterol, and D5,24-stigmastadienol
The content of stigmasterol is NMT that of campesterol.

-sitosterol,
93.0
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant, well-filled containers, and
prevent exposure to excessive heat.
• Labeling: Label it to indicate the name and quantity of any suitable antioxidants.
Add the following:
• USP Reference Standards
USP Olive Oil RS

11

2S (NF33)

BRIEFING
Shellac, NF 32 page 6168. The Shellac monograph was identified by the FDA Monograph
Modernization Task Group to be at an elevated risk of adulteration due to a lack of
specificity in the Identification test. As part of the USP monograph modernization effort, it is
proposed to making the following revisions.
1.
Add the chemical structure and the CAS number.
2.
Update the Definition section.
3.
Replace Identification test A based on a wet-chemical method with a test using
Infrared Absorption 197 .
4.
Add Identification test B that identifies aleuritic acid and shellolic acid by hydrolyzing
Shellac, running the hydrolysate on a TLC plate, and comparing with USP Aleuritic
Acid RS.
5.
Add a test for Limit of Chloride.
6.
Add a test for Total Ash.
7.
Add a test for Ethanol-Insoluble Substances.
8.
Update the test for Acid Value.
9.
Update the Packaging and Storage section.
10.
Update the Labeling requirements based on the revised monograph Definition section.

PF 40(4): Jul.-Aug. 2014

153

11.
Add a USP Reference Standards section containing USP Aleuritic Acid RS, USP Refined
Bleached Shellac RS, and USP Regular Bleached Shellac RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C122231; C128346; C128415; C137668

Comment deadline: September 30, 2014
Shellac
Add the following:

[9000-59-3].

2S (NF33)

DEFINITION
Change to read:
Shellac is obtained by the purification of Lac, the resinuous secretion of the insect Laccifer
lacca (Kerr) (Fam. Coccidae). Orange Shellac is produced either by a process of filtration in the
molten state or by hot solvent process, or both. Orange Shellac may retain most of its wax or
be dewaxed, and may contain lesser amounts of the natural color than originally present.
Bleached (White) Shellac is prepared by dissolving the Lac in aqueous sodium carbonate,
bleaching the solution with sodium hypochlorite, and precipitating the Bleached Shellac with 2 N
sulfuric acid. Removal of the wax, by filtration, during the process results in Refined Bleached
Shellac. Shellac conforms to the specifications in the table below.
Shellac is obtained by the purification of Lac, the resinuous secretion of the insect Kerria
lacca (Kerr) Lindinger (Laccifer lacca Kerr) (Fam. Coccideae). Shellac is a polyester resin
consisting of inter- and intra-esters of polyhydroxyl carboxylic acids formed from certain
hydroxyl acids and sesquiterpenic acids, and also contains variable amounts of wax. There are
four types of Shellac depending on the nature of the treatment of crude secretion (seedlac).
1. Orange Shellac is produced by a process of filtration in the molten state and/or by a
process of solvent extraction. Orange Shellac retains most of its wax.
2. Refined (Dewaxed) Orange Shellac is produced by filtration of the wax in a solvent
process. It may also be decolorized by activated carbon.
3. Regular Bleached (White) Shellac is prepared by dissolving the Lac in an alkaline solution
and bleaching the solution with sodium hypochlorite. It is precipitated by dilute acid and
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dried.
4. Refined Bleached Shellac is prepared by dissolving the Lac in an alkaline solution and
bleaching the solution with sodium hypochlorite. During the process, wax is removed by
filtration. It is precipitated by dilute acid and dried.
Shellac conforms to the specifications in Table 1.
2S (NF33)

Table 1
Acid Value
(on dried basis)
Orange Shellac
68–76
Dewaxed
71
Refined 2S (NF33)
68 2S (NF33)
Orange Shellac
–79
Regular Bleached Shellac
73–89
Refined Bleached Shellac
75–91

Loss on Drying
(%)
NMT 2.0

Wax
(%)
NMT 5.5

NMT 2.0
NMT 6.0
NMT 6.0

NMT 0.2
NMT 5.5
NMT 0.2

IDENTIFICATION
Delete the following:
• A.
Sample: 50 mg
Analysis: To the Sample add a few drops of a mixture of 1 g of ammonium molybdate and 3
mL of sulfuric acid.
Acceptance criteria: A green color is produced, and it becomes lilac on standing for 5 min.
2S (NF33)

Add the following:
• A. Infrared Absorption 197K or 197A : Due to the degree of polymerization, the
intensity of some absorption bands may vary.
Use USP Regular Bleached Shellac RS for the following two types:
Orange Shellac
Regular Bleached Shellac
Use USP Refined Bleached Shellac RS for the following two types:
Refined Bleached Shellac
Refined Orange Shellac
2S (NF33)

Add the following:
• B. Identification of Aleuritic Acid and Shellolic Acid by Thin-Layer Chromatography
Standard solution: 6 mg/mL of USP Aleuritic Acid RS in methanol, heating slightly if
necessary.
Sample solution: Weigh and finely powder 500 mg of Shellac. Transfer 500 mg of the
finely powdered Shellac to a test tube and heat with 4 mL of 85-mg/mL sodium hydroxide
solution in a vigorously boiling water bath for 5 min. Cool, add 10 mL of ethyl acetate, and
transfer the content to a separatory funnel. With stirring, add slowly 4 mL of a 120-mg/mL
solution of glacial acetic acid to the funnel. Shake the solution thoroughly and withdraw
the lower layer. Transfer the upper layer to a small flask, add anhydrous sodium sulfate,
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and pass through a membrane disk syringe of 0.45-µm pore size. Collect the filtrate and
use it as the sample.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Plate: 10-cm × 20-cm, or 20-cm × 20-cm, silica gel 60 F 254
Application volume: 10 µL, as 8-mm bands. [Note—An automated apparatus may be
used.]
Developing solvent system: Ethyl acetate, methylene chloride, methyl alcohol, and
acetic acid (60:32:8:1)
Spray reagent: Prepare the anisaldehyde solution by mixing in the following order. In 0.5
mL of anisaldehyde, add 10 mL of glacial acetic acid, 85 mL of methyl alcohol, and 5 mL
of sulfuric acid.
Analysis
Samples: Standard solution and Sample solution
Development: Apply the Samples in different bands to the previously marked starting
point on a TLC plate, and develop the plate two times over a path of 15 cm. Dry the
plate in air.
Detection: Spray with the Spray reagent. Heat the plate at 100 –105 for 10 min, and
examine in daylight (or white light).
[Note—The principal band of aleuritic acid shows strong intensity and purple color. The
retardation factor (RF) for the principal band of aleuritic acid is 0.41. A blue-gray band
with medium intensity at RF 0.22 could be assigned to shellolic acid.]
Acceptance criteria: The chromatogram from the Sample solution shows several colored
bands. One of the colored bands is similar in position and color to the band in the
chromatogram from the Standard solution, and it is assigned to aleuritic acid. Below the
aleuritic acid band, a blue-gray band is assigned to shellolic acid. 2S (NF33)
IMPURITIES
• Heavy Metals, Method II

231 : NMT 10 µg/g

Add the following:
• Limit of Chloride
Dilute nitric acid: Dilute 10.5 mL of nitric acid with water to 100 mL (10%).
Silver nitrate solution: Dissolve 1.75 g of silver nitrate in water to 100 mL (0.1 mol/L).
Sample: 0.4 g
Sample solution: Shake and dissolve the Sample in 5 mL of alcohol while warming. Add 40
mL of water, and cool. Add 12 mL of Dilute nitric acid and water to make 100 mL, and
filter. Perform the analysis using 50-mL of the filtrate as the Sample solution.
Control solution: 0.8 mL of 0.01 mol/L hydrochloric acid VS, 2.5 mL of alcohol, 6 mL of
Dilute nitric acid, and water to make 50 mL
Analysis: Add 1 mL of Silver nitrate solution to the Sample solution and Control solution,
mix well, and protect from light for 5 min. Compare the opalescence developed in both
solutions against a black background by viewing downward or transversely.
Acceptance criteria: The opalescence of the Sample solution is NMT that of the Control
solution, corresponding to NMT 0.14%. 2S (NF33)
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Add the following:
• Total Ash
Sample: 1 g
Analysis: Before sampling, ignite a crucible of platinum, quartz, or porcelain at 500 –550
for 1 h. Cool and weigh the crucible. Transfer the Sample to this crucible. Take off the lid
or open slightly if necessary. Heat the crucible at a low temperature at first, then
gradually heat to 500 –550 . Ignite to incinerate the residue for more than 4 h until no
carbonized substance remains in the ash. Cool and weigh the ash. Incinerate repeatedly
to constant weight, cool, weigh accurately, and determine the percentage of total ash. If
a carbonized substance remains and a constant weight cannot be obtained, extract the
charred mass with hot water, collect the insoluble residue on filter paper for assay, and
incinerate the residue and filter paper until no carbonized substance remains in the ash.
Then add the filtrate, evaporate to dryness, and incinerate. Cool, weigh accurately, and
determine the percentage of the total ash. If a carbon-free ash still cannot be obtained,
moisten the ash with a small amount of alcohol (ethanol). Break up the ash with a glass
rod, and wash the rod with a small amount of alcohol. Evaporate carefully, and determine
the mass of the total ash as described above. A desiccator (silica gel) is used for cooling.
Acceptance criteria: NMT 1.0% 2S (NF33)
Add the following:
• Ethanol-Insoluble Substances
Sample: 5 g
Analysis: Dissolve the Sample in 50 mL of alcohol (ethanol) in a water bath while shaking.
Transfer the ethanol solution to a tared extraction thimble that was previously dried at
105 for 2 h in a Soxhlet extractor, and extract with alcohol for 3 h. Dry the extraction
thimble at 105 for 3 h. Weigh the residue in the thimble.
Acceptance criteria: The mass of the residue is NMT 2.0%.

2S (NF33)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 41 ± 2 in a well-ventilated oven for 24 h.
Acceptance criteria: See Table 1.
Change to read:
• Acid Value
Sample solution: Dissolve 2 g of finely ground Shellac in 50 mL of alcohol that has been
neutralized to phenolphthalein with 0.1 N sodium hydroxide.
Analysis: Add additional phenolphthalein TS if necessary, and titrate with 0.1 N sodium
hydroxide VS to a pink endpoint,
or determine the endpoint potentiometrically. 2S (NF33)
Express the acid value in terms of the number of mg of potassium hydroxide required per g
of dried Shellac,
and calculate the acid value as directed in Fats and Fixed Oils 401 , Acid Value (Free
Fatty Acids). 2S (NF33)
[Note—For orange Shellac titrate slowly, stirring vigorously, until a glass rod dipped into the
titrated solution produces a color change when touched to a drop of thymol blue TS on a
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spot plate.]
Acceptance criteria: See Table 1.
• Wax
Sample: 10 g of finely ground Shellac
Analysis: Transfer the Sample and 2.50 g of sodium carbonate to a 200-mL, tall-form
beaker. Add 150 mL of hot water, immerse the beaker in a boiling water bath, and stir until
dissolved. Cover the beaker with a watch glass, and maintain the heat for more than 3 h
without agitation. Remove the beaker to a cold water bath. When the wax has floated to
the surface, pass the solution through medium-speed quantitative ashless filter paper,
transferring the wax to the paper, and wash the filter with water. Pour 5–10 mL of alcohol
onto the filter to facilitate drying. Wrap the paper loosely in a larger piece of filter paper,
bind with a piece of fine wire, and dry with the aid of gentle heat. Extract with chloroform
in a suitable continuous extraction apparatus for 2 h, using a weighed flask to receive the
extracted wax and solvent. Evaporate the solvent, and dry the wax at 105 to constant
weight.
Acceptance criteria: See Table 1.
• Rosin
Sample solution: 200 mg/mL in dehydrated alcohol
Analysis: To 10 mL of Sample solution add slowly, with shaking, 50 mL of solvent hexane,
wash with two successive 50-mL portions of water, filter the washed alcohol–solvent
hexane solution, and evaporate to dryness. To the residue add 2 mL of a mixture of
liquefied phenol, dehydrated alcohol, and solvent hexane (1: 0.5: 2). Stir, and transfer a
portion of the solution to the cavity of a color-reaction plate. Fill an adjacent cavity with
a mixture of bromine and solvent hexane (1:4), and cover both cavities with an inverted
watch glass.
Acceptance criteria: No purple or deep indigo-blue color is produced in or above the liquid
containing the residue.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers. preferably in a cold place.
Store in a dry place below 15 . Protect from light.

2S (NF33)

Change to read:
• Labeling: Label it to indicate whether it is bleached or is orange, and whether it is dewaxed
or wax-containing
Label it to indicate the type of Shellac. 2S (NF33)
Add the following:
• USP Reference Standards 11
USP Aleuritic Acid RS
USP Refined Bleached Shellac RS
USP Regular Bleached Shellac RS
2S (NF33)

BRIEFING
Aspartic Acid, USP 37 page 1839. As part of the USP monograph modernization effort, it is
proposed to replace the TLC test for Chromatographic Purity with an HPLC test for Related
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Compounds to better characterize the organic impurities. The liquid chromatographic
procedure in the test for Related Compounds is based on analyses performed with the BioRad Aminex HPX-87H brand of L58 column. Typical retention times for maleic acid, malic
acid, and fumaric acid are 7.9, 9.2, and 14.8 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: H. Dinh.)
Correspondence Number—C135108

Comment deadline: September 30, 2014
Aspartic Acid

C4 H7 NO4

133.10

l-Aspartic acid

[56-84-8].

DEFINITION
Aspartic Acid contains NLT 98.5% and NMT 101.5% of aspartic acid (C4 H7 NO4 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
ASSAY
• Procedure
Sample: 100 mg of Aspartic Acid
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Visual
Blank: 50 mL of carbon dioxide-free water. Add 0.1 mL of bromothymol blue TS.
Analysis: Transfer the Sample to a 125-mL flask, and dissolve in 50 mL of carbon dioxidefree water. Heat slightly if necessary. Cool, add 0.1 mL of bromothymol blue TS, and
titrate with Titrant until the color changes from yellow to blue. Perform the blank
determination.
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Calculate the percentage of aspartic acid (C4 H7 NO4 ) in the portion of Aspartic Acid taken:
Result = [(V

B) × N × F × 100]/W

V= Titrant volume consumed by the Sample (mL)
B= Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 133.1 mg/mEq
W
= Sample weight (mg)
Acceptance criteria: 98.5%–101.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Chloride and Sulfate, Chloride 221
Sample solution: Dissolve 0.7 g of Aspartic Acid in 10 mL of diluted nitric acid, and dilute
with water to 15 mL.
Acceptance criteria: The Sample solution shows no more chloride than corresponds to
0.20 mL of 0.020 N hydrochloric acid (NMT 0.02%).
• Chloride and Sulfate, Sulfate 221
Sample solution: Dissolve 0.8 g of Aspartic Acid in 4 mL of hydrochloric acid, and dilute
with water to 15 mL.
Acceptance criteria: The Sample solution shows no more sulfate than corresponds to 0.25
mL of 0.020 N sulfuric acid (NMT 0.03%).
• Iron 241 : NMT 10 ppm
• Heavy Metals, Method II

231 : NMT 10 ppm

Delete the following:
• Chromatographic Purity
System suitability solution: 10 mg each of USP Aspartic Acid RS and glutamic acid in 2 mL
of ammonia TS. Dilute with water to 25.0 mL.
Standard solution: Transfer 5 mg of USP Aspartic Acid RS to a 100-mL volumetric flask,
dissolve in 2 mL of 17% ammonia solution (prepared by diluting ammonium hydroxide, 6 in
10), and dilute with water to volume.
Sample solution: Transfer 0.1 g of Aspartic Acid to a 10-mL volumetric flask, dissolve in 2
mL of 17% ammonia solution (prepared by diluting ammonium hydroxide, 6 in 10), and
dilute with water to volume.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (3:1:1)
Spray reagent: 2 mg/mL of ninhydrin in a mixture of butyl alcohol and 2 N acetic acid
(95:5)
System suitability
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Sample: System suitability solution
Suitability requirement: The chromatogram of the System suitability solution exhibits
two clearly separated spots.
Analysis
Samples: System suitability solution, Standard solution, and Sample solution
Proceed as directed in the chapter, except dry the plate at 80 for 30 min, spray with
Spray reagent, and heat at 80 for 30 min. Examine the plate under white light.
Acceptance criteria: No secondary spot from the Sample solution is larger or more intense
than the principal spot from the Standard solution.
Individual impurities: NMT 0.5%
Total impurities: NMT 2.0%
2S (USP38)

Add the following:
• Related Compounds
Mobile phase: 0.008 N sulfuric acid
System suitability solution: A mixture of 0.1 mg/mL of USP Fumaric Acid RS, 0.05 mg/mL
of USP Maleic Acid RS, and 1.5 mg/mL of USP Malic Acid RS in water
Aspartic acid standard solution: 0.1 mg/mL of USP Aspartic Acid RS in water
Fumaric acid standard solution: 0.1 mg/mL of USP Fumaric Acid RS in water
Maleic acid standard solution: 0.05 mg/mL of USP Maleic Acid RS in water
Malic acid standard solution: 1.5 mg/mL of USP Malic Acid RS in water
Sample solution: Transfer 10 g of Aspartic Acid into a 100-mL volumetric flask, add 50 mL
of water and, if necessary, a few drops of 6 N hydrochloric acid to help dissolve the
sample. Dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 7.8-mm × 30-cm; 9-µm packing L58
Column temperature: 30
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between maleic acid and malic acid
Relative standard deviation: NMT 10.0% each for maleic acid, malic acid, and fumaric
acid
Analysis
Samples: Standard solutions and Sample solution
Calculate the percentage of each specified amino acid in the portion of Aspartic Acid
taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of maleic acid, malic acid, or fumaric acid from the Sample solution
rS= peak response of maleic acid, malic acid, or fumaric acid from the corresponding
Standard solution
C=
S concentration of USP Maleic Acid RS, USP Malic Acid RS, or USP Fumaric Acid RS in the
corresponding Standard solution (mg/mL)
C=
U concentration of Aspartic Acid in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of Aspartic Acid taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of aspartic acid from the Aspartic acid standard solution
C=
S concentration of USP Aspartic Acid RS in the Aspartic acid standard solution (mg/mL)
C=
U concentration of Aspartic Acid in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Maleic acid
0.5
0.05
Malic acid
0.6
0.20
Fumaric acid
1.0
0.10
Any unspecified impurity
—
0.05
Total unspecified impurities
—
0.10
2S (USP38)

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 80 mg/mL in 6 N hydrochloric acid
Acceptance criteria: +24.0 to +26.0 , at 20
• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store protected from light.
Change to read:
• USP Reference Standards
USP Aspartic Acid RS
USP Fumaric Acid RS
USP Maleic Acid RS
USP Malic Acid RS
2S (USP38)

11
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BRIEFING
Azatadine Maleate, USP 37 page 1882. As part of USP monograph modernization efforts, it is
proposed to make the following changes:
1.
Add an orthogonal Identification test C based on the retention time agreement in the
Assay to strengthen the monograph.
2.
Replace the nonspecific Assay by titrimetry with a validated HPLC procedure. The
proposed liquid chromatographic procedure uses the Zorbax Eclipse Plus Phenyl Hexyl
brand of L11 column manufactured by Agilent Technologies in which azatadine elutes
at about 17.3 min.
3.
Replace the nonspecific TLC procedure for Chromatographic Purity with a stabilityindicating HPLC procedure for Organic Impurities. The procedure uses the same
chromatographic conditions as those proposed in the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R.S. Prasad.)
Correspondence Number—C132674

Comment deadline: September 30, 2014
Azatadine Maleate

C20 H22 N2 ·2C4 H4 O4

522.55

5H-Benzo[5,6]cyclohepta[1,2-b]pyridine, 6,11-dihydro-11-(1-methyl-4-piperidinylidene)-, (Z)2-butenedioate (1:2);
6,11-Dihydro-11-(1-methyl-4-piperidylidene)-5H-benzo[5,6]cyclohepta[1,2-b]pyridine maleate
(1:2)
[3978-86-7].
DEFINITION
Azatadine Maleate contains NLT 98.0% and NMT 102.0% of azatadine maleate
(C20 H22 N2 ·2C4 H4 O4 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. Ultraviolet Absorption 197U
Medium: 0.25 N hydrochloric acid in methanol
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Sample solution: 40 µg/mL in Medium
Acceptance criteria: Meets the requirements
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve about 650 mg of Azatadine Maleate in 50 mL of glacial acetic
acid, and add 2 drops of crystal violet TS.
Titrimetric system
(See Titrimetry

541 .)

Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Analysis: Titrate with Titrant. Perform a blank determination. Each mL of 0.1 N perchloric
acid is equivalent to 26.13 mg of azatadine maleate (C20 H22 N2 ·2C4 H4 O4 ).
Solution A: 3.854 g/L of ammonium acetate in water. Adjust with 25% ammonium
hydroxide solution to a pH of 7.6 and pass through a suitable filter of 0.2-µm pore size.
Solution B: Acetonitrile and methanol (20:80)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
7.0
70
30
12.0
60
40
14.0
50
50
16.0
30
70
18.0
30
70
18.1
80
20
20.0
80
20
Standard solution: 0.5 mg/mL of USP Azatadine Maleate RS in water
Sample solution: 0.5 mg/mL of Azatadine Maleate in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 237 nm
Column: 4.6-mm × 15-cm; 5-µm packing L11
Column temperature: 45
Flow rate: 1.2 mL/min
Injection volume: 3 µL
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System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of azatadine maleate (C20 H22 N2 ·2C4 H4 O4 ) in the portion of
Azatadine Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of azatadine from the Sample solution
rS= peak response of azatadine from the Standard solution
CS= concentration of USP Azatadine Maleate RS in the Standard solution (mg/mL)
CU= concentration of Azatadine Maleate in the Sample solution (mg/mL)
2S (USP38)

Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Chromatographic Purity
Standard solution: 7 mg/mL of USP Azatadine Maleate RS in a mixture of toluene and
methanol (1:1)
Sample solution: 7 mg/mL of the Azatadine Maleate in a mixture of toluene and
methanol (1:1)
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 100 µL
Developing solvent system: Toluene, isopropyl alcohol, and diethylamine (10:10:1)
Analysis
Samples: Standard solution and Sample solution
Analysis 1
Samples: Standard solution and Sample solution
Apply the samples to a suitable TLC plate. Allow the spots to dry, and develop the
chromatogram in the Developing solvent system until the solvent front has moved
about three-fourths of the length of the plate. Remove the plate from the
developing chamber, mark the solvent front, and allow the solvent to evaporate.
Locate the spots on the plate by visualization under short-wavelength UV light.
Separately transfer the silica gel mixture containing the principal spot from each
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track to suitable stoppered centrifuge tubes.
[Note—Take care to separate the principal spots from any adjacent spots.]
Similarly transfer an equal amount of silica gel from a blank section of the plate to a
separate, suitable stoppered centrifuge tube. To each of the three tubes, add 15.0
mL of a solvent mixture consisting of methanol and 0.5 N hydrochloric acid (4:1),
shake vigorously for 15 min, centrifuge, and use the supernatants for Analysis 2.
Instrumental conditions
Cell: 1 cm
Analytical wavelength: 284 nm
Blank: Solution obtained from the blank section of the plate
Analysis 2
Samples: Blank, Standard solution, and Sample solution
Concomitantly determine the absorbances.
Calculate the chromatographic purity in the portion of Azatadine Maleate taken:
(AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Azatadine Maleate RS in the Standard solution (mg/mL)
C=
U concentration of azatadine maleate in the Sample solution (mg/mL)
Acceptance criteria: NLT 98.0%
Solution A, Solution B, Mobile phase, and Chromatographic system: Proceed as
directed in the Assay.
Standard stock solution: 1.0 mg/mL of USP Azatadine Maleate RS in water
Standard solution: 0.001 mg/mL of USP Azatadine Maleate RS in water from the
Standard stock solution
Sample solution: 1.0 mg/mL of Azatadine Maleate in water
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified impurity in the portion of
Azatadine Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unspecified impurity from the Sample solution
rS= peak response of azatadine from the Standard solution
CS= concentration of USP Azatadine Maleate RS in the Standard solution (mg/mL)
CU= concentration of Azatadine Maleate in the Sample solution (mg/mL)
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Acceptance criteria
Individual impurity: NMT 0.10%
Total impurities: NMT 2.0%. Disregard any impurity peak less than 0.05%.
2S (USP38)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry under vacuum at 60 for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Azatadine Maleate RS

11
BRIEFING

Benzocaine Topical Aerosol, USP 37 page 1933. As a part of the USP monograph
modernization effort, the following revisions are being proposed:
1.
Replace the wet chemistry-based Identification test A with a retention time agreement
from the proposed HPLC procedure in the Assay.
2.
Add Identification test B with a UV spectrum match of the main peak from the proposed
HPLC procedure in the Assay.
3.
Replace the titration procedure in the Assay with a stability-indicating HPLC procedure.
The liquid chromatographic procedure is performed using the Waters Symmetry Shield
RP8 brand of 5-µm L7 column. The typical retention time of benzocaine is about 15
min.
4.
Add a test for Organic Impurities that uses the same HPLC procedure as the Assay.
5.
Update the tests in Other Requirements to be consistent with the newly revised
general chapters.
6.
Add a USP Reference Standards section to include the Reference Standards being used
in the proposed new procedures.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R.H. Yeh.)
Correspondence Number—C136871

Comment deadline: September 30, 2014
Benzocaine Topical Aerosol
DEFINITION
Benzocaine Topical Aerosol is a solution of Benzocaine in a pressurized container. It contains
NLT 90.0% and NMT 110.0% of the labeled amount of benzocaine (C9 H11 NO2 ).
IDENTIFICATION
Delete the following:
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Delete the following:
• A.
Sample: 5 mg of benzocaine from a portion of Topical Aerosol
Analysis: Spray the Sample into a beaker, and heat on a steam bath for a few min to expel
residual propellant. Add 20 mL of 0.5 N hydrochloric acid, warm gently to disperse, cool,
and filter. To 10 mL of the filtrate add 5 drops of sodium nitrite solution (1 in 10) and 2
drops of methyl red TS, and neutralize with 1 N sodium hydroxide. Add 2 mL of a solution
of 100 mg of 2-naphthol in 5 mL of 1 N sodium hydroxide.
Acceptance criteria: An orange-red precipitate is formed. 2S (USP38)
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: Spray a portion of the Topical Aerosol into a beaker, and heat on a
steam bath for a few min to expel residual propellant. Cool, and transfer 200 mg of
benzocaine from a portion of the solution to a 250-mL beaker. Add 50 mL of water and 5
mL of hydrochloric acid, and stir. Cool the solution in an ice bath to 10 .
Titrimetric system
(See Titrimetry

541 .)

Titrant: 0.1 M sodium nitrite VS
End-point detection: Potentiometric
Analysis: Titrate the Sample solution slowly with Titrant using calomel-platinum electrode
system. Perform a blank determination, and make any necessary correction. Each mL of
0.1 M sodium nitrite is equivalent to 16.52 mg of benzocaine (C9 H11 NO2 ).
Acceptance criteria: 90.0%–110.0%
Solution A: 0.1% Trifluoroacetic acid, prepared by diluting 1.0 mL of trifluoroacetic acid
with water to 1 L
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
34
50
50
35
90
10
38
90
10
Diluent: Solution A and Solution B (1:1)
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System suitability solution: 1 µg/mL each of USP Benzocaine RS, USP Aminobenzoic
Acid RS, and USP Ethyl 4-Nitrobenzoate RS in Diluent
Standard solution: 0.1 mg/mL of USP Benzocaine RS in Diluent
Sample composite: Spray a portion of Topical Aerosol into a beaker or glass tube, and
heat on a steam bath or a heating module at 100 for a few min to expel residual
propellant. Use the resulting benzocaine solution.
Sample solution: Nominally 0.1 mg/mL of benzocaine in Diluent prepared as follows.
Transfer a known quantity of benzocaine solution from a portion of Sample composite
to an appropriate volumetric flask, dissolve, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm. For Identification test B, use a diode array detector in the
range of 200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 6 between aminobenzoic acid and benzocaine; NLT 6 between
benzocaine and ethyl 4-nitrobenzoate, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzocaine (C9 H11 NO2 ) in the portion
of Topical Aerosol taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of benzocaine from the Sample solution
rS= peak response of benzocaine from the Standard solution
CS= concentration of USP Benzocaine RS in the Standard solution (mg/mL)
CU= nominal concentration of benzocaine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

2S (USP38)

IMPURITIES
Add the following:
• Organic Impurities
Solution A: 0.1% Trifluoroacetic acid, prepared by diluting 1.0 mL of trifluoroacetic acid
with water to 1 L
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Diluent: Solution A and Solution B (1:1)
Standard solution: 1 µg/mL each of USP Benzocaine RS, USP Aminobenzoic Acid RS, and
USP Ethyl 4-Nitrobenzoate RS in Diluent
Sample composite: Spray a portion of the Topical Aerosol into a beaker or a glass tube,
and heat on a steam bath or a heating module at 100 for a few min to expel residual
propellant. Use the resulting benzocaine solution.
Sample solution: Nominally 0.5 mg/mL of benzocaine in Diluent prepared as follows.
Transfer 50 mg of benzocaine from a portion of Sample composite to a 100-mL volumetric
flask, dissolve, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 6 between aminobenzoic acid and benzocaine; NLT 6 between
benzocaine and ethyl 4-nitrobenzoate
Relative standard deviation: NMT 3% for each peak corresponding to benzocaine,
aminobenzoic acid, and ethyl 4-nitrobenzoate
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aminobenzoic acid and ethyl 4-nitrobenzoate in the portion of
Topical Aerosol taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of aminobenzoic acid or ethyl 4-nitrobenzoate from the Sample solution
rS= peak response of aminobenzoic acid or ethyl 4-nitrobenzoate from the Standard solution
C=
S concentration of USP Aminobenzoic Acid RS or USP Ethyl 4-Nitrobenzoate RS in the
Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
Calculate the percentage of any other individual, unspecified impurity in the portion of
Topical Aerosol taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other individual, unspecified impurity from the Sample solution
rS= peak response of benzocaine from the Standard solution
C=
S concentration of USP Benzocaine RS in the Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
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Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Aminobenzoic acid
0.3
0.20
Benzocaine
1.0
—
Ethyl 4-nitrobenzoate
2.1
0.20
Any other individual, unspecified impurity
—
0.10
Total impurities
—
1.0
2S (USP38)

SPECIFIC TESTS
Delete the following:
• Other Requirements: It meets the requirements in Aerosols, Nasal Sprays, Metered-Dose
Inhalers, and Dry Powder Inhalers

601 , Pressure Test, Minimum Fill, and Leakage Test.

2S (USP38)

Add the following:
• Topical Aerosols, Pressure Test

603 : Meets the requirements

2S (USP38)

Add the following:
• Leak Rate

604 : Meets the requirements

2S (USP38)

Add the following:
• Minimum Fill 755 : Meets the requirements

2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in pressurized containers, and avoid exposure to
excessive heat.
Add the following:
• USP Reference Standards 11
USP Aminobenzoic Acid RS
Benzoic acid, 4-amino.
C7 H7 NO2
137.14
USP Benzocaine RS
USP Ethyl 4-Nitrobenzoate RS
Benzoic acid, 4-nitro-, ethyl ester.
C9 H9 NO4
195.17
2S (USP38)

BRIEFING
Benzocaine Topical Solution, USP 37 page 1936. As a part of the USP monograph
modernization effort, the following revisions are proposed:
1.
Replace the wet chemistry-based Identification test A with a retention time agreement
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from the proposed HPLC procedures in the Assay.
2.
Add Identification test B with a UV spectrum match of the main peak from the proposed
HPLC procedure in the Assay.
3.
Replace the titration procedure in the Assay with a stability-indicating HPLC procedure.
The liquid chromatographic procedure is performed using the Waters Symmetry Shield
RP8 brand of 5-µm L7 column. The typical retention time of benzocaine is about 15
min.
4.
Add an HPLC procedure in the test for Organic Impurities using the same
Chromatographic system as the Assay, with minor modification of the Mobile phase
gradient.
5.
Add a USP Reference Standards section to include Reference Standards that are being
used in the proposed new procedures.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R.H. Yeh.)
Correspondence Number—C136872

Comment deadline: September 30, 2014
Benzocaine Topical Solution
DEFINITION
Benzocaine Topical Solution is a solution of Benzocaine in a suitable solvent. It contains NLT
90.0% and NMT 110.0% of the labeled amount of benzocaine (C9 H11 NO2 ). It contains a
suitable antimicrobial agent.
IDENTIFICATION
Delete the following:
• A.
Sample: 5 mg of benzocaine from a volume of Topical Solution
Analysis: Transfer the Sample to a small beaker. Add 20 mL of 0.5 N hydrochloric acid, and
warm gently to disperse the Topical Solution. Cool, and filter. To 10 mL of the filtrate add
5 drops of sodium nitrite solution (1 in 10) and 2 drops of methyl red TS, and neutralize
with 1 N sodium hydroxide. Add 2 mL of a solution of 100 mg of 2-naphthol in 5 mL of 1 N
sodium hydroxide.
Acceptance criteria: An orange-red precipitate is formed. 2S (USP38)
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
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Change to read:
• Procedure
Sample solution: Transfer 200 mg of benzocaine from a volume of Topical Solution to a
250-mL beaker. Add 50 mL of water and 5 mL of hydrochloric acid, and stir. Cool the
solution in an ice bath to about 10 .
Titrimetric system
Titrant: 0.1 M sodium nitrite VS
End-point detection: Potentiometric
Analysis: Titrate the Sample solution slowly with Titrant using calomel-platinum electrode
system. Perform a blank determination, and make any necessary correction. Each mL of
0.1 M sodium nitrite is equivalent to 16.52 mg of benzocaine (C9 H11 NO2 ).
Acceptance criteria: 90.0%–110.0%
Solution A: 0.1% Trifluoroacetic acid, prepared by diluting 1.0 mL of trifluoroacetic acid
with water to 1 L
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
34
50
50
35
90
10
38
90
10
Diluent: Solution A and Solution B (1:1)
System suitability solution: 2 µg/mL each of USP Benzocaine RS, USP Aminobenzoic
Acid RS, and USP Ethyl 4-Nitrobenzoate RS in Diluent
Standard solution: 0.1 mg/mL of USP Benzocaine RS in Diluent
Sample solution: Nominally 0.1 mg/mL of benzocaine in Diluent prepared as follows.
Transfer 10 mg of benzocaine from a portion of Topical Solution to a 100-mL volumetric
flask, and dilute with Diluent to volume. Pass through a suitable filter of 0.45-µm pore
size as needed, discarding the first 2–3 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm. For Identification test B, use a diode array detector in the
range of 200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for aminobenzoic acid, benzocaine, and ethyl 4nitrobenzoate are 0.3, 1.0, and 2.1, respectively.]
Suitability requirements
Resolution: NLT 6 between aminobenzoic acid and benzocaine; and between
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benzocaine and ethyl 4-nitrobenzoate, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzocaine (C9 H11 NO2 ) in the portion
of Topical Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of benzocaine from the Sample solution
rS= peak response of benzocaine from the Standard solution
CS= concentration of USP Benzocaine RS in the Standard solution (mg/mL)
CU= nominal concentration of benzocaine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

2S (USP38)

IMPURITIES
Add the following:
• Organic Impurities
Solution A: 0.1% Trifluoroacetic acid, prepared by diluting 1.0 mL of trifluoroacetic acid
with water to 1 L
Solution B: Acetonitrile
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
85
15
34
55
45
35
85
15
38
85
15
Diluent: Solution A and Solution B (1:1)
Standard solution: 2 µg/mL each of USP Benzocaine RS, USP Aminobenzoic Acid RS, and
USP Ethyl 4-Nitrobenzoate RS in Diluent
Sample solution: Nominally 1 mg/mL of benzocaine in Diluent prepared as follows. Transfer
50 mg of benzocaine from a portion of Topical Solution to a volumetric flask and dissolve
with aid of sonication as needed, then dilute with Diluent to volume. Pass through a
suitable filter of 0.45-µm pore size as needed, discarding the first 2–3 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
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Sample: Standard solution
[Note—See Table 3 for relative retention times.]
Suitability requirements
Resolution: NLT 6 between aminobenzoic acid and benzocaine; and between
benzocaine and ethyl 4-nitrobenzoate
Relative standard deviation: NMT 2.0% for each peak corresponding to benzocaine,
aminobenzoic acid, and ethyl 4-nitrobenzoate
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aminobenzoic acid and ethyl 4-nitrobenzoate in the portion of
Topical Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of aminobenzoic acid or ethyl 4-nitrobenzoate from the Sample solution
rS= peak response of aminobenzoic acid or ethyl 4-nitrobenzoate from the Standard solution
C=
S concentration of USP Aminobenzoic Acid RS or USP Ethyl 4-Nitrobenzoate RS in the
Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
Calculate the percentage of any other individual unspecified impurity in the portion of
Topical Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other individual unspecified impurity from the Sample solution
rS= peak response of benzocaine from the Standard solution
C=
S concentration of USP Benzocaine RS in the Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
Acceptance criteria: See Table 3. Disregard peaks less than 0.05%.
Table 3
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Aminobenzoic acid
0.27
0.20
Benzocaine
1.0
—
Ethyl 4-nitrobenzoate
2.5
0.20
Any other individual unspecified impurity
—
0.10
Total impurities
—
1.0
2S (USP38)

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : It
meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa.
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light, and avoid
prolonged exposure to temperatures exceeding 30 .
Add the following:
• USP Reference Standards 11
USP Aminobenzoic Acid RS
Benzoic acid, 4-amino.
C7 H7 NO2
137.14
USP Benzocaine RS
USP Ethyl 4-Nitrobenzoate RS
Benzoic acid, 4-nitro-, ethyl ester.
C9 H9 NO4
195.17
2S (USP38)

BRIEFING
Budesonide, USP 37 page 2022. On the basis of comments received, it is proposed to revise
the monograph as follows:
1.
Reduce the number of chromatographic procedures necessary to characterize the
impurities present in the drug substance and replace HPLC-based Impurities
Procedure 1: Limit of 21-Acetate of Budesonide, Procedure 2: Limit of 11Ketobudesonide, and Procedure 3 with a single liquid chromatographic procedure that
is capable of separating the impurities listed in Table 2 in the test for Organic
Impurities. The proposed procedure was validated using the Hypersil BDS C18 brand
of L1 column. The typical retention time of epimer A of budesonide is about 40 min.
2.
Replace the chromatographic procedure in the Assay with a method that is based on
the method proposed in the test for Organic Impurities. The proposed procedure was
validated using the Hypersil BDS C18 brand of L1 column. The typical retention time
of epimer A of budesonide is about 8 min.
3.
Based on the availability of new USP Reference Standards, introduce a resolution
requirement between budesonide related compound L (11-ketobudesonide) and
budesonide related compound E (budesonide 14-ene) and between epimer A of
budesonide and the first epimer of budesonide related compound G
(dihydrobudesonide) in the test for Organic Impurities.
4.
The chemical names for the drug substance and the chemical names of several
impurities in Table 2 in the test for Organic Impurities are revised to be in agreement
with current USP nomenclature.
5.
The USP Reference Standards used in the test for Organic Impurities are added to the
USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: M. Koleck, D. Vicchio.)
Correspondence Number—C110723

Comment deadline: September 30, 2014
Budesonide
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Change to read:

C25 H34 O6

430.53

Pregna-1,4-diene-3,20-dione, 16 ,17-[1R-butylidenebis(oxy)]-11 ,21-dihydroxy and pregna1,4-diene-3,20-dione,16 ,17-[1S-butylidenebis(oxy)]-11 ,21-dihydroxy;
Pregna-1,4-diene-3,20-dione, 16,17-butylidenebis(oxy)-11,21-dihydroxy-,[11b,16a(R)], and
16a,17-[(S)-Butylidenebis(oxy)]-11b,21-dihydroxypregna-1,4-diene-3,20-dione; 2S (USP38)
(RS)-11
b 2S (USP38)
,16
a 2S (USP38)
,17,21-Tetrahydroxypregna-1,4-diene-3,20-dione cyclic 16,17-acetal with butyraldehyde
[51333-22-3].
S epimer
2S (USP38)

[51372-28-2].
R epimer
2S (USP38) [51372-29-3].
DEFINITION
Budesonide is a mixture of two epimeric forms, epimer A(C-22S) and epimer B(C-22R). It
contains NLT 40.0% and NMT 51.0% of epimer A, and the sum of both epimers is NLT 98.0%
and NMT 102.0% of budesonide (C25 H34 O6 ), calculated on the dried basis.
[Note—Protect all solutions containing Budesonide from light.]
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Sample solution: 25 µg/mL in methanol
Acceptance criteria: Meets the requirements
ASSAY
Change to read:

176

PF 40(4): Jul.-Aug. 2014

177

• Procedure
Buffer: 3.17 mg/mL of monobasic sodium phosphate and 0.23 mg/mL of phosphoric acid.
The pH is 3.2 ± 0.1.
Mobile phase: Acetonitrile and Buffer (32:68)
Standard solution: Dissolve a quantity of USP Budesonide RS in acetonitrile, and dilute
quantitatively with Buffer to obtain a solution having a concentration of 0.5 mg/mL,
keeping the proportion of acetonitrile in this solution to NMT 30%.
Sample solution: Dissolve 25 mg of Budesonide in 15 mL of acetonitrile in a 50-mL
volumetric flask, and dilute with Buffer to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention time for epimer A is 1.1, with respect to epimer B.]
Suitability requirements
Resolution: NLT 1.5 between the two budesonide epimer peaks
Column efficiency: NLT 5500 theoretical plates, determined from the budesonide
epimer B peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of epimer A (C25 H34 O6 ) in the portion of Budesonide taken:
Result = [rUA/(rUA + rUB)] × 100
rUA
= peak area of epimer A from the Sample solution
rUB
= peak area of epimer B from the Sample solution
Calculate the percentage of C25 H34 O6 in the portion of Budesonide taken:
Result = [(rUA + rUB)/(rSA + rSB)] × (CS/CU) × 100
rUA
= peak area of epimer A from the Sample solution
rUB
= peak area of epimer B from the Sample solution
rSA= peak area of epimer A from the Standard solution
rSB= peak area of epimer B from the Standard solution
CS= concentration of USP Budesonide RS in the Standard solution (mg/mL)
CU= concentration of Budesonide in the Sample solution (mg/mL)
Acceptance criteria
Epimer A: 40.0%–51.0%
Both epimers: 98.0%–102.0% on the dried basis
Buffer: 0.5 mL of glacial acetic acid in 1 L of water. Adjust with potassium hydroxide to
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a pH of 3.9.
Mobile phase: Acetonitrile and Buffer (45:55)
Standard solution: 0.06 mg/mL of USP Budesonide RS prepared as follows. Transfer USP
Budesonide RS to a suitable volumetric flask, dissolve in acetonitrile equivalent to 30%
of the flask volume, and dilute with water to volume.
Sample solution: 0.06 mg/mL of Budesonide prepared as follows. Transfer Budesonide
to a suitable volumetric flask, dissolve in acetonitrile equivalent to 30% of the flask
volume, and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 3-µm packing L1
Column temperature: 50
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention time for epimer B is 0.96 with respect to epimer A.]
Suitability requirements
Resolution: NLT 1.2 between the two budesonide epimer peaks
Relative standard deviation NMT 1.0%, for the sum of the peak areas of the two
budesonide epimers
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of budesonide epimer A (C25 H34 O6 ) in the portion of
Budesonide taken:
Result = [rUA/(rUA + rUB)] × 100
rUA= peak area of epimer A from the Sample solution
rUB= peak area of epimer B from the Sample solution
Calculate the percentage of budesonide (C25 H34 O6 ) in the portion of Budesonide taken:
Result = [(rUA + rUB)/(rSA + rSB)] × (CS/CU) × 100
rUA= peak area of epimer A from the Sample solution
rUB= peak area of epimer B from the Sample solution
rSA= peak area of epimer A from the Standard solution
rSB= peak area of epimer B from the Standard solution
CS= concentration of USP Budesonide RS in the Standard solution (mg/mL)
CU= concentration of Budesonide in the Sample solution (mg/mL)
Acceptance criteria
Epimer A: 40.0%–51.0%
Both epimers: 98.0%–102.0% on the dried basis
2S (USP38)
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IMPURITIES
Delete the following:
• Procedure 1: Limit of 21-Acetate of Budesonide
Buffer: 3.17 mg/mL of monobasic sodium phosphate and 0.23 mg/mL of phosphoric acid.
The pH is 3.2 ± 0.1.
Mobile phase: Acetonitrile and Buffer (45:55)
Standard solution: Dissolve a quantity of USP Budesonide RS in acetonitrile, and dilute
quantitatively with Buffer to obtain a solution having a concentration of 0.5 mg/mL,
keeping the proportion of acetonitrile in this solution to NMT 30%.
Sample solution: Dissolve 25 mg of Budesonide in 15 mL of acetonitrile in a 50-mL
volumetric flask, and dilute with Buffer to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the first eluted epimer of the 21-acetate of
budesonide, the second eluted epimer of the 21-acetate of budesonide, the first eluted
epimer of budesonide (epimer B), and the second eluted epimer of budesonide (epimer A)
are 3.1, 3.2, 1.0, and 1.1, respectively. ]
Suitability requirements
Column efficiency: NLT 5500 theoretical plates, determined from the budesonide epimer
B peak
Analysis
Sample: Sample solution
Calculate the percentage of the 21-acetate of budesonide in the portion of Budesonide
taken:
Result = (rT1/rT2) × 100
rT1
= sum of the peak areas for the two epimers of the 21-acetate of budesonide
rT2
= sum of the peak areas of the two budesonide peaks
Acceptance criteria: NMT 0.10% of the 21-acetate of budesonide is found.

2S (USP38)

Delete the following:
• Procedure 2: Limit of 11-Ketobudesonide
Buffer: 3.17 mg/mL of monobasic sodium phosphate and 0.23 mg/mL of phosphoric acid.
The pH is 3.2 ± 0.1.
Mobile phase: Acetonitrile, isopropanol, and Buffer (26:9:65)
Standard solution: Dissolve a quantity of USP Budesonide RS in acetonitrile, and dilute
quantitatively with Buffer to obtain a solution having a concentration of 0.5 mg/mL,
keeping the proportion of acetonitrile in this solution to NMT 30%.
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Sample solution: Dissolve 25 mg of Budesonide in 15 mL of acetonitrile in a 50-mL
volumetric flask, and dilute with Buffer to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 50
[Note—Preheat the Mobile phase to 50 . ]
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the two epimers of 11-ketobudesonide are 0.73
and 0.78, respectively; the relative retention times for 21-dehydrobudesonide, 14,15dehydrobudesonide, and the first eluted epimer of budesonide (epimer B) are 0.68, 0.84,
and 1.0, respectively. ]
Suitability requirements
Column efficiency: NLT 5500 theoretical plates, determined from the budesonide epimer
B peak
Analysis
Sample: Sample solution
Calculate the percentage of 11-ketobudesonide in the portion of Budesonide taken:
Result = (rT1/rT2) × 100
rT1
= sum of the peak areas for the two ketobudesonide peaks
rT2
= sum of the peak areas of the two budesonide peaks
Acceptance criteria: NMT 0.2% of 11-ketobudesonide is found.

2S (USP38)

Delete the following:
• Procedure 3
Buffer: 3.17 mg/mL of monobasic sodium phosphate and 0.23 mg/mL of phosphoric acid.
The pH is 3.2 ± 0.1.
Mobile phase: Acetonitrile and Buffer (32:68)
Standard solution: Dissolve a quantity of USP Budesonide RS in acetonitrile, and dilute
quantitatively with Buffer to obtain a solution having a concentration of 0.5 mg/mL,
keeping the proportion of acetonitrile in this solution to NMT 30%.
Sample solution: Dissolve 25 mg of Budesonide in 15 mL of acetonitrile in a 50-mL
volumetric flask, and dilute with Buffer to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
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Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 5500 theoretical plates, determined from the budesonide epimer
B peak
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Budesonide taken:
Result = (rU/rT) × 100
r=
U peak area for each impurity
r=
T sum of the areas of all of the peaks
Acceptance criteria: See Table 1.

Name
16 -Hydroxyprednisolonea
d-Homobudesonideb
21-Dehydrobudesonide (epimers)c
14,15-Dehydrobudesonidee
Total specified impurities
Any other individual impurity
Total unspecified impurities

Table 1
Relative
Retention
Time
0.11
0.36
0.61; 0.66
0.86
—
—
—

Acceptance
Criteria,
NMT (%)
0.2
0.10
0.07d
0.10
0.4f
0.10
0.4

a 11 ,16 ,17,21-Tetrahydroxypregna-1,4-diene-3,20-dione.
b 16 ,17-[(1RS)-Butylidenebis(oxy)]-11 -hydroxy-17-(hydroxymethyl)-d-homoandrosta1,4-diene-3,17a-dione.
c 16 ,17-[(1RS)-Butylidenebis(oxy)]-11 -hydroxy-3,20-dioxopregna-1,4-dien-21-al.
d Limit includes both epimers.
e 16 ,17-[(1RS)-Butylidenebis(oxy)]-11 ,21-dihydroxypregna-1,4,14-triene-3,20-dione.
f Total specified impurities includes 11-ketobudesonide obtained in the test for Limit of 11Ketobudenoside and the impurities listed above.
2S (USP38)

Add the following:
• Organic Impurities
Solution A: 0.5 mL of glacial acetic acid in 1 L of water. Adjust with potassium hydroxide
to a pH of 3.9.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
5
75
25
35
68
32
42
59
41
59
25
75
60
75
25
70
75
25
Diluent: Acetonitrile and water (3:7)
System suitability stock solution A: 0.3 mg/mL of USP Budesonide Related Compound E
RS in acetonitrile
System suitability stock solution B: 0.3 mg/mL of USP Budesonide Related Compound G
RS in acetonitrile
System suitability stock solution C: 0.3 mg/mL of USP Budesonide Related Compound L
RS in acetonitrile
System suitability solution: 0.6 mg/mL of USP Budesonide RS and 3 µg/mL each of USP
Budesonide Related Compound E RS, USP Budesonide Related Compound G RS, and USP
Budesonide Related Compound L RS in Diluent prepared as follows. Transfer USP
Budesonide RS to a suitable volumetric flask and add suitable quantities of System
suitability stock solution A, System suitability stock solution B, and System suitability
stock solution C . Dilute with acetonitrile equivalent to 30% of the final volume and dilute
with water to volume.
Standard stock solution: 0.6 mg/mL of USP Budesonide RS prepared as follows. Transfer
USP Budesonide RS to a suitable volumetric flask, dissolve in acetonitrile equivalent to
30% of the flask volume, and dilute with water to volume.
Standard solution: 6 µg/mL of USP Budesonide RS in Diluent from the Standard stock
solution
Sample solution: 0.6 mg/mL of Budesonide prepared as follows. Transfer Budesonide to a
suitable volumetric flask, dissolve in acetonitrile equivalent to 30% of the flask volume,
and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 3-µm packing L1
Temperatures
Autosampler: 4
Column: 50 . [Note—The resolution between budesonide related compound E and
budesonide related compound L may be improved by lowering the temperature, but to
NLT 40 .]
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
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[Note—The relative retention times of the two epimers of budesonide are 0.96 (epimer B)
and 1.00 (epimer A), respectively.]
Suitability requirements
Resolution: NLT 1.2 between budesonide related compound E and budesonide related
compound L and NLT 3.0 between budesonide epimer A and the first epimer of
budesonide related compound G, System suitability solution
Tailing factor: NMT 1.5 for the budesonide epimer B peak, Standard solution
Relative standard deviation: NMT 5.0%, for the sum of the peak areas of the two
budesonide epimers, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Budesonide taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of the sum of budesonide epimers from the Standard solution
C=
S concentration of USP Budesonide RS in the Standard solution (mg/mL)
C=
U concentration of Budesonide in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard peaks that are less than 0.05% of the total
peak areas of the budesonide epimers. Disregard peaks eluting after 60 min, which, if
present, are due to the change in the gradient.
Table 2

Name
16 -Hydroxyprednisolonea
Budesonide acetaldehyde acetal (epimers)b
Budesonide d-homo analogd,e
Desonidee,f
Budesonide glyoxal (epimers)g
Budesonide related compound Eh
Budesonide related compound Li
Budesonide epimer B
Budesonide epimer A
Budesonide related compound G (epimers)j
Budesonide 21-acetate (epimers)k
Budesonide 21-butyratel
Any other individual impurity
Total specified impurities
Total unspecified impurities

Relative
Retention
Time
0.12
0.39, 0.40
0.47
0.51
0.76, 0.78
0.86
0.88
0.96
1.00
1.07, 1.08
1.39, 1.40
1.48
—
—
—

Acceptance
Criteria,
NMT (%)
0.2
0.10c
0.10
0.10
0.07c
0.10
0.2
—
—
0.10c
0.10c
0.10
0.10
0.4
0.4
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a 11 ,16 ,17,21-Tetrahydroxypregna-1,4-diene-3,20-dione.
b 16 ,17-[Ethylidenebis(oxy)]-11 ,21-dihydroxypregna-1,4-diene-3,20-dione.
c Limit includes both epimers.
d 16 ,17-[Butylidenebis(oxy)]-11 -hydroxy-17-(hydroxymethyl)-d-homoandrosta-1,4diene-3,17a-dione; also known as d-homobudesonide.
e This impurity is to be reported under total unspecified impurities. Do not report it under
total specified impurities.
f 16 ,17-[1-Methylethylidenebis(oxy)]-11 , 21-dihydroxypregna-1,4-diene-3,20-dione.
g 16 ,17-[Butylidenebis(oxy)]-11 -hydroxy-3,20-dioxopregna-1,4-dien-21-al; also known
as 21-dehydrobudesonide.
h Also known as 14,15-dehydrobudesonide or budesonide 14-ene.
i Also known as 11-ketobudesonide.
j Also known as 1,2-dihydrobudesonide.
k 16 ,17-[Butylidenebis(oxy)]-11 ,21-dihydroxypregna-1,4-diene-3,20-dione-21acetate.
l 16 ,17-[Butylidenebis(oxy)]-11 ,21-dihydroxypregna-1,4-diene-3,20-dione-21butyrate.
2S (USP38)

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 103 cfu/g, and the total combined molds and yeast
count is NMT 102 cfu/g.
• Loss on Drying 731
Analysis: Dry at 105 to constant weight.
Acceptance criteria: NMT 0.3%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
Change to read:
• USP Reference Standards 11
USP Budesonide RS
USP Budesonide Related Compound E RS
16 ,17-[Butylidenebis(oxy)]-11 ,21-dihydroxypregna-1,4,14-triene-3,20-dione.
C25 H32 O6
428.52
USP Budesonide Related Compound G RS
16 ,17-[Butylidenebis(oxy)]-11 ,21-dihydroxypregna-4-ene-3,20-dione.
C25 H36 O6
432.55
USP Budesonide Related Compound L RS
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16 ,17-[Butylidenebis(oxy)]-21-hydroxypregna-1,4-diene-3,11,20-trione.
C25 H32 O6
428.52
2S (USP38)

BRIEFING
Buspirone Hydrochloride, USP 37 page 2037. As a part of USP monograph modernization
efforts, the following revisions are proposed:
1.
Replace the current HPLC procedure in the Assay that uses an internal standard solution
with a new HPLC procedure, which is validated based on the Related substances
procedure in the European Pharmacopoeia monograph for Buspirone Hydrochloride.
The liquid chromatographic procedure is performed using the Nucleosil 100-5 C18
brand of L1 column. The typical retention time for buspirone is about 23 min.
2.
Add a stability-indicating HPLC procedure in the test for Organic Impurities using the
same chromatographic system as the Assay.
3.
Add five new USP Reference Standards, which are used in the proposed procedures, to
the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R.-H. Yeh.)
Correspondence Number—C127940

Comment deadline: September 30, 2014
Buspirone Hydrochloride
Change to read:

C21 H31 N5 O2 ·HCl

421.96

8-Azaspiro[4,5]decane-7,9-dione, 8-[4-[4-(2-pyrimidinyl)-1-piperazinyl]butyl]-,
monohydrochloride;
N-[4-[4-(2-Pyrimidinyl)-1-piperazinyl]butyl]-1,1-cyclopentanediacetamide
monohydrochloride
[33386-08-2]; [36505-84-7]
2S (USP38)

.
DEFINITION
Buspirone Hydrochloride contains NLT 97.5% and NMT 102.5% of buspirone hydrochloride
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(C21 H31 N5 O2 ·HCl), calculated on the as-is basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The relative retention time of the major peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride 191
Sample solution: 10 mg/mL in water
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Buffer: 1.36 g/L of monobasic potassium phosphate in water. Adjust the solution with
10% sodium hydroxide (w/v) to a pH of 7.5, and filter.
Mobile phase: Acetonitrile and Buffer (2:3)
Internal standard stock solution: 2.5 mg/mL of propylparaben in methanol
Internal standard solution: 0.125 mg/mL of propylparaben from the Internal standard
stock solution in water
Standard stock solution: Dissolve 50 mg of USP Buspirone Hydrochloride RS in 25 mL of 1
N hydrochloric acid in a 100-mL volumetric flask, and dilute with water to volume.
Standard solution: To 10.0 mL of Standard stock solution in a 50.0-mL volumetric flask
add 10.0 mL of Internal standard solution, and dilute with water to volume.
Sample stock solution: Dissolve 50 mg of Buspirone Hydrochloride in 25 mL of 1 N
hydrochloric acid in a 100-mL volumetric flask, and dilute with water to volume.
Sample solution: 0.1 mg/mL of Buspirone Hydrochloride from the Sample stock solution
and 0.025 mg/mL of propylparaben from the Internal standard solution in water
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for propylparaben and buspirone hydrochloride are
about 0.55 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4 between buspirone hydrochloride and the internal standard
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of buspirone hydrochloride (C21 H31 N5 O2 ·HCl) in the portion of

PF 40(4): Jul.-Aug. 2014

187

Buspirone Hydrochloride taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of buspirone hydrochloride to propylparaben from the Sample
solution
R=
S peak response ratio of buspirone hydrochloride to propylparaben from the Standard
solution
C=
S concentration of USP Buspirone Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Buspirone Hydrochloride in the Sample solution (mg/mL)
Buffer A:
6.8 g/L of monobasic potassium phosphate and 0.93 g/L of sodium 1-hexanesulfonate
monohydrate. Adjust with phosphoric acid to a pH of 3.4.
Buffer B: 3.4 g/L of monobasic potassium phosphate and 3.52 g/L of sodium 1hexanesulfonate monohydrate. Adjust with phosphoric acid to a pH of 2.2.
Solution A: Acetonitrile and Buffer A (5:95)
Solution B: Acetonitrile and Buffer B (75:25)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
6
90
10
34
42
58
45
42
58
55
0
100
56
100
0
60
100
0
61
90
10
Diluent: Solution A
Impurities stock solution: 0.25 mg/mL each of USP Buspirone Related Compound A RS,
USP Buspirone Related Compound G RS, USP Buspirone Related Compound K RS, USP
Buspirone Related Compound L RS, and USP Buspirone Related Compound N RS in
acetonitrile
System suitability solution: 1.0 mg/mL of USP Buspirone Hydrochloride RS and 0.001
mg/mL each of USP Buspirone Related Compound A RS, USP Buspirone Related Compound
G RS, USP Buspirone Related Compound K RS, USP Buspirone Related Compound L RS, and
USP Buspirone Related Compound N RS in Diluent, from Impurities stock solution
Standard solution: 0.1 mg/mL of USP Buspirone Hydrochloride RS in Diluent
Sample solution: 0.1 mg/mL of Buspirone Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
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Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between buspirone and buspirone related compound G peaks,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.92%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of buspirone hydrochloride (C21 H31 N5 O2 ·HCl) in the portion of
Buspirone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Buspirone Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Buspirone Hydrochloride in the Sample solution (mg/mL)
2S (USP38)

Acceptance criteria: 97.5%–102.5% on the as-is basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.5%
• Heavy Metals, Method II

231 : NMT 20 ppm

Add the following:
• Organic Impurities
Buffer A, Buffer B, Solution A, Solution B, Mobile phase, Diluent, Impurities stock
solution, and System suitability solution: Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL each of USP Buspirone Hydrochloride RS, USP Buspirone
Related Compound A RS, USP Buspirone Related Compound G RS, USP Buspirone Related
Compound K RS, USP Buspirone Related Compound L RS, and USP Buspirone Related
Compound N RS in Diluent
Sample solution: 1.0 mg/mL of Buspirone Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 and 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
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Samples: System suitability solution and Standard solution
[Note—See Table 2 and Table 3 for relative retention times.]
Suitability requirements
Resolution at 240 nm: NLT 2.0 between buspirone and buspirone related compound G
peaks, System suitability solution
Resolution at 210 nm: NLT 4.0 between buspirone related compound L and buspirone
related compound N peaks, System suitability solution
Relative standard deviation: NMT 2.0% for each peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
For impurities detected at UV 240 nm
Calculate the percentage of buspirone related compound A or buspirone related
compound G in the portion of Buspirone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of buspirone related compound A or buspirone related compound G from
the Sample solution
rS= peak response of buspirone related compound A or buspirone related compound G from
the Standard solution
C=
S concentration of USP Buspirone Related Compound A RS or USP Buspirone Related
Compound G RS in the Standard solution (mg/mL)
C=
U concentration of Buspirone Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of specified impurities and any other individual impurity in the
portion of Buspirone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of specified impurities and any other individual impurity from the
Sample solution
rS= peak response of buspirone from the Standard solution
C=
S concentration of USP Buspirone Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Buspirone Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria
For impurities detected at UV 240 nm: See Table 2. Disregard any peak below
0.05%.

Name
Buspirone related compound Aa
Spiroammonium salt b
Bispyrimidinylpiperazinyl butanec
Bispyrimidinylpiperazinylbutyl etherd
Buspirone open ringe

Table 2
Relative
Retention
Time
0.2
0.3
0.6
0.7
0.8

Relative
Response
Factor
—
1.0
1.0
1.0
1.0

Acceptance
Criteria,
NMT (%)
0.10
0.10
0.10
0.10
0.3
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Buspirone open ring dimerf
0.9
1.0
0.10
Buspirone
1.0
—
—
Buspirone related compound Gg
—
1.05
0.10
h
Buspirone diester dimer
1.1
1.0
0.10
i
Chlorobuspirone
1.2
1.0
0.10
Buspirone open ring spirodimerj
1.5
0.5
0.2
Any other individual impurity
—
1.0
0.10
Total impurities
—
—
0.4
a 2-(Piperazin-1-yl)pyrimidine.
b 8-(Pyrimidin-2-yl)-8-aza-5-azoniaspiro[4.5]decane.
c 1,4-Bis[4-(pyrimidin-2-yl)piperazin-1-yl]butane.
d Bis{4-[1-(pyrimidine-2-yl)piperazine-4-yl]butane-1-yl} ether.
e 2-{1-[2-Oxo-2-({4-[4-(pyrimidin-2-yl)piperazin-1yl]butyl}amino)ethyl]cyclopentyl}acetic acid.
f 4-[4-(Pyrimidin-2-yl)piperazin-1-yl]butyl 2-{1-[2-oxo-2-({4-[4-(pyrimidin-2yl)piperazin-1-yl]butyl}amino)ethyl]cyclopentyl}acetate.
g 1,4-Di(pyrimidin-2-yl)piperazine.
h Bis{4-[4-(pyrimidin-2-yl)piperazin-1-yl]butyl} 2,2'-(cyclopentane-1,1-diyl)diacetate.
i 8-{4-[4-(5-Chloropyrimidin-2-yl)piperazin-1-yl]butyl}-8-azaspiro[4.5]decane-7,9dione.
j 4-(7,9-Dioxo-8-azaspiro[4.5]decan-8-yl)butyl 2-{1-[2-oxo-2-({4-[4-(pyrimidin-2yl)piperazin-1-yl]butyl}amino)ethyl]cyclopentyl}acetate.
For impurities detected at UV 210 nm
Calculate the percentage of buspirone related compound K or buspirone related
compound L or buspirone related compound N in the portion of Buspirone Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of buspirone related compound K or buspirone related compound L or
buspirone related compound N from the Sample solution
rS= peak response of buspirone related compound K or buspirone related compound L or
buspirone related compound N from the Standard solution
C=
S concentration of USP Buspirone Related Compound K RS or USP Buspirone Related
Compound L RS or USP Buspirone Related Compound N RS in the Standard solution
(mg/mL)
C=
U concentration of Buspirone Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of buspirone bromobutyl analog and any other individual
impurity in the portion of Buspirone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of buspirone bromobutyl analog and any other individual impurity from
the Sample solution
rS= peak response of buspirone from the Standard solution
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C=
S concentration of USP Buspirone Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Buspirone Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria
For impurities detected at UV 210 nm: See Table 3. Disregard any peak below
0.05%.
Table 3
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Buspirone related compound Ka
0.6
0.1
Buspirone
1.0
—
Buspirone related compound Lb
1.7
0.10
Buspirone bromobutyl analogc
1.8
0.10
d
Buspirone related compound N
1.9
0.10
Any other individual impurity
—
0.10
Total impurities
—
0.2
a 8-Azaspiro[4,5]decane-7,9-dione.
b 8-(4-Chlorobutyl)-8-azaspiro[4.5]decane-7,9-dione.
c 8-(4-Bromobutyl)-8-azaspiro[4.5]decane-7,9-dione.
d 8,8¢-(Butane-1,4-diyl)bis(8-azaspiro[4.5]decane-7,9-dione).
2S (USP38)

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Buspirone Hydrochloride RS
USP Buspirone Related Compound A
2-(Piperazin-1-yl)pyrimidine.
C8 H12 N4
164.21
USP Buspirone Related Compound G
1,4-Di(pyrimidin-2-yl)piperazine.
C12 H14 N6
242.28
USP Buspirone Related Compound K
8-Azaspiro[4.5]decane-7,9-dione.
C9 H13 NO2
167.21
USP Buspirone Related Compound L
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8-(4-Chlorobutyl)-8-azaspiro[4.5]decane-7,9-dione.
C13 H20 ClNO2
257.76
USP Buspirone Related Compound N
8,8¢-(Butane-1,4-diyl)bis(8-azaspiro[4.5]decane-7,9-dione).
C22 H32 N2 O4
388.50
2S (USP38)

BRIEFING
Buspirone Hydrochloride Tablets, USP 37 page 2037. As part of USP monograph
modernization efforts, the following revisions are proposed:
1.
Replace the current HPLC procedure in the Assay that uses an internal standard solution
with a new HPLC procedure that is validated on the basis of the Related substances
procedure in the European Pharmacopoeia monograph for buspirone hydrochloride.
The liquid chromatographic procedure is performed with the Nucleosil 100-5 C18
brand of L1 column. The typical retention time for buspirone is about 23 min. This
procedure is the same as that used in the Assay in the proposed modernization of
the Buspirone Hydrochloride monograph.
2.
Add a stability-indicating HPLC procedure in the test for Organic Impurities using the
same chromatographic system as that used in the Assay.
3.
Add to the USP Reference Standards section the five new USP Reference Standards
used in the proposed procedures for the Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R.-H. Yeh.)
Correspondence Number—C120149

Comment deadline: September 30, 2014
Buspirone Hydrochloride Tablets
DEFINITION
Buspirone Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
buspirone hydrochloride (C21 H31 N5 O2 ·HCl).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Grind 20 Tablets to a fine powder, add 50 mL of chloroform, stir for 3–5 min, and
filter into a 250-mL evaporating flask. Evaporate the solution with the aid of a rotary
evaporator to dryness at low heat. Use the residue.
Acceptance criteria: Meet the requirements
• B. The relative retention time of the major peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
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Buffer: 1.36 mg/mL of monobasic potassium phosphate in water. Adjust the solution with
10% sodium hydroxide (w/v) to a pH of 7.5, and filter.
Mobile phase: Acetonitrile and Buffer (2:3)
Internal standard stock solution: 2.5 mg/mL of propylparaben in methanol
Internal standard solution: 0.125 mg/mL of propylparaben from Internal standard stock
solution in water
Standard stock solution: 0.5 mg/mL of USP Buspirone Hydrochloride RS in a solution
prepared as follows. Transfer a suitable quantity of USP Buspirone Hydrochloride RS to an
appropriate volumetric flask, and dissolve in 25% of the flask volume of 1 N hydrochloric
acid. Dilute with water to volume.
Standard solution: To 10.0 mL of Standard stock solution in a 50.0-mL volumetric flask
add 10.0 mL of Internal standard solution. Dilute with water to volume.
Sample stock solution: Nominally 0.5 mg/mL of buspirone hydrochloride from a number of
Tablets in a solution prepared as follows. Transfer a number of Tablets equivalent to
about 100 mg of buspirone hydrochloride to a 200-mL volumetric flask. Add 50 mL of 1 N
hydrochloric acid, and shake for 15 min. Add about 100 mL of water, and shake for 30
min. Dilute with water to volume. Mix, filter, and discard the first 20 mL of the filtrate.
Sample solution: To 10.0 mL of Sample stock solution in a 50.0-mL volumetric flask add
10.0 mL of Internal standard solution. Dilute with water to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for propylparaben and buspirone hydrochloride are
0.55 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4 between buspirone hydrochloride and the internal standard
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of buspirone hydrochloride
(C21 H31 N5 O2 ·HCl) in the Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of buspirone hydrochloride to propylparaben from the Sample
solution
RS= peak response ratio of buspirone hydrochloride to propylparaben from the Standard
solution
C=
S concentration of USP Buspirone Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of buspirone hydrochloride in the Sample solution (mg/mL)
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Buffer A:
6.8 g/L of monobasic potassium phosphate and 0.93 g/L of sodium 1-hexanesulfonate
monohydrate, adjusted with phosphoric acid to a pH of 3.4
Buffer B: 3.4 g/L of monobasic potassium phosphate and 3.52 g/L of sodium 1hexanesulfonate monohydrate, adjusted with phosphoric acid to a pH of 2.2
Solution A: Acetonitrile and Buffer A (5:95)
Solution B: Acetonitrile and Buffer B (75:25)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
6
90
10
34
42
58
45
42
58
55
0
100
56
100
0
60
100
0
61
90
10
Diluent: Solution A
Impurities stock solution: 0.25 mg/mL each of USP Buspirone Related Compound A RS,
USP Buspirone Related Compound G RS, USP Buspirone Related Compound K RS, USP
Buspirone Related Compound L RS, and USP Buspirone Related Compound N RS in
acetonitrile
System suitability solution: 1.0 mg/mL of USP Buspirone Hydrochloride RS and 0.001
mg/mL each of USP Buspirone Related Compound A RS, USP Buspirone Related Compound
G RS, USP Buspirone Related Compound K RS, USP Buspirone Related Compound L RS, and
USP Buspirone Related Compound N RS in Diluent from the Impurities stock solution
Standard solution: 0.1 mg/mL of USP Buspirone Hydrochloride RS in Diluent
Sample solution: Nominally 0.1 mg/mL of buspirone hydrochloride from NLT 20 finely
powdered Tablets in Diluent, prepared as follows. Transfer a suitable amount of the
powder to a suitable volumetric flask. Add 60% of the flask volume of Diluent, and
sonicate for 30 min. Allow the solution to cool to room temperature, and then dilute with
Diluent to volume. Centrifuge the solution and filter the supernatant. Further dilute the
filtrate with Diluent as needed.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
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Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between the buspirone and buspirone related compound G peaks,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of buspirone hydrochloride
(C21 H31 N5 O2 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Buspirone Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of buspirone hydrochloride in the Sample solution (mg/mL)
2S (USP38)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.01 N hydrochloric acid; 500 mL
Apparatus 2: 50 rpm
Time: 30 min
Sample solution: Filter a portion of the solution under test, and dilute with Medium as
needed.
Standard solution: USP Buspirone Hydrochloride RS in Medium having a concentration
similar to that expected in the Sample solution
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about 235 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of buspirone hydrochloride
(C21 H31 N5 O2 ·HCl) dissolved:
Result = (AU/AS) × CS×V× (1/L) ×100
A=
U absorbance of the Sample solution
A=
S absorbance of buspirone hydrochloride from the Standard solution
C=
S concentration of USP Buspirone Hydrochloride RS in the Standard solution (mg/mL)
V= volume of Medium, 500 mL
L= label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of buspirone hydrochloride
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(C21 H31 N5 O2 ·HCl) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Buffer A, Buffer B, Solution A, Solution B, Mobile phase, Diluent, Impurities stock
solution, and System suitability solution: Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL each of USP Buspirone Hydrochloride RS, USP Buspirone
Related Compound A RS, USP Buspirone Related Compound G RS, USP Buspirone Related
Compound K RS, USP Buspirone Related Compound L RS, and USP Buspirone Related
Compound N RS in Diluent
Sample solution: Nominally 1.0 mg/mL of buspirone hydrochloride from NLT 20 finely
powdered Tablets in Diluent, prepared as follows. Transfer a suitable amount of the
powder to a suitable volumetric flask. Add 60% of the flask volume of Diluent, and
sonicate for 30 min. Allow the solution to cool to room temperature, and then dilute with
Diluent to volume. Centrifuge the solution and filter the supernatant. Use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 and 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution at 240 nm: NLT 2.0 between the buspirone and buspirone related
compound G peaks, System suitability solution
Resolution at 210 nm: NLT 4.0 between the buspirone related compound L and
buspirone related compound N peaks, System suitability solution
Relative standard deviation: NMT 2.0% for each peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
For impurities detected at UV 240 nm
Calculate the percentage of buspirone related compound A in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of buspirone related compound A from the Sample solution
rS= peak response of buspirone related compound A from the Standard solution
C=
S concentration of USP Buspirone Related Compound A RS in the Standard solution
(mg/mL)
C=
U nominal concentration of buspirone hydrochloride in the Sample solution (mg/mL)
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Calculate the percentage of any individual unspecified degradation product in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unspecified degradation product from the Sample
solution
rS= peak response of buspirone from the Standard solution
C=
S concentration of USP Buspirone Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of buspirone hydrochloride in the Sample solution (mg/mL)
Acceptance criteria
For impurities detected at UV 240 nm: See Table 2. Disregard any peak below
0.05%.
Table 2

Name
Buspirone related compound Aa
Spiroammonium salt b,c
Bispyrimidinylpiperazinyl butanec,d
Bispyrimidinylpiperazinylbutyl etherc,e
Buspirone open ringc,f
Buspirone open ring dimerc,g
Buspirone
Buspirone related compound Gc,h
Buspirone diester dimerc,i
Chlorobuspironec,j
Buspirone open ring spirodimerc,k
Any individual unspecified degradation
product
Total impurities

Relative Retention
Time

Acceptance
Criteria,
NMT (%)

0.2
0.3
0.6
0.7
0.8
0.9
1.0
1.05
1.1
1.2
1.5

0.20
—
—
—
—
—
—
—
—
—
—

—

0.2
See Table 3

—
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a 2-(Piperazin-1-yl)pyrimidine.
b 8-(Pyrimidin-2-yl)-8-aza-5-azoniaspiro[4.5]decane.
c Process impurity included for identification only and not included in the calculation of
total degradation products.
d 1,4-Bis[4-(pyrimidin-2-yl)piperazin-1-yl]butane.
e Bis{4-[1-(pyrimidine-2-yl)piperazine-4-yl]butane-1-yl} ether.
f 2-{1-[2-Oxo-2-({4-[4-(pyrimidin-2-yl)piperazin-1yl]butyl}amino)ethyl]cyclopentyl}acetic acid.
g 4-[4-(Pyrimidin-2-yl)piperazin-1-yl]butyl 2-{1-[2-oxo-2-({4-[4-(pyrimidin-2yl)piperazin-1-yl]butyl}amino)ethyl]cyclopentyl}acetate.
h 1,4-Di(pyrimidin-2-yl)piperazine.
i Bis{4-[4-(pyrimidin-2-yl)piperazin-1-yl]butyl} 2,2'-(cyclopentane-1,1-diyl)diacetate.
j 8-{4-[4-(5-Chloropyrimidin-2-yl)piperazin-1-yl]butyl}-8-azaspiro[4.5]decane-7,9dione.
k 4-(7,9-Dioxo-8-azaspiro[4.5]decan-8-yl)butyl 2-{1-[2-oxo-2-({4-[4-(pyrimidin-2yl)piperazin-1-yl]butyl}amino)ethyl]cyclopentyl}acetate.
For impurities detected at UV 210 nm
Calculate the percentage of any individual unspecified degradation product in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unspecified degradation product from the Sample
solution
rS= peak response of buspirone from the Standard solution
C=
S concentration of USP Buspirone Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of buspirone hydrochloride in the Sample solution (mg/mL)
Acceptance criteria
For impurities detected at UV 210 nm: See Table 3. Disregard any peak below
0.05%.
Table 3

Name
Buspirone related compound Ka,b
Buspirone
Buspirone related compound Lc,b
Buspirone bromobutyl analogd,b
Buspirone related compound Ne,b
Any individual unspecified degradation
product
Total impurities

Relative Retention
Time
0.6
1.0
1.7
1.8
1.9
—
—

Acceptance
Criteria,
NMT (%)
—
—
—
—
—
0.2
2.0f
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a 8-Azaspiro[4.5]decane-7,9-dione.
b Process impurity included for identification only and not included in the calculation of
total degradation products.
c 8-(4-Chlorobutyl)-8-azaspiro[4.5]decane-7,9-dione.
d 8-(4-Bromobutyl)-8-azaspiro[4.5]decane-7,9-dione.
e 8,8'-(Butane-1,4-diyl)bis(8-azaspiro[4.5]decane-7,9-dione).
f Total impurities include impurities detected at UV 240 nm.
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Buspirone Hydrochloride RS
USP Buspirone Related Compound A
2-(Piperazin-1-yl)pyrimidine.
C8 H12 N4
164.21
USP Buspirone Related Compound G
1,4-Di(pyrimidin-2-yl)piperazine.
C12 H14 N6
242.28
USP Buspirone Related Compound K
8-Azaspiro[4.5]decane-7,9-dione.
C9 H13 NO2
167.21
USP Buspirone Related Compound L
8-(4-Chlorobutyl)-8-azaspiro[4.5]decane-7,9-dione.
C13 H20 ClNO2
257.76
USP Buspirone Related Compound N
8,8'-(Butane-1,4-diyl)bis(8-azaspiro[4.5]decane-7,9-dione).
C22 H32 N2 O4
388.50
2S (USP38)

BRIEFING
Calcium Succinate. Because there is no existing USP monograph for this dietary ingredient, a
new monograph is being proposed.
(DS: H. Dinh.)
Correspondence Number—C104432

Comment deadline: September 30, 2014
Add the following:
Calcium Succinate
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174.17

Succinic acid calcium salt monohydrate;
Butanedioic acid, calcium salt (1:1), monohydrate

[140-99-8].

DEFINITION
Calcium Succinate contains NLT 98.0% and NMT 102.0% of calcium succinate (C4 H4 CaO4 ),
calculated on the dried basis.
IDENTIFICATION
• A. Identification Tests—General, Calcium 191
Sample solution: 20 mg/mL
Acceptance criteria: Meets the requirements
• B. Infrared Absorption 197K
ASSAY
• Procedure
Sample: 650 mg of Calcium Succinate
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 M edetate disodium VS
Endpoint detection: Visual
Analysis: Transfer the Sample into a 250-mL beaker, add 100 mL of water, 2 mL of
concentrated hydrochloric acid, and stir using a magnetic stirring bar. While stirring, add
30 mL of Titrant from the titration buret, and 25 mL of 2 N sodium hydroxide. Check the
pH of the solution and make sure it is between 12.0 and 13.0. Add 300–500 mg of hydroxy
naphthol blue, and continue the titration to a blue endpoint. Perform a blank
determination.
Calculate the percentage of calcium succinate (C4 H4 CaO4 ) in the Sample taken:
Result = {[(VS

VB) × M × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the blank (mL)
M= actual molarity of the Titrant (mmol/mL)
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F= equivalency factor, 156.15 mg/mmol
W= Sample weight (mg)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Chloride and Sulfate, Chloride 221
Standard solution: 1.0 mL of 0.010 N hydrochloric acid
Sample: 1.8 g
Acceptance criteria: NMT 0.02%
• Chloride and Sulfate, Sulfate 221
Standard solution: 1.0 mL of 0.020 N sulfuric acid
Sample: 2.0 g
Acceptance criteria: NMT 0.05%
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 3.0 µg/g
Cadmium: NMT 2.0 µg/g
Lead: NMT 2.0 µg/g
Mercury: NMT 0.1 µg/g

233

SPECIFIC TESTS
• pH 791
Sample solution: 50 mg/mL in water. [Note—The solution is slurry.]
Acceptance criteria: 7.0–12.0
• Loss on Drying 731
Analysis: Dry at 160 for 5 h.
Acceptance criteria: 9.0%–13.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Calcium Succinate RS

11

2S (USP38)

BRIEFING
Carbamazepine, USP 37 page 2120. As part of USP monograph modernization efforts, it is
proposed to make the following changes:
1.
Add an Identification test B based on the retention time agreement proposed in the
Assay.
2.
Replace the HPLC procedure in the Assay with a validated UHPLC procedure that uses
the chromatographic system developed for the Carbamazepine family. The proposed
procedure has a much shorter run time and higher resolution. The procedure is based
on analyses performed with the Waters Acquity UPLC HSS Cyano brand of L10
column. The typical retention time for carbamazepine is about 10.2 min.
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3.
Replace the HPLC procedure in the test for Organic Impurities with a validated UHPLC
procedure that uses the same chromatographic system as that proposed for the
Assay. The Assay and Organic Impurities procedures are harmonized for efficiency
and consistency.
4.
Add USP Carbamazepine Related Compound F RS and USP Iminodibenzyl RS to the USP
Reference Standards section to support the proposed revision in the test for Organic
Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: G. Hsu.)
Correspondence Number—C140169

Comment deadline: September 30, 2014
Carbamazepine

C15 H12 N2 O

236.27

5H-Dibenz[b,f]azepine, 5-carboxamide;
5H-Dibenz[b,f]azepine-5-carboxamide

[298-46-4].

DEFINITION
Carbamazepine contains NLT 98.0% and NMT 102.0% of carbamazepine (C15 H12 N2 O),
calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, tetrahydrofuran, and water (12:3:85). Add 0.22 mL of formic
acid to each L, mix, and then add 0.5 mL of triethylamine to each L.

PF 40(4): Jul.-Aug. 2014

203

Diluent: Methanol and water (50:50)
System suitability stock solution: 0.1 mg/mL of USP Carbamazepine RS and 0.5 mg/mL
of USP Carbamazepine Related Compound A RS in methanol
System suitability solution: 0.01 mg/mL of USP Carbamazepine RS and 0.05 mg/mL of
USP Carbamazepine Related Compound A RS from System suitability stock solution in
Diluent
Standard stock solution: 2 mg/mL of USP Carbamazepine RS in methanol
Standard solution: 0.2 mg/mL of USP Carbamazepine RS from Standard stock solution in
Diluent
Sample stock solution: 2 mg/mL of Carbamazepine in methanol
Sample solution: 0.2 mg/mL of Carbamazepine from Sample stock solution in Diluent
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; packing L10
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.70 between carbamazepine related compound A and
carbamazepine, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of carbamazepine (C15 H12 N2 O) in the portion of Carbamazepine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
C=
U concentration of Carbamazepine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
Solution A: Add 0.5 mL of triethylamine and 0.5 mL of formic acid to 1000 mL of water.
Solution B: Add 0.25 mL of formic acid to 1000 mL of methanol.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.0
80
20
3.0
80
20
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12.0
60
40
18.0
45
55
20.0
45
55
20.1
80
20
23.0
80
20
Diluent: Methanol and water (50:50)
System suitability stock solution: 0.02 mg/mL each of USP Carbamazepine RS and
USP Carbamazepine Related Compound A RS prepared as follows. First dissolve the
Reference Standards in 50% of the final flask volume of methanol, then dilute with
water to volume.
System suitability solution: 0.002 mg/mL each of USP Carbamazepine RS and USP
Carbamazepine Related Compound A RS from System suitability stock solution in Diluent
Standard solution: 0.1 mg/mL of USP Carbamazepine RS prepared as follows. First
dissolve the Reference Standard in 50% of the final flask volume of methanol, then
dilute with water to volume.
Sample solution: 0.1 mg/mL of carbamazepine prepared as follows. First dissolve the
sample in 50% of the final flask volume of methanol, then dilute with water to volume.
Pass through a suitable filter of 0.2-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 2.1-mm × 10-cm; 1.8-µm packing L10
Column temperature: 40
Flow rate: 0.3 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.7 between carbamazepine related compound A and
carbamazepine, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of carbamazepine (C15 H12 N2 O) in the portion of Carbamazepine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
CU= concentration of Carbamazepine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

2S (USP38)
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IMPURITIES
• Chloride and Sulfate, Chloride 221
Sample solution: Boil 1.0 g of Carbamazepine in 20.0 mL of water for 10 min, cool, adjust
the volume to 20 mL, and filter. Use a 10.0-mL portion of the filtrate.
Acceptance criteria: 0.014%; the Sample solution contains no more chloride than
corresponds to 0.10 mL of 0.020 N hydrochloric acid.
• Heavy Metals, Method II

231 : NMT 10 ppm

• Residue on Ignition 281
Sample: 2.0 g of Carbamazepine
Acceptance criteria: NMT 0.1%
Change to read:
• Organic Impurities
Mobile phase, Diluent, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard stock solution: 0.02 mg/mL each of USP Carbamazepine RS, USP
Carbamazepine Related Compound A RS, and USP Carbamazepine Related Compound B RS
in methanol
Standard solution: 0.001 mg/mL each of USP Carbamazepine RS, USP Carbamazepine
Related Compound A RS, and USP Carbamazepine Related Compound B RS from Standard
stock solution in Diluent
Sample stock solution: 2 mg/mL of Carbamazepine in methanol
Sample solution: 1 mg/mL of Carbamazepine from Sample stock solution prepared as
follows. Transfer a suitable volume of Sample stock solution to an appropriate volumetric
flask. Add about 40% of the flask volume of water, shake, allow to cool, and dilute with
water to volume.
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.70 between carbamazepine related compound A and carbamazepine
Relative standard deviation: NMT 2.0% each for carbamazepine and carbamazepine
related compound A
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of carbamazepine related compound A and carbamazepine related
compound B in the portion of Carbamazepine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of either carbamazepine related compound A or carbamazepine related
compound B from the Sample solution
rS= peak response of the corresponding peak from the Standard solution
C=
S concentration of USP Carbamazepine Related Compound A RS or USP Carbamazepine
Related Compound B RS in the Standard solution (mg/mL)
C=
U concentration of Carbamazepine in the Sample solution (mg/mL)
Calculate the percentage of all other impurities found in the portion of Carbamazepine
taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other impurity from the Sample solution
rS= peak response of carbamazepine from the Standard solution
C=
S concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
C=
U concentration of Carbamazepine in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Name
Acceptance
Criteria,
NMT (%)
Carbamazepine related
compound A
0.2
Carbamazepine related
compound B
0.2
Any individual impurity
0.2
Total impurities
0.5
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system:
Proceed as directed in the Assay.
Standard stock solution: 0.02 mg/mL each of USP Carbamazepine RS, USP
Carbamazepine Related Compound A RS, USP Carbamazepine Related Compound B RS,
USP Carbamazepine Related Compound F RS, and USP Iminodibenzyl RS, prepared as
follows. First dissolve the Reference Standards in 50% of the final flask volume of
methanol, then dilute with water to volume.
Standard solution: 0.002 mg/mL each of USP Carbamazepine RS, USP Carbamazepine
Related Compound A RS, USP Carbamazepine Related Compound B RS, USP
Carbamazepine Related Compound F RS, and USP Iminodibenzyl RS from Standard stock
solution in Diluent
Sample solution: 1.0 mg/mL of carbamazepine prepared as follows. First dissolve the
sample in 50% of the final flask volume of methanol, then dilute with water to volume.
Pass through a suitable filter of 0.2-µm pore size.
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.7 between carbamazepine related compound A and
carbamazepine; NLT 1.7 between carbamazepine related compound F and
iminodibenzyl
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity in the portion of Carbamazepine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each specified impurity from the Sample solution
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rS= peak response of the corresponding USP Reference Standard from the Standard
solution
CS= concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
CU= concentration of Carbamazepine in the Sample solution (mg/mL)
Calculate the percentage of each individual unspecified impurity in the portion of
Carbamazepine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of carbamazepine from the Standard solution
CS= concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
CU= concentration of Carbamazepine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
Table 2

Name

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Carbamazepine related compound Aa
0.96
Carbamazepine
1.00
b
Carbamazepine related compound B
1.45
Carbamazepine related compound F c,d
1.64
Iminodibenzyld
1.67
Individual unspecified impurity
—
Total impurities
—
a 10,11-Dihydrocarbamazepine.
b 5H-Dibenz[b,f]azepine.
c 5H-Dibenzo[b,f]azepine-5-carbonyl chloride.
d For identification only.

0.2
—
0.2
—
—
0.2
0.5

2S (USP38)

SPECIFIC TESTS
• Acidity
Sample solution: 50 mg/mL of Carbamazepine in water prepared as follows. Mix 2.0 g of
Carbamazepine in 40.0 mL of water for 15 min, and filter through paper.
Analysis: To a 10.0-mL aliquot of Sample solution add 1 drop of phenolphthalein TS, and
titrate with 0.01 N sodium hydroxide VS. Perform a blank determination, and make any
necessary correction.
Acceptance criteria: NMT 1.0 mL of 0.01 N sodium hydroxide VS is required for each 1.0 g
of Carbamazepine.
• Alkalinity
Sample solution: 50 mg/mL of Carbamazepine in water prepared as follows. Mix 2.0 g of
Carbamazepine in 40.0 mL of water for 15 min, and filter through paper.
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Analysis: To a 10.0-mL aliquot of Sample solution add 1 drop of methyl red TS, and titrate
with 0.01 N hydrochloric acid VS. Perform a blank determination, and make any necessary
correction.
Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric acid VS is required for each 1.0 g
of Carbamazepine.
• Loss on Drying 731
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 0.5%
• Characterization of Crystalline and Partially Crystalline Solids by X-Ray Powder
Diffraction (XRPD) 941 : The X-ray diffraction pattern conforms to that of USP
Carbamazepine RS, similarly determined.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Carbamazepine RS
USP Carbamazepine Related Compound A RS
10,11-Dihydrocarbamazepine.
C15 H14 N2 O
238.28
USP Carbamazepine Related Compound B RS
5H-Dibenz[b,f]azepine.
C14 H11 N
193.24
USP Carbamazepine Related Compound F RS
5H-Dibenzo[b,f]azepine-5-carbonyl chloride.
C15 H10 ClNO
255.70
USP Iminodibenzyl RS
10,11-Dihydro[b,f]azepine.
C14 H13 N
195.28
2S (USP38)

BRIEFING
Carbamazepine Oral Suspension, USP 37 page 2121. As part of USP monograph
modernization efforts, it is proposed to make the following changes:
1.
Add Identification test B based on the retention time agreement proposed in the Assay.
2.
Replace the HPLC procedure in the Assay with a validated UHPLC procedure that uses
the chromatographic system developed for the Carbamazepine family. The proposed
procedure has a much shorter run time and higher resolution. The procedure is based
on analyses performed with the Waters Acquity UPLC HSS Cyano brand of L10
column. The typical retention time for carbamazepine is about 10.2 min.
3.
Add a test for Organic Impurities. The proposed UHPLC procedure uses the same
chromatographic system as that in the Assay. The Assay and Organic Impurities
procedures are harmonized for efficiency and consistency.
4.
Add USP Carbamazepine Related Compound B RS, USP Carbamazepine Related Compound
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F RS, and USP Iminodibenzyl RS to the USP Reference Standards section to support
the proposed addition of the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: G. Hsu.)
Correspondence Number—C120149

Comment deadline: September 30, 2014
Carbamazepine Oral Suspension
DEFINITION
Carbamazepine Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
carbamazepine (C15 H12 N2 O).
IDENTIFICATION
• A. Infrared Absorption 197S
Sample solution: Place 5 mL of Oral Suspension in a separator containing 20 mL of 0.1 N
sodium hydroxide, and extract with 25 mL of chloroform. Pass the extract through
anhydrous sodium sulfate supported on filter paper into a beaker. Wash the anhydrous
sodium sulfate with 10 mL of chloroform, and add the washing to the extract. Evaporate
the chloroform extract to dryness with the aid of a stream of nitrogen. Dissolve the
residue in 10 mL of methylene chloride.
Acceptance criteria: Meets the requirements
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, tetrahydrofuran, and water (12:3:85). Add 0.22 mL of formic
acid to each L, mix, and then add 0.5 mL of triethylamine to each L.
Diluent: Methanol and water (50:50)
Standard stock solution: 2 mg/mL of USP Carbamazepine RS in methanol
Standard solution: 0.2 mg/mL of carbamazepine from Standard stock solution in Diluent
Sample stock solution: Nominally 2 mg/mL of carbamazepine from a volume of freshly
mixed Oral Suspension prepared as follows. Transfer a suitable volume of freshly mixed
Oral Suspension to an appropriate volumetric flask. Add about 70% of the final flask
volume of methanol, shake by mechanical means for about 30 min, sonicate for about 2
min, and dilute with methanol to volume. Use after the clear solution has been allowed to
stand for about 10 min.
Sample solution: Nominally 0.2 mg/mL of carbamazepine from Sample stock solution in
methanol
System suitability stock solution A: 0.1 mg/mL of USP Carbamazepine RS and 0.5
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mg/mL of USP Carbamazepine Related Compound A RS in methanol
System suitability stock solution B: 0.01 mg/mL of carbamazepine and 0.05 mg/mL of
carbamazepine related compound A from System suitability stock solution A in Diluent
System suitability solution: Transfer 10.0 mL each of Sample solution and System
suitability stock solution B to a container, and use the resulting mixture.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; packing L10
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.70 between carbamazepine related compound A and
carbamazepine, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of carbamazepine (C15 H12 N2 O) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
C=
U nominal concentration of carbamazepine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
Solution A: Add 0.5 mL of triethylamine and 0.5 mL of formic acid to 1000 mL of water.
Solution B: Add 0.25 mL of formic acid to 1000 mL of methanol.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.0
80
20
3.0
80
20
12.0
60
40
18.0
45
55
20.0
45
55
20.1
80
20
23.0
80
20
Diluent: Methanol
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System suitability solution: 0.002 mg/mL each of USP Carbamazepine RS and USP
Carbamazepine Related Compound A RS in Diluent
Standard solution: 0.1 mg/mL of USP Carbamazepine RS in Diluent
Sample solution: Nominally 0.1 mg/mL of carbamazepine from a volume of Oral
Suspension prepared as follows. Weigh and transfer freshly mixed Oral Suspension
equivalent to 20 mg of carbamazepine to a 200-mL volumetric flask. Add about 140 mL
of Diluent, shake by mechanical means for about 30 min, sonicate for about 2 min, and
dilute with Diluent to volume. Pass through a suitable filter of 0.2-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 2.1-mm × 10-cm; 1.8-µm packing L10
Column temperature: 40
Flow rate: 0.3 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.7 between carbamazepine related compound A and
carbamazepine, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of carbamazepine (C15 H12 N2 O) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
CU= nominal concentration of carbamazepine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

2S (USP38)

PERFORMANCE TESTS
• Uniformity of Dosage Units
in single-unit containers

905 : Meets the requirements for oral suspension packaged

• Deliverable Volume 698 : Meets the requirements for oral suspension packaged in
multiple-unit containers
IMPURITIES
Add the following:
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• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system: Proceed
as directed in the Assay.
Standard solution: 0.002 mg/mL each of USP Carbamazepine RS, USP Carbamazepine
Related Compound A RS, USP Carbamazepine Related Compound B RS, USP Carbamazepine
Related Compound F RS, and USP Iminodibenzyl RS in Diluent
Sample solution: Nominally 1.0 mg/mL of carbamazepine from a volume of Oral Suspension
prepared as follows. Weigh and transfer freshly mixed Oral Suspension equivalent to 50 mg
of carbamazepine to a 50-mL volumetric flask. Add about 35 mL of Diluent, shake by
mechanical means for about 30 min, sonicate for about 2 min, dilute with Diluent to
volume, and shake for about 5 min. Pass through a suitable filter of 0.2-µm pore size.
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.7 between carbamazepine related compound A and carbamazepine;
NLT 1.7 between carbamazepine related compound F and iminodibenzyl
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of carbamazepine related compound B in the portion of Oral
Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of carbamazepine related compound B from the Sample solution
rS= peak response of carbamazepine related compound B from the Standard solution
C=
S concentration of USP Carbamazepine Related Compound B RS in the Standard solution
(mg/mL)
C=
U nominal concentration of carbamazepine in the Sample solution (mg/mL)
Calculate the percentage of each individual unspecified impurity in the portion of Oral
Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of carbamazepine from the Standard solution
C=
S concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
C=
U nominal concentration of carbamazepine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.05%.
Table 2

Name
Carbamazepine related compound Aa,b
Carbamazepine

Relative
Retention
Time
0.96
1.00

Acceptance
Criteria,
NMT (%)
—
—
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Carbamazepine related compound Bc
1.45
0.2
—
Carbamazepine related compound F b,d
1.64
b
—
Iminodibenzyl
1.67
Individual unspecified impurity
—
0.2
Total impurities
—
0.5
a 10,11-Dihydrocarbamazepine.
b Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
impurities for the drug product.
c 5H-Dibenz[b,f]azepine.
d 5H-Dibenzo[b,f]azepine-5-carbonyl chloride.
2S (USP38)

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total bacterial count does not exceed 1 × 102 cfu/g, and the tests for Salmonella species
and Escherichia coli are negative.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, protected from
freezing and from excessive heat.
Change to read:
• USP Reference Standards 11
USP Carbamazepine RS
USP Carbamazepine Related Compound A RS
10,11-Dihydrocarbamazepine.
C15 H14 N2 O
238.28
USP Carbamazepine Related Compound B RS
5H-Dibenz[b,f]azepine.
C14 H11 N
193.24
USP Carbamazepine Related Compound F RS
5H-Dibenzo[b,f]azepine-5-carbonyl chloride.
C15 H10 ClNO
255.70
USP Iminodibenzyl RS
10,11-Dihydro[b,f]azepine.
C14 H13 N
195.28
2S (USP38)

BRIEFING
Carbamazepine Tablets, USP 37 page 2122. As part of USP monograph modernization efforts,
it is proposed to make the following changes:
1.
Add an Identification test B based on the retention time agreement using the existing
Assay.
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2.
On the basis of comments received, add a test for Organic Impurities that uses the
same chromatographic system as that used in the Assay. This procedure was
validated using a 4.0 mm Nucleosil CN brand of L10 column. The typical retention
time for carbamazepine is about 13.4 min.
3.
Revise the Assay to allow the use of a column with a different internal diameter and to
provide additional details based on comments received.
4.
Delete the test for Water Determination 921 because this requirement is not needed
in the public standard for this drug product.
5.
Revise the Packaging and Storage section to remove the dispensing instructions and to
provide consistency with approved product labels.
6.
Add USP Carbamazepine Related Compound B RS and USP 9-Methylacridine RS to the
USP Reference Standards section to support the proposed Organic Impurities
procedure.
7.
In keeping with USP style, add equations to Dissolution Test 1, Dissolution Test 2, and
Dissolution Test 3.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: H. Joyce.)
Correspondence Number—C134445

Comment deadline: September 30, 2014
Carbamazepine Tablets
DEFINITION
Carbamazepine Tablets contain NLT 92.0% and NMT 108.0% of the labeled amount of
carbamazepine (C15 H12 N2 O).
IDENTIFICATION
• A. Infrared Absorption 197M
Sample solution: Nominally 250 mg of carbamazepine from powdered Tablets in 15 mL of
acetone
Analysis: Boil the Sample solution for 5 min in a suitable beaker. Filter while hot, using two
5-mL portions of hot acetone to effect transfer. Evaporate the filtrate with the aid of
nitrogen to 5 mL, and cool in an ice bath until crystals are formed. Filter the crystals,
wash with 3 mL of cold acetone, and dry under vacuum at 70 for 30 min. Use the
crystals.
Acceptance criteria: Meet the requirements
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
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Mobile phase: Methanol, tetrahydrofuran, and water (12:3:85). Add 0.22 mL of formic acid
and then 0.5 mL of triethylamine to each L.
Diluent: Methanol and water (50:50)
System suitability stock solution: 0.1 mg/mL of USP Carbamazepine RS and 0.5 mg/mL of
USP Carbamazepine Related Compound A RS in methanol.
Sonication may be used to aid in dissolution. 2S (USP38)
System suitability solution: 0.01 mg/mL of USP Carbamazepine RS and 0.05 mg/mL of
USP Carbamazepine Related Compound A RS from System suitability stock solution in
Diluent
Standard stock solution: 2 mg/mL of USP Carbamazepine RS in methanol.
Sonication may be used to aid in dissolution. 2S (USP38)
Standard solution: 0.2 mg/mL of USP Carbamazepine RS from Standard stock solution in
Diluent
Sample stock solution: Nominally 2 mg/mL of carbamazepine from finely powdered Tablets
prepared as follows. Weigh and finely powder NLT 20 Tablets. Transfer a suitable portion
of powder to an appropriate volumetric flask. Add about 80% of the final flask volume of
methanol, sonicate for about 15 min, and allow to cool to room temperature. Dilute with
methanol to volume, and filter, discarding the first 10 mL of the filtrate.
Nominally 2 mg/mL of carbamazepine from NLT 20 Tablets prepared as follows. Finely
powder the Tablets, and transfer a portion of the powder to a suitable volumetric flask.
Add 80% of the final flask volume of methanol, sonicate for 15 min, and allow to cool to
room temperature. Dilute with methanol to volume. Pass through a suitable filter and
discard the first few mL of filtrate. 2S (USP38)
Sample solution: Nominally 0.2 mg/mL of carbamazepine from Sample stock solution in
Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; packing L10
4.0- or 4.6-mm × 25-cm; 7-µm packing L10 2S (USP38)
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 1.6 times the retention time of carbamazepine 2S (USP38)
System suitability
Samples: System suitability solution and Standard solution
[
Note—See Table 3 for the relative retention times.] 2S (USP38)
Suitability requirements
Resolution: NLT 1.70
1.7 2S (USP38)
between carbamazepine related compound A and carbamazepine, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of carbamazepine (C15 H12 N2 O) in the portion
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of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
C=
U nominal concentration of carbamazepine in the Sample solution (mg/mL)
Acceptance criteria: 92.0%–108.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
For products labeled as 100-mg chewable Tablets
Test 1: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 1.
Medium: Water containing 1% sodium lauryl sulfate; 900 mL
Apparatus 2: 75 rpm
Time: 60 min
Standard solution: USP Carbamazepine RS in Medium
[Note—A volume of methanol NMT 1% of the final total volume of the Standard solution
may be used to dissolve the carbamazepine.]
Sample solution: Filtered portion of the solution under test, diluted with Medium if
necessary
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum absorbance at about 288 nm
Analysis
Samples: Standard solution and Sample solution
Determine the percentage (Q) of the labeled amount of carbamazepine (C15 H12 N2 O)
dissolved from the UV absorbances.
Calculate the percentage of the labeled amount of carbamazepine (C15 H12 N2 O)
dissolved:
Result = (AU/AS) × CS × V × (1/L) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
V= volume of the Medium, 900 mL
L = label claim (mg/Tablet)
2S (USP38)

Tolerances: NLT 75% (Q) of the labeled amount of carbamazepine (C15 H12 N2 O) is dissolved.
Use Acceptance Table 1 in

711

with the following exceptions: at S2 , no unit is less than Q
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5%; at S3 , no unit is less than Q 10%; and NMT 2 of the 24 units are less than Q
For products labeled as 200-mg Tablets
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium, Apparatus 2, Standard solution, Sample solution, and Instrumental
conditions: Proceed as directed in Test 1.
Times: 15 and 60 min
Analysis
Samples: Standard solution and Sample solution

5%.

Calculate the concentration (Ci) of carbamazepine (C15 H12 N2 O) in the sample withdrawn
from the vessel at each time point (i):
Result = (AU/AS) × CS
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of carbamazepine (C15 H12 N2 O) dissolved at
each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 ×V2) + (C1 × VS)] × (1/L) × 100
C=
i concentration of carbamazepine in the portion of sample withdrawn at the specified time
point (i) (mg/mL)
V= volume of the Medium, 900 mL
L = label claim (mg/Tablet)
V2= volume of the Medium at time point 2 (mL)
VS= volume of the Sample solution withdrawn at each time point (i) (mL)
2S (USP38)

Tolerances: See Table 1.
Time Point
(i) 2S (USP38)
1
2

2S (USP38)
2S (USP38)

Table 1
Time
(min) Amount Dissolved
15
45%–75%
60
NLT 75%

Use Acceptance Table 2 in 711 with the following exceptions. At 15 min: at L2 , no unit
is more than 5% outside the stated range; at L3 , no unit is more than 10% outside the
stated range; and NMT 2 of the 24 units are more than 5% outside the stated range. At 60
min: at L2 , no unit is less than Q

5%; at L3 , no unit is less than Q

10%; and NMT 2 of

the 24 units are less than Q 5%.
Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium, Apparatus 2, Standard solution, Sample solution, and Instrumental
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conditions: Proceed as indicated in Test 1.
Times: 15 and 60 min
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of carbamazepine (C15 H12 N2 O) in the sample withdrawn
from the vessel at each time point (i):
Result = (AU/AS) × CS
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of carbamazepine (C15 H12 N2 O) dissolved at
each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 ×V2) + (C1 × VS)] × (1/L) × 100
C=
i concentration of carbamazepine in the portion of sample withdrawn at the specified time
point (i) (mg/mL)
V= volume of the Medium, 900 mL
L = label claim (mg/Tablet)
V=
2 volume of the Medium at time point 2 (mL)
V=
S volume of the Sample solution withdrawn at each time point (i) (mL)
2S (USP38)

Tolerances: See Table 2.
Time Point
(i) 2S (USP38)
1
2

2S (USP38)
2S (USP38)

Table 2
Time
(min) Amount Dissolved
15
60%–85%
60
NLT 75%

Use Acceptance Table 2 in 711 with the following exceptions. At 15 min: at L2 , no unit
is more than 5% outside the stated range; at L3 , no unit is more than 10% outside the
stated range; and NMT 2 of the 24 units are more than 5% outside the stated range. At 60
min: at L2 , no unit is less than Q
the 24 units are less than Q
• Uniformity of Dosage Units

5%; at L3 , no unit is less than Q

10%; and NMT 2 of

5%.
905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, Diluent, and System suitability solution: Proceed as directed in the
Assay.
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Standard stock solution: 0.02 mg/mL each of USP Carbamazepine RS, USP Carbamazepine
Related Compound B RS, and USP 9-Methylacridine RS in methanol. Sonication may be
used to aid in dissolution.
Standard solution: 0.001 mg/mL each of USP Carbamazepine RS, USP Carbamazepine
Related Compound B RS, and USP 9-Methylacridine RS from Standard stock solution in
Diluent
Sample solution: Nominally 1 mg/mL of carbamazepine from NLT 20 Tablets prepared as
follows. Finely powder the Tablets, and transfer a portion of the powder to a suitable
volumetric flask. Add about 50% of the final flask volume of Diluent, sonicate for 15 min,
and allow to cool to room temperature. Dilute with Diluent to volume. Pass through a
suitable filter and discard the first few mL of filtrate.
Chromatographic system: Proceed as directed in the Assay except use a run time of NLT
3.5 times the retention time of carbamazepine.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
[Note—See Table 3 for the relative retention times.]
Resolution: NLT 1.7 between carbamazepine related compound A and carbamazepine,
System suitability solution
Relative standard deviation: NMT 10.0% each for carbamazepine, carbamazepine
related compound B, and 9-methyacridine, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of carbamazepine related compound B and 9-methylacridine in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) ×100
rU= peak response of carbamazepine related compound B or 9-methylacridine from the
Sample solution
rS= peak response of carbamazepine related compound B or 9-methylacridine from the
Standard solution
C=
S concentration of USP Carbamazepine Related Compound B RS or USP 9-Methylacridine
RS in the Standard solution (µg/mL)
C=
U nominal concentration of carbamazepine in the Sample solution (mg/mL)
Calculate the percentage of other degradation products in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unspecified degradation product from the Sample
solution
rS= peak response of carbamazepine from the Standard solution
C=
S concentration of USP Carbamazepine RS in the Standard solution (µg/mL)
C=
U nominal concentration of carbamazepine in the Sample solution (mg/mL)
Acceptance criteria: See Table 3. Disregard peaks below 0.05%.
Table 3
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Relative
Retention
Time
0.54
0.87
1.0
3.1
—
—

Name

Acceptance
Criteria,
NMT (%)
0.19
—
—
0.19
0.13
0.30

9-Methylacridine
Carbamazepine related compound Aa
Carbamazepine
Carbamazepine related compound B
Any individual unspecified degradation product
Total degradation products
a This is a process impurity that is controlled in the drug substance. It is not to be
reported or included in the Total degradation products.
2S (USP38)

SPECIFIC TESTS
Delete the following:
• Water Determination, Method III 921
Sample: 1.5 g of fine powder from 20 Tablets
Analysis: Dry the Sample at 120 for 2 h in an evaporating dish.
Acceptance criteria: NMT 5.0% 2S (USP38)
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, preferably of glass. Dispense Tablets
in a container labeled “Store in a dry place. Protect from moisture.”
Protect from light and moisture. Store at controlled room temperature. 2S (USP38)
• Labeling: The labeling indicates the Dissolution test with which the product complies.
Change to read:
• USP Reference Standards 11
USP Carbamazepine RS
USP Carbamazepine Related Compound A RS
10,11-Dihydrocarbamazepine.
C15 H14 N2 O
238.28
USP Carbamazepine Related Compound B RS
5H-Dibenz[b,f]azepine.
C14 H11 N
193.24
USP 9-Methylacridine RS
9-Methylacridine.
C14 H11 N
193.24
2S (USP38)

BRIEFING
Carboprost Tromethamine, USP 37 page 2147. On the basis of comments received, it is
proposed to revise the monograph as follows:
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1.
Replace the existing normal-phase chromatographic procedure in the Assay and the test
for Limit of 15R-Epimer and 5-trans Isomer with a reverse-phase chromatographic
procedure, because the current procedure requires derivatization and uses
chlorinated solvents. The proposed reverse-phase chromatographic procedure does
not require any derivatization and is based on analyses performed with the Thermo
Scientific Hypersil BDS C18 brand of L1 column. The retention time of carboprost is
about 14 min.
2.
Rename the revised test for Limit of 15R-Epimer and 5-trans Isomer as the test for
Organic Impurities. In addition, rename “15R-epimer” as “15-epicarboprost” and
“15-trans isomer” as “trans-carboprost.” A suitable grade of 15-epicarboprost for
use in the testing is available from Cayman.
3.
Introduce an orthogonal identification procedure as Identification test B based on the
retention time agreement using the proposed Assay.
4.
In Organic Impurities, include a limit for any individual unspecified impurity to be
consistent with ICH Q3A guidelines, and include a limit for total impurities to be
consistent with the monograph in the European Pharmacopoeia 7.8.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran, D. Vicchio.)
Correspondence Number—C122488

Comment deadline: September 30, 2014
Carboprost Tromethamine

C21 H36 O5 ·C4 H11 NO3

489.64

Prosta-5,13-dien-1-oic acid, 9,11,15-trihydroxy-15-methyl-, (5Z, 9 ,11 ,13E,15S)-,
compound with 2-amino-2-(hydroxymethyl)-1,3-propanediol (1:1);
(Z)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(E)-(3S)-3-hydroxy-3-methyl-1-octenyl]cyclopentyl]5-heptenoic acid compound with 2-amino-2-(hydroxymethyl)-1,3-propanediol (1:1);
(15S)-15-Methylprostaglandin F 2 tromethamine
[58551-69-2].
DEFINITION
Carboprost Tromethamine contains NLT 95.0% and NMT 105.0% of carboprost tromethamine
(C25 H47 NO8 ·C4 H11 NO3 ), calculated on the dried basis.
[Caution—Great care should be taken to prevent inhaling particles of Carboprost Tromethamine
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and exposing the skin to it.]
IDENTIFICATION
• A. Infrared Absorption 197M
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Mobile phase: Methylene chloride, 1,3-butanediol, and water (992:7: 0.5)
Internal standard solution: 7 mg/mL of guaifenesin in Mobile phase
Buffer solution: Dissolve 10.5 g of citric acid in 75 mL of water. Add 5 N sodium hydroxide
slowly to adjust to a pH of 4.0, and dilute with water to 100 mL.
Standard solution: Transfer 5 mg of USP Carboprost Tromethamine RS to a stoppered,
50-mL centrifuge tube. Add 20.0 mL of methylene chloride and 2 mL of Buffer solution.
Shake the stoppered tube for 10 min, and centrifuge. Remove and discard the top
(aqueous) layer, and transfer a 4.0-mL aliquot of the lower (methylene chloride) layer to
a suitable vial. Evaporate with the aid of a stream of nitrogen to dryness. Add 100 µL of
a freshly prepared solution of -bromo-2¢-acetonaphthone in acetonitrile (1 in 50). Swirl
to wash down the sides of the vial. Add 50 µL of a freshly prepared solution of
diisopropylethylamine in acetonitrile (1 in 100), swirl again, and place the vial in a suitable
heating device maintained at a temperature of 30 to 35 for NLT 15 min. Evaporate the
acetonitrile from the vial with the aid of a stream of nitrogen, add 2.0 mL of Internal
standard solution, mix, and pass the resulting solution through a fine-porosity filter.
Protect the filtered solution from light prior to injection to prevent degradation of the
naphthacyl ester of carboprost.
Sample solution: Transfer 5 mg of Carboprost Tromethamine to a stoppered, 50-mL
centrifuge tube. Add 20.0 mL of methylene chloride and 2 mL of Buffer solution. Shake
the stoppered tube for 10 min, and centrifuge. Remove and discard the top (aqueous)
layer, and transfer a 4.0-mL aliquot of the lower (methylene chloride) layer to a suitable
vial. Evaporate with the aid of a stream of nitrogen to dryness. Add 100 µL of a freshly
prepared solution of -bromo-2¢-acetonaphthone in acetonitrile (1 in 50). Swirl to wash
down the sides of the vial. Add 50 µL of a freshly prepared solution of
diisopropylethylamine in acetonitrile (1 in 100), swirl again, and place the vial in a suitable
heating device maintained at a temperature of 30 to 35 for NLT 15 min. Evaporate the
acetonitrile from the vial with the aid of a stream of nitrogen, add 2.0 mL of Internal
standard solution, mix, and pass the resulting solution through a fine-porosity filter.
Protect the filtered solution from light prior to injection to prevent degradation of the
naphthacyl ester of carboprost.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 254 nm
Column: 3.9-mm × 30-cm; 10-µm packing L3
Flow rate: 1.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for guaifenesin and 2-naphthacyl ester of carboprost
are 0.6 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between guaifenesin and the 2-naphthacyl ester of carboprost
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of carboprost tromethamine (C25 H47 NO8 ) in the portion of
Carboprost Tromethamine taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of the 2-naphthacyl ester of carboprost to the internal standard
of the Sample solution
R=
S peak response ratio of the 2-naphthacyl ester of carboprost to the internal standard
of the Standard solution
C=
S concentration of USP Carboprost Tromethamine RS in the Standard solution (mg/mL)
C=
U concentration of carboprost tromethamine in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0% on the dried basis
Buffer: 0.02 M monobasic potassium phosphate
Mobile phase: Acetonitrile, methanol, and Buffer (20:30:50). Adjust with phosphoric
acid to an apparent pH of 3.0.
Diluent: Acetonitrile, methanol, and water (20:30:50)
Standard solution: 1.0 mg/mL of USP Carboprost Tromethamine RS in Diluent
Sample solution: 1.0 mg/mL of Carboprost Tromethamine in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4-mm × 15-cm; 3-µm packing L1
Column temperature: 30 ± 2
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—See Table 1 for the relative retention times of trans-carboprost and
carboprost.]
Suitability requirements
Resolution: NLT 1.2 between trans-carboprost and carboprost
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Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of carboprost tromethamine (C25 H47 NO8 ·C4 H11 NO3 ) in the
portion of Carboprost Tromethamine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Carboprost Tromethamine RS in the Standard solution (mg/mL)
CU= concentration of Carboprost Tromethamine in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0% on the dried basis

2S (USP38)

IMPURITIES
• Residue on Ignition 281 : NMT 0.5%
Delete the following:
• Limit of 15R-Epimer and 5-trans Isomer
Buffer solution, Mobile phase, Internal standard solution, Standard solution and
Sample solution: Proceed as directed in the Assay.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; 10-µm packing L3
Flow rate: 1.8 mL/min
Injection volumes
Standard solution: 10 µL
Sample solution: 25 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for guaifenesin and 2-naphthacyl ester of carboprost
are 0.6 and 1.0, respectively. ]
Suitability requirements
Resolution: NLT 4.0 between guaifenesin and the 2-naphthacyl ester of carboprost
Relative standard deviation: NMT 2.0%
Analysis
Sample: Sample solution
Calculate the percentage of the 15R-epimer (as the tromethamine salt) in the portion of
Carboprost Tromethamine taken:
Result = [rA/(rA + rB + rC)] × 100
rA= area of any peak at a relative retention time of 0.7
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rB= area of any peak at a relative retention time of 1.0
rC= area of any peak at a relative retention time of 1.2
Calculate the percentage of the 5-trans isomer (as the tromethamine salt) in the portion of
Carboprost Tromethamine taken:
Result = [rC/(rA + rB + rC)] × 100
r=
C area of any peak at a relative retention time of 1.2
r=
A area of any peak at a relative retention time of 0.7
r=
B area of any peak at a relative retention time of 1.0
Acceptance criteria
15R-epimer: NMT 2.0%
5-trans isomer: NMT 3.0%
2S (USP38)

Add the following:
• Organic Impurities
Buffer, Mobile phase, and Diluent: Prepare as directed in the Assay.
Standard stock solution: 1.0 mg/mL of USP Carboprost Tromethamine RS in Diluent
System suitability solution: 0.1 mg/mL of 15-epicarboprost in the Standard stock solution
Standard solution: 0.025 mg/mL of USP Carboprost Tromethamine RS in Diluent from the
Standard stock solution
Sensitivity solution: 0.001 mg/mL of USP Carboprost Tromethamine RS in Diluent from the
Standard stock solution
Sample solution: 1 mg/mL of Carboprost Tromethamine in Diluent
Chromatographic system: Proceed as directed in the Assay, except use an Injection
volume of 20 µL.
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.0 between 15-epicarboprost and trans-carboprost; NLT 1.2 between
trans-carboprost and carboprost, System suitability solution
Relative standard deviation: NMT 5.0% for carboprost, Standard solution
Signal-to-noise ratio: NLT 10 for carboprost, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Carboprost Tromethamine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of carboprost tromethamine from the Standard solution
C=
S concentration of USP Carboprost Tromethamine RS in the Standard solution (mg/mL)
C=
U concentration of Carboprost Tromethamine in the Sample solution (mg/mL)
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Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time

Name
15-Epicarboprost a

0.90
0.94
1.0
—
—

Acceptance
Criteria,
NMT (%)
2.0
3.0
—
0.10
4.0

trans-Carboprost b
Carboprost
Any individual unspecified impurity
Total impurities
a (Z)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(E)-(3R)-3-hydroxy-3-methyloct-1enyl]cyclopentyl]-5-heptenoic acid.
b (E)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(E)-(3S)-3-hydroxy-3-methyloct-1enyl]cyclopentyl]-5-heptenoic acid.
2S (USP38)

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL of Carboprost Tromethamine in alcohol
Acceptance criteria: +18 to +24
• Loss on Drying 731
Analysis: Dry under vacuum at a pressure not exceeding 5 mm of mercury at 50 for 16 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store in a freezer.
• USP Reference Standards 11
USP Carboprost Tromethamine RS
BRIEFING
Ceftiofur Hydrochloride, page 908 of PF 34(4) [July–Aug. 2008]. On the basis of comments
received, the Expert Committee has canceled the monograph proposal that appeared in PF
34(4) and has proposed the following new monograph.
1.
The Assay is based on analyses performed using the Zorbax C8 brand of L7 column. The
typical retention time for ceftiofur is 6 min.
2.
The test for Low Molecular Weight Impurities is based on analyses performed using the
Luna C18 brand of L1 column. The typical retention time for ceftiofur is about 33 min.
3.
The test for High Molecular Weight Impurities is based on analyses performed using the
LiChrospher Diol-100 brand of L20 column. The typical retention time for ceftiofur is
about 2.5 min.
(SM3: A. Wise, M. Puderbaugh.)
Correspondence Number—C107347

Comment deadline: September 30, 2014
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Add the following:
Ceftiofur Hydrochloride

C19 H17 N5 O7 S3 ·HCl

560.02

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[[(2-amino-4-thiazolyl)
(methoxyimino)acetyl]amino]-3-[[(2-furanylcarbonyl)thio]methyl]-8-oxo-, monohydrochloride,
[6R-[6 ,7 (Z)]]-;
(6R,7R)-7-[2-(2-Amino-4-thiazolyl)glyoxylamido]-3-(mercaptomethyl)-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 72-(Z)-(O-methyloxime), 2-furoate (ester),
monohydrochloride
[103980-44-5].
DEFINITION
Ceftiofur Hydrochloride contains NLT 844 µg/mg and NMT 956 µg/mg of ceftiofur
(C19 H17 N5 O7 S3 ), calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Tetrabutylammonium hydroxide, 40% in water
Solution B: Dissolve 3.85 g of ammonium acetate and 13.5 mL of Solution A in 700 mL of
water. Adjust with glacial acetic acid to a pH of 6.7.
Mobile phase: Mix 700 mL of Solution B with 200 mL of methanol and 110 mL of
tetrahydrofuran.
Diluent: 0.05 M ammonium acetate
Standard solution: 0.16 mg/mL of USP Ceftiofur Hydrochloride RS prepared as follows.
Dissolve USP Ceftiofur Hydrochloride RS in methanol using about 4% of the final volume
and dilute with Diluent to volume.
Sample solution: 0.16 mg/mL of Ceftiofur Hydrochloride prepared as follows. Dissolve
Ceftiofur Hydrochloride in methanol using about 4% of the final volume and dilute with
Diluent to volume.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ceftiofur (C19 H17 N5 O7 S3 ) in the portion of Ceftiofur
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ceftiofur Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Ceftiofur Hydrochloride in the Sample solution (mg/mL)
P= potency of ceftiofur in USP Ceftiofur Hydrochloride RS (µg/mg)
Acceptance criteria: 844–956 µg/mg on the anhydrous and solvent-free basis
IMPURITIES
• Low Molecular Weight Impurities
Solution A: Acetonitrile, trifluoroacetic acid, and water (50:1:950)
Solution B: Acetonitrile, trifluoroacetic acid, and water (800:1:200)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
5
100
0
35
60
40
50
0
100
55
0
100
60
100
0
75
100
0
Diluent: Acetonitrile and water (1:1)
System suitability solution: 0.3 mg/mL of USP Ceftiofur System Suitability Mixture RS in
Diluent. Sonicate as needed to dissolve. Inject within 20 min of preparation.
Peak identification solution: 15 µg/mL of USP Cefotaxime Sodium RS in Diluent
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Sample stock solution: 3 mg/mL of Ceftiofur Hydrochloride in Diluent
Sample solution: 0.3 mg/mL of Ceftiofur Hydrochloride from Sample stock solution in
water. Inject the Sample solution within 20 min of preparation.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Peak identification solution
[Note—The relative retention times for ceftiofur delta-3 isomer and ceftiofur are 0.98 and
1.0, respectively. The elution order of the N-deacyl ceftiofur and cefotaxime peaks may
be reversed depending on the column used. Determine the location of the cefotaxime
peak by using the Peak identification solution.]
Suitability requirements
Resolution: NLT 1.5 between ceftiofur delta-3 isomer and ceftiofur, System suitability
solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Ceftiofur Hydrochloride taken:
Result = {rU/[rS + (SrU/F)]} × (1/F) × 100
r=
U peak response of each impurity from the Sample solution
r=
S peak response of ceftiofur from the Sample solution
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.05% of the total corrected
peak area.
Table 2

Name
Ceftiofur oxime ethyl estera
7-Aminocephalosporanic acidb
2-Furoic acidc
N-Deacyl ceftiofurd
Cefotaximee
Ceftiofur delta-3 isomerf
Ceftiofur
Ceftiofur E-isomerg
Dihydrothiophenyl thioesterh
Ceftiofur amide dimeri

Relative
Retention Time
0.03
0.10
0.33
0.70
0.71
0.98
1.0
1.08
1.2
1.3

Relative
Response Factor
1.6
0.77
2.5
0.61
1.0
1.0
—
1.0
1.0
1.0

Acceptance
Criteria,
NMT (%)
0.5
0.5
0.5
0.5
0.5
0.5
—
3.6
0.5
0.8
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N-Trityl ceftiofur oximej
1.5
0.48
0.5
Any other individual impurity
—
1.0
0.5
Total impurities
—
—
6.0
a (Z)-Ethyl 2-(2-aminothiazol-4-yl)-2-(methoxyimino)acetate.
b (6R,7R)-3-(Acetoxymethyl)-7-amino-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid; 7-ACA.
c Furan-2-carboxylic acid.
d (6R,7R)-7-Amino-3-((furan-2-carbonylthio)methyl)-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
e (6R,7R)-3-(Acetoxymethyl)-7-((Z)-2-(2-aminothiazol-4-yl)-2(methoxyimino)acetamido)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
f (6R,7R)-7-((Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido)-3-((furan-2carbonylthio)methyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid.
g (6R,7R)-7-((E)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido)-3-((furan-2carbonylthio)methyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
h S-(4-Hydroxy-5-oxo-2,5-dihydrothiophen-3-yl)methyl furan-2-carbothioate.
i (6R,7S)-7-{(6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-3[(furan-2-carbonylthio)methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2enecarboxamido}-3-[(furan-2-carbonylthio)methyl]-8-oxo-1-azabicyclo[4.2.0]oct-2-ene2-carboxylic acid.
j (Z)-2-(Methoxyimino)-2-(2-(tritylamino)thiazol-4-yl)acetic acid.
• High Molecular Weight Impurities (Ceftiofur Polymers)
To minimize leaching of plastic components, avoid contact between the Mobile phase and
plastics during all steps including during the preparation of the Mobile phase, the System
suitability solution, and the Sample solution, and when filling the injection vial.
Solution A: 45% of potassium hydroxide in water
Solution B: 0.68 g/L of monobasic potassium phosphate. Adjust with Solution A to a pH of
7.5.
Mobile phase: 10 g/L of electrophoresis grade sodium dodecyl sulfate in Solution A. Stir or
slightly heat to dissolve.
Blank: Use the Mobile phase.
System suitability solution: 0.15 mg/mL of USP Ceftiofur System Suitability Mixture RS in
Mobile phase. Sonicate if necessary to dissolve. Inject within 20 min of preparation.
Sample solution: 0.15 mg/mL of Ceftiofur Hydrochloride in Mobile phase. Inject within 20
min of preparation.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.0-mm × 25-cm; 5-µm packing L20
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of the ceftiofur peak
System suitability
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Sample: System suitability solution
[Note—Adjust the chromatographic system so that the retention time of ceftiofur is NLT
2.5 min. The relative retention times of ceftiofur E-isomer and ceftiofur are 0.9 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 1.0 between ceftiofur and ceftiofur E-isomer
Analysis
Samples: Blank and Sample solution
Calculate the percentage of high molecular weight impurities in the portion of Ceftiofur
Hydrochloride taken:
Result = {100 × (rU/F)/[(rU/F) + rC + rA]}

T

r=
U sum of the responses of all peaks that elute prior to ceftiofur from the Sample solution,
corrected for the Blank if necessary
F= relative response factor, 0.8
r=
C peak response of ceftiofur from the Sample solution (mg/mL)
r=
A sum of the responses of all peaks that elute after ceftiofur from the Sample solution
(mg/mL)
T= total impurities from Table 2
Acceptance criteria
Total high molecular weight impurities: NMT 3.9%
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 5 mg/mL in dimethylformamide
Acceptance criteria:

115 to

127 on the anhydrous and solvent-free basis

• Bacterial Endotoxins 85 : Where the label states that Ceftiofur Hydrochloride is sterile or
that it must be subjected to further processing during the preparation of injectable dosage
forms, it contains NMT 1.0 USP Endotoxin Unit/mg of ceftiofur hydrochloride.
• Water Determination, Method I

921 : NMT 6.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store in a freezer.
• Labeling: Label it to indicate that it is intended for veterinary use only. Where it is intended
for use in preparing injectable dosage forms, the label states that it is sterile or must be
subjected to further processing during the preparation of injectable dosage forms.
• USP Reference Standards 11
USP Cefotaxime Sodium RS
USP Ceftiofur Hydrochloride RS
USP Ceftiofur System Suitability Mixture RS
This is a mixture of ceftiofur, ceftiofur delta-3 isomer, ceftiofur E-isomer, and other
impurities.
Ceftiofur delta-3 isomer
(6R,7R)-7-((Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido)-3-((furan-2-
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carbonylthio)methyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid.
C19 H17 N5 O7 S3
523.56
Ceftiofur E-isomer
(6R,7R)-7-((E)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido)-3-((furan-2carbonylthio)methyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
C19 H17 N5 O7 S3
523.56
USP Endotoxin RS
2S (USP38)

BRIEFING
Ceftiofur Sodium, page 912 of PF 34(4) [July–Aug. 2008]. On the basis of comments received,
the Expert Committee has canceled the monograph proposal that appeared in PF 34(4) and
has proposed the following new monograph.
1.
The chemical information in the monograph, the test for Water Determination, and the
Packaging and Storage section address the differences between three different
polymorphic forms of Ceftiofur Sodium.
2.
The Assay is based on analyses performed using the Zorbax C8 brand of L7 column. The
typical retention time for ceftiofur is 6 min.
3.
The test for Low Molecular Weight Impurities is based on analyses performed using the
XTerra RP-18 brand of L1 column. The typical retention time for ceftiofur is about 34
min.
4.
The test for High Molecular Weight Impurities is based on analyses performed using the
LiChrospher Diol-100 brand of L20 column. The typical retention time for ceftiofur is
about 2.5 min.
5.
A test for Residual Solvents is included to accommodate FDA-approved limits for
tetrahydrofuran and acetone that are wider than those in Residual Solvents 467 .
A detailed procedure is not included in the tests; manufacturers should use
appropriately validated procedures.
6.
USP Ceftiofur Sodium Trihydrate RS, which is stable at room temperature, is proposed
as a standard for identification and quantitative purposes.
(SM3: A. Wise, M. Puderbaugh.)
Correspondence Number—C107348; C119490

Comment deadline: September 30, 2014
Add the following:
Ceftiofur Sodium
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C19 H16 N5 NaO7 S3
545.54
C19 H16 N5 NaO7 S3 ·H2 O
563.55
C19 H16 N5 NaO7 S3 ·3H2 O
599.59
5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[[(2-amino-4-thiazolyl)
(methoxyimino)acetyl]amino]-3-[[(2-furanylcarbonyl)thio]methyl]-8-oxo-, monosodium salt,
[6R-[6 ,7 (Z)]]-;
Sodium (6R,7R)-7-[2-(2-amino-4-thiazolyl)glyoxylamido]-3-(mercaptomethyl)-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylate, 72-(Z)-(O-methyloxime), 2-furoate (ester)
[104010-37-9].
DEFINITION
Ceftiofur Sodium is the sodium salt of ceftiofur. It is anhydrous or contains one or three
molecules of water of hydration. It has a potency equivalent to NLT 862 µg/mg and NMT 970
µg/mg of ceftiofur (C19 H17 N5 O7 S3 ), calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Tetrabutylammonium hydroxide, 40% in water
Solution B: Dissolve 3.85 g of ammonium acetate and 13.5 mL of Solution A in 700 mL of
water. Adjust with glacial acetic acid to a pH of 6.7.
Mobile phase: Mix 700 mL of Solution B with 200 mL of methanol and 110 mL of
tetrahydrofuran.
Diluent: 0.05 M ammonium acetate
Standard solution: 0.16 mg/mL of USP Ceftiofur Sodium Trihydrate RS in Diluent
Sample solution: 0.16 mg/mL of Ceftiofur Sodium in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the quantity, in µg/mg, of ceftiofur (C19 H17 N5 O7 S3 ) in the portion of Ceftiofur
Sodium taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ceftiofur Sodium Trihydrate RS in the Standard solution (mg/mL)
C=
U concentration of Ceftiofur Sodium in the Sample solution, corrected for water (mg/mL)
P= potency of ceftiofur in USP Ceftiofur Sodium Trihydrate RS (µg/mg)
Acceptance criteria: 862–970 µg/mg on the anhydrous and solvent-free basis
IMPURITIES
• Low Molecular Weight Impurities
Solution A: Water and trifluoroacetic acid (1000:1)
Solution B: Acetonitrile and trifluoroacetic acid (1000:1)
Solution C: Solution A and Solution B (950:50)
Mobile phase: See Table 1.
Table 1
Time
Solution B Solution C
(min)
(%)
(%)
0
0
100
15
18
82
50
18
82
110
60
40
111
0
100
120
0
100
Buffer: 3.5 g/L of sodium phosphate dibasic dihydrate, adjusted with phosphoric acid to a
pH of 8.0
Diluent: Acetonitrile and Buffer (40:60)
System suitability solution: 1 mg/mL of USP Ceftiofur System Suitability Mixture RS in
Diluent. Sonicate as needed to dissolve.
Peak identification solution: 15 µg/mL of USP Cefotaxime Sodium Trihydrate RS in Diluent
Standard solution: 0.005 mg/mL of USP Ceftiofur Sodium Trihydrate RS in Diluent
Sample solution: 1 mg/mL of Ceftiofur Sodium in Diluent. Inject within 20 min of
preparation.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
Run time: 3.5 times the retention time of ceftiofur
System suitability
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Samples: System suitability solution, Peak identification solution, and Standard solution
[Note—The relative retention times for ceftiofur delta-3 isomer and ceftiofur are 0.93 and
1.0, respectively. The elution order of the N-deacyl ceftiofur and cefotaxime peaks may
be reversed depending on the column used. Determine the location of the cefotaxime
peak by using the Peak identification solution.]
Suitability requirements
Resolution: NLT 1.5 between ceftiofur delta-3 isomer and ceftiofur, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Ceftiofur Sodium taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of ceftiofur from the Standard solution
C=
S concentration of USP Ceftiofur Sodium Trihydrate RS in the Standard solution (mg/mL)
C=
U concentration of Ceftiofur Sodium in the Sample solution, corrected for water (mg/mL)
P= potency of ceftiofur in USP Ceftiofur Sodium Trihydrate RS (µg/mg)
F 1= conversion factor, 0.001 mg/µg
F 2= relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.

Name
Aminothiazolyl oximea
2-Furoic acidb
Thiofuroic acidc
Ceftiofur thiolactoned
N-Deacyl ceftiofure
Cefotaximef
Ceftiofur mercaptang
Ceftiofur disulfide dimerh
Ceftiofur delta-3 isomeri
Ceftiofur
Ceftiofur E-isomerj
Ceftiofur dioximek
N-Furoyl ceftiofurl
Difuroyl disulfidem
Any other individual impurity

Table 2
Relative
Retention
Time
0.07
0.21
0.30
0.43
0.45
0.47
0.52
0.85
0.93
1.0
1.4
2.1
2.3
2.4
—

Relative
Response
Factor
1.5
2.4
0.5
1.0
1.0
1.0
1.0
0.75
1.0
—
1.0
1.0
1.0
1.0
1.0

Acceptance
Criteria,
NMT (%)
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
—
0.5
0.5
0.5
0.5
0.5
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Total impurities
—
—
2.2
a (Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetic acid.
b Furan-2-carboxylic acid.
c Furan-2-carbothioic acid.
d (Z)-2-(2-Aminothiazol-4-yl)-N-((5aR,6R)-1,7-dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1b]thieno[3,4-d][1,3]thiazin-6-yl)-2-(methoxyimino)acetamide.
e (6R,7R)-7-Amino-3-((furan-2-carbonylthio)methyl)-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
f (6R,7R)-3-(Acetoxymethyl)-7-((Z)-2-(2-aminothiazol-4-yl)-2(methoxyimino)acetamido)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
g (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-3(mercaptomethyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
h (6R,6¢R,7R,7¢R,Z)-3,3¢-[Dithiobis(methylene)]bis{7-[(Z)-2-(2-aminothiazol-4-yl)-2(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
acid}.
i (6R,7R)-7-((Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido)-3-((furan-2carbonylthio)methyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid.
j (6R,7R)-7-((E)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido)-3-((furan-2carbonylthio)methyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
k (6R,7R)-7-{(Z)-2-(2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]thiazol4-yl)-2-(methoxyimino)acetamido}-3-{[(furan-2-carbonyl)thio]methyl}-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l (6R,7R)-3-{[(Furan-2-carbonyl)thio]methyl}-7-{(Z)-2-[2-(furan-2-carboxamido)thiazol4-yl]-2-(methoxyimino)acetamido}-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid.
m Difuran-2-oyl disulfide.
• High Molecular Weight Impurities (Ceftiofur Polymers)
To minimize leaching of plastic components, avoid contact between the Mobile phase and
plastics during all steps including during preparation of the Mobile phase, the System
suitability solution, and the Sample solution, and when filling the injection vial.
Solution A: 0.68 g/L of monobasic potassium phosphate. Adjust with 45% potassium
hydroxide solution to a pH of 7.5.
Mobile phase: 10 g/L of electrophoresis grade sodium dodecyl sulfate in Solution A. Stir or
slightly heat to dissolve.
Blank: Use the Mobile phase.
System suitability solution: 0.15 mg/mL each of USP Ceftiofur System Suitability Mixture
RS in Mobile phase. Sonicate if necessary to dissolve. Inject within 20 min of preparation.
Sample solution: 0.15 mg/mL of Ceftiofur Sodium in Mobile phase. Inject within 20 min of
preparation.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.0-mm × 25-cm; 5-µm packing L20
Flow rate: 1 mL/min
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Injection volume: 20 µL
Run time: NLT 2 times the retention time of the ceftiofur peak
System suitability
Sample: System suitability solution
[Note—Adjust the chromatographic system so that the retention time of ceftiofur is NLT
2.5 min. The relative retention times of ceftiofur E-isomer and ceftiofur are 0.9 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 1.0 between ceftiofur and ceftiofur E-isomer
Analysis
Samples: Blank and Sample solution
Calculate the percentage of high molecular weight impurities in the portion of Ceftiofur
Sodium taken:
Result = {100 × (rU/F)/[(rU/F) + rC + rA]} – T
r=
U sum of the responses of all peaks that elute prior to ceftiofur from the Sample solution,
corrected for the Blank if necessary
F= relative response factor, 0.8
r=
C peak response of ceftiofur from the Sample solution (mg/mL)
r=
A sum of the responses of all peaks that elute after ceftiofur from the Sample solution
(mg/mL)
T= total impurities from Table 2
Acceptance criteria
Total high molecular weight impurities: NMT 11.0%
• Residual Solvents 467
Acceptance criteria
Tetrahydrofuran (if present): NMT 0.7%
Acetone (if present): NMT 3.5%
[Note—For the Acceptance criteria for any other residual solvents, see Residual Solvents
467 .]
SPECIFIC TESTS
• pH 791
Sample solution: 50 mg/mL
Acceptance criteria: 5.0–7.5
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in water
Acceptance criteria:

60.0 to

74.0

• Bacterial Endotoxins 85 : Where the label states that Ceftiofur Sodium is sterile or that
it must be subjected to further processing during the preparation of injectable dosage
forms, it contains NMT 1.0 USP Endotoxin Unit/mg of ceftiofur sodium.
• Water Determination, Method I
Acceptance criteria

921
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Where it is labeled as anhydrous: NMT 2.0%
Where it is labeled as the monohydrate: NMT 4.0%
Where it is labeled as the trihydrate: NMT 10.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature except where it is labeled as monohydrate, in which case it should be
stored in the freezer.
• Labeling: Label it to indicate that it is intended for veterinary use only and to indicate
whether it is anhydrous, monohydrate, or trihydrate. Where it is intended for use in
preparing injectable dosage forms, the label states that it is sterile or must be subjected to
further processing during the preparation of injectable dosage forms.
• USP Reference Standards 11
USP Cefotaxime Sodium RS
USP Ceftiofur Sodium Trihydrate RS
USP Ceftiofur System Suitability Mixture RS
This is a mixture of ceftiofur, ceftiofur delta-3 isomer, ceftiofur E-isomer, and other
impurities.
Ceftiofur delta-3 isomer
(6R,7R)-7-((Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido)-3-((furan-2carbonylthio)methyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid.
C19 H17 N5 O7 S3
523.56
Ceftiofur E-isomer
(6R,7R)-7-((E)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido)-3-((furan-2carbonylthio)methyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
C19 H17 N5 O7 S3
523.56
USP Endotoxin RS
2S (USP38)

BRIEFING
Cyclobenzaprine Hydrochloride Extended-Release Capsules. Because there is no existing
USP monograph for this drug product, a new monograph based on validated methods is being
proposed.
1.
The liquid chromatographic procedure in the Assay is based on analyses conducted with
the ACE C18 brand of L1 column. The Intersil ODS-3 brand of L1 column may also be
suitable. The typical retention time for cyclobenzaprine is about 5–7 min.
2.
The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses conducted with the ACE C18 brand of L1 column. The typical retention time
for cyclobenzaprine is about 18 min.
(SM4: H. Joyce.)
Correspondence Number—C131112

Comment deadline: September 30, 2014
Add the following:
Cyclobenzaprine Hydrochloride Extended-Release Capsules
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DEFINITION
Cyclobenzaprine Hydrochloride Extended-Release Capsules contain NLT 90.0% and NMT 110.0%
of the labeled amount of cyclobenzaprine hydrochloride (C20 H21 N·HCl).
IDENTIFICATION
• A. Infrared Absorption 197A
Standard: Transfer 90 mg of USP Cyclobenzaprine Hydrochloride RS to a 25-mL volumetric
flask. Add 10 mL of water and sonicate for 30 s. Transfer the solution to a 40-mL vial. Add
10 mL of methylene chloride. Cap the vial and shake. Centrifuge, if necessary, and
transfer the lower methylene chloride layer to a watch glass. Evaporate the solvent, and
use the residue. [Note—The use of a glass vial and a centrifuge speed of NMT 2000 rpm
may be suitable. An infrared heat lamp may be used to evaporate the solvent.]
Sample: Transfer a portion of the contents of NLT 10 Capsules containing nominally 90 mg
of cyclobenzaprine hydrochloride to a 25-mL volumetric flask. Add 10 mL of water and
sonicate for 30 s. Transfer the solution to a 40-mL vial. Add 10 mL of methylene chloride.
Cap the vial and shake. Centrifuge, and transfer the lower methylene chloride layer to a
watch glass. Evaporate the solvent, and use the residue. [Note—The use of a glass vial
and a centrifuge speed of NMT 2000 rpm may be suitable. An infrared heat lamp may be
used to evaporate the solvent.]
Analysis
Samples: Standard and Sample
Acceptance criteria: The maxima of the IR spectrum from the Sample correspond to those
from the Standard.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Add 3.7 mL of methanesulfonic acid per 1 L of water and adjust with diethylamine
to a pH of 3.6.
Mobile phase: Acetonitrile, methanol, and Buffer (25.5: 21.0: 53.5)
Diluent: Acetonitrile and water (50:50)
Standard solution: 0.12 mg/mL of USP Cyclobenzaprine Hydrochloride RS in Diluent
Sample solution: Nominally 0.12 mg/mL of cyclobenzaprine hydrochloride from Capsules
prepared as follows. Remove the contents of NLT 20 Capsules, and transfer a suitable
portion of the contents to a volumetric flask. Add 80% of the final flask volume of Diluent.
Stir and sonicate, if necessary. Dilute with Diluent to volume, and centrifuge. Use the
supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cyclobenzaprine hydrochloride
(C20 H21 N·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cyclobenzaprine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U nominal concentration of cyclobenzaprine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm, wire helix sinkers
Times: 2, 4, 8, and 16 h
Solution A: Transfer 10 empty Capsule shells to a 1-L volumetric flask. Add 80% of the
final flask volume of Medium, which has been warmed to 37 , and stir until the Capsule
shells have dissolved. Allow to cool, and dilute with Medium to volume.
Standard solution: (L/900) mg/mL of USP Cyclobenzaprine Hydrochloride RS in Medium,
where L is the label claim of cyclobenzaprine hydrochloride in mg/Capsule
Sample solution: Centrifuge a portion of the solution under test. Use the supernatant.
Instrumental conditions
Mode: UV
Analytical wavelength: 290 nm
Cell: 1 cm
Blank: A mixture of Solution A and Medium prepared as follows. Transfer 10% of the final
flask volume of Solution A to a suitable volumetric flask. Dilute with Medium to volume,
centrifuge, and use the supernatant.
Analysis
Samples: Standard solution, Sample solution, and Blank
Correct the instrument by using the Blank.
Calculate the concentration (Ci) of cyclobenzaprine hydrochloride (C20 H21 N·HCl) dissolved
at each time point (i):
Result i = (AU/AS) × CS
A=
U absorbance from the Sample solution at time point i
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A=
S absorbance from the Standard solution
C=
S concentration of USP Cyclobenzaprine Hydrochloride RS in the Standard solution
(mg/mL)
Calculate the percentage of the labeled amount of cyclobenzaprine hydrochloride
(C20 H21 N·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V
Result 3 = ({C3 × [V
Result 4 = ({C4 × [V

VS)] + (C1 × VS)} × (1/L) × 100

(2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
(3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100

C=
i concentration of cyclobenzaprine hydrochloride in the portion of sample withdrawn at
the specified time point (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Capsule)
V=
S volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 1.
Table 1
Time Point
(i)
1
2
3
4

Time
(h)
2
4
8
16

Amount
Dissolved
(%)
NMT 40
43–63
66–86
NLT 80

The percentages of the labeled amounts of cyclobenzaprine hydrochloride (C20 H21 N·HCl)
dissolved at the times specified conform to Acceptance Table 2 in
• Uniformity of Dosage Units

711 .

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer: Dissolve 10 mL of n-butylamine in 900 mL of water, and adjust with acetic acid to a
pH of 6.0. Dilute to 1 L.
Mobile phase: Acetonitrile, methanol, and Buffer (15:29:56)
Sensitivity solution: 0.001 mg/mL of USP Cyclobenzaprine Hydrochloride RS and 0.004
mg/mL of USP Amitriptyline Hydrochloride RS in Mobile phase
Standard solution: 0.02 mg/mL of USP Cyclobenzaprine Hydrochloride RS and 0.01 mg/mL
of USP Amitriptyline Hydrochloride RS in Mobile phase
Sample solution: Nominally 2 mg/mL of cyclobenzaprine hydrochloride from Capsules
prepared as follows. Remove the contents of NLT 20 Capsules, and transfer a suitable
portion of the contents to a volumetric flask. Add 70% of the final flask volume of Mobile
phase. Stir and sonicate, if necessary. Dilute with Mobile phase to volume, and centrifuge.
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Use the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
Run time: NLT 3.5 times the retention time of cyclobenzaprine
System suitability
Samples: Standard solution and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.5 between cyclobenzaprine and amitriptyline, Standard solution
Relative standard deviation: NMT 2.0% each for cyclobenzaprine and amitriptyline,
Standard solution
Signal-to-noise ratio: NLT 10 each for cyclobenzaprine and amitriptyline, Sensitivity
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amitriptyline hydrochloride in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of amitriptyline from the Sample solution
rS= peak response of amitriptyline from the Standard solution
C=
S concentration of USP Amitriptyline Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of cyclobenzaprine hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of each unspecified degradation product in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified degradation product from the Sample solution
rS= peak response of cyclobenzaprine from the Standard solution
C=
S concentration of USP Cyclobenzaprine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U nominal concentration of cyclobenzaprine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.
Table 2

Name
Cyclobenzaprine related compound Aa,b
Cyclobenzaprine

Relative
Retention
Time
0.5
1.0

Acceptance
Criteria,
NMT (%)
—
—
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Amitriptyline
1.3
0.2
—
Cyproheptadine related compound Bb,c
2.9
Any individual unspecified degradation product
—
0.2
Total degradation products
—
0.5
a 5-[3-(Dimethylamino)propyl]-5H -dibenzo[a,d]-cyclohepten-5-ol.
b This is a process impurity that is included in the table for identification purposes only. It
is controlled in the drug substance and is not to be reported or included in the total
impurities for the drug product.
c Dibenzo[a,d]cycloheptene-5-one (also known as dibenzocycloheptenone).
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
• USP Reference Standards 11
USP Amitriptyline Hydrochloride RS
USP Cyclobenzaprine Hydrochloride RS
2S (USP38)

BRIEFING
Dexamethasone Sodium Phosphate, USP 37 page 2548 and PF 39(4) [Jul.–Aug., 2013]. The
revision appearing in PF 39(4) was canceled. It is proposed to revise the monograph as
follows.
1.
Replace the Thin-Layer Chromatography identification test that uses chloroform, a
safety hazard, with the IR test from the current version of the European
Pharmacopoeia.
2.
Replace the tests for Limit of Free Dexamethasone and Chromatographic Purity with a
single chromatographic procedure based on the related substances procedure for the
drug substance in the current edition of the European Pharmacopoeia. The
procedure uses the AkzoNobel Kromasil C8 brand of L7 column. The typical retention
time for dexamethasone phosphate is about 22 min.
3.
Add dexamethasone ethyl ester and dexamethasone sodium phosphate diester impurities
to the test for Organic Impurities at the request of an approved manufacturer.
4.
Replace the Assay with a chromatographic procedure based on the Assay for the drug
substance in the current edition of the European Pharmacopoeia. The procedure
uses the Macherey-Nagel Nucleosil C18 brand of L1 column. The typical retention
time for dexamethasone phosphate is about 8 min.
5.
Replace "water-free and alcohol-free" with "anhydrous and solvent-free basis" in the
Definition and in the test for Optical Rotation as other solvents could be present in
the article.
6.
Replace the packed column GC method for determining alcohol with a validated capillary
GC procedure. The method was validated using the Rtx-1301 brand of G43 column.
The retention time for alcohol is about 2.5 min.
7.
Revise the alcohol limit from NMT 8.0% to NMT 1.5% to match the limits in the
European Pharmacopoeia.
8.
Revise the acceptance criteria for the Water Determination test from NMT 16.0% (as
the sum of the alcohol and water results) to NMT 10.0% water to match the
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European Pharmacopoeia limits.
9.
Add the additional Reference Standards used in the Assay and in the test for Organic
Impurities to the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Vicchio.)
Correspondence Number—C115556; C126624; C138777; C138778

Comment deadline: September 30, 2014
Dexamethasone Sodium Phosphate

C22 H28 FNa2 O8 P

516.40

Pregna-1,4-diene-3,20-dione, 9-fluoro-11,17-dihydroxy-16-methyl-21-(phosphonooxy)-,
disodium salt, (11 ,16 )-;
9-Fluoro-11 ,17,21-trihydroxy-16 -methylpregna-1,4-diene-3,20-dione 21-(dihydrogen
phosphate) disodium salt
[2392-39-4].
DEFINITION
Change to read:
Dexamethasone Sodium Phosphate contains NLT 97.0% and NMT 102.0% of dexamethasone
sodium phosphate (C22 H28 FNa2 O8 P), calculated on the water-free and alcohol-free basis.
Dexamethasone Sodium Phosphate contains NLT 97.0% and NMT 102.0% of dexamethasone
sodium phosphate (C22 H28 FNa2 O8 P), calculated on the anhydrous and solvent-free basis.
2S (USP38)

IDENTIFICATION
Delete the following:
• A. Thin Layer Chromatography
Buffer: Mix 3.1 g of boric acid and 500 mL of water in a 1-L volumetric flask, add 21 mL of 1
N sodium hydroxide and 10 mL of 0.1 M magnesium chloride, and dilute with water to
volume.
Alkaline phosphatase solution: Transfer 95 ± 5 mg of alkaline phosphatase enzyme to a
50-mL volumetric flask, dissolve by adding Buffer to volume, and mix . Prepare this
solution fresh daily.
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Standard solution: 3 mg/mL of USP Dexamethasone RS in ethyl acetate. Sonication may be
required to ensure dissolution.
Sample solution: To 20 mg of Dexamethasone Sodium Phosphate in a 15-mL centrifuge
tube, add 5.0 mL of Alkaline phosphatase solution, shake vigorously, and allow to stand for
30 min. Add 5.0 mL of ethyl acetate, shake vigorously, centrifuge, and use the upper,
ethyl acetate layer.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, methanol, and water (180:15:1)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram in Developing solvent system, to a distance of three-fourths of
the length of the plate. Air-dry the plate, and observe under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of the Standard solution.
2S (USP38)

Add the following:
• A. Infrared Absorption 197K : If the spectra obtained in the solid state show
differences, dissolve the substance to be examined and the Reference Standard separately
in a minimum of alcohol, evaporate on a water bath to dryness, and repeat the test on the
residues. 2S (USP38)
Delete the following:
• B. The residue from the ignition of it meets the requirements of the tests for Phosphate
191

and for Sodium

191 .

2S (USP38)

Add the following:
• B. Identification Tests—General, Phosphate
the requirements. 2S (USP38)

191 : The residue from its ignition meets

Add the following:
• C. Identification Tests—General, Sodium
requirements. 2S (USP38)

191 : The residue from its ignition meets the

ASSAY
Change to read:
• Procedure
Buffer: 7.0 g/L of ammonium acetate in water. Adjust with glacial acetic acid to a pH of
4.00 ± 0.05.
Solution A: Methanol, water, and Buffer solution (35:35:30)
Solution B: Methanol and Buffer solution (70:30)
Mobile phase: See Table 1.
Table 1
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Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
3.5
90
10
24
60
40
35
5
95
60
5
95
60.1
90
10
65
90
10
Standard solution: 0.92 mg/mL of USP Dexamethasone Phosphate RS in Solution A
Sample solution: 1.0 mg/mL of Dexamethasone Sodium Phosphate in Solution A
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution and Sample solution
Suitability requirements
Resolution: NLT 1.0 between dexamethasone phosphate and the nearest impurity
eluting after it, Sample solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dexamethasone sodium phosphate (C22 H28 FNa2 O8 P) in the
portion of Dexamethasone Sodium Phosphate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dexamethasone Phosphate in the Standard solution (mg/mL)
CU= concentration of Dexamethasone Sodium Phosphate the Sample solution (mg/mL)
Mr1
= molecular weight of dexamethasone sodium phosphate, 516.40
Mr2
= molecular weight of dexamethasone phosphate, 472.44
Acceptance criteria: 97.0%–102.0% on the anhydrous and alcohol-free basis
Mobile phase: Mix 520 mL of water with 2 mL of phosphoric acid. Bring the temperature
to 20 , and adjust with sodium hydroxide to a pH of 2.6. Mix this solution with 36 mL of
tetrahydrofuran and 364 mL of methanol.
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System suitability stock solution: 0.02 mg/mL each of USP Dexamethasone Sodium
Phosphate RS and USP Dexamethasone RS, prepared as follows. Dissolve 2 mg of each
compound in 2 mL of tetrahydrofuran, and dilute with Mobile phase to 100 mL.
System suitability solution: 2 µg/mL each of USP Dexamethasone Sodium Phosphate
RS and USP Dexamethasone RS in Mobile phase from the System suitability stock
solution
Standard solution: 0.06 mg/mL of USP Dexamethasone Sodium Phosphate RS in Mobile
phase
Sample solution: 0.06 mg/mL of Dexamethasone Sodium Phosphate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 7-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 3 times the retention time of the dexamethasone sodium phosphate peak
System suitability
[Note—The retention time of the dexamethasone sodium phosphate and dexamethasone
peaks are 1.0 and 2.0, respectively.]
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 6.0 between dexamethasone sodium phosphate and dexamethasone
peaks, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dexamethasone sodium phosphate (C22 H28 FNa2 O8 P) in the
portion of Dexamethasone Sodium Phosphate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dexamethasone Sodium Phosphate RS in the Standard solution
(mg/mL)
CU= concentration of Dexamethasone Sodium Phosphate in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the anhydrous and solvent-free basis
2S (USP38)

IMPURITIES
Change to read:
• Limit of Phosphate Ions
Solution A: 50 mg/mL of ammonium molybdate in 1 N sulfuric acid
Solution B: Dissolve 350 mg of p-methylaminophenol sulfate in 50 mL of water, add 20 g of
sodium bisulfite, mix to dissolve, and dilute with water to 100 mL.

PF 40(4): Jul.-Aug. 2014

248

Standard stock solution: 0.1433
0.14 2S (USP38)
mg/mL of dried monobasic potassium phosphate in water. This solution contains the
equivalent of 0.10 mg/mL of phosphate (PO4 ) ion.
Standard solution: In a 25-mL volumetric flask, mix 5.0 mL of Standard stock solution, 10
mL of water, and 5 mL of 2 N sulfuric acid. Add 1 mL each of Solution A and Solution B,
dilute with water to volume, and allow to stand at room temperature for 30 min. Prepare
concomitantly with the Sample solution.
Sample solution: In a 25-mL volumetric flask, dissolve 50 mg of Dexamethasone Sodium
Phosphate in a mixture of 10 mL of water and 5 mL of 2 N sulfuric acid, by warming if
necessary. Add 1 mL each of Solution A and Solution B, dilute with water to volume, and
allow to stand at room temperature for 30 min.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .) 2S (USP38)
Mode: Visible
Analytical wavelength: 730 nm
Cell: 1 cm
Blank: Water
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: The absorbance of the Sample solution is NMT that of the Standard
solution. The limit is 1.0% of phosphate (PO4 ).
Change to read:
• Limit of Alcohol
Proceed as directed in Alcohol Determination
S8, and use the following modifications.

611 , Method II , except use column packing

Internal standard solution: Isopropyl alcohol in water (1 in 100)
Standard stock solution: Alcohol in water (1 in 50). Determine the specific gravity at 25
(see Specific Gravity 841 , and obtain the concentration (mg/mL) of C2 H5 OH, by
reference to the Alcoholic Table in the section Reference Tables.
Standard solution: Transfer 4 mL of Standard stock solutionand 5 mL of Internal
standard solution to a 10-mL volumetric flask, and dilute with water to volume.
Sample solution: 50 mg/mL of Dexamethasone Sodium Phosphate prepared as follows. In
a suitable volumetric flask, dissolve Dexamethasone Sodium Phosphate with 50% of the
flask volume of Internal standard solution, and dilute with water to volume.
Injection volume: 2 µL
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of alcohol in the portion of Dexamethasone Sodium Phosphate
taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of alcohol to the internal standard from the Sample solution
R=
S peak response ratio of alcohol to the internal standard from the Standard solution
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C=
S concentration of alcohol in the Standard solution (mg/mL)
C=
U concentration of Dexamethasone Sodium Phosphate in the Sample solution (mg/mL)
Acceptance criteria: NMT 8.0%
Internal standard solution: 0.4 mg/mL of acetonitrile, prepared as follows. Dilute 5.0
mL of USP Alcohol Determination–Acetonitrile RS with water to 200.0 mL.
Standard stock solution: 0.20 mg/mL of alcohol, prepared as follows. Dilute 25.0 mL of
USP Alcohol Determination–Alcohol RS with water to 2000.0 mL.
Standard solution: 0.08 mg/mL of alcohol, prepared as follows. Dilute 10.0 mL of the
Standard stock solution and 5.0 mL of the Internal standard solution with water to
25.0 mL.
Sample solution: 5.0 mg/mL of dexamethasone sodium phosphate, prepared as follows.
Transfer 125 mg of dexamethasone sodium phosphate to a 25-mL volumetric flask, add
5.0 mL of the Internal standard solution, and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m capillary coated with 3-µm film of G43
Carrier gas: Hydrogen
Linear velocity: 36 cm/s
Split ratio: 2:1
Temperatures
Injection port: 210
Detector: 280
Column: See Table 1.
Table 1
Initial
Final
Temperature Temperature Ramp
Temperature
( )
( /min)
( )
50
—
50
50
50
200
Injection volume: 0.4 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between alcohol and acetonitrile
Relative standard deviation: NMT 3.0% for alcohol
Analysis
Samples: Standard solution and Sample solution

Hold Time at
Final Temperature
(min)
5
4

Calculate the percentage of alcohol in the portion of Dexamethasone Sodium Phosphate
taken:
Result = (RU/RS) × (CS/CU) × 100
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RU= peak response ratio of the alcohol to the internal standard from the Sample solution
RS= peak response ratio of the alcohol to the internal standard from the Standard
solution
C=
S concentration of alcohol in the Standard solution (mg/mL)
CU=concentration of Dexamethasone Sodium Phosphate in the Sample solution (mg/mL)
Acceptance criteria: NMT 1.5%

2S (USP38)

Delete the following:
• Limit of Free Dexamethasone
Solution A: 7.5 mL/L of triethylamine. Adjust by the addition of phosphoric acid to a pH of
5.4.
Mobile phase: Methanol and Solution A (26:74)
Standard stock solution 1: 500 µg/mL USP Dexamethasone Phosphate RS in Mobile phase
Standard stock solution 2: 50 µg/mL of USP Dexamethasone RS in methanol and water
(1:1)
Standard solution: 50 µg/mL of USP Dexamethasone Phosphate RS and 0.5 µg/mL of USP
Dexamethasone RS in Mobile phase prepared as follows. Transfer 10.0 mL of Standard
stock solution 1 and 1.0 mL of Standard stock solution 2 to a100-mL volumetric flask and
dilute with Mobile phase to volume.
Sample solution: 50 µg/mL of Dexamethasone Sodium Phosphate in Mobile phase
System suitability solution: 50 µg/mL of USP Dexamethasone Phosphate RS and 20 µg/mL
of USP Dexamethasone RS in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.5-mm × 25-cm; 5-µm packing L11
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.8 between dexamethasone phosphate and dexamethasone
Column efficiency: NLT 900 theoretical plates
Tailing factor: NMT 1.6 for the analyte peak
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dexamethasone (C22 H29 FO5 ) in the portion of Dexamethasone
Sodium Phosphate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of dexamethasone from the Sample solution
rS= peak response of dexamethasone from the Standard solution

PF 40(4): Jul.-Aug. 2014

251

C=
S concentration of USP Dexamethasone RS in the Standard solution (µg/mL)
C=
U concentration of Dexamethasone Sodium Phosphate in the Sample solution (µg/mL)
Acceptance criteria: NMT 1.0%

2S (USP38)

Delete the following:
• Chromatographic Purity
Buffer: 7 g/L of ammonium acetate in water. Adjust with glacial acetic acid to a pH of 4.0.
Solution A: Methanol, water, and Buffer (35:35:30)
Solution B: Methanol and Buffer (70:30)
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
3.5
90
10
23.5
60
40
34.5
5
95
59.5
5
95
60
90
10
Sample solution: 1 mg/mL of Dexamethasone Sodium Phosphate in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 1 mL/min
Column temperature: 40
Injection volume: 15 µL
System suitability
Sample: Sample solution
Suitability requirements
Resolution: NLT 1.0 between the major peak and the nearest impurity
Relative standard deviation: NMT 4.0%
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Dexamethasone Sodium
Phosphate taken:
Result = (rI /rT) × 100
r=
I peak response for each impurity
r=
T sum of the responses of all peaks
Acceptance criteria
Individual impurity: NMT 1.0%
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Total impurities: NMT 2.0%
2S (USP38)

Add the following:
• Organic Impurities
Buffer: 7.0 g/L of ammonium acetate in water
Solution A: Mix 300 mL of Buffer and 350 mL of water, adjust with 5 M acetic acid to a pH
of 3.8, and then add 350 mL of methanol.
Solution B: Adjust 300 mL of Buffer with 5 M acetic acid to a pH of 4.0, and then add 700
mL of methanol.
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
3.5
90
10
23.5
60
40
34.5
5
95
50
5
95
System suitability solution: 0.02 mg/mL each of USP Dexamethasone Sodium Phosphate
RS and USP Betamethasone Sodium Phosphate RS in Solution A
Standard solution: 1 µg/mL of USP Dexamethasone Sodium Phosphate RS in Solution A
Sample solution: 1 mg/mL of Dexamethasone Sodium Phosphate in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 12.5-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between dexamethasone sodium phosphate and betamethasone
sodium phosphate peaks, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Dexamethasone Sodium
Phosphate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of dexamethasone phosphate from the Standard solution
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C=
S concentration of USP Dexamethasone Sodium Phosphate RS in the Standard solution
(µg/mL)
C=
U concentration of Dexamethasone Sodium Phosphate in the Sample solution (µg/mL)
F= relative response factor (see Table 3)
Acceptance criteria: See Table 3. Disregard any peak below 0.05%.
Table 3

Name
16(17)a-Homodexamethasone sodium
phosphatea
16(17)a-Homobetamethasone sodium
phosphateb
16(17)a-17R-Homodexamethasone sodium
phosphatec
13(17)a-Homodexamethasone sodium
phosphated
Betamethasone sodium phosphate
Dexamethasone sodium phosphate
Dexamethasone ethyl estere
Dexamethasone
Fluoroandrostadiene carboxylic acidf
Dexamethasone sodium phosphate diesterg
Any other individual unspecified impurity
Total impurities

Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

0.5

1.0

0.2

0.6

1.0

0.2

0.8

1.0

0.2

0.92
0.95
1.00
1.20
1.37
1.41
2.10
—
—

1.0
1.0
—
1.0
1.2
1.0
1.0
1.0
—

0.2
0.2
—
0.3
0.5
0.3
0.1
0.10
1.0

a 9-Fluoro-11 ,17,21-trihydroxy-16 -methyl-16(17)a-homopregna-1,4-diene-3,16a,20trione 21-(dihydrogen phosphate) disodium salt.
b 9-Fluoro-11 ,17,21-trihydroxy-16 -methyl-16(17)a-homopregna-1,4-diene-3,16a,20trione 21-(dihydrogen phosphate) disodium salt.
c 9-Fluoro-11 ,17a,21-trihydroxy-16 -methyl-16(17)a-homopregna-1,4-diene-3,16a,20trione 21-(dihydrogen phosphate) disodium salt.
d 9-Fluoro-11 ,17,21-trihydroxy-16 -methyl-13(17)a-homopregna-1,4-diene-3,13a,20trione 21-(dihydrogen phosphate) disodium salt.
e Ethyl 11 ,17 -dihydroxy-9-fluoro-16 -methylandrostane-1,4-diene-3-one-17ylcarboxylate.
f 9-Fluoro-11 ,17 -dihydroxy-16 -methylandrosta-1,4-diene-3-one-17 -carboxylic acid.
g Sodium bis[9-fluoro-11 ,17-dihydroxy-16 -methylpregna-1,4-diene-3,20-dione 21yl]phosphate.
2S (USP38)

SPECIFIC TESTS
Change to read:
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• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in water
Acceptance criteria: +74 to +82 , calculated on the water-free and alcohol-free basis
anhydrous and solvent-free basis 2S (USP38)
• pH 791
Sample solution: 10 mg/mL
Acceptance criteria: 7.5–10.5
Change to read:
• Water Determination, Method I 921 Determine the water content. The sum of the
percentages of water content and of alcohol content, determined as directed in the test
for Limit of Alcohol, does not exceed 16.0%.
Acceptance criteria: NMT 10.0% 2S (USP38)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Alcohol Determination–Acetonitrile RS
USP Alcohol Determination–Alcohol RS
USP Betamethasone Sodium Phosphate RS
2S (USP38)

USP Dexamethasone RS
USP Dexamethasone Phosphate RS
Pregna-1,4-diene-3,20-dione, 9-fluoro-11,17-dihydroxy-16-methyl-21-(phosphonooxy)-,
(11 ,16 )
C22 H30 FO8 P
472.44
USP Dexamethasone Sodium Phosphate RS
2S (USP38)

BRIEFING
Doxorubicin Hydrochloride for Injection, USP 37 page 2716. As part of USP modernization
efforts, it is proposed to revise the monograph as follows:
1.
The current Assay by HPLC is replaced with a UHPLC procedure that employs mass
spectrometry-compatible mobile phase and an advanced analytical column. The
procedure uses the Acquity BEH-C18 brand of L1 column manufactured by Waters, in
which doxorubicin elutes at about 6 min.
2.
Add the test for Organic Impurities by UHPLC with specified impurities. The procedure
uses the same chromatographic parameters as those proposed in the Assay.
3.
Add Identification test B for the second identification by UV spectrum of the doxorubicin
peak in the Assay.
4.
Add additional storage requirements based on drug package insert.
5.
Add USP Reference Standards for impurities in the USP Reference Standards section to
ensure the impurity separations and quantitation in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
(SM1: D. Min.)
Correspondence Number—C133151

Comment deadline: September 30, 2014
Doxorubicin Hydrochloride for Injection
DEFINITION
Doxorubicin Hydrochloride for Injection is a sterile mixture of Doxorubicin Hydrochloride and
Lactose. It contains NLT 90.0% and NMT 115.0% of the labeled amount of doxorubicin
hydrochloride (C27 H29 NO11 ·HCl).
[Caution—Great care should be taken to prevent inhaling particles of Doxorubicin Hydrochloride
and exposing the skin to it.]
IDENTIFICATION
• A. The retention time of the doxorubicin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the doxorubicin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, methanol, water, and phosphoric acid (290:170:540:2).
Dissolve 1 g of sodium lauryl sulfate in 1000 mL of this solution, and adjust with 2 N
sodium hydroxide to a pH of 3.6 ± 0.1.
Standard solution: 0.1 mg/mL of USP Doxorubicin Hydrochloride RS in Mobile phase
System suitability solution: Dissolve 10 mg of doxorubicin hydrochloride in 5 mL of
water, add 5 mL of phosphoric acid, and allow to stand for 30 min. Adjust with 2 N
sodium hydroxide (about 37 mL) to a pH of 2.6 ± 0.1, add 15 mL of acetonitrile and 10
mL of methanol, and filter. [Note—Portions of this solution may be frozen until needed,
then thawed, and mixed before use.]
Sample solution: Nominally 0.1 mg/mL of doxorubicin hydrochloride in Doxorubicin
Hydrochloride for Injection prepared as follows. Dilute the contents of 1 container
quantitatively with Mobile phase to obtain a solution containing about 0.1 mg/mL of
doxorubicin hydrochloride.
Chromatographic system
(See Chromatography, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L13
Flow rate: 1.5 mL/min
Injection volume: 20 µL
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System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for doxorubicinone and doxorubicin are about 0.6 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 5.5 between doxorubicinone and doxorubicin, System suitability solution
Column efficiency: NLT 2250 theoretical plates, Standard solution
Tailing factor: 0.7–1.2, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxorubicin hydrochloride
(C27 H29 NO11 ·HCl) in Doxorubicin Hydrochloride for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of doxorubicin from the Sample solution
rS= peak response of doxorubicin from the Standard solution
C=
S concentration of USP Doxorubicin Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of doxorubicin hydrochloride in the Sample solution (mg/mL)
Solution A:
0.1% Trifluoroacetic acid prepared by diluting 1.0 mL of trifluoroacetic acid with water to 1
L
Solution B: Acetonitrile, methanol, and trifluoroacetic acid (800:200:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
15
25
75
16
25
75
16.1
90
10
18
90
10
Diluent: Solution A and Solution B (50:50)
[Caution—All of the Standard solutions and Sample solutions must be prepared protected from
light and must be stored in low-actinic glassware.]
System suitability solution: 0.1 mg/mL each of USP Doxorubicin Hydrochloride RS and
USP Epirubicin Hydrochloride RS in Diluent
Standard solution: 0.1 mg/mL of USP Doxorubicin Hydrochloride RS in Diluent
Sample solution: Nominally 0.1 mg/mL of doxorubicin hydrochloride in Diluent from
Doxorubicin Hydrochloride for Injection prepared as follows. Add 5 mL of Diluent into the
container of Doxorubicin Hydrochloride for Injection, and transfer the contents to a
volumetric flask of appropriate size. Rinse the container with additional Diluent NLT 3
times. Dilute with Diluent to volume, and mix.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification test B, use a photo-diode array detector in the
range of 190–400 nm.
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Temperatures
Autosampler: 4
Column: 35
Flow rate: 0.5 mL/min
Injection volume: 2.0 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for doxorubicin and epirubicin are 1.0 and 1.05,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between doxorubicin and epirubicin, System suitability solution
Tailing factor: 0.8–1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxorubicin hydrochloride
(C27 H29 NO11 ·HCl) in the portion of Doxorubicin Hydrochloride for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of doxorubicin from the Sample solution
rS= peak response of doxorubicin from the Standard solution
CS= concentration of USP Doxorubicin Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of doxorubicin hydrochloride in the Sample solution (mg/mL)
2S (USP38)

Acceptance criteria: 90.0%–115.0%
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, Diluent, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay.
[Caution—The Standard solution and Sample solution must be prepared protected from light
and must be stored in low-actinic glassware.]
Standard solution: 0.002 mg/mL each of USP Doxorubicin Hydrochloride RS, USP
Doxorubicinone RS, and USP Daunorubicinone RS in Diluent
Sample solution: Nominally 0.4 mg/mL of doxorubicin hydrochloride in Diluent from
Doxorubicin Hydrochloride for Injection prepared as follows. Add 5 mL of Diluent into the
container of Doxorubicin Hydrochloride for Injection, and transfer the contents to a
volumetric flask of appropriate size. Rinse the container with additional Diluent NLT 3
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times. Dilute with Diluent to volume, and mix.
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between doxorubicin and epirubicin, System suitability solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of doxorubicinone or daunorubicinone in the portion of
Doxorubicin Hydrochloride for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of doxorubicinone or daunorubicinone from the Sample solution
rS= peak response of doxorubicinone or daunorubicinone from the Standard solution
C=
S concentration of USP Doxorubicinone RS or USP Daunorubicinone RS in the Standard
solution (mg/mL)
C=
U nominal concentration of doxorubicin hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified degradation product in the portion
of Doxorubicin Hydrochloride for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified degradation product from the Sample solution
rS= peak response of doxorubicin from the Standard solution
C=
S concentration of USP Doxorubicin Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of doxorubicin hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
Doxorubicin
Doxorubicinone
Daunorubicinone
Any individual unspecified degradation product
Total impurities

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
1.0
—
1.1
0.5
1.4
0.5
—
0.5
—
2.0

2S (USP38)

SPECIFIC TESTS
• Constituted Solution: At the time of use, it meets the requirements in Injections
Constituted Solutions.

1 ,

• Sterility Tests 71 : It meets the requirements when tested as directed in Test for
Sterility of the Product to Be Examined, Membrane Filtration, the entire contents of all the

PF 40(4): Jul.-Aug. 2014

259

containers being collected aseptically with the aid of 200 mL of Fluid A before filtering.
• Water Determination, Method I 921
Sample solution: Prepare as directed for a hygroscopic specimen.
Acceptance criteria: NMT 4.0%
• pH 791 : 4.5–6.5, in the solution constituted as directed in the labeling, except that
water is used as the diluent
• Bacterial Endotoxins Test 85
Sample solution: 1.1 mg/mL of doxorubicin hydrochloride from Doxorubicin Hydrochloride
for Injection
Acceptance criteria: NMT 2.2 USP Endotoxin Units/mg of doxorubicin hydrochloride
• Uniformity of Dosage Units
• Injections

905 : Meets the requirements

1 : Meets the requirements for Labeling

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve as described in Injections 1 , Containers for Sterile
Solids, except that multiple-dose containers may provide for the withdrawal of NMT 100 mL
when constituted as directed in the labeling.
Store unreconstituted vials at controlled room temperature. Protect from light. 2S (USP38)
Change to read:
• USP Reference Standards
USP Daunorubicinone RS

11

(8S,10S)-8-Acetyl-6,8,10,11-tetrahydroxy-1-methoxy-7,8,9,10-tetrahydrotetracene5,12-dione.
C21 H18 O8
398.36
2S (USP38)

USP Doxorubicin Hydrochloride RS
USP Doxorubicinone RS
(8S,10S)-6,8,10,11-Tetrahydroxy-8-(hydroxyacetyl)-1-methoxy-7,8,9,10tetrahydrotetracene-5,12-dione.
C21 H18 O9
414.36
2S (USP38)

USP Endotoxin RS
USP Epirubicin Hydrochloride RS
2S (USP38)

BRIEFING
Fluoxetine Delayed-Release Capsules, USP 37 page 3037. It is proposed to revise the
monograph as follows:
1.
Add a second Identification test based on the retention time agreement in the Assay.
2.
Clarify the Sample stock solution preparation in the Assay.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: H. Joyce.)
Correspondence Number—C143191

Comment deadline: September 30, 2014
Fluoxetine Delayed-Release Capsules
DEFINITION
Fluoxetine Delayed-Release Capsules contain an amount of Fluoxetine Hydrochloride equivalent
to NLT 90.0% and NMT 110.0% of the labeled amount of fluoxetine (C17 H18 F 3 NO).
IDENTIFICATION
• A. Infrared Absorption 197F
Sample: Transfer the contents of 3 Capsules to a suitable container and grind to a fine
powder. Transfer a portion of the powder, equivalent to 40 mg of fluoxetine, to another
suitable container, and dissolve in 25 mL of 0.1 N hydrochloric acid. Pass the resulting
solution through a suitable filter. Transfer 10 mL of the filtrate to a separatory funnel, add
20 mL of methylene chloride, and mix. Allow the phases to separate, and transfer the
organic layer to a small glass container. Evaporate to dryness with the aid of a current of
air and mild heat. Redissolve the residue with a few drops of methylene chloride, and
transfer to a potassium bromide plate. Dry or evaporate to a thin film with the aid of a
stream of nitrogen.
Acceptance criteria: Meet the requirements
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Solution A: Dissolve about 2.9 mL of glacial acetic acid and about 7.1 g of sodium 1pentanesulfonate in 1 L of water. Adjust with 5 N sodium hydroxide to a pH of 5.0.
Mobile phase: Methanol and Solution A (67:33)
System suitability solution: 110 µg/mL of USP Fluoxetine Hydrochloride RS and 20 µg/mL
of , , -trifluoro-p-cresol
4-trifluoromethylphenol 2S (USP38)
in Mobile phase
Standard solution: 110 µg/mL of USP Fluoxetine Hydrochloride RS in Mobile phase
Sample stock solution: Nominally 0.2 mg/mL of fluoxetine from Capsules prepared as
follows. Remove, as completely as possible, the contents of NLT 20 Capsules. Transfer a
suitable portion of the contents to an appropriate volumetric flask
and dissolve in 50% of the final flask volume of Mobile phase. 2S (USP38)
Shake by mechanical means for 10 min and then sonicate for 5 min. Allow the solution to
cool to room temperature and dilute with Mobile phase to volume.
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Sample solution: Nominally 100 µg/mL of fluoxetine from Sample stock solution in Mobile
phase. Pass through a suitable filter. Use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm packing L7
Column temperature: 38
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for , , -trifluoro-p-cresol
4-trifluoromethylphenol 2S (USP38)
and fluoxetine are 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between , , -trifluoro-p-cresol
4-trifluoromethylphenol 2S (USP38)
and fluoxetine
Tailing factor: NMT 1.7 for the fluoxetine peak
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluoxetine (C17 H18 F 3 NO) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Fluoxetine Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of fluoxetine in the Sample solution (µg/mL)
Mr1
= molecular weight of fluoxetine, 309.33
Mr2
= molecular weight of fluoxetine hydrochloride, 345.79
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Drug release
Dissolution 2S (USP38)
711
Acid stage
Acid stage medium: 0.1 N hydrochloric acid; 250 mL, deaerated
Apparatus 3: 12 dips/min (dpm), using a polypropylene 40-mesh screen on the top and
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bottom of the reciprocating cylinder
Time: 2 h; Operate the apparatus for 2 h at 12 dpm, withdraw an aliquot of the Acid
stage medium, and allow the apparatus to proceed to the Buffer stage.
Standard solution: 0.036 mg/mL of USP Fluoxetine Hydrochloride RS in Acid stage
Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Use the filtrate.
Instrumental conditions
Mode: UV
Analytical wavelength: About 278 nm
Analysis
Samples: Standard solution and Sample solution
Determine the amount of fluoxetine (C17 H18 F 3 NO) dissolved from the minimum (most
negative) of the first derivative of UV absorbances at about 278 nm in comparison with
the Standard solution.
Calculate the percentage of the labeled amount of fluoxetine (C17 H18 F 3 NO) dissolved:
Result = (AU/AS) × CS × (Mr1/Mr2) × V × (1/L) × 100
AU= minimum of the first derivative of the absorbance of the Sample solution
AS= minimum of the first derivative of the absorbance of the Standard solution
CS= concentration of USP Fluoxetine Hydrochloride RS in the Standard solution (mg/mL)
Mr1= molecular weight of fluoxetine, 309.33
Mr2= molecular weight of fluoxetine hydrochloride, 345.79
V = volume of Acid stage medium, 250 mL
L = label claim (mg/Capsule)
2S (USP38)

Tolerances: NMT 10% of the labeled amount of fluoxetine (C17 H18 F 3 NO) is dissolved.
Buffer stage
Buffer stage medium: pH 6.8 phosphate buffer (prepared by mixing 3 L of 0.1 N hydrochloric
acid and 1 L of 0.2 M tribasic sodium phosphate, and adjusting, if necessary, with 1 N
hydrochloric acid or 1 N sodium hydroxide to a pH of 6.8 ± 0.05); 250 mL, deaerated
Apparatus 3: 12 dips/min (dpm), using a polypropylene 40-mesh screen on the top and
bottom of the reciprocating cylinder
Time: 45 min; Operate the apparatus for 45 min at 12 dpm, and withdraw an aliquot of the
Buffer stage medium.
Standard solution: 0.36 mg/mL of USP Fluoxetine Hydrochloride RS in Buffer stage medium
Sample solution: Pass a portion of the solution under test through a filter of 0.45-µm pore
size. Use the filtrate.
Instrumental conditions
Mode: UV
Analytical wavelengths: Maximum absorbance at about 264 and 290 nm
Analysis
Samples: Standard solution and Sample solution
Determine the amount of fluoxetine (C17 H18 F 3 NO) dissolved from the difference between the
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maximum absorbance at about 264 nm and the absorbance at 290 nm in comparison with the
Standard solution.
Calculate the percentage of the labeled amount of fluoxetine (C17 H18 F 3 NO) dissolved:
Result = (AU/AS) × CS × (Mr1/Mr2) × V × (1/L) × 100
AU= absorbance at 264 nm absorbance at 290 nm for the Sample solution
AS= absorbance at 264 nm absorbance at 290 nm for the Standard solution
CS= concentration of USP Fluoxetine Hydrochloride RS in the Standard solution (mg/mL)
Mr1= molecular weight of fluoxetine, 309.33
Mr2= molecular weight of fluoxetine hydrochloride, 345.79
V = volume of Buffer stage medium, 250 mL
L = label claim (mg/Capsule)
2S (USP38)

Tolerances: NLT 75% (Q) of the labeled amount of fluoxetine (C17 H18 F 3 NO) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Solution A: 6.5 g/L of sodium 1-octanesulfonate and 2.9 g/L of anhydrous sodium acetate
in water adjusted with glacial acetic acid to a pH of 5.0
Mobile phase: Acetonitrile and Solution A (42:58)
Impurity identification solution A: 0.5 mg/mL of USP Fluoxetine Related Compound C RS
in Mobile phase.
[Note—The resulting solution contains 4-trifluoromethylphenol.] 2S (USP38)
Impurity identification solution B: Nominally 2.2 mg/mL of fluoxetine hydrochloride from
USP Fluoxetine Hydrochloride RS prepared as follows. Transfer a suitable amount of USP
Fluoxetine Hydrochloride RS to an appropriate volumetric flask and dilute with 1 N sulfuric
acid to volume. Heat the flask to 85 for 3 h, and allow to cool to room temperature.
[Note—The resulting solution contains aminomethyl-1-phenylpropanol, which is also known
as 3-methylamino-1-phenylpropan-1-ol and -[2-(methylamino)ethyl]benzenemethanol.]
2S (USP38)

System suitability stock solution: 0.135 mg/mL of USP Fluoxetine Hydrochloride RS, 0.01
mg/mL of USP Fluoxetine Related Compound C RS from Impurity identification solution A,
and nominally 0.044 mg/mL of fluoxetine from Impurity identification solution B prepared as
follows. Transfer 13.5 mg of USP Fluoxetine Hydrochloride RS to a 100-mL volumetric flask
and add 2 mL of Impurity identification solution A and 2 mL of Impurity identification
solution B. Dilute with Mobile phase to volume.
System suitability solution: 5.4 µg/mL of USP Fluoxetine Hydrochloride RS and 0.4 µg/mL
of USP Fluoxetine Hydrochloride Related Compound C RS from System suitability stock
solution in Mobile phase
Sensitivity solution: 0.43 µg/mL of USP Fluoxetine Hydrochloride RS from System
suitability solution in Mobile phase
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Sample solution: Nominally 0.4 mg/mL of fluoxetine from Capsules prepared as follows.
Finely powder NLT 20 Capsules and transfer a suitable portion of the powder to an
appropriate volumetric flask. Dissolve in and dilute with Mobile phase to volume. Pass the
resulting solution through a suitable filter and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: NLT 3 times the retention time of fluoxetine
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—The relative retention times for , , -trifluoro-p-cresol,
4-trifluoromethylphenol, 2S (USP38)
fluoxetine related compound C, and fluoxetine are 0.49, 0.70, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between , , -trifluoro-p-cresol
4-trifluoromethylphenol 2S (USP38)
and fluoxetine related compound C; NLT 6.0 between fluoxetine related compound C and
fluoxetine, System suitability solution
Signal-to-noise ratio: NLT 10 for fluoxetine, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (ri/rT) × 100
r=
i peak response of each impurity from the Sample solution
r=
T sum of all of the peak responses from the Sample solution
Acceptance criteria
Any individual impurity: NMT 0.2%
Total impurities: NMT 0.7%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Fluoxetine Hydrochloride RS
USP Fluoxetine Related Compound C RS
4-(Methyl{3-phenyl-3-[4-(trifluoromethyl)phenoxy]propyl}amino)-4-oxobutanoic acid;
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also known as 2S (USP38)
N-Methyl-N-[3-phenyl-3-(4-trifluoromethyl-phenoxy)-propyl]-succinamic acid.
C21 H22 F 3 NO4
409.40
BRIEFING
Fluoxetine Tablets, USP 37 page 3040. On the basis of comments received, it is proposed to
revise the monograph as follows:
1.
Add a second Identification test based on the retention time agreement in the Assay.
2.
Revise the concentrations of the sodium hydroxide solution used to adjust the pH of
Solution A in the Assay and in the test for Organic Impurities for consistency with
the original submission.
3.
Clarify the preparation of the solutions in the test for Organic Impurities.
4.
Revise the composition of the Sensitivity solution in the test for Organic Impurities from
being a dilution of the System suitability solution, which is used to evaluate the
resolution of the system, to being a dilution of the Standard solution, which is used
to quantitate the percentage of each impurity present. This proposed revision also
clarifies that the signal-to-noise ratio requirement applies to fluoxetine only.
5.
Add a precision requirement to the test for Organic Impurities using the Standard
solution.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: H. Joyce.)
Correspondence Number—C142332

Comment deadline: September 30, 2014
Fluoxetine Tablets
DEFINITION
Fluoxetine Tablets contain an amount of Fluoxetine Hydrochloride equivalent to NLT 90.0% and
NMT 110.0% of the labeled amount of fluoxetine (C17 H18 F 3 NO).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Transfer 1 Tablet to a suitable container, dissolve in 10 mL of chloroform, and
pass through a suitable filter. Rinse the container with 5 mL of chloroform, and pass the
rinsings through a suitable filter. Evaporate the combined filtrate in a hood with the aid of
a current of air and mild heat to dryness.
Acceptance criteria: Meet the requirements
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
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• Procedure
Solution A: 7.1 g/L of sodium 1-pentane-sulfonate in water. To each L add 2.9 mL of
glacial acetic acid, and adjust with sodium hydroxide solution (1 in 5)
5 N sodium hydroxide solution 2S (USP38)
to a pH of 5.0.
Mobile phase: Methanol and Solution A (67:33)
System suitability stock solution: 0.2 mg/mL of , , -trifluoro-p-cresol
4-trifluoromethylphenol 2S (USP38)
in Mobile phase
System suitability solution: 0.02 mg/mL of , , -trifluoro-p-cresol
4-trifluoromethylphenol 2S (USP38)
from System suitability stock solution and 0.11 mg/mL of USP Fluoxetine Hydrochloride RS in
Mobile phase
Standard solution: 0.1 mg/mL of USP Fluoxetine Hydrochloride RS in Mobile phase
Sample stock solution: Transfer 10 Tablets to a 1000-mL volumetric flask. Add 500 mL of
Mobile phase, and shake to disintegrate the Tablets. Dilute with Mobile phase to volume,
and sonicate for 10 min.
Sample solution: Nominally 0.1 mg/mL of fluoxetine from Sample stock solution in Mobile
phase. Pass through a suitable filter. Use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm packing L7
Column temperature: 38
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 4.0 between fluoxetine and , , -trifluoro-p-cresol
4-trifluoromethylphenol 2S (USP38)
Tailing factor: NMT 1.7 for fluoxetine
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluoxetine (C17 H18 F 3 NO) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Fluoxetine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of fluoxetine in the Sample solution (mg/mL)
Mr1
= molecular weight of fluoxetine, 309.33
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Mr2
= molecular weight of fluoxetine hydrochloride, 345.79
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 1000 mL
Apparatus 1: 100 rpm
Time: 15 min
Solution A, Mobile phase, and System suitability solution: Prepare as directed in the
Assay.
Sample solution: Pass 20 mL of the solution under test through a suitable filter.
Standard solution: USP Fluoxetine Hydrochloride RS in Medium having a known
concentration similar to that of the Sample solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm packing L7
Column temperature: 38
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.0 between fluoxetine and , , -trifluoro-p-cresol
4-trifluoromethylphenol 2S (USP38)
Tailing factor: NMT 1.7 for fluoxetine
Relative standard deviation: NMT 2.0%
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of the labeled amount of fluoxetine (C17 H18 F 3 NO) dissolved:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Fluoxetine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of fluoxetine in the Sample solution (mg/mL)
Mr1
= molecular weight of fluoxetine, 309.33
Mr2
= molecular weight of fluoxetine hydrochloride, 345.79
Tolerances: NLT 80% (Q) of the labeled amount of fluoxetine (C17 H18 F 3 NO) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements
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IMPURITIES
Change to read:
• Organic Impurities
Solution A: 6.5 g/L of sodium 1-octanesulfonate in water. To each L add 2.9 mL of
phosphoric acid, and adjust with sodium hydroxide solution (1 in 5)
5 N sodium hydroxide solution 2S (USP38)
to a pH of 3.0.
Mobile phase: Acetonitrile and Solution A (43:57)
System suitability stock solution: Transfer 1 mg of USP Fluoxetine Related Compound B
RS and about 13.5 mg of USP Fluoxetine Hydrochloride RS to a 100 mL volumetric flask.
Add 2 mL of a solution prepared by dissolving 22 mg of USP Fluoxetine Hydrochloride RS
in 10 mL of 1 N sulfuric acid, heating at about 85 for 3 h, and cooling to room
temperature. Dilute with Mobile phase to volume.
System suitability solution: Pipet 10.0 mL of the System suitability stock solution into
a 100-mL volumetric flask, and dilute with Mobile phase to volume.
Sensitivity solution: System suitability solution in Mobile phase (1 in 100)
Standard solution: 13.5 µg/mL of USP Fluoxetine Hydrochloride RS in Mobile phase
Sample solution: 2 mg/mL of fluoxetine from Tablets prepared as follows. Transfer 10
tablets to a suitable volumetric flask. Dissolve in and dilute with Mobile phase to volume.
Pass a portion of the solution through a suitable filter and use the filtrate.
Impurity identification solution: Nominally 2.2 mg/mL of fluoxetine hydrochloride from
USP Fluoxetine Hydrochloride RS prepared as follows. Transfer 22 mg of USP Fluoxetine
Hydrochloride RS to a 10 mL-volumetric flask and dilute with 1 N sulfuric acid to volume.
Heat the flask to 85 for 3 h, and allow to cool to room temperature. [Note—The
resulting solution contains aminomethyl-1-phenylpropanol, which is also known as 3methylamino-1-phenylpropan-1-ol or -[2-(methylamino)ethyl]benzenemethanol.]
System suitability solution: 0.001 mg/mL of USP Fluoxetine Related Compound B RS
and 0.015 mg/mL of USP Fluoxetine Hydrochloride RS prepared as follows. Transfer
suitable quantities of USP Fluoxetine Related Compound B RS and USP Fluoxetine
Hydrochloride RS to a 10-mL volumetric flask. Add 0.2 mL of Impurity identification
solution and dilute with Mobile phase to volume.
Standard solution: 0.015 mg/mL of USP Fluoxetine Hydrochloride RS in Mobile phase
Sensitivity solution: 0.2 µg/mL of USP Fluoxetine Hydrochloride RS from Standard
solution in Mobile phase
Sample solution: 2 mg/mL of fluoxetine from Tablets prepared as follows. Transfer 10
Tablets to a suitable volumetric flask and add 50% of the final flask volume of Mobile
phase. Shake to disintegrate and dilute with Mobile phase to volume. Sonicate the
resulting solution for 10 min, pass a portion through a suitable filter, and use the
filtrate. 2S (USP38)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Column temperature: 30
Flow rate: 1 mL/min
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Injection volume: 20 µL
Run time: NLT 3 times the retention time of fluoxetine
System suitability
Samples: Mobile phase, System suitability solution,
Standard solution, 2S (USP38)
and Sensitivity solution
Injection order: Mobile phase, Sensitivity solution, and System suitability solution
System suitability solution, and Standard solution 2S (USP38)
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 4.5 between -[2-(methylamino)ethyl]benzenemethanol
aminomethyl-1-phenylpropanol 2S (USP38)
and fluoxetine related compound B, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution 2S (USP38)
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of fluoxetine from the Standard solution
CS= concentration of USP Fluoxetine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of fluoxetine in the Sample solution (mg/mL)
Mr1
= molecular weight of fluoxetine, 309.33
Mr2
= molecular weight of fluoxetine hydrochloride, 345.79
Acceptance criteria: See Table 1.
Table 1

Name

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Aminomethyl-1-phenylpropanola
0.19
0.25
Fluoxetine related compound B
0.26
0.25
Fluoxetine
1.0
—
Any individual unspecified impurity
—
0.25
Total impurities
—
0.80
a
3-Methylamino-1-phenylpropan-1-ol; also known as 2S (USP38)
-[2-(Methylamino)ethyl]benzenemethanol.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
Change to read:
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Change to read:
• USP Reference Standards 11
USP Fluoxetine Hydrochloride RS
USP Fluoxetine Related Compound B RS
N-Methyl-3-phenylpropan-1-amine;
also known as 2S (USP38)
N-Methyl-3-phenylpropylamine.
C10 H15 N
149.24
BRIEFING
Gemfibrozil Tablets, USP 37 page 3137. As a part of USP monograph modernization efforts,
the following revisions are proposed:
1.
Add Identification test B based on the retention time agreement in the Assay.
2.
Revise the preparation of the System suitability solution in the Assay to include USP
Gemfibrozil RS.
3.
Add a test for Organic Impurities based on a stability-indicating HPLC method. The
procedure uses the Thermo BetaBasic brand of L1 column, in which gemfibrozil elutes
at about 7 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: S. Ramakrishna.)
Correspondence Number—C120986

Comment deadline: September 30, 2014
Gemfibrozil Tablets
DEFINITION
Gemfibrozil Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of gemfibrozil
(C15 H22 O3 ).
IDENTIFICATION
Change to read:
• Procedure
A. 2S (USP38)
Sample: 100 mg of gemfibrozil from a quantity of finely ground Tablets
Analysis: Shake the Sample with 10 mL of 0.1 N sodium hydroxide. Filter the mixture into a
50-mL centrifuge tube, and acidify the filtrate with 3 N sulfuric acid to obtain a copious
precipitate. Centrifuge, and discard the clear solution. Wash the precipitate with small
portions of water, and allow it to air-dry.
Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion of the
precipitate, previously dried over silica gel for 4 h, exhibits maxima only at the same
wavelengths as those of a similar preparation of USP Gemfibrozil RS.
Add the following:
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• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Mobile phase: Add 10 mL of glacial acetic acid to 800 mL of methanol in a 1000-mL
volumetric flask, and dilute with water to volume.
System suitability solution: 0.2 mg/mL of gemfibrozil
USP Gemfibrozil RS 2S (USP38)
and 0.05 mg/mL of 2,5-xylenol in Mobile phase
Standard stock solution: 1 mg/mL of USP Gemfibrozil RS in methanol
Standard solution: 0.2 mg/mL of USP Gemfibrozil RS from the Standard stock solution in
Mobile phase
Sample stock solution: Nominally 1 mg/mL of gemfibrozil prepared as follows. Transfer the
equivalent of 100 mg of gemfibrozil from NLT 20 finely powdered Tablets to a 100-mL
volumetric flask. Add about 80 mL of methanol and shake to dissolve. Dilute with methanol
to volume and filter.
Sample solution: Nominally 0.2 mg/mL of gemfibrozil from the Sample stock solution in
Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 8.0 between gemfibrozil and 2,5-xylenol, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of gemfibrozil (C15 H22 O3 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Gemfibrozil RS in the Standard solution (mg/mL)
C=
U nominal concentration of gemfibrozil in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
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PERFORMANCE TESTS
• Dissolution 711
Medium: 0.2 M phosphate buffer prepared as follows. Dissolve 545 g of monobasic
potassium phosphate in 5 L of water, add 131 g of sodium hydroxide, dilute with water to
about 19.5 L, and mix well. Adjust with either 1 N phosphoric acid or 1 N sodium hydroxide
to a pH of 7.5. Dilute with water to 20 L; 900 mL.
Apparatus 2: 50 rpm
Time: 30 min
Standard stock solution: 0.33 mg/mL of USP Gemfibrozil RS in Medium prepared as
follows. Dissolve USP Gemfibrozil RS in an amount of methanol not to exceed 1% of the
volume of the Standard stock solution. Dilute with Medium to volume.
Standard solution: Dilute the Standard stock solution with 1 N sodium hydroxide to obtain
a concentration estimated to correspond to that of the filtered and diluted Sample
solution.
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with 1 N sodium hydroxide to a concentration similar to the Standard solution.
Instrumental conditions
Mode: UV
Analytical wavelength: 276 nm
Analysis: Calculate the percentage of the labeled amount of gemfibrozil (C15 H22 O3 )
dissolved from UV absorbances of the Sample solution in comparison with those of the
Standard solution.
Tolerances: NLT 80% (Q) of the labeled amount of gemfibrozil (C15 H22 O3 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, System suitability solution, and Standard stock solution: Proceed as
directed in the Assay.
Standard solution: 0.05 mg/mL of USP Gemfibrozil RS from the Standard stock solution in
Mobile phase
Sample solution: Nominally 10 mg/mL of gemfibrozil prepared as follows. Transfer 500 mg
of gemfibrozil from NLT 20 finely powdered Tablets to a 50-mL volumetric flask, and add
about 40 mL of Mobile phase. Sonicate and shake for 20 min. Dilute with Mobile phase to
volume and filter.
Sensitivity solution: 0.005 mg/mL of USP Gemfibrozil RS from the Standard solution in
Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 4.6-mm × 15-cm; 5 µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 3 times the retention time of gemfibrozil

PF 40(4): Jul.-Aug. 2014

273

System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
Resolution: NLT 8.0 between gemfibrozil and 2,5-xylenol, System suitability solution
Relative standard deviation: NMT 2.0% for the gemfibrozil peak, System suitability
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of gemfibrozil from the Standard solution
C=
S concentration of USP Gemfibrozil RS in the Standard solution (mg/mL)
C=
U nominal concentration of gemfibrozil in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 0.17%
Total impurities: NMT 1.0%
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Gemfibrozil RS

11
BRIEFING

Gonadorelin Hydrochloride, USP 37 page 3178. As part of the USP monograph modernization
effort, the following revisions are proposed:
1.
The chemical information and the Definition are revised to reflect that gonadorelin
hydrochloride is the monochloride, dihydrochloride, or their mixture.
2.
Identification test A, based on mass spectrometry, is added.
3.
Identification test B is revised to add an Identity sample solution and to add the
requirement for sample and standard peak coelution.
4.
The Assay is revised to replace quantitation by linear regression with single-point
calculation. System suitability is revised to delete the criterion for column efficiency,
because the remaining criteria are adequate. The Acceptance criteria is revised from
94.0%–104.0% of gonadorelin dihydrochloride on the anhydrous basis to 95.0%–
102.0% of gonadorelin on the anhydrous and hydrochloride-free basis.
5.
In Impurities the test for Gonadorelin Related Impurities is revised to replace
quantitation by linear regression with single-point calculation and to add a System
suitability solution. In Chromatographic system a Note about the autosampler
temperature is added to ensure solution stability. System suitability is revised to
replace the test for column efficiency with one for resolution. The Acceptance
criteria is changed from NMT 3.0% of any individual impurity and NMT 5.0% of total
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impurities to NMT 2.0% of any individual impurity and NMT 3.0% of total impurities.
6.
The test for Limit of Acetate in Impurities is revised to use Acetic Acids in Peptides
503 .
7.
The tests for Limit of Trifluoroacetic Acid and Limit of Fluoride are added to Impurities,
with the provision that they are required only if used in the manufacturing process.
8.
The test for Water Determination in Specific Tests is updated by replacing the GC test
with the procedure in Water Determination 921 , Method 1.
9.
The test for Optical Rotation, Specific Rotation is deleted from Specific Tests.
10.
The Bacterial Endotoxins Test is added to Specific Tests.
11.
Microbial Enumeration Tests and Tests for Specified Microorganisms are added to
Specific Tests.
12.
The USP Reference Standards section is revised to include USP Endotoxin RS, used in
the Bacterial Endotoxins Test, and USP Gonadorelin Related Compound A RS, used in
the test for Gonadorelin Related Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: C. Li.)
Correspondence Number—C133153

Comment deadline: September 30, 2014
Gonadorelin Hydrochloride
Change to read:

C55 H75 N17 O13 · 2
× 2S (USP38)
HCl
1255.21
1182.30 (free base)

2S (USP38)

Gonadorelin dihydrochloride
hydrochloride; 2S (USP38)
5-Oxo-l-prolyl-l-histidyl-l-tryptophyl-l-seryl-l-tyrosylglycyl-l-leucyl-l-arginyl-l-prolylglycinamide
dihydrochloride
hydrochloride salt 2S (USP38)
[51952-41-1].
DEFINITION
Change to read:
Gonadorelin Hydrochloride is a synthetic polypeptide hormone having the property of stimulating
the release of the luteinizing hormone from the hypothalamus. It contains NLT 94.0%
95.0% 2S (USP38)
and NMT 104.0%
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102.0% 2S (USP38)
of gonadorelin hydrochloride
2S (USP38)

(C55 H75 N17 O13 · 2HCl
2S (USP38)

), calculated on the anhydrous
and hydrochloride-free 2S (USP38)
basis.
[Caution—Gonadorelin Hydrochloride is extremely hygroscopic. Protect from exposure to
moisture, and store in a desiccator.]
IDENTIFICATION
Add the following:
• A. The monoisotopic mass by Mass Spectrometry 736 is 1181.6 ± 1 mass units.
[Note—This quantity corresponds to m/z = 1182.6 ± 1 for (M + H)+ or m/z = 591.8 ± 0.5 for
(M + 2H)2+.]
2S (USP38)

Change to read:
• B. HPLC The retention time of the major peak in the chromatogram of the Assay preparation
corresponds to that in the chromatogram of the Standard preparation, as obtained in the
Assay
Buffer solution, Mobile phase, Standard solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Identity sample solution: Mix equal volumes of the Standard solution and the Sample
solution.
Analysis
Samples: Standard solution, Sample solution, and Identity sample solution
Examine the chromatograms of the Standard solution, the Sample solution, and the
Identity sample solution.
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to that of the Standard solution, and the major peak of the Identity
sample solution elutes as a single peak. 2S (USP38)
ASSAY
Change to read:
• Procedure
[Note—Perform all manipulations involving the weighing of the gonadorelin hydrochloride and the
Reference Standard in a low-humidity glove box.]
Buffer solution: Dissolve 6.8 g of monobasic potassium phosphate in water and dilute to 1
L. Adjust with 1 N potassium hydroxide to a pH of 6.5.
Mobile phase: Acetonitrile and Buffer (18:82)
Standard solution 1: 0.08 mg/mL of USP Gonadorelin Hydrochloride RS in Mobile phase
2S (USP38)

Standard solution 2:
Standard solution:

2S (USP38)
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0.10 mg/mL of USP Gonadorelin Hydrochloride RS in Mobile phase
[Note—Standard solution may be stored in a refrigerator for 2 months. Remove suitable
portions and warm to room temperature before use.]
Standard solution 3: 0.12 mg/mL of USP Gonadorelin Hydrochloride RS in Mobile phase
2S (USP38)

Sample solution: 0.10 mg/mL of Gonadorelin Hydrochloride in Mobile phase
Identification solution: Standard solution 2 and Sample solution (1:1)
2S (USP38)

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
[Note—Condition the column with Mobile phase until a stable baseline is obtained.]
Injection volume: 20 µL
System suitability
Sample: Standard solution 1 and Identification solution
2S (USP38)

Suitability requirements
Column efficiency: NLT 900 theoretical plates for Standard solution 1
2S (USP38)

Retention time: 8–11 min for the gonadorelin peak
Tailing factor: NMT 2.5
Relative standard deviation: NMT 3.0%
Retention time ratio: The ratio, RR, of the retention times of the gonadorelin peaks
from the sample and the Standard is 1.00 ± 0.05 (from the chromatogram of the
Identification solution).
2S (USP38)

Analysis
Samples: Standard solution and Sample solution
[Note—If more than five specimens are analyzed, reinject the Standard solutions before
injecting further samples of the Sample solution.]
Plot the peak responses of the Standard solutions versus concentration (µg/mL), and
determine the regression line, using the least-squares method. The coefficient of variation
from the regression line is NMT 3.0%. From the graph so obtained, determine the
concentration, C, of gonadorelin in the Sample solution (mg/mL).
2S (USP38)

Calculate the percentage of gonadorelin hydrochloride
2S (USP38)

(C55 H75 N17 O13 ·2HCl
2S (USP38)

) in the portion of Gonadorelin Hydrochloride taken:
Result = (C/Cu) × 100
C = concentration of Gonadorelin Hydrochloride in the Standard solution(mg/mL)
Cu = concentration of Gonadorelin Hydrochloride in the Sample solution (mg/mL)
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Result = (rU/rS) × (CS/CU) × F × [100/(100
rU
rS
CS
CU
F
W
HCl

W

HCl)] × 100

= peak response of gonadorelin from the Sample solution
= peak response of gonadorelin from the Standard solution
= concentration of USP Gonadorelin Hydrochloride RS in the Standard solution (mg/mL)
= concentration of Gonadorelin Hydrochloride in the Sample solution (mg/mL)
= conversion factor, (1182.3/1255.2)
= water content in Gonadorelin Hydrochloride sample (%)
= hydrochloride content in Gonadorelin Hydrochloride sample (%) [Note—%HC = %Cl ×
(36.46/35.45).]
2S (USP38)

Acceptance criteria: 94.0%–104.0% on the anhydrous
95.0–102.0% on the anhydrous and hydrochloride-free basis

2S (USP38)

OTHER COMPONENTS
• Counter Ion: Chloride
Sample: 25 mg of Gonadorelin Hydrochloride
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.01 N silver nitrate VS
Blank: To 1 mL of methanol, add 10 mL of water and 1 drop of glacial acetic acid.
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 1 mL of methanol, and add 10 mL of water and 1 drop of
glacial acetic acid. Titrate with Titrant and perform a blank determination.
Calculate the percentage of chloride (Cl ) in the portion of Gonadorelin Hydrochloride
taken:
Result = [(VS

VB) × N × F × 100]/W

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (Eq/L = mEq/mL)
F= equivalency factor for chloride, 35.45 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 4.0%–6.0%
IMPURITIES
Change to read:
• Gonadorelin Related Impurities
[Note—The Sample solution may be stored at room temperature for up to 20 min or at 4 for up
to 8 h.]
Solution A: Dissolve 6.8 g of monobasic potassium phosphate in water and dilute to 1 L.
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Adjust with 1 N potassium hydroxide to a pH of 6.5.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
3
82
18
20
82
18
30
30
70
35
30
70
38
100
0
[Note—Pump Solution A through the column at a flow rate of 1 mL/min for 30 min or until a
stable baseline is obtained, then inject 100 µL of Solution A, and run the gradient elution
program to completion to condition the column. Again inject 100 µL of Solution A, and run
the gradient elution program to completion.]
Standard stock solution: 1 mg/mL of USP Gonadorelin Hydrochloride RS in Solution A
Standard solution 1: 1.5 µg/mL of USP Gonadorelin Hydrochloride RS in Solution A from
Standard stock solution
2S (USP38)

Standard solution 2:
Standard solution: 2S (USP38)
5 µg/mL of USP Gonadorelin Hydrochloride RS in Solution A from Standard stock solution
Standard solution 3: 40 µg/mL of USP Gonadorelin Hydrochloride RS in Solution A from
Standard stock solution
System suitability solution: 0.01 mg/mL of USP Gonadorelin Related Compound A and 1
mg/mL of USP Gonadorelin Hydrochloride RS in Solution A 2S (USP38)
Sample solution: 1 mg/mL of Gonadorelin Hydrochloride in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 100 µL
Autosampler temperature: 4 2S (USP38)
System suitability
Samples: Standard solution 3
and System suitability solution 2S (USP38)
[
Note—The relative retention times for gonadorelin related compound A and gonadorelin are
0.98 and 1.0, respectively.] 2S (USP38)
Suitability requirements
Retention time: 24–30 min for the gonadorelin peak, Standard solution
Column efficiency: NLT 5000 theoretical plates
Resolution: The valley point between gonadorelin related compound A and gonadorelin is
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visible, System suitability solution. 2S (USP38)
Tailing factor: NMT 2.0, Standard solution
[Note—If necessary, adjust the flow rate to between 0.8 and 2 mL/min, or, alternatively,
change by NMT 3% the percentages of Solution A and Solution B at 3 min and at 20 min.]
Analysis
Samples: Solution A, Standard solution, and Sample solution
Correct the peak responses, using the chromatogram of Solution A as a blank. Plot the corrected
responses of the Standard solutions, and determine the regression line, using the leastsquares method. The coefficient of variation from the regression line is NMT 3.0%. From the
graph so obtained, determine the concentration of any individual impurity in the portion of
Gonadorelin Hydrochloride taken:
Result = (C/CU) ×F× 100
C= concentration of any individual impurity in the Sample solution, as measured from the
regression line (µg/mL)
C=
U concentration of Gonadorelin Hydrochloride in the Sample solution (mg/mL)
F= unit conversion factor, 0.001 mg/µg
Calculate the percentage of each impurity in the portion of Gonadorelin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of gonadorelin from the Standard solution
CS= concentration of USP Gonadorelin Hydrochloride RS in the Standard solution (µg/mL)
CU= concentration of Gonadorelin Hydrochloride in the Sample solution (mg/mL)
F = conversion factor, 0.001 mg/µg
2S (USP38)

Acceptance criteria
Any individual impurity: NMT 3.0%
2.0% 2S (USP38)
Total impurities: NMT 5.0%
3.0% 2S (USP38)
Delete the following:
• Limit of Acetate
Mobile phase: 18 mM sulfuric acid
Standard stock solution: 0.5 mg/mL of sodium acetate trihydrate in Mobile phase
Standard solution 1: 1 µg/mL of sodium acetate trihydrate in Mobile phase from Standard
stock solution
Standard solution 2: 10 µg/mL of sodium acetate trihydrate in Mobile phase from Standard
stock solution
Standard solution 3: 100 µg/mL of sodium acetate trihydrate in Mobile phase from
Standard stock solution
Sample solution: 1 mg/mL of Gonadorelin Hydrochloride in Mobile phase
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 6.5-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
[Note—Do not allow the flow rate to exceed 0.6 mL/min. Condition the column for 60 min
until a stable baseline is obtained. ]
Injection volume: 100 µL
System suitability
Sample: Standard solution 3
[Note—The retention time for the acetate peak is 10–16 min. ]
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 2
Relative standard deviation: NMT 3.0% for NLT three replicate injections
Analysis
Samples: Standard solution and Sample solution
[Note—If more than five specimens are analyzed, reinject the Standard solutions before
injecting further samples of the Sample solution. ]
Plot the peak responses of the Standard solutions versus concentration (µg/mL), and
determine the regression line, using the least-squares method. The coefficient of variation
from the regression line is NMT 3.0%. From the graph so obtained, determine the
concentration, C, of sodium acetate trihydrate in the Sample solution (µg/mL).
Calculate the percentage of acetate (C2 H3 O2 ) in the portion of Gonadorelin Hydrochloride
taken:
Result = (C/CU) × (Mr1/Mr2) × F × 100
C = concentration of sodium acetate trihydrate in the Sample solution, as measured from
the regression line (µg/mL)
CU= concentration of Gonadorelin Hydrochloride in the Sample solution (mg/mL)
Mr1
= molecular weight of acetate, 59.03
Mr2
= molecular weight of sodium acetate trihydrate, 136.08
F = unit conversion factor, 0.001 mg/µg
Acceptance criteria: NMT 1.0%

2S (USP38)

Add the following:
• Acetic Acids in Peptides

503 : NMT 1.0%

2S (USP38)

Add the following:
• Limit of Trifluoroacetic Acid
Perform if trifluoroacetic acid is used in the manufacturing process.
Buffer: 7.0 mL/L of phosphoric acid and 5.0 mL/L of ammonium hydroxide in water
Solution A: Methanol and Buffer (2:100)
Solution B: Acetonitrile and water (1:1)
Mobile phase: See Table 2.
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Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
5
100
0
6
0
100
14
0
100
15
100
0
25
100
0
Diluent: 5 mL/L of phosphoric acid in water
Trifluoroacetic acid stock solution: 10 mg/mL of trifluoroacetic acid in water prepared as
follows. Add about 50 mL of water to a 100-mL volumetric flask with a stopper. Tare the
stoppered flask on an analytical balance until there is no further significant drift in the
reading. Transfer 670 µL of trifluoroacetic acid to the flask, stopper immediately, and
weigh. Dilute with water to volume.
Standard solutions: Transfer 10 mL, 2 mL, and 100 µL of the Trifluoroacetic acid stock
solution into three separate 100-mL volumetric flasks, and dilute each with Diluent to
obtain Standard solutions having known concentrations, respectively, of about 1 mg/mL,
0.2 mg/mL, and 0.01 mg/mL of trifluoroacetic acid in Diluent.
Sample solution: 4.0 mg/mL of Gonadorelin Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solutions
Suitability requirements
Correlation coefficient (r 2): NLT 0.995, determined by plotting the peak areas of the
Standard solutions versus concentration, in mg/mL, and determining the regression line
using the least-squares method
Relative standard deviation: NMT 2.0%, the most concentrated Standard solution
Analysis
Samples: Standard solutions and Sample solution
From the graph of the Standard solutions and the concentration of the Sample solution,
determine the percentages of trifluoroacetic acid in the sample.
Acceptance criteria: NMT 0.25% 2S (USP38)
Add the following:
• Limit of Fluoride
Perform if fluoride is used in the manufacturing process. Use polypropylene vessels for
preparation of sample and standards.
Standard solutions: Prepare a series of calibration standards containing 0.05, 0.1, 1, and
10 ppm of fluoride dissolved in an ionic strength adjustment buffer suitable for the

PF 40(4): Jul.-Aug. 2014

282

electrode in use (pH of 5).
Sample solution: 2.2–3.6 mg/mL of Gonadorelin Hydrochloride in the same buffer as that
used to prepare the Standard solutions
Analysis: Using a fluoride ion-selective electrode connected to a pH/ion meter, measure
the potential of each Standard solution, and plot the response versus the logarithm of the
concentration. Determine the regression line using the least-squares method. The slope of
the calibration curve is 54 to 60 mV/decade, and the square of the correlation
coefficient curve (r2) is NLT 0.995.
From the calibration curve and the concentration of the Sample solution, determine the
amount of fluoride in the sample.
Acceptance criteria: NMT 0.1% 2S (USP38)
SPECIFIC TESTS
Delete the following:
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL, in water
Acceptance criteria: –57 to –63 , calculated on the anhydrous and chloride-free basis
2S (USP38)

Delete the following:
• Water Determination
[Note—Dry all glassware used in the following Analysis at 105 for a minimum of 1 h, and cool in
a desiccator at room temperature. Store in a desiccator. Perform as many operations as
possible in a low-humidity glove box. ]
Anhydrous methanol: Wash 150 g of 8- to 17-mesh type 3A molecular sieve with several
100-mL portions of methanol to remove the fine particles. Place the washed molecular
sieve in a shallow glass dish, heat in an oven at 350 for 2 h, and cool in a desiccator.
Transfer the dry molecular sieve to a 1-L glass container, add 700 mL of methanol, insert
a stopper, mix, and allow to stand in a desiccator for NLT 48 h before using.
Standard solution 1: 0.4 mg/mL of distilled water in anhydrous methanol
Standard solution 2: 0.8 mg/mL of distilled water in anhydrous methanol
Standard solution 3: 1.2 mg/mL of distilled water in anhydrous methanol
Sample solution: Transfer 20 mg of Gonadorelin Hydrochloride to a vial, place a cap on the
vial, and add 800 µL of Anhydrous methanol by means of a 1000-µL gas-tight syringe.
[Note—Prepare immediately prior to use. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Thermal conductivity
Column: 2-mm × 180-cm glass column packed with 80- to 100-mesh support S3
Temperature
Column: 100
Injector: 130
Detector: 130
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Carrier gas: Helium
Flow rate: 30 mL/min
Injection size: 1–3 µL
System suitability
Sample: Standard solution 3
[Note—The elution order is water, followed by a broad methanol peak. The retention time
for the water peak is 0.5–3 min. ]
Suitability requirements
Relative standard deviation: NMT 2.5% for NLT three replicate injections
Analysis
Samples: Anhydrous methanol, Standard solutions, and Sample solution
Measure the responses for the first (water) and second (methanol) major peaks, correcting
the peak areas of the Sample solution and the Standard solutions against the Anhydrous
methanol blank. Plot the responses of the water peaks versus concentration (mg/mL) of
water in each of the Standard solutions, and determine the regression line using the leastsquares method. The coefficient of variation from the regression line is NMT 3.0%. From
the graph so obtained, determine the concentration, C, of water in the Sample solution
(mg/mL).Calculate the percentage of water in the portion of Gonadorelin Hydrochloride
taken:
Result = (C/W) × V × F × 100
C= concentration of water in the Sample solution (mg/mL)
W
= weight of Gonadorelin Hydrochloride used to prepare the Sample solution (mg)
V= volume of methanol used to prepare the Sample solution (µL)
F= unit conversion factor, 0.001 mL/µL
Acceptance criteria: NMT 7.0%

2S (USP38)

Add the following:
• Water Determination, Method I

921 : NMT 7.0%

2S (USP38)

Add the following:
• Bacterial Endotoxins Test

85 : NMT 70 USP Endotoxin Units/mg

2S (USP38)

Add the following:
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms
Meets the requirements 2S (USP38)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, well-sealed containers.
Change to read:
• USP Reference Standards 11
USP Endotoxin RS
USP Gonadorelin Hydrochloride RS
USP Gonadorelin Related Compound A RS
Gonadorelin free acid.

62 :

PF 40(4): Jul.-Aug. 2014

C55 H74 N16 O14
2S (USP38)

284

1183.3
BRIEFING

Halcinonide Cream, USP 37 page 3214. As part of USP monograph modernization efforts, the
following revisions are proposed:
1.
Add a new stability-indicating UHPLC procedure for Organic Impurities. The procedure is
based on analysis performed with the Waters Acquity UPLC BEH C18 brand of L1
packing. The typical retention time for halcinonide is 14.6 min.
2.
For Identification test A, delete the TLC method, and replace it with the halcinonide
peak retention time agreement from the Assay.
3.
Add Identification test B by UV spectrum matching from the proposed test for Organic
Impurities.
4.
In the Packaging and Storage section, add additional requirements, based on the drug
package insert.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: D. Min.)
Correspondence Number—C120149

Comment deadline: September 30, 2014
Halcinonide Cream
DEFINITION
Halcinonide Cream is Halcinonide in a suitable cream base. It contains NLT 90.0% and NMT
110.0% of the labeled amount of halcinonide (C24 H32 ClFO5 ).
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatography
Standard solution: 0.2 mg/mL of USP Halcinonide RS in chloroform
Sample solution: Transfer a quantity of Cream equivalent to 2 mg of halcinonide from a
portion of Cream, to a glass-stoppered, 50-mL centrifuge tube. Add 15 mL of warm water,
and shake for 2 min to disperse. Add 20 mL of chloroform, and shake for 5 min. Cool in an
ice bath, then centrifuge. Transfer the chloroform layer to a conical flask. Repeat the
extraction with an additional 15 mL of chloroform, and combine the chloroform extracts.
Evaporate the chloroform extracts on a steam bath under a current of air nearly to
dryness, and dissolve the residue in 10.0 mL of chloroform.
Chromatographic system
See Chromatography 621
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Chloroform and ethyl acetate (5:1)
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Analysis: Develop the chromatogram in the Developing solvent system until the solvent
front has moved about three-fourths of the length of the plate. Remove the plate, air-dry,
and view the chromatogram under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution. 2S (USP38)
Add the following:
• A. The retention time of the halcinonide peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 2S (USP38)
Add the following:
• B. The UV-Vis spectrum of the halcinonide peak of the Sample solution corresponds to that
of the Diluted standard stock solution, as obtained in the test for Organic Impurities.
2S (USP38)

ASSAY
• Procedure
Mobile phase: Acetonitrile and water (50:50)
Diluent: Acetonitrile and water (2:1), saturated with hexanes. [Note—Prepare on the day
of use.]
Internal standard solution: 150 µg/mL of progesterone in hexanes-saturated Diluent
Standard stock solution: 0.2 mg/mL of USP Halcinonide RS in Diluent
Standard solution: 0.02 mg/mL of USP Halcinonide RS in hexanes-saturated Diluent
prepared as follows. Transfer 5.0 mL of Standard stock solution to a 50-mL volumetric
flask. Add 4.0 mL of Internal standard solution, and dilute with hexanes-saturated Diluent
to volume.
Sample solution: Nominally 0.02 mg/mL of halcinonide in hexanes-saturated Diluent
prepared as follows. Transfer a quantity of Cream equivalent to 0.5 mg of halcinonide to a
glass-stoppered, 50-mL centrifuge tube. Add 12 mL of hexanes-saturated Diluent and 20
mL of hexanes, and shake for 1 min. Place in a heated ultrasonic bath at 58 ± 2 for 20
min, initially shaking for 1–2 min to ensure dispersion, and at 5-min intervals thereafter, on
a vibratory mixer. Cool, centrifuge, and transfer the lower layer to a 25-mL volumetric
flask. Add 5 mL of hexanes-saturated Diluent to the tube, mix for 1 min, then centrifuge.
Transfer the lower layer to the volumetric flask, and repeat the extraction with an
additional 5 mL of hexanes-saturated Diluent, combining the extracts in the flask. Add 2.0
mL of Internal standard solution to the flask, dilute with hexanes-saturated Diluent to
volume, and mix. If necessary, clarify a portion of the solution by centrifugation.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for halcinonide and progesterone are 1.0 and 1.2,
respectively.]
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Suitability requirements
Resolution: NLT 1.5 between halcinonide and progesterone
Relative standard deviation: NMT 3.0%, peak response ratio of halcinonide to
progesterone
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of halcinonide (C24 H32 ClFO5 ) in the
portion of Cream taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of halcinonide to progesterone from the Sample solution
R=
S peak response ratio of halcinonide to progesterone from the Standard solution
C=
S concentration of USP Halcinonide RS in the Standard solution (mg/mL)
C=
U nominal concentration of halcinonide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Minimum Fill 755 : Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
Solution A: 10 mM of ammonium acetate in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
20.0
10
90
22.0
10
90
22.1
90
10
25.0
90
10
Diluent 1: Acetonitrile and water (60:30), saturated with hexanes
Diluent 2: Acetonitrile and water (10:90)
Standard stock solution: 0.2 mg/mL of USP Halcinonide RS in Diluent 1
Diluted standard stock solution: 0.1 mg/mL of USP Halcinonide RS in Diluent 2 from the
Standard stock solution
Standard solution: 0.2 µg/mL of USP Halcinonide RS in Diluent 2 from the Standard stock
solution
Sample stock solution: Nominally 0.2 mg/mL of halcinonide in Diluent 1 prepared as
follows. Transfer a portion of Cream equivalent to 4 mg of halcinonide to a 50-mL
centrifuge tube. Add 10 mL of Diluent 1 and 20 mL of hexanes heated at 58 ± 2 for 20
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min. Shake for NLT 1 min initially to ensure dispersion and at 5-min intervals thereafter.
Cool, centrifuge at 3000 rpm for 10 min, and transfer the lower layer to the 20-mL
volumetric flask. Repeat the extraction with an additional 5 mL of Diluent 1 and 20 mL of
hexanes each time. Dilute with Diluent 1 to volume.
Sample solution: 0.1 mg/mL of halcinonide from Sample stock solution in Diluent 2
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm. For Identification test B, use a diode array detector in the range
of 200–450 nm.
Column: 2.1-mm × 15-cm; 1.8-µm packing L1
Flow rate: 0.3 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Relative standard deviation: NMT 2.4%
Signal-to-noise ratio: NLT 50
Analysis
Samples: Diluted standard stock solution, Standard solution, and Sample solution
[Note—The Diluted standard stock solution is used for Identification test B.]
Calculate the percentage of any individual unspecified impurity in the portion of Cream
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual unspecified impurity from the Sample solution
rS= peak response of halcinonide from the Standard solution
C=
S concentration of USP Halcinonide RS in the Standard solution (µg/mL)
C=
U nominal concentration of halcinonide in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)
—
—
0.2
3.0

Dihydrotriamcinolonea
0.5
Halcinonide
1.0
Any individual unspecified impurity
—
Total impurities
—
a Drug substance process impurity included in the table for identification only.
2S (USP38)

SPECIFIC TESTS
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• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 :
Meets the requirements for absence of Staphylococcus aureus and Pseudomonas
aeruginosa
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at room temperature. Avoid excessive heat. 2S (USP38)
• USP Reference Standards
USP Halcinonide RS

11
BRIEFING

Halcinonide Ointment, USP 37 page 3215. As part of the USP monograph modernization effort,
the following revisions are proposed.
1.
Replace Identification test A that uses chloroform as a solvent in TLC with a halcinonide
peak retention time agreement from the Assay.
2.
Add a new stability-indicating UHPLC procedure in the test for Organic Impurities. The
UHPLC procedure is based on analysis performed with the Waters Acquity UPLC BEH
C18 brand of L1 column. The typical retention time for halcinonide is 14.6 min.
3.
Add Identification test B with the UV spectrum matching the main peak in the proposed
test for Organic Impurities.
4.
Add additional requirements in the Packaging and Storage section based on the drug
package insert.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: D. Min.)
Correspondence Number—C120149

Comment deadline: September 30, 2014
Halcinonide Ointment
DEFINITION
Halcinonide Ointment is Halcinonide in a suitable ointment base. It contains NLT 90.0% and NMT
110.0% of the labeled amount of halcinonide (C24 H32 ClFO5 ).
IDENTIFICATION
Change to read:
• A.
Standard solution: 0.2 mg/mL of USP Halcinonide RS in chloroform
Sample solution: Transfer a quantity of ointment, equivalent to 2 mg of halcinonide from
a quantity of Ointment, to a glass-stoppered, 50-mL centrifuge tube. Add 15 mL of warm
water, and shake for 2 min to disperse. Add 20 mL of chloroform, and shake for 5 min.
Cool in an ice bath, then centrifuge. Transfer the chloroform layer to a conical flask.

PF 40(4): Jul.-Aug. 2014

289

Repeat the extraction with an additional 15 mL of chloroform, and combine the chloroform
extracts. Evaporate the chloroform extracts on a steam bath under a current of air
nearly to dryness, and dissolve the residue in 10.0 mL of chloroform.
Chromatographic system:
See Chromatography

621

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Chloroform and ethyl acetate (5:1)
Analysis: Develop in the Developing solvent system until the solvent front has moved
about three-fourths of the length of the plate. Remove the plate, air-dry, and view the
chromatogram under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of the Standard solution.
The retention time of the halcinonide peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
Add the following:
• B. The UV spectrum of the halcinonide peak of the Sample solution corresponds to that of
the Diluted standard stock solution, as obtained in the test for Organic Impurities.
2S (USP38)

ASSAY
• Procedure
Mobile phase: Acetonitrile and water (50:50)
Internal standard solution: 6 µg/mL of butylparaben in acetonitrile
Standard stock solution: 0.04 mg/mL of USP Halcinonide RS in Internal standard solution
Standard solution: 0.02 mg/mL of USP Halcinonide RS from Standard stock solution
prepared as follows. Mix equal volumes of Mobile phase and Standard stock solution.
Sample solution: Nominally 0.02 mg/mL of halcinonide in Mobile phase prepared as follows.
Transfer an equivalent to 1 mg of halcinonide from a quantity of Ointment to a glassstoppered, 50-mL centrifuge tube, and add 25.0 mL of Internal standard solution and 5.0
mL of hexane. Place in a water bath at 58 ± 2 for 3 min, then mix in a vortex mixer for 1
min until the sample is well dispersed. Repeat the above-specified heating and mixing step
once. Cool in an ice–methanol bath for 15 min, or until the two phases separate,
centrifuging if necessary. Transfer 5.0 mL of the lower layer to a 15-mL centrifuge tube,
and add 5.0 mL of Mobile phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
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[Note—The relative retention times for butylparaben and halcinonide are 0.6 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between halcinonide and butylparaben
Relative standard deviation: NMT 3.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of halcinonide (C24 H32 ClFO5 ) in the
portion of Ointment taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of halcinonide to butylparaben from the Sample solution
R=
S peak response ratio of halcinonide to butylparaben from the Standard solution
C=
S concentration of USP Halcinonide RS in the Standard solution (mg/mL)
C=
U nominal concentration of halcinonide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Minimum Fill 755 : Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
Solution A: 10 mM ammonium acetate in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
20.0
10
90
22.0
10
90
22.1
90
10
25.0
90
10
Diluent 1: Acetonitrile and water (60:30), saturated with hexane
Diluent 2: Acetonitrile and water (10:90)
Standard stock solution: 0.2 mg/mL of USP Halcinonide RS in Diluent 1
Diluted standard stock solution: 0.1 mg/mL of USP Halcinonide RS in Diluent 2 from the
Standard stock solution
Standard solution: 0.2 µg/mL each of USP Halcinonide RS in Diluent 2 from the Standard
stock solution
Sample stock solution: Nominally 0.2 mg/mL of halcinonide in Diluent 1 prepared as
follows. Transfer a portion of Ointment equivalent to 4 mg of halcinonide to a 50-mL
centrifuge tube. Add 10 mL of Diluent 1 and 20 mL of hexane heated at 58 ± 2 for 20
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min. Shake for NLT 1 min initially to ensure dispersion and at 5-min intervals thereafter.
Cool, centrifuge at 3000 rpm for 10 min, and transfer the lower layer to a 20-mL
volumetric flask. Repeat the extraction with an additional 5 mL of Diluent 1 and 20 mL of
hexane each time. Dilute with Diluent 1 to volume.
Sample solution: 0.1 mg/mL of halcinonide from the Sample stock solution in Diluent 2
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm. For Identification test B, use a diode array detector in the range
of 200–450 nm.
Column: 2.1-mm × 15-cm; 1.8-µm packing L1
Flow rate: 0.3 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Relative standard deviation: NMT 2.4%
Signal-to-noise ratio: NLT 50
Analysis
Samples: Diluted standard stock solution, Standard solution, and Sample solution
[Note—The Diluted standard stock solution is used for Identification test B.]
Calculate the percentage of any individual unspecified impurity in the portion of
Ointment taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of halcinonide from the Standard solution
C=
S concentration of USP Halcinonide RS in the Standard solution (µg/mL)
C=
U nominal concentration of halcinonide in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time
0.5
1.0
—
—

Acceptance
Criteria,
NMT (%)
—
—
0.2
3.0

Name
Dihydrotriamcinolonea
Halcinonide
Any individual unspecified impurity
Total impurities
a Drug substance process impurity included in the table for identification only.
2S (USP38)

SPECIFIC TESTS
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• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 :
Meets the requirements for the absence of Staphylococcus aureus and Pseudomonas
aeruginosa
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at room temperature. Avoid excessive heat. 2S (USP38)
• USP Reference Standards
USP Halcinonide RS

11
BRIEFING

Hydrocodone Bitartrate and Homatropine Methylbromide Tablets, USP 37 page 3251. On
the basis of comments received, it is proposed to make the following revisions:
1.
Replace the TLC procedure for Identification test A with the procedure based on the UV
spectra as obtained in the Assay. Revise the Detector in the Assay accordingly.
2.
Revise the molecular weight of hydrocodone bitartrate disesquihydrate to be consistent
with that in the USP Dictionary of USAN and International Drug Names.
3.
Revise Dissolution Test 1 and Test 2 to reflect the correct labeled amount of
Hydrocodone Bitartrate in hydrocodone bitartrate disesquihydrate instead of
hydrocodone bitartrate.
4.
Add Run time in the tests for Limit of Dihydrocodeine Bitartrate, Hydrocodone Diol, and
Related Substances and Limit of Homatropine Hydrobromide and Related Substances
based on the validated methods.
5.
Revise and update the Analysis sections in the tests for Limit of Dihydrocodeine
Bitartrate, Hydrocodone Diol, and Related Substances and Limit of Homatropine
Hydrobromide and Related Substances to be consistent with the FDA-approved
specifications.
6.
Add Relative retention times in the test for Limit of Homatropine Hydrobromide and
Related Substances based on the validated method.
7.
Add the chemical name of hydrocodone diol to both Table 1 and Table 2.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: H. Cai.)
Correspondence Number—C140002

Comment deadline: September 30, 2014
Hydrocodone Bitartrate and Homatropine Methylbromide Tablets
DEFINITION
Hydrocodone Bitartrate and Homatropine Methylbromide Tablets contain NLT 90.0% and NMT
110.0% of the labeled amounts of hydrocodone bitartrate disesquihydrate
(C18 H21 NO3 ·C4 H6 O6 ·2½H2 O) and homatropine methylbromide (C17 H24 BrNO3 ).
[Note—Use of silanized autosampler vials such as dimethyldichlorosilane vials1 is required for
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Dissolution Test 1 and Test 2, the Limit tests, and the Assay to prevent drug degradation.]
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test 201
Diluent: Methanol and water (9:1)
Standard solution 1: 0.3 mg/mL of USP Homatropine Methylbromide RS in Diluent
Standard solution 2: 1 mg/mL of USP Hydrocodone Bitartrate RS in Diluent
Sample solution: Transfer a portion of 20 finely powdered Tablets, nominally equivalent to
the average Tablet weight, to a centrifuge tube. Add 5.0 mL of Diluent, centrifuge, and
use the supernatant.
Chromatographic system
Application volume: 50 µL
Developing solvent system: Ethyl acetate, water, and formic acid (134:33:33)
Solution A: Dissolve 850 mg of bismuth subnitrate in a mixture of 10 mL of glacial acetic
acid and 40 mL of water
Solution B: Dissolve 8g of potassium iodide in 20 mL of water
Solution C: Solution A and Solution B (1:1)
Spray reagent 1: Water, glacial acetic acid and Solution C (50:10:5). [Note—Prepare
immediately before use. ]
Spray reagent 2: Hydrogen peroxide TS
Analysis
Samples: Standard solution 1, Standard solution 2 and Sample solution
Proceed as directed in the chapter. Remove the plate, and dry at 105 . Spray the plate
with Spray reagent 1 and then with Spray reagent 2.
Acceptance criteria: The RF values for the principal spots of the Sample solution
correspond to those of the Standard solutions. 2S (USP38)
Add the following:
• A. The UV absorption spectra of the hydrocodone bitartrate and homatropine
methylbromide peaks of the Sample solution and those of the Standard solution exhibit
maxima and minima at the same wavelengths, as obtained in the Assay. 2S (USP38)
• B. The retention times of the hydrocodone bitartrate and homatropine methylbromide peaks
of the Sample solution correspond to those of the Standard solution, as obtained in the
Assay.
ASSAY
Change to read:
Procedure
Buffer: 0.005 M dibasic potassium phosphate. Adjust with phosphoric acid to a pH of 6.4 ±
0.01.
Mobile phase: Acetonitrile and Buffer (30:170)
Standard solution: 0.2 mg/mL of USP Hydrocodone Bitartrate RS and 0.06 mg/mL of USP
Homatropine Methylbromide RS in Mobile phase
Sample solution: Nominally 0.2 mg/mL of hydrocodone bitartrate and 0.06 mg/mL of
homatropine methylbromide prepared as follows. Transfer a portion of fine powder from NLT
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20 Tablets to a suitable volumetric flask. Add 60% of the final volume of Mobile phase,
sonicate for 15 min, and then shake with a wrist-action shaker for an additional 15 min.
Dilute with Mobile phase to volume. Pass the solution through a suitable filter of 0.45-µm
pore size.
Chromatographic system
Mode: LC
Detector: UV 230 nm
Detector
Assay: UV 230 nm
Identification test A: Diode array, UV 200–400 nm
2S (USP38)

Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for homatropine methylbromide and hydrocodone
bitartrate are about 0.44 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.5 between hydrocodone bitartrate and homatropine methylbromide
Relative standard deviation: NMT 3.0% for each analyte
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of homatropine methylbromide
(C17 H24 BrNO3 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of homatropine methylbromide from the Sample solution
rS= peak response of homatropine methylbromide from the Standard solution
C=
S concentration of USP Homatropine Methylbromide RS in the Standard solution (mg/mL)
C=
U nominal concentration of homatropine methylbromide in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of hydrocodone bitartrate disesquihydrate
(C18 H21 NO3 ·C4 H6 O6 ·2½H2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of hydrocodone bitartrate from the Sample solution
rS= peak response of hydrocodone bitartrate from the Standard solution
CS= concentration of USP Hydrocodone Bitartrate RS in the Standard solution (mg/mL)
CU= nominal concentration of hydrocodone bitartrate in the Sample solution (mg/mL)
Mr1
= molecular weight of hydrocodone bitartrate disesquihydrate, 494.50
494.49 2S (USP38)
Mr2
= molecular weight of anhydrous hydrocodone bitartrate, 449.46
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
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Change to read:
• Dissolution 711
Test 1
Medium: Water; 900 mL, deaerated
Apparatus 2: 50 rpm
Time: 30 min
Buffer and Mobile phase: Prepare as directed in the Assay.
Standard solution: Dissolve a quantity of USP Hydrocodone Bitartrate RS and USP
Homatropine Methylbromide RS in Medium, and dilute quantitatively with Medium to
obtain a solution with known concentrations of 0.0055 and 0.00165 mg/mL, respectively.
0.0055 mg/mL of USP Hydrocodone Bitartrate RS and 0.00165 mg/mL of USP Homatropine
Methylbromide RS in Medium. 2S (USP38)
Sample solution: Pass the solution under test through a suitable filter of 0.45-µm pore
size.
Chromatographic system: Proceed as directed in the Assay, with the following
exception.
Injection volume: 250 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 13 between homatropine methylbromide and hydrocodone bitartrate
Relative standard deviation: NMT 3.0% for each analyte
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amounts of hydrocodone bitartrate
disesquihydrate 2S (USP38)
(C18 H21 NO3 ·C4 H6 O6 ·
2½H2 O 2S (USP38)
) and homatropine methylbromide (C17 H24 BrNO3 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
Result = (rU /rS) × CS × V × (1/L) × (Mr1 /Mr2 ) × 100

2S (USP38)

rU = peak area of hydrocodone bitartrate or homatropine methylbromide from the Sample
solution
rS = peak area of hydrocodone bitartrate or homatropine methylbromide from the
Standard solution
CS = concentration of each drug substance
USP Hydrocodone Bitartrate RS or USP Homatropine Methylbromide RS 2S (USP38)
in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim for each drug substance (mg/Tablet)
Mr1= molecular weight of hydrocodone bitartrate disesquihydrate, 494.49
Mr2 = molecular weight of anhydrous hydrocodone bitartrate, 449.46 2S (USP38)
Tolerances: NLT 80% (Q) of the labeled amounts of hydrocodone bitartrate
disesquihydrate 2S (USP38)
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(C18 H21 NO3 ·C4 H6 O6 ·
2½H2 O 2S (USP38)
) and homatropine methylbromide (C17 H24 BrNO3 ) is dissolved.
Test 2: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 2.
Medium: Water; 500 mL
Apparatus 2: 50 rpm
Time: 45 min
Mobile phase: 1.4 g/L of octanesulfonic acid sodium salt and 0.1% phosphoric acid in a
filtered and degassed mixture of acetonitrile and water (1:3)
Standard solution A: 0.50 mg/mL of USP Hydrocodone Bitartrate RS in Mobile phase
Standard solution B: 0.15 mg/mL of USP Homatropine Methylbromide RS in Mobile phase
System suitability solution: 0.01 mg/mL of USP Hydrocodone Bitartrate RS and 0.003 mg/mL
of USP Homatropine Methylbromide RS prepared as follows. Transfer adequate amounts of
Standard solution A and Standard solution B to a suitable volumetric flask. Add 21% of the
total volume of Mobile phase, and dilute with Medium to volume.
Sample solution: Pass a 20-mL portion of the solution under test through a suitable filter of
0.45-µm pore size, discarding the first 2–3 mL. Mix thoroughly 15.0 mL of the filtrate with 5.0
mL of Mobile phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 212 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2.0 mL/min
Injection volume: 200 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.2 between homatropine methylbromide and hydrocodone bitartrate
Tailing factor: NMT 1.5 for each drug substance
Relative standard deviation: NMT 3.0% for homatropine methylbromide; NMT 2.0% for
hydrocodone bitartrate
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Calculate the percentage of the labeled amounts of hydrocodone bitartrate
disesquihydrate 2S (USP38)
(C18 H21 NO3 ·C4 H6 O6 ·
2½H2 O 2S (USP38)
) and homatropine methylbromide (C17 H24 BrNO3 ) dissolved:
Result = (rU/rS) × CS × D × V × (1/L) × 100
Result = (rU /rS) × CS × D × V × (1/L) × (Mr1 /Mr2 ) × 100

2S (USP38)

rU = peak area of hydrocodone bitartrate or homatropine methylbromide from the Sample
solution
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rS = peak area of hydrocodone bitartrate or homatropine methylbromide from the Standard
solution
CS = concentration of each drug substance
USP Hydrocodone Bitartrate RS or USP Homatropine Methylbromide RS 2S (USP38)
in the Standard solution (mg/mL)
D = dilution factor of the Sample solution
V = volume of Medium, 500 mL
L = label claim for each drug substance (mg/Tablet)
Mr1= molecular weight of hydrocodone bitartrate disesquihydrate, 494.49
Mr2 = molecular weight of anhydrous hydrocodone bitartrate, 449.46 2S (USP38)
Tolerances: NLT 75% (Q) of the labeled amounts of hydrocodone bitartrate
disesquihydrate 2S (USP38)
(C18 H21 NO3 ·C4 H6 O6 ·
2½H2 O) 2S (USP38
) and homatropine methylbromide (C17 H24 BrNO3 ) is dissolved.
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
Change to read:
• Limit of Dihydrocodeine Bitartrate, Hydrocodone Diol, and Related Substances
Buffer: 0.005 M sodium 1-octanesulfonate. Adjust with glacial acetic acid to a pH of 2.5 ±
0.1.
Mobile phase: Methanol and Buffer (40:60). Add 0.5 mL/L of triethylamine.
System suitability stock solution: 0.02 mg/mL each of hydrocodone diol and USP
Dihydrocodeine Bitartrate RS in Mobile phase
System suitability solution: 0.1 µg/mL each of hydrocodone diol and USP Dihydrocodeine
Bitartrate RS in Mobile phase from the System suitability stock solution
Standard solution and Sample solution: Proceed as directed in the Assay.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 200 µL
Run time: NLT 1.7 times the retention time of hydrocodone bitartrate 2S (USP38)
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.0 between hydrocodone diol and dihydrocodeine bitartrate
Relative standard deviation: NMT 5.0% for both hydrocodone diol and dihydrocodeine
bitartrate
Analysis
Sample: Standard solution and
2S (USP38)
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Sample solution
Calculate the percentages of hydrocodone diol and dihydrocodeine bitartrate in the
portion of Tablets taken:
Result = (rU/rT) × 100
r=
U peak response of either hydrocodone diol or dihydrocodeine bitartrate from the Sample
solution
r=
T peak response of hydrocodone bitartrate from the Standard solution
Sample solution 2S (USP38)
Calculate the percentage of each individual related substance in the portion of Tablets
taken:
Result = (rU/rT) × 100
r=
U peak response of any individual related substance from the Sample solution with a
retention time greater than 5 min
a relative retention time of NLT 0.42 2S (USP38)
in relation to the retention time of hydrocodone bitartrate
r=
T sum of all peak responses from the Sample solution
Acceptance criteria: See Table 1.
Table 1

Name
Hydrocodone diol

Relative
Retention
Time
0.67

Acceptance
Criteria,
NMT (%)
0.5

a

2S (USP38)

Dihydrocodeine bitartrate
Hydrocodone bitartrate
Any individual related substance
Total impurities

0.75
1.0
—
—

1.0
—
0.5
1.5

a

4,5-Dihydroxy-3-methoxy-17-methylmorphinan-6-one.

2S (USP38)

Change to read:
• Limit of Homatropine Hydrobromide and Related Substances
Buffer: 0.005 M dibasic potassium phosphate. Adjust with phosphoric acid to a pH of 6.4 ±
0.01.
Mobile phase: Acetonitrile and Buffer (30:170). Filter and degas.
Standard solution: 0.6 µg/mL of homatropine hydrobromide in Mobile phase
Sample solution: Proceed as directed in the Assay.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 10 µL
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Run time: NLT 1.6 times the retention time of hydrocodone bitartrate
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Sample: Standard solution and

2S (USP38)

2S (USP38)

Sample solution
Calculate the percentage of homatropine hydrobromide in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U peak response of homatropine hydrobromide from the Sample solution
r=
T peak response of homatropine methylbromide from the Standard solution
Sample solution 2S (USP38)
Calculate the percentage of each individual related substance in the portion of Tablets
taken:
Result = (rU/rT) × 100
r=
U peak response of any individual related substance from the Sample solution with a
relative retention time less than 0.44 in relation to the retention time of hydrocodone
bitartrate
r=
T sum of all peak responses from the Sample solution
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time

Name
Hydrocodone diol
a

2S (USP38)

0.39

Dihydrocodeine bitartrate
b

2S (USP38)

Homatropine methylbromide
Homatropine hydrobromide
Hydrocodone bitartrate
Any individual related substance
Total impurities

0.40
0.44
0.53

2S (USP38)
2S (USP38)

b

2S (USP38)

1.0
—
—

Acceptance
Criteria,
NMT (%)
—

2S (USP38)

—

2S (USP38)

—
0.5
—
0.5
1.5

a

4,5-Dihydroxy-3-methoxy-17-methylmorphinan-6-one.
b

Impurities are quantified in the test for Limit of Dihydrocodeine Bitartrate, Hydrocodone
Diol, and Related Substances are not included in Total impurities. 2S (USP38)
• Limit of Tropine
Standard stock solution: 150 µg/mL of tropine in diethyl ether
Standard solution 1: 75 µg/mL of tropine from the Standard stock solution in diethyl ether
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Standard solution 2: 37.5 µg/mL of tropine from the Standard solution 1 in diethyl ether
Standard solution 3: 18.75 µg/mL of tropine from the Standard solution 2 in diethyl ether
Standard solution 4: 9.38 µg/mL of tropine from the Standard solution 3 in diethyl ether
Sample solution: Finely powder 25 Tablets, and add to a centrifuge tube. Pipet 5.0 mL of
diethyl ether into the centrifuge tube, mix on a vortex mixer for 5 min, centrifuge, and use
the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Application volume: 500 µL
Developing solvent system: Alcohol and ammonium hydroxide (400:100)
Spray reagent: Dissolve 300 mg of platinic acid in 3 mL of diluted hydrochloric acid. Add
97 mL of water and 100 mL of 6% potassium iodide in water, and mix.
Analysis
Samples: Standard stock solution, Standard solution 1, Standard solution 2, Standard
solution 3, Standard solution 4, and Sample solution
Apply the Standard stock solution, Standard solution 1, Standard solution 2, Standard
solution 3, Standard solution 4, and Sample solution to a TLC plate and proceed as
directed in the chapter. After the plate has dried, position it in a chamber saturated with
iodine vapor for about 30 min, then place it in a hood to allow the iodine to sublime from
the plate, and spray the plate with Spray reagent until spots appear.
Acceptance criteria: Any spot from the Sample solution occurring at an RF value
corresponding to tropine is not greater in size or intensity than the corresponding spot
from Standard solution 2 (0.5%): NMT 0.5% of tropine.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Dihydrocodeine Bitartrate RS
USP Homatropine Methylbromide RS
USP Hydrocodone Bitartrate RS
1 A suitable grade is available from Analytical Research and Testing, Somerville, NJ; Fax: 908-725-8848.

BRIEFING
Iron Dextran Injection, USP 37 page 3404. On the basis of changes to general information
chapter Design and Analysis of Biological Assays

111 , published in this issue of PF, it is

proposed to delete the cross reference to chapter 111
include the procedure for calculating the LD50 values.

in the test for Acute Toxicity and

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: S. Ramakrishna.)
Correspondence Number—C142387
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Comment deadline: September 30, 2014
Iron Dextran Injection
DEFINITION
Iron Dextran Injection is a sterile, colloidal solution of ferric hydroxide in complex with partially
hydrolyzed Dextran of low molecular weight, in Water for Injection. It contains NLT 95.0% and
NMT 105.0% of the labeled amount of iron. It may contain NMT 0.5% of phenol as a
preservative.
IDENTIFICATION
• A. To 1 mL of Injection on a watch glass add 2 drops of ammonium hydroxide. No precipitate
is formed. Add 2 mL of hydrochloric acid, and add 2 mL of ammonium hydroxide. A brown
precipitate is formed.
ASSAY
• Procedure for Iron
Solution A: Transfer 2.64 g of calcium chloride dihydrate to a 1000-mL volumetric flask.
Add 500 mL of water, and swirl to dissolve. Add 5.0 mL of hydrochloric acid, and dilute
with water to volume.
Standard stock solution: 50 µg/mL of iron prepared as follows. Transfer 350 mg of ferrous
ammonium sulfate hexahydrate to a 1000-mL volumetric flask. Add water to dissolve,
dilute with water to volume, and mix.
Standard solutions: 1.0, 2.0, 3.0, 4.0, and 5.0 µg /mL of iron from Standard stock solution
prepared as follows. To separate 100-mL volumetric flasks transfer 2.0, 4.0, 6.0, 8.0, and
10.0 mL, respectively, of Standard stock solution. Dilute the contents in each flask with
Solution A to volume, and mix.
Sample stock solution: Nominally equivalent to 0.5 mg/mL of iron prepared as follows.
Using a “to contain” pipet, transfer a volume of Injection, nominally equivalent to 100 mg
of iron, to a 200-mL volumetric flask. Dilute with Solution A to volume, and mix.
Sample solution: Nominally equivalent to 4 µg/mL of iron in Solution A from Sample stock
solution prepared as follows. Transfer 2.0 mL of Sample stock solution to a 250-mL
volumetric flask, and dilute with Solution A to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption
Analytical wavelength: Iron emission line of 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: Solution A
Analysis
Samples: Standard solutions and Sample solution
Plot the absorbance of each of the Standard solutions versus concentration, in µg/mL, of
iron, and draw the straight line best fitting the five plotted points. From the graph so
obtained, determine the concentration of iron, in µg/mL, in the Sample solution, CA.
Calculate the percentage of iron in the portion of Injection taken:
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Result = (CA/CT) × 100
C=
A concentration of iron in the Sample solution, determined from the standard calibration
graph (µg/mL)
C=
T nominal concentration of the Sample solution (µg/mL)
Acceptance criteria: 95.0%–105.0%
OTHER COMPONENTS
• Limit of Phenol, Antimicrobial Agents—Content, Phenol

341 : NMT 0.5%

IMPURITIES
• Content of Chloride
Sample: Using a “to contain” pipet, transfer 10.0 mL of Injection to a 150-mL beaker,
rinsing the pipet into the beaker with several small portions of water. Add 50 mL of water
and 2 mL of nitric acid.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N silver nitrate VS
Endpoint detection: Potentiometric
Analysis: Titrate with Titrant determining the endpoint potentiometrically using silver–glass
electrodes. Each mL of Titrant consumed is equivalent to 3.545 mg of chloride (Cl).
Acceptance criteria
For products labeled to contain 50 mg/mL of iron: 0.48%–0.68%
For products labeled to contain 75 or 100 mg/mL of iron: 0.8%–1.1%
• Nonvolatile Residue
Sample solution: Using a “to contain” pipet, transfer 1.0 mL of Injection onto 3–5 g of
sand spread in a shallow layer in a stainless steel dish, the dish and sand having been
previously dried and weighed. Rinse the pipet, with several small portions of water, onto
the sand.
Analysis: Evaporate the Sample solution on a steam bath to dryness, continue the drying
in an oven at 105 for 15 h, and weigh.
Acceptance criteria
For products labeled to contain 50 mg/mL of iron: 28.0%–32.0%
For products labeled to contain 75 mg/mL of iron: 35.0%–40.0%
For products labeled to contain 100 mg/mL of iron: 37.0%–43.0%
SPECIFIC TESTS
• pH

791 : 4.5–7.0

• Bacterial Endotoxins Test

85 : NMT 0.50 USP Endotoxin Units/mg of iron

Change to read:
• Acute Toxicity
Analysis: Select five mice, each weighing 18–25 g, maintained on an adequately balanced
diet. Inject a dose of Injection, equivalent to 200 mg of iron/kg of body weight, into a tail
vein at a rate of NMT 0.1 mL/s. Keep the mice under observation for 48 h after the
injection. If none of the mice show outward symptoms of toxicity, the requirements of the
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test are met. If any of the mice die within the observation period, select four groups of 10
mice, each weighing 18–25 g. Inject, intravenously, all mice of one group with one of the
following doses of Injection: 375, 500, 750, or 1000 mg of iron/kg of body weight. Observe
the mice for 7 days, and record the number of deaths in each group. If more than 16 mice
die, calculate the LD50 as directed under Design and Analysis of Biological Assays 111
with log-doses and probits. The four doses of Injection, in mg of iron per kg of body
weight, are transformed to x1 = 2.574, x2 = 2.699, x3 = 2.875, and x4 = 3.000. The probits
corresponding to the number of deaths observed in each group of 10 mice are designated
y1, y2, y3, and y4, respectively, and are given in Table 1 for mortalities from 10% to 90%.
Table 1
Probits (normal deviates + 5)
Corresponding to Percentages in the Margins
0
10
20
30
40
50
60
70
80
90
—
99

0
—
3.72
4.16
4.48
4.75
5.00
5.25
5.52
5.84
6.28
0.0
7.33

1
2.67
3.77
4.19
4.50
4.77
5.03
5.28
5.55
5.88
6.34
0.1
7.37

2
2.95
3.82
4.23
4.53
4.80
5.05
5.31
5.58
5.92
6.41
0.2
7.41

3
3.12
3.87
4.26
4.56
4.82
5.08
5.33
5.61
5.95
6.48
0.3
7.46

4
3.25
3.92
4.29
4.59
4.85
5.10
5.36
5.64
5.99
6.55
0.4
7.51

5
3.36
3.96
4.33
4.61
4.87
5.13
5.39
5.67
6.04
6.64
0.5
7.58

6
3.45
4.01
4.36
4.64
4.90
5.15
5.41
5.71
6.08
6.75
0.6
7.65

7
3.52
4.05
4.39
4.67
4.92
5.18
5.44
5.74
6.13
6.88
0.7
7.75

8
3.59
4.08
4.42
4.69
4.95
5.20
5.47
5.77
6.18
7.05
0.8
7.88

9
3.66
4.12
4.45
4.72
4.97
5.23
5.50
5.81
6.23
7.33
0.9
8.09

For observed deaths of 0 and 10 adjacent to doses giving an intermediate mortality, use the
approximate probits 3.02 and 6.98, respectively; omit the end value (at x1 or x4) if not
adjacent to an intermediate mortality. Since the information in a probit varies with its
expectation, assign each probit an approximate relative weight (w) for computing the LD50
of the Injection, as shown in Table 2.
Table 2
No. of Deaths 0 or 10 1 or 9 2 or 8 3 or 7 4 to 6
Weight (w)
0.3
0.7
1.0
1.2
1.3
Calculate the weighted means:
x = S(wx)/Sw
and
y = S(wy)/Sw
from the sum of the weights, Sw, of the four (or three) acceptable responses and the
corresponding weighted sums of the log-doses, S(wx), and of the probits, S(wy). From the
sums of the weighted products, S(wxy), and of the weighted squares, S(wx2), compute
the slope b of the log-dose-probit line as:
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b = [S(wxy)

xS(wy)]/[S(wx2)

xS(wx)]

The LD50 for this safety test, in mg of iron per kg of body weight, is calculated as:
LD50 = antilog[x + (5

y)/b]

2S (USP38)

Acceptance criteria: NLT 500 mg of iron/kg of body weight
• Absorption from Injection Site
Analysis: Prepare a site over the semitendinosus muscle of one leg of each of two rabbits
by clipping the fur and disinfecting the exposed skin. Inject each site with a dose of 0.4
mL/kg of body weight in the following manner. Place the needle in the distal end of the
semitendinosus muscle at an angle such as to ensure that the full length of the needle is
used, then pass it through the sartorius and vastus medialis muscles. House the rabbits
separately. Seven days after the injection, sacrifice the rabbits, and dissect the treated
legs to examine the muscles.
Acceptance criteria: No heavy black deposit of unabsorbed iron compounds is observed,
and the tissue is only lightly colored.
• Other Requirements: Meets the requirements in Injections

1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I or Type II glass.
• USP Reference Standards
USP Endotoxin RS

11
BRIEFING

Isoflurane, USP 37 page 3412. As part of USP's modernization effort, it is proposed to revise
the monograph as follows:
1.
The packed column GC method used in the Assay and in the test for Organic Impurities
is replaced with a GC method that uses a capillary column. The proposed method
was validated using the Restek Rtx-Wax brand of G16 column. The typical retention
time for isoflurane is about 12.7 min.
2.
The Definition is updated to change the limits of isoflurane from NLT 99.9% to NLT
99.9% and NMT 100.0%. This change makes the monograph consistent with other
inhaled anesthetics such as desflurane and sevoflurane.
3.
The Acceptance criteria in the Assay are updated to be consistent with the Definition.
4.
An additional electrode system is specified in the test for Limit of Fluoride to allow for
greater flexibility in performing the analysis, and additional information is specified in
the Acceptance criteria for clarification.
5.
The use of nitrogen for sample evaporation is added to the test for Nonvolatile Residue
to allow for greater flexibility in performing the analysis.
6.
Storage conditions in the Packaging and Storage section are updated.
7.
USP Acetone RS is added to the USP Reference Standards section to support the
proposed test for Organic Impurities.
8.
The molecular weight of USP Isoflurane Related Compound A RS is corrected in the USP
Reference Standards section.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: M. Koleck.)
Correspondence Number—C125382

Comment deadline: September 30, 2014
Isoflurane

C3 H2 ClF 5 O

184.49

Ethane, 2-chloro-2-(difluoromethoxy)-1,1,1-trifluoro-;
1-Chloro-2,2,2-trifluoroethyl difluoromethyl ether
[26675-46-7].
DEFINITION
Change to read:
Isoflurane contains NLT 99.9%
and NMT 100.0% 2S (USP38)
of isoflurane (C3 H2 ClF 5 O).
IDENTIFICATION
• A. The IR absorption spectrum of Isoflurane, obtained using a gas cell, exhibits maxima only
at the same wavelengths as those of a similar preparation of USP Isoflurane RS.
ASSAY
Change to read:
• Procedure
Analysis: Using the results from the test for Organic Impurities, calculate the percentage
of isoflurane (C3 H2 ClF 5 O) in the sample of Isoflurane taken by subtracting the sum of
percentages for the impurities found from 100.0%.
Acceptance criteria: NLT 99.9%
99.9%–100.0% 2S (USP38)
IMPURITIES
• Chloride
Sample solution: Pipet 10 mL of Isoflurane into a suitable vessel containing 60 mL of
isopropyl alcohol and 4 drops of dilute nitric acid (1:1), and stir to dissolve.
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Analysis: Titrate potentiometrically with 0.0020 N silver nitrate.
Acceptance criteria: NMT 2.11 mL is required (NMT 10 ppm)
Change to read:
• Limit of Fluoride
Use plasticware throughout this test.
Buffer: Dissolve 110 g of sodium chloride and 1 g of sodium citrate in 700 mL of water in a
2-L volumetric flask. Cautiously add 150 g of sodium hydroxide, and dissolve with shaking.
Cool to room temperature, and, while stirring, cautiously add 450 mL of glacial acetic acid
to the cooled solution. Cool, add 600 mL of isopropyl alcohol, dilute with water to volume,
and mix. The pH of this solution is between 5.0 and 5.5. [Note—This solution may be used
for 6 weeks if stored at room temperature.]
Solution A: Transfer 55 mg of USP Sodium Fluoride RS, previously dried at 150 for 4 h, to
a 25-mL volumetric flask. Add 5 mL of water, and mix to dissolve. Add 1.0 mL of 0.0025 N
sodium hydroxide, dilute with water to volume, and mix. Each mL of this solution contains
1 mg of fluoride ion. Store in a tightly closed plastic container. [Note—This solution may
be used for 2 weeks if stored in a refrigerator.]
Standard stock solution 1: 2.0 µg/mL of fluoride in water from Solution A
Standard stock solution 2: 6.0 µg/mL of fluoride in water from Solution A
Standard stock solution 3: 10.0 µg/mL of fluoride in water from Solution A
Standard stock solution 4: 20.0 µg/mL of fluoride in water from Solution A
Standard solution 1: 1.0 µg/mL of fluoride in Buffer from Standard stock solution 1
Standard solution 2: 3.0 µg/mL of fluoride in Buffer from Standard stock solution 2
Standard solution 3: 5.0 µg/mL of fluoride in Buffer from Standard stock solution 3
Standard solution 4: 10.0 µg/mL of fluoride in Buffer from Standard stock solution 4
Sample solution: Shake 50.0 mL of Isoflurane with 50.0 mL of water for 5 min, and allow
the liquids to separate completely. Transfer 25.0 mL of the water layer to a 50-mL
volumetric flask, dilute with Buffer to volume, and mix.
Analysis
Samples: Standard solutions 1–4 and Sample solution
(See pH 791 .)
Concomitantly measure the potentials in mV, of Standard solutions 1–4 and the Sample
solution with a pH meter capable of a minimum reproducibility of ±0.2 mV and equipped
with a fluoride ion electrode and a glass-sleeved calomel reference electrode
or a double-junction fluoride ion-selective combination electrode. 2S (USP38)
When taking measurements, immerse the electrodes in the solution under test, which has
been transferred to a 150-mL beaker containing a polytef-coated stirring bar. Allow to stir
on a magnetic stirrer having an insulated top until equilibrium is attained (1–2 min), and
record the potential. Rinse and dry the electrodes between measurements, taking care to
avoid damaging the crystal of the fluoride ion electrode.
A satisfactory response is achieved if the difference in potential between the potentials
obtained with Standard solution 1 and Standard solution 4, having fluoride concentrations
of 1.0 and 10.0 µg/mL, respectively, is in the range of 50–60 mV. Plot the logarithm of the
fluoride ion concentrations, in µg/mL, of Standard solutions 1–4 versus potential, in mV.
From the measured potential of the Sample solution and the standard response line
determine the concentration, in µg/mL, of fluoride in the Sample solution.
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Acceptance criteria: NMT 5 µg/mL
of fluoride in the Sample solution 2S (USP38)
(NMT 0.001% [w/v]
fluoride in Isoflurane) 2S (USP38)
Change to read:
• Nonvolatile Residue
Analysis: Transfer 10.0 mL of Isoflurane to a suitable weighed evaporating dish, evaporate
with the aid of a current of air
or stream of nitrogen 2S (USP38)
to dryness, and dry the residue at 50 for 2 h.
Acceptance criteria: The weight of the residue does not exceed 2.0 mg.
Change to read:
• Organic Impurities
[Note—The Internal standard solution and the Standard solution are prepared using the same
Isoflurane that is under test. If multiple lots or samples of Isoflurane are under test, one
sample may be selected for the Internal standard solution and the Standard solution. An
appropriate blank correction should be made when determining the percentages of
impurities in the other lots or samples.]
Internal standard solution: 10 mg/mL of normal butyl acetate in Isoflurane
Standard solution: To 95 mL of Isoflurane in a 100-mL volumetric flask add 10.0 µL of
USP Isoflurane Related Compound A RS, 7.0 µL of USP Isoflurane Related Compound B RS,
10.0 µL of acetone, and 250 µL of Internal standard solution. Dilute with Isoflurane to
volume, and mix. It contains 0.01% of isoflurane related compound A, 0.007% of
isoflurane related compound B, and 0.01% of acetone.
Sample solution: To 20.0 mL of Isoflurane add 50.0 µL of Internal standard solution. It
contains about 0.0025% (w/v) of normal butyl acetate.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 2.4-mm × 3.7-m nickel or stainless steel; packed with 10% phase G31 and
15% phase G18 on 60- to 80-mesh sodium hydroxide-washed support S1C
Temperatures
Detector: 200
Injection port: 150
Column: See Table 1.
Initial
Temperature
( )
65
65
Carrier gas: Helium

Table 1
Final
Temperature
Temperature
Ramp ( /min)
( )
—
65
4
110

Hold Time at Final
Temperature (min)
7
22
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Flow rate: 25 mL/min
Injection volume: 3 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for the normal butyl acetate peak
Relative standard deviation: NMT 2.0% for the ratio of the response of the acetone
peak to the response of the normal butyl acetate peak
Analysis
Samples: Standard solution and Sample solution
Separately calculate the percentages of acetone, isoflurane related compound A, and
isoflurane related compound B in the portion of Isoflurane taken:
Result = [RU/(RS

RU)] × P

R=
U peak response ratio of the relevant analyte to the internal standard from the Sample
solution
R=
S peak response ratio of the relevant analyte to the internal standard from the Standard
solution
P= percentage of the relevant analyte in the Standard solution
Calculate the percentage of any other individual impurity:
Result = [RU/(RS

RU)] × P

R=
U peak response ratio of any individual impurity to the internal standard from the Sample
solution
R=
S peak response ratio of isoflurane related compound B to the internal standard from the
Standard solution
P= percentage of isoflurane related compound B in the Standard solution
Acceptance criteria: See Table 2.
Table 2
Acceptance Criteria,
Name
NMT (%)
Acetone
0.01
Isoflurane related compound A
0.01
Isoflurane related compound B
0.007
Any other individual impurity
0.003
Standard stock solution: To a suitable tared vial, fitted with a septum, add 20 mL (29.8
g) of Isoflurane. Seal and reweigh the vial to determine the weight of the Isoflurane
added. To this vial sequentially add 20 µL (30 mg) of USP Isoflurane Related Compound A
RS, 21 µL (30 mg) of USP Isoflurane Related Compound B RS, and 38 µL (30 mg) of USP
Acetone RS. Record the weight after the addition of each impurity and determine the
total weight.
Calculate the percentage of each impurity in the Standard stock solution:
Result = (WI /WT) × PI
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W=
I weight of each impurity added (g)
W=
T total weight of the Standard stock solution (g)
PI = purity of each impurity added (%)
Standard solution: To a suitable tared vial, fitted with a septum, add 10 mL (15 g) of
Isoflurane. Seal and reweigh the vial to determine the weight of the Isoflurane added.
To this vial add 300 µL of the Standard stock solution, and record the weight to
determine the weight of the Standard stock solution added and the final weight of the
Standard solution.
Calculate the spiked concentration (CS) of each impurity in the Standard solution:
Result = (WI /WT) × CI
WI= weight of the Standard stock solution added (g)
WT= total weight of the Standard solution (g)
CI= concentration of each impurity in the Standard stock solution (%)
System suitability solution: To a suitable vial, fitted with a septum, add 10 mL (15 g)
of Isoflurane. Seal the vial. To this vial add 100 µL of the Standard stock solution.
Sample solution: Isoflurane
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 60-m fused-silica capillary coated with a 1.0-µm film of G16
Carrier gas: Helium
Flow rate: 1.7 mL/min (constant flow mode)
Temperatures
Injection port: 175
Detector: 200
Column: See Table 1.
Table 1
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
40
—
40
8
40
10
170
4
Injection volume: 2 µL
Injection type: Split; split ratio, 23:1
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Tailing factor: NMT 1.5 for acetone, Standard solution
Relative standard deviation: NMT 5% each for isoflurane related compound A,
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isoflurane related compound B, and acetone, Standard solution
Signal-to-noise ratio: NLT 15 for isoflurane related compound B, System suitability
solution
Analysis: Injections of Isoflurane used to prepare the Standard solution must be made
to estimate the amount of known impurities that may be present in the solvent. The
final concentration of each impurity is equal to the concentration of the impurity added
plus the concentration inherent in the matrix.
Samples: Standard solution and Sample solution
Calculate the final concentration (CF) of each impurity in the Standard solution:
Result = [rU/(rS

rU) × CS] + CS

rU= peak response of each impurity from the Isoflurane used as the solvent
rS= peak response of each impurity from the Standard solution
C=
S spiked concentration of each impurity in the Standard solution (%)
Calculate the percentage of isoflurane related compound A, isoflurane related compound
B, and acetone observed in the Sample solution, which are also present in the
Standard solution:
Result = (rU/rS) × CF
rU= peak response of each impurity from the Sample solution
rS= peak response of each impurity from the Standard solution
C=
F final concentration of each impurity in the Standard solution (%)
Calculate the percentage of all other impurities:
Result = (rU/rS) × CS × (1/F)
rU= peak response of the impurity from the Sample solution
rS= peak response of isoflurane related compound B from the Standard solution
CS= final concentration of USP Isoflurane Related Compound B RS in the Standard
solution (%)
F= relative response factor relative to isoflurane related compound B (see Table 2)
Acceptance criteria: See Table 2.

Name
Dichloroisofluranec
Isoflurane isomerd
Isoflurane related compound A
Isoflurane related compound B
Chloroisofluranee
Acetone
Isoflurane

Table 2
Relative
Retention
Timea
0.41
0.43
0.46
0.56
0.59
0.79
1.00

Relative
Acceptance
Response
Criteria,
Factorb
NMT (%)
0.28
0.87
—
1.00
0.35
—
—

0.003
0.003
0.01
0.007
0.003
0.008
—
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Any individual unspecified impurity
—
1.00
Total impurities
—
—
a Relative to Isoflurane.
b Relative to isoflurane related compound B.
c 1,1-Dichloro-1-(chlorodifluoromethoxy)-2,2,2-trifluoroethane.
d 2-(Chlorodifluoromethoxy)-1,1,1-trifluoroethane.
e 1,1-Dichloro-1-(difluoromethoxy)-2,2,2-trifluoroethane.

0.003
0.1

2S (USP38)

SPECIFIC TESTS
• Refractive Index

831 : 1.2990–1.3005 at 20

• Water Determination, Method I

921 : NMT 0.10%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers. Store at 25 , excursions permitted
between 15 and 30 .
controlled room temperature. Replace the cap securely after each use.

2S (USP38)

Change to read:
• USP Reference Standards
USP Acetone RS

11

2S (USP38)

USP Isoflurane RS
USP Isoflurane Related Compound A RS
1-Chloro-2,2,2-trifluoroethyl chlorodifluoromethyl ether.
C3 HCl2 F 5 O
219.49
218.94 2S (USP38)
USP Isoflurane Related Compound B RS
2,2,2-Trifluoroethyl difluoromethyl ether.
C3 H3 F 5 O
150.05
USP Sodium Fluoride RS
BRIEFING
Ketoconazole, USP 37 page 3467. This monograph modernization replaces that which appeared
as an In-Process Revision in PF 39(6) [Nov.– Dec. 2013] but was subsequently canceled. On
the basis of additional supporting information and comments received, a new version is being
proposed. Specifically, the test for Organic Impurities was revised to establish new System
Suitability requirements based on the Standard Solution.
1.
Replace the titration test in the Assay with a validated HPLC method.
2.
Replace the thin-layer chromatographic procedure in the test for Organic Impurities
with an HPLC method based on the Assay. The HPLC procedures are based on
analyses performed with the Thermo Scientific Hypersil BDS C18 brand of L1 column
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with 3-µm packing. The typical retention time for the ketoconazole peak is 8 min.
3.
Add an orthogonal Identification test B based on retention time agreement in the
proposed Assay to strengthen the monograph requirements.
4.
Delete the test for Melting Range or Temperature as it does not add any value.
5.
Add USP Terconazole RS to the USP Reference Standards section to support the
proposed revision in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Martin-Esker.)
Correspondence Number—C143063

Comment deadline: September 30, 2014
Ketoconazole

C26 H28 Cl2 N4 O4

531.43

Piperazine, 1-acetyl-4-[4-[[2-(2,4-dichlorophenyl)-2-(1H-imidazol-1-ylmethyl)-1,3-dioxolan-4yl]methoxy]phenyl]-, cis-;
(±)-cis-1-Acetyl-4-(p-[[2-(2,4-dichlorophenyl)-2-(imidazol-1- ylmethyl)-1,3-dioxolan-4yl]methoxy]phenyl)piperazine
[65277-42-1].
DEFINITION
Ketoconazole contains NLT 98.0% and NMT 102.0% of ketoconazole (C26 H28 Cl2 N4 O4 ),
calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 200 mg of Ketoconazole in 40 mL of glacial acetic acid.
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Blank: 40 mL of glacial acetic acid
Titrimetric system
(See Titrimetry

541 .)

Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution with Titrant determining the endpoint
potentiometrically (see Titrimetry 541). Perform a blank determination, and make any
necessary correction. Each mL of 0.1 N titrant is equivalent to 26.57 mg of ketoconazole
(C26 H28 Cl2 N4 O4 ).
Acceptance criteria: 98.0%–102.0% on the dried basis
Buffer: 3.4 mg/mL of tetrabutyl ammonium hydrogen sulfate in water
Solution A: Acetonitrile and Buffer (5:95)
Solution B: Acetonitrile and Buffer (50:50)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
20
0
100
25
0
100
26
100
0
30
100
0
Diluent: Methanol
Standard solution: 0.1 mg/mL of USP Ketoconazole RS in Diluent
Sample solution: 0.1 mg/mL of Ketoconazole in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 2.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ketoconazole (C26 H28 Cl2 N4 O4 ) in the portion of
Ketoconazole taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Ketoconazole RS in the Standard solution (mg/mL)
CU= concentration of Ketoconazole in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

2S (USP38)

IMPURITIES
• Residue on Ignition 281
Sample: 2 g
Acceptance criteria: NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Standard solution: 10 mg/mL of USP Ketoconazole RS in chloroform
Diluted standard solution: 1.0 mg/mL of USP Ketoconazole RS from Standard solution in
chloroform
Sample solution: 10 mg/mL of Ketoconazole in chloroform
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL of the Standard solution and Sample solution, 2 µL of the
Diluted standard solution
Developing solvent system: n-Hexane, ethyl acetate, methanol, glacial acetic acid,
and water (42:40:15:1:2)
Analysis
Samples: Standard solution, Diluted standard solution, and Sample solution
Allow the spots to dry, and develop the chromatogram in a suitable unsaturated chamber
with the Developing solvent system until the solvent front has moved three-fourths of
the length of the plate. Remove the plate from the chamber, and air-dry. Expose the
plate to iodine vapors in a closed chamber, and locate the spots.
Acceptance criteria: The principal spot from the Sample solution has the same size and
RF value as that from the Standard solution, and the sum of the intensities of any
secondary spots from the Sample solution does not exceed the intensity of the principal
spot from the Diluted standard solution.
Buffer, Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 0.01 mg/mL each of USP Ketoconazole RS and USP Terconazole RS
in Diluent
Sample solution 10.0 mg/mL of Ketoconazole in Diluent
System suitability
Sample: Standard solution
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Suitability requirements
Resolution: NLT 2.0 between ketoconazole and terconazole peaks
Relative standard deviation: NMT 5.0% for the ketoconazole peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any impurities in the portion of Ketoconazole taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any impurities from the Sample solution
rS= peak response of Ketoconazole from the Standard solution
CS= concentration of USP Ketoconazole RS in the Standard solution (mg/mL)
CU= concentration of Ketoconazole in the Sample solution (mg/mL)
Acceptance criteria: Disregard any peak less than 0.05%.
Any individual unspecified impurity: NMT 0.10%
Total impurities: NMT 2.0%
2S (USP38)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 148 –152

2S (USP38)

• Optical Rotation, Specific Rotation 781S
Sample solution: 40 mg/mL in methanol
Acceptance criteria:

1 to +1 at 20

• Loss on Drying 731
Analysis: Dry under vacuum at 80 for 4 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards
USP Ketoconazole RS
USP Terconazole RS

11

Piperazine, 1-[4-[[2-(2,4-dichlorophenyl)-2-(1H-1,2,4-triazol-1-ylmethyl)-1,3-dioxolan4-yl]methoxy]phenyl]-4-(1-methylethyl)-, cis-;
cis-1-(p-{[2-(2,4-Dichlorophenyl)-2-(1H-1,2,4-triazol-1-ylmethyl)-1,3-dioxolan-4yl]methoxy}phenyl)-4-isopropylpiperazine.
C26 H31 Cl2 N5 O3
532.46
2S (USP38)

BRIEFING
Ketorolac Tromethamine Injection, USP 37 page 3472. As part of USP monograph
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modernization efforts, it is proposed to make the following changes:
1.
Add Identification test B for orthogonal identification with a UV spectrum matching the
main peak from the proposed HPLC procedure in the Assay.
2.
Add a new stability-indicating HPLC procedure in the test for Organic Impurities. The
HPLC procedure is based on analysis performed with the YMC-Pack Pro C18 brand of
L1 column. The typical retention time for ketorolac tromethamine is about 13.6 min.
3.
Remove the internal standard from the Assay.
4.
Add USP Ketorolac Related Compound A RS, USP Ketorolac Related Compound B RS, USP
Ketorolac Related Compound C RS, and USP Ketorolac Related Compound D RS in the
USP Reference Standards section to support the proposed revision in the test for
Organic Impurities.
5.
The limits in the test for Organic Impurities for specified impurities, any unspecified
impurity, and total impurities are based on FDA-approved manufacturers
specifications.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: R.S. Prasad.)
Correspondence Number—C120149; C132562

Comment deadline: September 30, 2014
Ketorolac Tromethamine Injection
DEFINITION
Ketorolac Tromethamine Injection is a sterile solution of Ketorolac Tromethamine. It contains
NLT 90.0% and NMT 110.0% of the labeled amount of ketorolac tromethamine
(C15 H13 NO3 ·C4 H11 NO3 ).
IDENTIFICATION
Change to read:
• A.
Sample: Standard solution and Sample solution (1:1), prepared as directed in the Assay
Analysis: Chromatograph the Sample as directed in the Assay.
Acceptance criteria: The chromatogram obtained exhibits two main peaks corresponding
to ketorolac and the internal standard.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
Add the following:
• B. The UV spectrum of the ketorolac peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
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[Note—Protect all solutions from light.]
Mobile phase: Methanol, water, and glacial acetic acid (55:44:1)
Diluent: Methanol and water (1:1)
[Note—Resolution may be increased by increasing the proportion of water in the Mobile phase.]
Internal standard solution: 0.3 mg/mL of naproxen in methanol
Standard stock solution: 0.24 mg/mL of USP Ketorolac Tromethamine RS in methanol
Standard solution: 0.024 mg/mL of USP Ketorolac Tromethamine RS from the Standard
stock solution and 0.03 mg/mL of Internal standard solution in Diluent
Sample stock solution: Nominally 0.24 mg/mL of ketorolac tromethamine in methanol,
from an equivalent volume of Injection.
Sample solution: Transfer 5.0 mL of the Sample stock solution and 5.0 mL of the Internal
standard solution to a 50-mL volumetric flask, and dilute with Diluent to volume.
Standard solution: 0.05 mg/mL of USP Ketorolac Tromethamine RS in Diluent
Sample solution: Nominally equivalent to 0.05 mg/mL of ketorolac tromethamine in
Diluent from Injection 2S (USP38)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm.
For Identification test B, use a diode array detector in the range of 200–600 nm.
2S (USP38)

Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for ketorolac and naproxen are 0.7 and 1.0,
respectively.]
2S (USP38)

Suitability requirements
Resolution: NLT 5.4 between ketorolac and naproxen
Column efficiency: NLT 2700 theoretical plates for the ketorolac peak
2S (USP38)

Tailing factor: NMT 1.5 for the ketorolac peak
Relative standard deviation: NMT 1.5%
NMT 1.0% 2S (USP38)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ketorolac tromethamine
(C15 H13 NO3 ·C4 H11 NO3 ) in each mL of Injection taken:
Result = (RU/RS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × 100

2S (USP38)

R=
U peak response ratio of ketorolac to naproxen from the Sample solution
R=
S peak response ratio of ketorolac to naproxen from the Standard solution
C=
S concentration of USP Ketorolac Tromethamine RS in the Standard solution (mg/mL)
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C=
U nominal concentration of ketorolac tromethamine in the Sample solution (mg/mL)
rU= peak response of ketorolac from the Sample solution
rS= peak response of ketorolac from the Standard solution
CS= concentration of USP Ketorolac Tromethamine RS in the Standard solution (mg/mL)
CU= nominal concentration of ketorolac tromethamine in the Sample solution (mg/mL)
2S (USP38)

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
[Note—Protect all solutions from light.]
Mobile phase, Diluent, and Chromatographic system: Proceed as directed in the Assay.
Standard stock solution: 0.10 mg/mL each of USP Ketorolac Tromethamine RS, USP
Ketorolac Related Compound A RS, USP Ketorolac Related Compound B RS, USP Ketorolac
Related Compound C RS, and USP Ketorolac Related Compound D RS in Diluent prepared as
follows. Transfer USP Ketorolac Tromethamine RS, USP Ketorolac Related Compound A RS,
USP Ketorolac Related Compound B RS, USP Ketorolac Related Compound C RS, and USP
Ketorolac Related Compound D RS to a suitable volumetric flask. Add 4% of the volume of
the flask with methanol. Sonicate and dilute with Diluent to volume.
Standard solution: 0.2 µg/mL each of USP Ketorolac Tromethamine RS, USP Ketorolac
Related Compound A RS, USP Ketorolac Related Compound B RS, USP Ketorolac Related
Compound C RS, and USP Ketorolac Related Compound D RS in Diluent from the Standard
stock solution
Sample solution: Prepare nominally equivalent to 0.2 mg/mL of ketorolac tromethamine in
Diluent.
System suitability
Sample: Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2 between ketorolac related compound C and ketorolac
Relative standard deviation: NMT 2.8% for all the peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amounts of ketorolac related compound A,
ketorolac related compound B, ketorolac related compound C, and ketorolac related
compound D in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ketorolac related compound A, ketorolac related compound B,
ketorolac related compound C, or ketorolac related compound D from the Sample
solution
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rS= peak response of ketorolac related compound A, ketorolac related compound B,
ketorolac related compound C, or ketorolac related compound D from the Standard
solution
C=
S concentration of the corresponding related compound in the Standard solution (mg/mL)
C=
U nominal concentration of ketorolac tromethamine in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of ketorolac from the Standard solution
C=
S concentration of USP Ketorolac Tromethamine RS in the Standard solution (mg/mL)
C=
U nominal concentration of ketorolac tromethamine in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any impurity peak less than 0.05%.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Ketorolac related compound A
0.4
0.20
Ketorolac related compound B
0.6
0.20
Ketorolac related compound C
0.8
0.20
Ketorolac
1.0
—
Ketorolac related compound D
2.1
0.20
Any unspecified impurity
—
0.20
Total impurities
—
1.50
2S (USP38)

SPECIFIC TESTS
• pH

791 : 6.9–7.9

• Bacterial Endotoxins Test
tromethamine.

85 : It contains NMT 5.8 USP Endotoxin Units/mg of ketorolac

• Sterility Tests 71 : Meets the requirements when tested as directed in Test for Sterility
of the Product to Be Examined, Membrane Filtration
• Particulate Matter in Injections
injections

788 : Meets the requirements for small-volume

• Other Requirements: Meets the requirements in Injections

1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass,
protected from light, and store at controlled room temperature.
Change to read:
• USP Reference Standards
USP Endotoxin RS

11
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USP Ketorolac Tromethamine RS
USP Ketorolac Related Compound A RS
5-Benzoyl-N-[1,3-dihydroxy-2-(hydroxymethyl)propan-2-yl]-2,3-dihydro-1Hpyrrolizine-1-carboxamide.
C19 H22 N2 O5
358.15
USP Ketorolac Related Compound B RS
5-Benzoyl-2,3-dihydro-1H-pyrrolizin-1-ol.
C14 H13 NO2
227.09
USP Ketorolac Related Compound C RS
5-Benzoyl-2,3-dihydro-1H-pyrrolizin-1-one.
C14 H11 NO2
225.09
USP Ketorolac Related Compound D RS
5-Benzoyl-2,3-dihydro-1H-pyrrolizine.
C14 H13 NO
211.1
2S (USP38)

BRIEFING
Lamotrigine Extended-Release Tablets. Because there is no existing USP monograph for this
dosage form, a new monograph, based on validated methods of analysis is proposed. The
isocratic HPLC procedures in the Assay and Organic Impurities tests are based upon
analyses performed with the Phenomenex Luna C18(2) brand of L1 column, and the typical
retention time for lamotrigine is about 3 min.
(SM4: R. Ravichandran.)
Correspondence Number—C130689

Comment deadline: September 30, 2014
Add the following:
Lamotrigine Extended-Release Tablets
DEFINITION
Lamotrigine Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of lamotrigine (C9 H7 Cl2 N5 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, water, and trifluoroacetic acid (25: 75: 0.05)
Diluent: Acetonitrile, methanol, and water (10:20:70)
Standard solution: 0.25 mg/mL of USP Lamotrigine RS in Diluent. Sonication may be used
to aid dissolution.
Sample stock solution: 1.0–3.0 mg/mL of lamotrigine prepared as follows. Transfer NLT 5
Tablets to a suitable volumetric flask containing 10% of the flask volume of acetonitrile.
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Allow the Tablets to disperse. Add 20% of the flask volume of methanol. Sonicate for 10
min. Add 30% of the flask volume of 0.1 M hydrochloric acid. Sonicate for 25 min or until a
fine, even dispersion is obtained. Allow to cool to room temperature. Dilute with 0.1 M
hydrochloric acid to volume. Pass a portion of the solution through a nylon filter of 0.45µm pore size and use the filtrate.
Sample solution: Nominally 0.2–0.3 mg/mL of lamotrigine in 0.1 M hydrochloric acid from a
suitable volume of Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 5 µL
Run time: NLT 8 times the retention time of lamotrigine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lamotrigine (C9 H7 Cl2 N5 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Lamotrigine RS in the Standard solution (mg/mL)
C=
U nominal concentration of lamotrigine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium 1: 0.01 M hydrochloric acid; 700 mL
Medium 2: 7.8 g of tribasic sodium phosphate, and 22.5 g of sodium dodecyl sulfate in 1 L
of water. This solution has a pH of about 12.
Apparatus 2: 50 rpm with sinkers (see Figure 2a in 711 )
Times
For Tablets labeled to contain 25 or 50 mg: 2, 7, 15 h
For Tablets labeled to contain 100, 200, or 250 mg: 2, 5, 12 h
For Tablets labeled to contain 300 mg: 2, 6, 13 h
Procedure: Run the test with Medium 1 for 2 h. Add 200 mL of Medium 2, preheated at 37

PF 40(4): Jul.-Aug. 2014

322

. Within 5 min of the addition of Medium 2, withdraw the sample for the 2 h time point.
Continue the testing by drawing samples at the time points specified in Table 1, Table 2,
or Table 3, depending on the label claim.
Diluent: Medium 1 and Medium 2 (70:20)
Standard solution: (L/900) mg/mL of USP Lamotrigine RS in Diluent, where L is the label
claim in mg/Tablet
Sample solution: Pass a suitable portion of the solution under test through a suitable filter
of 0.45-µm pore size. Dilute with Diluent if necessary.
Blank: Diluent
Instrumental conditions
Mode: UV
Analytical wavelength: 260 nm
[Note—Depending on the label claim, cells with suitable path lengths may be used.]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount (QI ) of lamotrigine (C9 H7 Cl2 N5 ) dissolved
at each time point i.
Result = (AU/AS) × CS × V × D × (1/L) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
V= volume of Medium, 900 mL
D= dilution factor if needed
L= label claim (mg/Tablet)
Tolerances
For Tablets with 25 or 50 mg label claim: See Table 1.
For Tablets with 100, 200, or 250 mg label claim: See Table 2.
For Tablets with 300 mg label claim: See Table 3.
Table 1
Time Point Time
(i)
(h) Amount Dissolved
1
2
NMT 10%
2
7
35%–55%
3
15
NLT 80%
Table 2
Amount Dissolved

Time Point Time
(i)
(h) 100 mg, 200 mg
1
2
NMT 10%
2
5
20%–45%
3
12
NLT 80%
Table 3

250 mg
NMT 10%
20%–40%
NLT 80%
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Time Point Time
(i)
(h) Amount Dissolved
1
2
NMT 10%
2
6
25%–45%
3
13
NLT 80%
The percentages of the labeled amount of lamotrigine (C9 H7 Cl2 N5 ) dissolved at the times
specified conform to Acceptance Table 2 in Dissolution
• Uniformity of Dosage Units

711 .

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Mobile phase, Sample solution, and Chromatographic system: Proceed as directed in
the Assay.
Diluent 1: Acetonitrile, methanol, and 0.1 M hydrochloric acid (10:20:70)
Diluent 2: Acetonitrile, methanol, and water (10:20:70)
System suitability stock solution: 0.025 mg/mL of USP Lamotrigine Related Compound C
RS in Diluent 1
System suitability solution: 1.25 µg/mL of USP Lamotrigine Related Compound C RS and
0.25 mg/mL of USP Lamotrigine RS in Diluent 2 prepared as follows. Transfer a suitable
amount of USP Lamotrigine RS to a suitable volumetric flask. Transfer a suitable volume of
System suitability stock solution to the flask. Dissolve and dilute with Diluent 2 to volume.
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between the lamotrigine and lamotrigine related compound C peaks
Signal-to-noise ratio: NLT 100 for lamotrigine related compound C
Analysis
Sample: Sample solution
Calculate the percentage of each degradation product in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U response of each impurity from the Sample solution
r=
T sum of all of the impurity peak responses and the lamotrigine peak response from the
Sample solution
Acceptance criteria: See Table 4. Disregard peaks less than 0.05%.
Table 4

Name
Lamotrigine
Lamotrigine related compound C
Lamotrigine dimera
Any individual unspecified degradation product

Relative
Retention
Time
1.0
1.7
6.0
—

Acceptance
Criteria,
NMT (%)
—
0.3
0.2
0.2
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Total impurities
—
0.5
a This is either lamotrigine o-dimer[N5,N5¢-methylenebis(6-(2,3-dichlorophenyl)-1,2,4triazine-3,5-diamine)] or lamotrigine-dimer N3,N3¢-methylenebis(6-(2,3-dichlorophenyl)1,2,4-triazine-3,5-diamine).
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards 11
USP Lamotrigine RS
USP Lamotrigine Related Compound C RS
3-Amino-6-(2,3-dichlorophenyl)-1,2,4-triazin-5(4H)-one.
C9 H6 Cl2 N4 O
257.08
2S (USP38)

BRIEFING
Lidocaine, USP 37 page 3550. As part of USP monograph modernization efforts, it is proposed
to make the following changes:
1.
Add a liquid chromatographic procedure in the test for Organic Impurities based on the
European Pharmacopoeia Edition 8.0 and manufacturer's submission. This procedure
uses the XTerra RP18 brand of column containing L1 packing manufactured by
Waters. The typical retention time for the lidocaine peak is about 14.1 min.
2.
Delete the test for Melting Range or Temperature because the monograph contains a
specific IR identification procedure and also includes a selective HPLC procedure in
the test for Organic Impurities.
3.
Add USP Lidocaine Related Compound H RS and USP Ropivacaine Related Compound A
RS to perform the system suitability test and the impurity quantitation.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Min.)
Correspondence Number—C99460

Comment deadline: September 30, 2014
Lidocaine

C14 H22 N2 O

234.34
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Acetamide, 2-(diethylamino)-N-(2,6-dimethylphenyl)-;
2-(Diethylamino)-2¢,6¢-acetoxylidide
[137-58-6].
DEFINITION
Lidocaine contains NLT 97.5% and NMT 102.5% of lidocaine (C14 H22 N2 O).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Previously dried under vacuum over silica gel for 24 h
Acceptance criteria: Meets the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Water and glacial acetic acid (930:50). Adjust with 1 N sodium hydroxide to a
pH of 3.40.
Mobile phase: Acetonitrile and Solution A (1:4)
System suitability stock solution: 220 µg/mL of methylparaben in Mobile phase
Standard solution: 1.7 mg/mL of USP Lidocaine RS in Mobile phase prepared as follows.
Add an appropriate amount of USP Lidocaine RS to a suitable volumetric flask and dissolve
in 1 N hydrochloric acid equivalent to 1% of the flask volume. Dilute with Mobile phase to
volume.
System suitability solution: Mix 2 mL of System suitability stock solution and 20 mL of
Standard solution.
Sample solution: 1.7 mg/mL of Lidocaine in Mobile phase prepared as follows. Add an
appropriate amount of Lidocaine to a suitable volumetric flask and dissolve in 1 N
hydrochloric acid equivalent to 1% of the flask volume. Dilute with Mobile phase to
volume.
Warming may be needed to aid dissolution for the Standard solution and the Sample
solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 3.0 between lidocaine and methylparaben, System suitability solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of lidocaine (C14 H22 N2 O) in the portion of Lidocaine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Lidocaine RS in the Standard solution (mg/mL)
C=
U concentration of Lidocaine in the Sample solution (mg/mL)
Acceptance criteria: 97.5%–102.5%
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Chloride and Sulfate, Chloride 221
Sample: 1.0 g
Analysis: Dissolve the Sample in a mixture of 3 mL of 2 N nitric acid and 12 mL of water,
and add 1 mL of silver nitrate TS.
Acceptance criteria: The turbidity does not exceed that produced by 50 µL of 0.020 N
hydrochloric acid (NMT 0.0035%).
• Chloride and Sulfate, Sulfate 221
Sample: 100 mg
Analysis: Dissolve the Sample in a mixture of 1 mL of 2 N nitric acid and 10 mL of water.
Filter if necessary, and add 1 mL of barium chloride TS.
Acceptance criteria: The turbidity does not exceed that produced by 0.10 mL of 0.020 N
sulfuric acid (NMT 0.1%).
• Heavy Metals, Method I 231
Sample: 1.0 g
Analysis: Dissolve the Sample in a mixture of 2 mL of 3 N hydrochloric acid and 10 mL of
water. Evaporate on a steam bath to dryness, and dissolve the residue in 25 mL of water.
Acceptance criteria: NMT 20 ppm
Add the following:
• Organic Impurities
Buffer: 4.85 g/L of monobasic potassium phosphate in water. Adjust with sodium hydroxide
solution to a pH of 8.0.
Mobile phase: Acetonitrile and Buffer (30:70)
Standard solution: 0.5 µg/mL of USP Ropivacaine Related Compound A RS and 5 µg/mL
each of USP Lidocaine Related Compound H RS and USP Lidocaine RS in Mobile phase
Sample solution: 5 mg/mL of Lidocaine in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability)
Mode: LC
Detector: UV 230 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
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Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between lidocaine related compound H and ropivacaine related
compound A; NLT 2.0 between ropivacaine related compound A and lidocaine
Relative standard deviation: NMT 10.0% for ropivacaine related compound A
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of lidocaine related compound H or ropivacaine related
compound A in the portion of Lidocaine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of lidocaine related compound H or ropivacaine related compound A from
the Sample solution
rS= peak response of lidocaine related compound H or ropivacaine related compound A from
the Standard solution
C=
S concentration of USP Lidocaine Related Compound H RS or USP Ropivacaine Related
Compound A RS in the Standard solution (µg/mL)
C=
U concentration of Lidocaine in the Sample solution (µg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Lidocaine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual unspecified impurity from the Sample solution
rS= peak response of lidocaine from the Standard solution
C=
S concentration of USP Lidocaine RS in the Standard solution (µg/mL)
C=
U concentration of Lidocaine in the Sample solution (µg/mL)
Acceptance criteria: See Table 1. Disregard any impurity peaks less than 0.05%.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Lidocaine related compound H
0.38
0.1
Ropivacaine related compound A
0.42
0.01
Lidocaine
1.0
—
Any individual unspecified impurity
—
0.10
Total impurities
—
0.50
2S (USP38)

SPECIFIC TESTS
Delete the following:
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741 : 66 –69

2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
Change to read:
• USP Reference Standards 11
USP Lidocaine RS
USP Lidocaine Related Compound H RS
2-Chloro-N-(2,6-dimethylphenyl)acetamide.
C10 H12 ClNO
197.66
USP Ropivacaine Related Compound A RS
2,6-Dimethylaniline hydrochloride.
C8 H11 N·HCl
157.64
2S (USP38)

BRIEFING
Lopinavir and Ritonavir Oral Solution, PF 38(4) [July–Aug. 2012]. The previously published
proposal is canceled and replaced with the following proposal based on the comments
received:
1.
The test for Organic Impurities is revised to clarify the relative retention values listed in
the tables and the analysis of unspecified impurities. A new table (Table 3) is
included to facilitate the assignment of unspecified ritonavir impurities.
2.
The use of USP Alcohol Determination—Alcohol RS in the test for Alcohol Determination
is replaced with dehydrated alcohol, and the calculation section is updated to be
consistent with validation data.
3.
Microbial Enumeration Tests 61 and Tests for Specified Microorganisms
included in the Specific Tests section.
4.
The USP Reference Standards section is updated.

62

are

The HPLC procedure in the Assay is based on analyses performed with the Hypersil BDS C8
brand of L7 column. The typical retention times for ritonavir and lopinavir are about 26 and
33 min, respectively. The HPLC procedure in the test for Organic Impurities is based on
analyses performed with the YMC-pack C4 brand of L26 column. The typical retention times
for ritonavir and lopinavir are about 32 and 37 min, respectively.
(SM1: S. Shivaprasad.)
Correspondence Number—C143418; C124429

Comment deadline: September 30, 2014
Add the following:
Lopinavir and Ritonavir Oral Solution
DEFINITION
Lopinavir and Ritonavir Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled
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amounts of lopinavir (C37 H48 N4 O5 ) and ritonavir (C37 H48 N6 O5 S2 ).
IDENTIFICATION
• A. The retention times of the lopinavir and ritonavir peaks of the Sample solution correspond
to those of the Standard solution, as obtained in the Assay.
ASSAY
• Lopinavir and Ritonavir
Buffer: 4.1 g/L of monobasic potassium phosphate in water
Solution A: Acetonitrile and Buffer (65:35)
Solution B: Acetonitrile and Buffer (50:50)
Mobile phase: Acetonitrile, methanol, tetrahydrofuran, and Buffer (175:100:100:625).
Separately filter the Buffer and the premixed solvents before combining them to make the
Mobile phase.
Standard stock solution: 0.1 mg/mL each of USP Lopinavir RS and USP Ritonavir RS in
Solution B
Standard solution: 0.025 mg/mL each of USP Lopinavir RS and USP Ritonavir RS in Solution
B from the Standard stock solution
Sample stock solution: Nominally 4 mg/mL of lopinavir and 1 mg/mL of ritonavir in Solution
A prepared as follows. Transfer a volume of Oral Solution equivalent to 400 mg of lopinavir
and 100 mg of ritonavir to a 100-mL volumetric flask with the aid of several small portions
of Solution A, and then dilute with Solution A to volume.
Sample solution: Nominally 0.05 mg/mL of lopinavir and 0.0125 mg/mL of ritonavir in
Solution B from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.2 for the ritonavir peak
Relative standard deviation: NMT 2.0% each for ritonavir and lopinavir
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of the labeled amounts of lopinavir (C37 H48 N4 O5 ) and ritonavir
(C37 H48 N6 O5 S2 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the corresponding analyte from the Sample solution
rS= peak response of the corresponding analyte from the Standard solution
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C=
S concentration of USP Lopinavir RS or USP Ritonavir RS in the Standard solution (mg/mL)
C=
U nominal concentration of lopinavir or ritonavir in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amounts of lopinavir (C37 H48 N4 O5 ) and
ritonavir (C37 H48 N6 O5 S2 )
PERFORMANCE TESTS
• Deliverable Volume 698
For multiple-unit containers
Acceptance criteria: Meets the requirements
IMPURITIES
• Organic Impurities
Buffer A: 4.1 g/L of monobasic potassium phosphate in water
Buffer B: 3.8 g/L of monobasic potassium phosphate and 0.25 g/L of dibasic potassium
phosphate in water
Solution A: Acetonitrile and Buffer A (50:50)
Solution B: Acetonitrile, butyl alcohol, and Buffer A (15:5:80)
Solution C: Acetonitrile and Buffer A (65:35)
Mobile phase: Acetonitrile, tetrahydrofuran, butyl alcohol, and Buffer B (18:8:5:69).
Adjust with 1 M phosphoric acid or 1 M potassium hydroxide, if necessary, to a pH of 6.3.
Standard stock solution: 0.1 mg/mL each of USP Lopinavir RS and USP Ritonavir RS in
Solution A
Standard solution: 0.01 mg/mL each of USP Lopinavir RS and USP Ritonavir RS from
Standard stock solution in Solution B
Peak identification solution: Transfer a weighed portion of Oral Solution to a crimp-top
container. Add an amount of citric acid equivalent to 1% by weight of the Oral Solution
taken and mix until dissolved. Seal the container, and heat at 50 for approximately 4
days. Use this degradation solution and follow the procedure described below in the
Sample stock solution and Sample solution sections to prepare the Peak identification
solution.
Sample stock solution: Transfer 5 mL of Oral Solution with the aid of several small
portions of Solution C to a 100-mL volumetric flask, and dilute with Solution C to volume.
Sample solution: Dilute 25.0 mL of Sample stock solution with Solution B to 50.0 mL.
Transfer 15.0 mL of this solution to a 50-mL centrifuge tube that has been previously
rinsed with methanol and dried. Add 20.0 mL of n-heptane, and shake vigorously until a
uniform emulsion is formed. Vent the tube periodically while shaking. Centrifuge the
emulsion for about 5 min. Carefully remove the top heptane layer by aspiration, leaving
the clear Sample solution layer. The middle viscous, cloudy layer should be considered
part of the heptane layer for removal by aspiration. Precondition a strong anion-exchange
cartridge (quaternary ammonium functionality on a styrene/divinylbenzene base) with a
sorbent mass of 600 mg by rinsing the cartridge with 3 mL of methanol, then 3 mL of
Solution C, and repeating these rinse steps. Dry the cartridge for about 10 min with the
aid of a low vacuum. Transfer 5.0 mL of the clear Sample solution to the preconditioned
cartridge. With the aid of a vacuum, slowly pass the Sample solution completely through
the cartridge, collect the extract in a 5-mL volumetric flask, and then dilute with Solution
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C to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm and 240 nm
Column: 4.6-mm × 15-cm; 3-µm packing L26
Column temperature: 60
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: 2 times the retention time of lopinavir
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.5 between the ritonavir and lopinavir peaks at 215 nm
Tailing factor: 0.8–1.2 for the ritonavir peak at 240 nm
Relative standard deviation: NMT 3.0% for the lopinavir peak at 215 nm; NMT 3.0%
for the ritonavir peak at 240 nm
Analysis
Samples: Standard solution, Peak identification solution, and Sample solution
[Note—Determine the relative retention values (r) for the components listed in Table 1
and Table 2, using the time measured at the first baseline deflection of the Standard
solution chromatogram as the void volume (t M).]
To identify the ritonavir impurities, determine the relative retention value from the 240-nm
chromatogram relative to ritonavir (see Table 1). The Peak identification solution may also
be used to identify ritonavir degradants. Unspecified ritonavir impurities are assigned
according to the algorithm outlined in Table 3. Calculate the percentage of each ritonavir
impurity in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of ritonavir from the Standard solution
C=
S concentration of USP Ritonavir RS in the Standard solution (mg/mL)
C=
U nominal concentration of ritonavir in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1

Name
Ureidovalinea
N-Deacylvaline ritonavirc
Glycerol carbamate analogd

Relative
Retention
Value
(r)
0.03
0.11
0.14

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
—
—b
0.81
0.8
0.62
0.2
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—
Acetamidoalcohole
0.15
—b
Hydroxypropyl carbamate analogf
0.24g
0.59
0.5
h
i
—
2,5-Thiazolylmethyldicarbamate
0.24
—b
Hydroxyritonavirj
0.36
0.86
0.3
Hydantoin aminoalcoholk
0.39
0.73
0.4
l
i
Ritonavir hydroperoxide
0.44
0.88
0.2
m
i
Ethyl carbamate analog
0.45
0.66
0.7
—
Hydantoin-oxazolidinone derivativen
0.50
—b
—
Ethyl analogo
0.64
—b
O-Acyl isomerp
0.74
1.1
0.2
—
BOC-aminoalcoholq
0.81
—b
—
Isobutoxycarbonyl aminoalcoholr
0.81
—b
Oxazolidinone derivatives
0.87
0.53
0.2
—
Ureidovaline isobutyl estert
0.94
—b
Ritonavir
1.0
—
—
—
4-Hydroxy isomeru
1.05
—b
—
3R-Epimerv
1.11
—b
—
Aminoalcohol urea derivativew
1.14
—b
—
3R,5R-Epimerx
1.23
—b
—
5R-Epimery
1.32
—b
—
Diacyl valine ureaz
1.70
—b
Any unspecified ritonavir impurity
—
1.0
0.2
Total ritonavir impurities, specified and
—
—
3.0aa
unspecified
a [N-Methyl[(2-isopropyl-4-thiazolyl)methyl]amino]carbonyl-l-valine.
b These are process impurities which are included in this table for identification only.
These impurities are controlled in the drug substance. They are not to be reported for
the drug product and are not included in the total impurities.
c Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-amino-3-methylbutanamido]-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
d Thiazol-5-ylmethyl (2S,3S,5S)-5-[(2S)-2-(2,3-dihydroxypropoxycarbonylamino)-3methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
e Thiazol-5-ylmethyl (2S,3S,5S)-5-[(2S)-2-(2-hydroxypropoxycarbonylamino)-3methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
f Thiazol-5-ylmethyl (2S,3S,5S)-5-acetamido-3-hydroxy-1,6-diphenylhexan-2ylcarbamate.
g If two peaks appear with a relative retention of 0.24, the second peak will be identified
as 2,5-thiazolylmethyldicarbamate.
h 2,5-Thiazolylmethyldicarbamate.
i A single peak with a relative retention of 0.44 should be reported as the ethyl carbamate
analog due to possible coelution with ritonavir hydroperoxide impurity.
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j Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[2-(3-{[2-(2-hydroxypropan-2-yl)thiazol-4yl]methyl}-3-methylureido)acetamido]-1,6-diphenylhexan-2-ylcarbamate.
k Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-4-isopropyl-2,5-dioxoimidazolidin-1-yl]1,6-diphenylhexan-2-ylcarbamate.
l Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-ethoxycarbonylamino-3-methylbutanamido]-3hydroxy-1,6-diphenylhexan-2-ylcarbamate.
m Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-{3-[(2-ethylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
n (4S,5S)-Thiazol-5-ylmethyl 4-benzyl-5-{(S)-2-[(S)-4-isopropyl-2,5-dioxoimidazolidin-1yl]-3-phenylpropyl}-2-oxooxazolidine-3-carboxylate.
o Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-{3-[(2-ethylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
p (S)-{(2S,3S,5S)-5-Amino-1,6-diphenyl-2-[(thiazol-5-ylmethoxy)carbonylamino]hexan-3yl} 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanoate.
q Thiazol-5-ylmethyl (2S,3S,5S)-(5-t-butoxycarbonylamino)-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
r Thiazol-5-ylmethyl (2S,3S,5S)-(5-isobutoxycarbonylamino)-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
s (S)-N-[(S)-1-[(4S,5S)-4-Benzyl-2-oxooxazolidin-5-yl]-3-phenylpropan-2-yl]-2-{3-[(2isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanamide.
t (S)-Isobutyl 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanoate.
u Thiazol-5-ylmethyl (2S,4S,5S)-4-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
v Thiazol-5-ylmethyl (2S,3R,5S)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
w Bis(thiazol-5-ylmethyl) (2S,2¢S,3S,3¢S,5S,5¢S)-5,5¢-carbonylbis(azanediyl)bis(3-hydroxy1,6-diphenylhexane-5,2-diyl)dicarbamate.
x Thiazol-5-ylmethyl (2S,3R,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
y Thiazol-5-ylmethyl (2S,3S,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
z (S)-N-[(2S,4S,5S)-5-(Thiazol-5-ylmethoxycarbonylamino)-4-hydroxy-1,6-diphenylhexan2-yl]-2-{3-[(2S,4S,5S)-5-(thiazol-5-ylmethoxycarbonylamino)-4-hydroxy-1,6diphenylhexan-2-yl]ureido}-3-methylbutanamide.
aa Disregard any peak less than 0.01% in the calculation of total impurities.
To identify the lopinavir impurities, determine the relative retention value from the 215-nm
chromatogram relative to ritonavir (see Table 2). Compare the 215-nm chromatogram to
the 240-nm chromatogram. Any impurity assigned as a ritonavir impurity at 240 nm that is
also observed at 215 nm is discounted. Unspecified ritonavir impurities are assigned
according to the algorithm outlined in Table 3. Calculate the percentage of each
unspecified lopinavir impurity at 215 nm in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of lopinavir from the Standard solution
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C=
S concentration of USP Lopinavir RS in the Standard solution (mg/mL)
C=
U nominal concentration of lopinavir in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
Lopinavir aminoalcohola
Lopinavir N-formylaminoalcoholc
Lopinavir divalinated
Lopinavir phenoxyacetamidee
Lopinavir N-formylphenoxyacetamidef
Lopinavir N-acetylphenoxyacetamideg
Lopinavir oxazineh
Z-Diacylethenediaminei
Ritonavir
Isolopinavirj
Lopinavir 2,4-dimethylphenoxy isomerk
Lopinavir 4-epimerl
Lopinavir d-valine diastereomerm
Lopinavir (2R,4R) diastereomern
Lopinavir 2-epimero
Any unspecified lopinavir impurity
Total unspecified lopinavir impurities

Relative
Retention Value,
(r)

Acceptance
Criteria,
NMT (%)

0.06
0.12
0.21
0.35
0.67
0.69
0.77
0.92
1.0
1.18
1.21
1.26
1.33
1.42
1.79
—
—

—b
—b
—b
—b
—b
—b
—b
—b
—b
—b
—b
—b
—b
—b
—b
0.2p
0.5p
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a (S)-N-[(2S,4S,5S)-5-Amino-4-hydroxy-1,6-diphenylhexan-2-yl]-3-methyl-2-[2oxotetrahydropyrimidin-1(2H)-yl]butanamide.
b These are process impurities which are included in this table for identification only.
These impurities are controlled in the drug substance. They are not to be reported for
the drug product and are not included in the total impurities.
c (S)-N-[(2S,4S,5S)-5-Formamido-4-hydroxy-1,6-diphenylhexan-2-yl]-3-methyl-2-[2oxotetrahydropyrimidin-1(2H)-yl]butanamide.
d (2S,2'S)-N,N'-[(2S,3S,5S)-3-Hydroxy-1,6-diphenylhexane-2,5-diyl]bis{3-methyl-2-[2oxotetrahydropyrimidin-1(2H)-yl]butanamide}.
e N-[(2S,3S,5S)-5-Amino-3-hydroxy-1,6-diphenylhexan-2-yl]-2-(2,6dimethylphenoxy)acetamide.
f 2-(2,6-Dimethylphenoxy)-N-[(2S,3S,5S)-5-formamido-3-hydroxy-1,6-diphenylhexan-2yl]acetamide.
g N-[(2S,3S,5S)-5-Acetamido-3-hydroxy-1,6-diphenylhexan-2-yl]-2-(2,6dimethylphenoxy)acetamide.
h N-{(S)-1-[(4S,6S)-4-Benzyl-2-oxo-1,3-oxazinan-6-yl]-2-phenylethyl}-2-(2,6dimethylphenoxy)acetamide.
i (Z)-N,N¢-(Ethene-1,2-diyl)bis[2-(2,6-dimethylphenoxy)acetamide].
j (S)-N-{(2S,3S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-3-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
k (S)-N-{(2S,4S,5S)-5-[2-(2,4-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
l (S)-N-{(2S,4R,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
m (R)-N-{(2S,4S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
n (S)-N-{(2R,4R,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
o (S)-N-{(2R,4S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
p Disregard any peak less than 0.01% in the calculation of total impurities.
For calculating and reporting impurities, follow the algorithm outlined in Table 3.
Table 3
Wavelength (nm)
Unspecified Impurity Observed
240
Yes
No
215
Yes or No
Yes
Peak assigned to
Ritonavir
Lopinavir
Quantitation wavelength
240 nm
215 nm
SPECIFIC TESTS
• Alcohol Determination 611
Internal standard solution: Transfer 10.0 mL of butyl alcohol to a 200-mL volumetric flask
and dilute with methanol to volume.
Internal standard identification solution: Dilute 5.0 mL of Internal standard solution with
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methanol to 100 mL.
Standard stock solution: 4.0% (v/v) of dehydrated alcohol in methanol
Standard solution: 0.4% (v/v) of dehydrated alcohol prepared as follows. Transfer 10.0
mL of Standard stock solution and 5.0 mL of the Internal standard solution to a 100-mL
volumetric flask, and dilute with methanol to volume.
Sample stock solution: Transfer 5.0 mL of Oral Solution to a 50-mL volumetric flask with
the aid of several portions of methanol, and dilute with methanol to volume.
Sample solution: Transfer 10.0 mL of Sample stock solution and 5.0 mL of the Internal
standard solution to a 100-mL volumetric flask, and dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m fused silica capillary; coated with a 1-µm film of liquid phase
G16
Temperatures
Injection port: 185
Detector: 220
Column: See Table 4.
Table 4
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
40
0
40
5
40
10
145
6
145
20
200
9.75
Carrier gas: Helium
Flow rate: 4.5 mL/min
Makeup gas flow: 30 mL/min
Injection volume: 1 µL
Injection type: Split ratio 4:1
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.2 for the alcohol peak
Relative standard deviation: NMT 3.0% for the peak area ratio of alcohol to the
internal standard
Analysis
Samples: Internal standard identification solution, Standard solution, and Sample
solution
Calculate the percentage of the labeled amount of alcohol in the portion of Oral Solution
taken:
Result = (RU/RS) × (CS/CU) × D × 100

PF 40(4): Jul.-Aug. 2014

337

R=
U peak response ratio of alcohol to butyl alcohol from the Sample solution
R=
S peak response ratio of alcohol to butyl alcohol from the Standard solution
C=
S concentration of dehydrated alcohol in the Standard solution (% v/v)
C=
U nominal concentration of alcohol in the Oral Solution (% v/v)
D= dilution factor used to prepare the Sample solution
Acceptance criteria: 85.0%–115.0% of the labeled amount of alcohol (C2 H6 O)
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms
total aerobic microbial count does not exceed 102 cfu/mL.

62 : The

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light. Store at 2
–8 .
• USP Reference Standards
USP Lopinavir RS
USP Ritonavir RS

11

2S (USP38)

BRIEFING
Magnesium Salicylate Tablets, USP 37 page 3640. As part of the USP monograph
modernization effort, the following revisions are proposed:
1.
Strengthen the Identification tests by adding an orthogonal Identification test C with a
retention time agreement from the proposed UHPLC procedure in the Assay.
2.
Replace the UV procedure in the Assay with a stability-indicating UHPLC procedure. The
new liquid chromatographic procedure is based on analysis performed with the
Waters Acquity BEH C18 brand of L1 column. The typical retention time for salicylic
acid is about 3.8 min.
3.
Add a UHPLC procedure in the test for Organic Impurities, which is consistent with the
chromatographic system used in the Assay.
4.
Add three Reference Standards that are being used in the proposed procedures to the
USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: R.-H. Yeh.)
Correspondence Number—C137587

Comment deadline: September 30, 2014
Magnesium Salicylate Tablets
DEFINITION
Magnesium Salicylate Tablets contain an amount of magnesium salicylate (C14 H10 MgO6 ·4H2 O)
equivalent to NLT 95.0% and NMT 105.0% of the labeled amount of anhydrous magnesium
salicylate (C14 H10 MgO6 ).
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IDENTIFICATION
• A. The IR absorption spectrum of a potassium bromide dispersion of a quantity of finely
powdered Tablets exhibits maxima at the same wavelengths as those of a similar
preparation of USP Magnesium Salicylate RS.
• B. Identification Tests—General, Magnesium 191
Sample solution: Prepare a 50-mg/mL magnesium salicylate solution from the Tablets, and
filter.
Acceptance criteria: Meet the requirements
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Standard solution: 18 µg/mL of USP Salicylic Acid RS in water
Sample stock solution: Nominally 2 mg/mL of magnesium salicylate in water prepared as
follows. Transfer 500 mg of magnesium salicylate from a portion of finely powdered
Tablets (NLT 20) into a 250-mL volumetric flask. Dissolve and dilute to volume with
water. Filter and discard the first 20 mL of the filtrate.
Sample solution: Nominally 20 µg/mL of magnesium salicylate, from the Sample stock
solution
Instrumental conditions
Mode: UV
Analytical wavelength: maximum absorbance at about 296 nm
Cell: 1 cm
Blank: Water
Analysis
Samples: Standard solution and Sample solution
Concomitantly, determine the absorbances of Samples. Calculate the percentage of the
labeled amount of anhydrous magnesium salicylate (C14 H10 MgO6 ) in the portion of
Tablets taken:
Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Salicylic Acid RS in the Standard solution (mg/mL)
CU= nominal concentration of anhydrous magnesium salicylate in the Sample solution
(mg/mL)
Mr1
= molecular weight of anhydrous magnesium salicylate, 298.54
Mr2
= twice the molecular weight of salicylic acid, 276.24
Acceptance criteria: 95.0%–105.0%
Mobile phase: Methanol, trifluoroacetic acid, and water (40: 0.1: 60), prepared by
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adding 1 mL of trifluoroacetic acid to a solution containing 400 mL of methanol and 600
mL of water
Standard solution: 0.05 mg/mL of anhydrous USP Magnesium Salicylate RS in Mobile
phase
Sample stock solution: Nominally 0.5 mg/mL of anhydrous magnesium salicylate from
NLT 20 finely powdered Tablets in Mobile phase prepared as follows. Transfer a suitable
amount of the powder to a suitable volumetric flask. Add 75% of the flask volume of
Mobile phase, and sonicate for 10 min. Allow the solution to cool to room temperature
and then dilute with Mobile phase to volume.
Sample solution: Nominally 0.05 mg/mL of anhydrous magnesium salicylate in Mobile
phase, from the Sample stock solution. Pass through a suitable filter of 0.20-µm pore
size, discarding the first 2–3 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 212 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Column temperature: 30
Flow rate: 0.2 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.8
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of anhydrous magnesium salicylate
(C14 H10 MgO6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of anhydrous USP Magnesium Salicylate RS in the Standard solution
(mg/mL)
CU= nominal concentration of anhydrous magnesium salicylate in the Sample solution
(mg/mL)
Acceptance criteria: 95.0%–105.0%

2S (USP38)

PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 120 min
Standard solution: USP Salicylic Acid RS in Medium
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Sample solution: Pass a portion of the solution under test through a suitable filter, and
dilute with Medium if necessary.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum wavelength at about 296 nm
Blank: Water
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of anhydrous magnesium salicylate
(C14 H10 MgO6 ) dissolved:
Result = (AU/AS) × (1/L) × (Mr1/Mr2) × CS × V × 100
AU= absorbance from the Sample solution
AS= absorbance from the Standard solution
L = nominal concentration of anhydrous magnesium salicylate in the Sample solution
(mg/mL)
Mr1
= molecular weight of anhydrous magnesium salicylate, 298.54
Mr2
= twice the molecular weight of salicylic acid, 276.24
CS= concentration of USP Salicylic Acid RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of anhydrous magnesium salicylate
(C14 H10 MgO6 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Mobile phase: Methanol, trifluoroacetic acid, and water (40: 0.1: 60), prepared by adding
1 mL of trifluoroacetic acid to a solution containing 400 mL of methanol and 600 mL of
water
System suitability solution: 0.5 mg/mL of USP Magnesium Salicylate RS, 0.5 µg/mL of
USP Salicylic Acid Related Compound A RS, 0.5 µg/mL of USP Salicylic Acid Related
Compound B RS, and 0.5 µg/mL of USP Phenol RS, in Mobile phase
Standard solution: 2.5 µg/mL of anhydrous USP Magnesium Salicylate RS in Mobile phase
Sample solution: Nominally 2.5 mg/mL of anhydrous magnesium salicylate from NLT 20
finely powdered Tablets in Mobile phase prepared as follows. Transfer a suitable amount of
the powder to a suitable volumetric flask. Add 80% of the flask volume of Mobile phase,
and sonicate for 15 min. Allow the solution to cool to room temperature and then dilute
with Mobile phase to volume. Centrifuge the solution, and use the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 212 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
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Column temperature: 30
Flow rate: 0.2 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between any two peaks, System suitability solution
Relative standard deviation: NMT 3%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unspecified impurity from the Sample solution
rS= peak response of magnesium salicylate from the Standard solution
C=
S concentration of anhydrous USP Magnesium Salicylate RS in the Standard solution
(mg/mL)
C=
U nominal concentration of anhydrous magnesium salicylate in the Sample solution
(mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Salicylic acid related compound A
0.3
—a
Phenol
0.4
—a
Salicylic acid related compound B
0.6
—a
Salicylic acid
1.0
—
Any individual unspecified impurity
—
0.10
Total impurities
—
1.0
a These are process impurities, which are included in the table for identification only.
These impurities are controlled in the drug substance. They are not to be reported for
the drug product and should not be included in the total impurities.
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Magnesium Salicylate RS
USP Phenol RS
2S (USP38)
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USP Salicylic Acid RS
USP Salicylic Acid Related Compound A RS
4-Hydroxybenzoic acid.
C7 H6 O3
138.12
USP Salicylic Acid Related Compound B RS
4-Hydroxyisophthalic acid.
C8 H6 O5
182.13
2S (USP38)

BRIEFING
Metformin Hydrochloride, USP 37 page 3729. As part of USP monograph modernization
efforts, it is proposed to make the following changes:
1.
Replace the nonspecific Assay by titrimetry with a validated liquid chromatographic
procedure. The proposed liquid chromatographic procedure uses the Zorbax Bonus-RP
brand of L60 column manufactured by Agilent in which metformin elutes at about 3
min.
2.
Replace the test for Organic Impurities by HPLC with a more selective UHPLC procedure
with specified impurities. The procedure uses the same chromatographic parameters
as those proposed in the Assay except the detection wavelength is set at 220 nm.
3.
Revise the acceptance criteria in the Definition and Assay from “NLT 98.5% and NMT
101.0%” to “NLT 98.0% and NMT 102.0%”, which are typical for chromatographic
procedures.
4.
Add Identification test C, a selective orthogonal HPLC identification, to strengthen the
monograph.
5.
Add USP Melamine RS, USP Metformin Related Compound B RS, and USP Metformin
Related Compound C RS to the USP Reference Standards section to support the
proposed revision for the test for Organic Impurities.
6.
Where no organic impurity limits for specified or unspecified impurities are in the current
monograph, limits based on ICH guidelines are proposed as a starting point because
USP does not have access to FDA-approved specifications. Manufacturers with
different impurities and/or limits are strongly encouraged to submit their approved
specifications to USP if different than those in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: R.S. Prasad.)
Correspondence Number—C126259

Comment deadline: September 30, 2014
Metformin Hydrochloride
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165.62

Imidodicarbonimidic diamide, N,N-dimethyl-, monohydrochloride;
1,1-Dimethylbiguanide monohydrochloride
[1115-70-4].
DEFINITION
Change to read:
Metformin Hydrochloride contains NLT 98.5% and NMT 101.0%
NLT 98.0% and NMT 102.0% 2S (USP38)
of metformin hydrochloride (C4 H11 N5 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Chloride

191 : Meets the requirements

Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Sample: 60 mg of Metformin Hydrochloride
Analysis
[Note—To avoid overheating of the reaction medium, mix thoroughly throughout the
titration, and stop the titration immediately after the endpoint has been reached.]
Dissolve the Sample in 4 mL of anhydrous formic acid, and add 50 mL of acetic anhydride.
Titrate with 0.1 N perchloric acid VS, determining the endpoint potentiometrically.
Perform a blank determination, and make any necessary correction (see Titrimetry

541

). Each mL of 0.1 N perchloric acid is equivalent to 8.28 mg of metformin hydrochloride
(C4 H11 N5 ·HCl).
Acceptance criteria: 98.5%–101.0% on the dried basis
Solution A: Transfer 650 µL of heptafluorobutyric acid to a 1-L volumetric flask
containing 800 mL of water and dilute with water to volume. Adjust with ammonium
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hydroxide to a pH of 4.0. Pass through a suitable filter of 0.2-µm pore size.
Solution B: Transfer 650 µL of heptafluorobutyric acid to a 1-L volumetric flask
containing 800 mL of methanol and dilute with methanol to volume. Pass through a
suitable filter of 0.2-µm pore size
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
1.3
100
0
3.8
85
15
7.0
30
70
8.0
30
70
8.01
100
0
13.0
100
0
Diluent: Water
System suitability stock solution A: 0.5 mg/mL of USP Metformin Hydrochloride RS in
Diluent
System suitability stock solution B: 0.5 mg/mL of USP Melamine RS in Diluent
System suitability solution: 12.5 µg/mL each of USP Melamine RS and USP Metformin
Hydrochloride RS in Diluent from System suitability stock solution A and System
suitability stock solution B
Standard solution: 0.2 mg/mL of USP Metformin Hydrochloride RS in Diluent
Sample solution: 0.2 mg/mL of Metformin Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 2.1-mm × 10-cm; 1.8-µm packing L60
Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Resolution: NLT 2.5 between metformin and melamine, System suitability solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of metformin hydrochloride (C4 H11 N5 ·HCl) in the portion of
Metformin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of metformin from the Sample solution
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rS= peak response of metformin from the Standard solution
CS= concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Metformin Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

2S (USP38)

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method I

231 : NMT 10 ppm

Change to read:
• Organic Impurities
Mobile phase: 17 g/L of monobasic ammonium phosphate in water, adjusted with
phosphoric acid to a pH of 3.0
System suitability stock solution: 0.25 mg/mL of metformin hydrochloride and 0.1
mg/mL of melamine in water
System suitability solution: Transfer 1.0 mL of the System suitability stock solution to a
50-mL volumetric flask, and dilute with Mobile phase to volume.
Standard stock solution: 0.2 mg/mL of USP Metformin Related Compound A RS in water
Standard solution: 0.001 mg/mL of USP Metformin Related Compound A RS in Mobile
phase from the Standard stock solution
Sample solution: 5 mg/mL of Metformin Hydrochloride in Mobile phase
Diluted sample solution: 0.005 mg/mL of Metformin Hydrochloride in Mobile phase from
the Sample solution
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 218 nm
Column: 4.6-mm × 25-cm; packing L9
Flow rate: 1.0–1.7 mL/min
Run time: NLT twice the retention time of metformin
Injection volume: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between melamine and metformin
Analysis
Samples: Standard solution, Sample solution, and Diluted sample solution
Calculate the percentage of metformin related compound A in the portion of Metformin
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of metformin related compound A from the Sample solution
rS= peak response of metformin related compound A from the Standard solution

PF 40(4): Jul.-Aug. 2014

346

C=
S concentration of USP Metformin Related Compound A RS in the Standard solution
(mg/mL)
C=
U concentration of Metformin Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any other impurity in the portion of Metformin Hydrochloride
taken:
Result = (rU/rS) × D × 100
r=
U peak response of an individual impurity from the Sample solution
r=
S peak response of metformin from the Diluted sample solution
D= dilution factor for the preparation of the Diluted sample solution, 0.001
Acceptance criteria
Individual impurities: NMT 0.02% for metformin related compound A; NMT 0.1% for
any other impurity
Total impurities: NMT 0.5%
Solution A, Solution B, Mobile phase, and Diluent: Proceed as directed in Assay.
System suitability stock solution A: 5 mg/mL of USP Metformin Hydrochloride RS in
Diluent
System suitability stock solution B: 5 µg/mL each of USP Melamine RS, USP Metformin
Related Compound B, and USP Metformin Related Compound C in Diluent
System suitability solution: 0.5 mg/mL of USP Metformin Hydrochloride RS and 0.5
µg/mL each of USP Melamine RS, USP Metformin Related Compound B RS, and USP
Metformin Related Compound C RS in Diluent from System suitability stock solution A
and System suitability stock solution B
Standard solution: 0.5 µg/mL each of USP Metformin Hydrochloride RS and USP
Melamine RS, USP Metformin Related Compound B, and USP Metformin Related
Compound C RS, and 0.1 µg/mL of USP Metformin Related Compound A RS in Diluent
Sample solution: 500 µg/mL of Metformin Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 2.1-mm × 10-cm; 1.8-µm packing L60
Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 1 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.5 between metformin and melamine
Relative standard deviation: NMT 2.8%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual specified impurity in the portion of Metformin
Hydrochloride taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual specified impurity from the Sample solution
rS= peak response of the corresponding USP Reference Standard from the Standard
solution
CS= concentration of the corresponding USP Reference Standard in the Standard solution
(µg/mL)
CU= concentration of Metformin Hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of
Metformin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unspecified impurity from the Sample solution
rS= peak response of metformin from the Standard solution
CS= concentration of USP Metformin Hydrochloride RS in the Standard solution (µg/mL)
CU= concentration of Metformin Hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Metformin related compound A
0.4
0.02
Metformin related compound B
0.7
0.1
Melamine
0.9
0.1
Metformin
1
—
Metformin related compound C
2.3
0.1
Individual unspecified impurity
—
0.10
Total impurities
—
0.5
2S (USP38)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 for 5 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
Change to read:
• USP Reference Standards
USP Melamine RS

11

1,3,5-Triazine-2,4,6-triamine.
C3 H6 N6
126.12
2S (USP38)
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USP Metformin Hydrochloride RS
USP Metformin Related Compound A RS
Cyanoguanidine.
C2 H4 N4
84.08
USP Metformin Related Compound B RS
1-Methylbiguanidine.
C3 H9 N5
115.14
USP Metformin Related Compound C RS
N,N-Dimethyl-1,3,5-triazine-2,4,6-triamine.
C5 H10 N6
154.17
2S (USP38)

BRIEFING
Metformin Hydrochloride Tablets, USP 37 page 3730. As part of USP monograph
modernization efforts, it is proposed to make following changes.
1.
Replace the spectrophotometric UV Assay procedure with a stability-indicating liquid
chromatographic method. The proposed UHPLC procedure uses the Zorbax Bonus-RP
brand of L60 column manufactured by Agilent in which metformin elutes at about 3
min.
2.
Replace the test for Organic Impurities by HPLC with a UHPLC procedure that is able to
monitor the specified impurities. The procedure uses the same chromatographic
parameters as those proposed in the Assay, except the detection wavelength is set
at 220 nm.
3.
Replace visual color detection in Identification test B with retention time agreement
from the proposed UHPLC Assay method.
4.
Add USP Melamine RS, USP Metformin Related Compound A RS, USP Metformin Related
Compound B RS, and USP Metformin Related Compound C RS to the USP Reference
Standards section to support the proposed revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: D. Min.)
Correspondence Number—C127218

Comment deadline: September 30, 2014
Metformin Hydrochloride Tablets
DEFINITION
Metformin Hydrochloride Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of
metformin hydrochloride (C4 H11 N5 ·HCl).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Transfer an amount of powdered Tablets, equivalent to 20 mg of metformin
hydrochloride, to a suitable flask. Add 20 mL of dehydrated alcohol, and shake. Filter,
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evaporate the filtrate on a water bath to dryness, and dry the residue at 105 for 2 h.
Acceptance criteria: Meet the requirements
Change to read:
• B.
Solution A: Dissolve 1 g of 1-naphthol in a solution containing 6 g of sodium hydroxide and
16 g of anhydrous sodium carbonate in 100 mL of water.
Sample solution: Triturate an amount of powdered Tablets, equivalent of 50 mg of
metformin hydrochloride, with 10 mL of water, filter, and use the filtrate.
Analysis: To 5 mL of the Sample solution add 1.5 mL of 5 N sodium hydroxide solution and
1 mL of Solution A. Add 0.5 mL of sodium hypochlorite TS, dropwise, and with shaking.
Acceptance criteria: An orange-red color is produced that darkens on standing.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
• C. Identification Tests—General, Chloride 191
Sample solution: Triturate an amount of powdered Tablets, equivalent of 50 mg of
metformin hydrochloride, with 10 mL of water. Filter, and use the filtrate.
Acceptance criteria: Meet the requirements
ASSAY
Change to read:
• Procedure
Standard solution: 10 µg/mL of USP Metformin Hydrochloride RS in water
Sample stock solution: Transfer a suitable amount of powdered Tablets (NLT 20)
equivalent to 100 mg of metformin hydrochloride to a 100 mL volumetric flask. Add 70 mL
of water, shake by mechanical means for 15 min, dilute with water to volume, and filter,
discarding the first 20 mL of the filtrate. Dilute 10.0 mL of the filtrate with water to 100
mL.
Sample solution: Nominally 10 µg/mL in water from the Sample stock solution .
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: UV
Analytical wavelength: 232 nm
Cell: 1 cm
Blank: Water
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
in the portion of the Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Metformin Hydrochloride RS in the Standard solution (µg/mL)
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C=
U nominal concentration of metformin hydrochloride in the Sample solution (µg/mL)
Solution A:
Transfer 650 µL of heptafluorobutyric acid to a 1-L volumetric flask containing 800 mL of
water and dilute with water to volume. Adjust with ammonium hydroxide to a pH of 4.0.
Pass through a suitable filter of 0.2-µm pore size.
Solution B: Transfer 650 µL of heptafluorobutyric acid to a 1-L volumetric flask containing
800 mL of methanol and dilute with methanol to volume. Pass through a suitable filter of
0.2-µm pore size.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
1.3
100
0
3.8
85
15
7.0
30
70
8.0
30
70
8.01
100
0
13.0
100
0
System suitability solution: 0.5 mg/mL of USP Metformin Hydrochloride RS and 0.5
µg/mL of USP Melamine RS in water
Standard solution: 0.2 mg/mL of USP Metformin Hydrochloride RS in water
Sample solution: Nominally 0.2 mg/mL of metformin hydrochloride in water from Tablets
prepared as follows. Transfer a suitable amount of NLT 20 powdered Tablets to a
volumetric flask. Add water to about 50% of the flask volume and mix well. Dilute with
water to volume. Pass a portion of the solution through a filter of 0.2-µm pore size. Use
the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 2.1-mm × 10-cm; 1.8-µm packing L60
Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Resolution: NLT 2.5 between metformin and melamine, System suitability solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of metformin from the Sample solution
rS= peak response of metformin from the Standard solution
CS= concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of metformin hydrochloride in the Sample solution (mg/mL)
2S (USP38)

Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: pH 6.8 phosphate buffer; 1000 mL
Apparatus 1: 100 rpm
Time: 45 min
Standard solution: USP Metformin Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 233 nm
Analysis: Determine the amount of metformin hydrochloride (C4 H11 N5 ·HCl) dissolved by
using UV absorption of filtered portions of the Sample solution, suitably diluted with
Medium, if necessary, in comparison with the Standard solution.
Tolerances: NLT 70% (Q) of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) is dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
For products labeled to contain 500 mg of metformin hydrochloride
Medium: pH 6.8 phosphate buffer; 1000 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution, Sample solution, Instrumental conditions, and Analysis:
Proceed as directed in Test 1.
Tolerances: NLT 80% (Q) of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) is dissolved.
For products labeled to contain 850 or 1000 mg of metformin hydrochloride
Medium: pH 6.8 phosphate buffer; 1000 mL
Apparatus 2: 75 rpm
Time: 30 min
Standard solution, Sample solution, Instrumental conditions, and Analysis:
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Proceed as directed in Test 1.
Tolerances: NLT 75% (Q) of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) is dissolved.
Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium: pH 6.8 phosphate buffer; 1000 mL
Apparatus 1: 100 rpm
Time: 60 min
Buffer: Dissolve 1.38 g of monobasic sodium phosphate in about 1800 mL of water. Add
3.484 g of 1-pentanesulfonic acid sodium salt. Adjust with diluted phosphoric acid to a
pH of 3.00 ± 0.05. Dilute with water to 2000 mL.
Mobile phase: Acetonitrile and Buffer (1:19)
Standard stock solution: 0.25 mg/mL of USP Metformin Hydrochloride RS in Medium.
Use sonication to dissolve.
Standard solution: 0.05 mg/mL of USP Metformin Hydrochloride RS in Medium from the
Standard stock solution
Sample solution: Pass a portion of the solution under test through a nylon filter of
0.45-µm pore size. Dilute with Medium, if necessary, to obtain a solution with a
concentration similar to that of the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 40 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Column efficiency: NLT 1500 theoretical plates
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) dissolved:
Result = (rU/rS) × (CS/L) × (V/D) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
D= dilution factor of the Sample solution
Tolerances: NLT 70% (Q) of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) is dissolved.
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• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Mobile phase: 17 g/L of monobasic ammonium phosphate in water, adjusted with
phosphoric acid to a pH of 3.0
System suitability stock solution: 0.25 mg/mL of metformin hydrochloride and 0.1
mg/mL of melamine in water
System suitability solution: Transfer 1.0 mL of the System suitability stock solution to a
50-mL volumetric flask, and dilute with Mobile phase to volume.
Sample solution: Transfer a portion of powdered Tablets ( NLT 20), equivalent to 500 mg
of metformin hydrochloride, to a 100-mL volumetric flask. Dissolve in Mobile phase with
shaking, dilute with Mobile phase to volume, and filter.
Diluted sample solution: Nominally 0.005 mg/mL of metformin hydrochloride in Mobile
phase from the Sample solution
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 218 nm
Column: 4.6-mm × 25-cm; packing L9
Flow rate: 1.0–1.7 mL/min
Run time: NLT twice the retention time of metformin
Injection volume: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between melamine and metformin
Analysis
Samples: Sample solution and Diluted sample solution
Calculate the percentage of any individual impurity in the portion of the Tablets taken:
Result = (rU/rS) × D × 100
r=
U peak response of any individual impurity from the Sample solution
r=
S peak response of metformin from the Diluted sample solution
D= dilution factor for the preparation of the Diluted sample solution, 0.001
Acceptance criteria
Any individual impurity: NMT 0.1%
Total impurities: NMT 0.6%
Mobile phase: Proceed as directed in the Assay.
Peak identification solution: 0.5 mg/mL of USP Metformin Hydrochloride RS, 0.5 µg/mL
each of USP Metformin Related Compound A RS, USP Metformin Related Compound B,
USP Melamine RS, and USP Metformin Related Compound C RS in water
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Standard solution: 0.5 µg/mL of USP Metformin Hydrochloride RS in water
Sample solution: Nominally 500 µg/mL of metformin hydrochloride in water from Tablets
prepared as follows. Transfer a suitable amount of NLT 20 powdered Tablets to a
volumetric flask. Add water to about 50% of the flask volume and mix well. Dilute with
water to volume. Pass a portion of the solution through a filter of 0.2-µm pore size. Use
the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 2.1-mm × 10-cm; 1.8-µm packing L60
Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 1 µL
System suitability
Sample: Peak identification solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.5 between metformin and melamine, Peak identification solution
Relative standard deviation: NMT 2.8%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified degradation product in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual unspecified impurity from the Sample solution
rS= peak response of metformin from the Standard solution
CS= concentration of USP Metformin Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of metformin hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 2. Disregard any peak less than 0.05%.
Table 2

Name
Metformin related compound A
Metformin related compound B
Melamine
Metformin
Metformin related compound C

Relative
Retention
Time
0.4
0.7
0.9
1.0
2.3

Acceptance
Criteria,
NMT (%)
—a
—a
—a
—
—a
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Any individual unspecified degradation product
—
0.1
Total impurities
—
0.6
a These are process impurities that are included in the table for identification only.
These impurities are controlled in the drug substance. They are not to be reported for
the drug product and should not be included in the total impurities.
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
Change to read:
• USP Reference Standards
USP Melamine RS

11

1,3,5-Triazine-2,4,6-triamine.
C3 H6 N6
126.12
2S (USP38)

USP Metformin Hydrochloride RS
USP Metformin Related Compound A RS
Cyanoguanidine.
C2 H4 N4
84.08
USP Metformin Related Compound B RS
1-Methylbiguanide hydrochloride.
C3 H9 N5 HCl
151.60
USP Metformin Related Compound C RS
N,N-Dimethyl-1,3,5-triazine-2,4,6-triamine.
C5 H10 N6
154.17
2S (USP38)

BRIEFING
Metformin Hydrochloride Extended-Release Tablets, USP 37 page 3732. As part of USP
monograph modernization efforts, it is proposed to make the following changes.
1.
Replace the HPLC Assay procedure with a more selective UHPLC method. The proposed
UHPLC procedure uses the Zorbax Bonus-RP brand of L60 column manufactured by
Agilent, in which metformin elutes at about 3 min.
2.
Replace the HPLC test for Organic Impurities with an UHPLC procedure with specified
impurities. The procedure uses the same chromatographic parameters as those
proposed in the Assay except the detection wavelength is set at 220 nm.
3.
Add Identification test B with an orthogonal UV spectrum matching to strengthen the
monograph.
4.
Add USP Melamine RS and USP Metformin Related Compound A RS in the USP Reference
Standards section to support the proposed revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(SM3: D. Min.)
Correspondence Number—C139052

Comment deadline: September 30, 2014
Metformin Hydrochloride Extended-Release Tablets
DEFINITION
Metformin Hydrochloride Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Buffer: 0.5 g/L of sodium heptanesulfonate and 0.5 g/L of sodium chloride in water. Adjust
with 0.06 M phosphoric acid to a pH of 3.85.
Solution A: Acetonitrile and water ( 10:90)
Mobile phase: Acetonitrile and Buffer (1:9) [Note—To improve the separation, the
composition of acetonitrile and Buffer may be changed to 1:19, if necessary.]
Diluent: Acetonitrile and water (1.25: 98.75)
Standard solution: (L/4000) mg/mL of USP Metformin Hydrochloride RS in Diluent, where L
is the labeled quantity, in mg, of metformin hydrochloride in each Tablet
System suitability stock solution: 12.5 µg/mL each of USP Metformin Related Compound
B RS and USP Metformin Related Compound C RS in Diluent
System suitability solution: Dilute 0.5 mL of the System suitability stock solution with
the Standard solution to 50 mL.
Sample stock solution: Transfer a portion of powdered Tablets (NLT 10), equivalent to
the average Tablet weight, to a homogenization vessel, and add 500 mL of Solution A.
Alternately, homogenize and allow to soak until the sample is fully homogenized. [Note—A
suggested homogenization sequence is as follows. Homogenize the sample using five
pulses, each of 5 s, at about 20,000 rpm, and allow to soak for 2 min. Repeat these
steps two additional times.]
Sample solution: Pass a portion of the Sample stock solution through a suitable filter of
0.45-µm pore size, discarding the first 3 mL of filtrate. Transfer 25 mL of the filtrate to a
200-mL volumetric flask, and dilute with water to volume.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 218 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: Until after the elution locus of metformin related compound C
System suitability
Sample: System suitability solution
[Note—The relative retention times for metformin related compound B, metformin, and
metformin related compound C are 0.86, 1.0, and 2.1–2.3, respectively. Metformin
related compound C can have a variable retention time. The composition of the Mobile
phase may be changed to 1:19, if it elutes at a relative retention time of less than
2.1.]
Suitability requirements
Resolution: NLT 1.5 between metformin related compound B and metformin
Tailing factor: 0.8 – 2.0 for metformin
Relative standard deviation: NMT 1.5% for metformin and NMT 10% for metformin
related compound B and metformin related compound C
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of metformin hydrochloride in the Sample solution
Solution A:
Transfer 650 µL of heptafluorobutyric acid to a 1-L volumetric flask containing 800 mL of
water and dilute with water to volume. Adjust with ammonium hydroxide to a pH of 4.0.
Pass through a suitable filter of 0.2-µm pore size.
Solution B: Transfer 650 µL of heptafluorobutyric acid to a 1-L volumetric flask containing
800 mL of methanol and dilute with methanol to volume. Pass through a suitable filter of
0.2-µm pore size.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
1.3
100
0
3.8
85
15
7.0
30
70
8.0
30
70
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8.01
100
0
13.0
100
0
System suitability solution: 0.5 mg/mL of USP Metformin Hydrochloride RS and 0.5
µg/mL of USP Melamine RS in water
Standard solution: 0.2 mg/mL of USP Metformin Hydrochloride RS in water
Sample solution: Nominally 0.2 mg/mL of metformin hydrochloride in water from Tablets
prepared as follows. Transfer a suitable amount of NLT 20 powdered Tablets to a
volumetric flask. Add water to about 70% of the flask volume. Agitate and sonicate for
10 min. Shake for another 10 min mechanically. Dilute with water to volume. Pass a
portion of the solution through a filter of 0.2-µm pore size. Use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
For Identification test B, use a diode array detector in the range of 200–700 nm.
Column: 2.1-mm × 10-cm; 1.8-µm packing L60
Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 16 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between metformin and melamine, System suitability solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of metformin from the Sample solution
rS= peak response of metformin from the Standard solution
CS= concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of metformin hydrochloride in the Sample solution (mg/mL)
2S (USP38)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
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pH 6.8 Phosphate buffer: 6.8 g of monobasic potassium phosphate in 1000 mL of water,
adjusted with 0.2 N sodium hydroxide to a pH of 6.8 ± 0.1
Medium: pH 6.8 Phosphate buffer; 1000 mL
Apparatus 1: 100 rpm for Tablets labeled to contain 750 mg
Apparatus 2: 100 rpm for Tablets labeled to contain 500 mg
Times: 1, 3, and 10 h
Detector: UV 232 nm
Standard solution: USP Metformin Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable hydrophilic
polyethylene filter of 0.45-µm pore size. Dilute, if necessary, with Medium to a
concentration similar to that of the Standard solution.
Analysis
Calculate the percentage of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) released at each time point:
Result = [(AU/AS) × CS × (V

VS) + (C60 × VS) + (C180 × VS) × 100]/L

AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
V = initial volume of Medium in the vessel (mL)
VS = volume withdrawn from the vessel for previous samplings (mL)
C60= concentration of metformin hydrochloride in Medium determined at 1 h (mg/mL)
C180
= concentration of metformin hydrochloride in Medium determined at 3 h (mg/mL)
L = label claim (mg/Tablet)
Tolerances: See Table 2.
Table 2
Time Amount Dissolved, Amount Dissolved,
(h)
500-mg Tablet
750-mg Tablet
(%)
(%)
1
20–40
22–42
3
45–65
49–69
10
NLT 85
NLT 85
The percentages of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: Prepare as directed for Test 1; 1000 mL.
Apparatus 2: 100 rpm
Times: 1, 2, 6, and 10 h
Detector: UV 232 nm
Standard solution: USP Metformin Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable
polyethylene filter of 0.45-µm pore size. Dilute, if necessary, with Medium to a
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concentration that is similar to that of the Standard solution.
Analysis
Calculate, in mg/mL, the content of metformin hydrochloride (C4 H11 N5 ·HCl), Ct, in
Medium at each time point, t:
Result = (AU × CS × DU)/AS
A=
U absorbance of the Sample solution
C=
S concentration of metformin hydrochloride in the Standard solution (mg/mL)
D=
U dilution factor of the solution under test
AS= absorbance of the Standard solution
Calculate the percentage of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) dissolved at each time point by the following formulas.
Percentage dissolved at the first time point (1 h):
Result = (C1 × V × 100)/L
C=
1 content of metformin hydrochloride in Medium at the first time interval (mg/mL)
V= volume of Medium, 1000 mL
L= label claim (mg/Tablet)
Percentage dissolved at the second time point (2 h):
Result = [C2 × (V

SV1) + C1 × SV1 × 100]/L

C2= content of metformin hydrochloride in Medium at the second time interval (mg/mL)
V = volume of Medium, 1000 mL
SV=
1 volume of the sample withdrawn at 1 h (mL)
C1= content of metformin hydrochloride in Medium at 1 h (mg/mL)
L = label claim (mg/Tablet)
Percentage dissolved at the nth time point:
Result = {Cn × [V

(n

1)VS] + (C1 + C2 + … + Cn

1)

× VS × 100}/L

C=
n content of metformin hydrochloride in Medium at the nth time interval (mg/mL)
V= volume of Medium, 1000 mL
n= time interval of interest
V=
S volume of sample withdrawn at each time interval (mL)
C= as C1, C2, C3, … Cn 1, the content of metformin hydrochloride in Medium at each time
interval (mg/mL)
L= label claim (mg/Tablet)
Tolerances: See Table 3.
Table 3
Time
Amount
(h)
Dissolved
(%)
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1
2
6
10

20–40
35–55
65–85
NLT 85

The percentages of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium, Apparatus 1, Apparatus 2, and Analysis: Proceed as directed in Test 1.
Times: 1, 2, 5, and 12 h for Tablets labeled to contain 500 mg; and 1, 3, and 10 h for
Tablets labeled to contain 750 mg
Detector: UV 232 nm
Standard solution: USP Metformin Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable hydrophilic
polyethylene filter of 0.45-µm pore size. Dilute, if necessary, with Medium to a
concentration similar to that of the Standard solution.
Analysis
Calculate the percentage of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) released at each time point:
Result = {[(AU/AS) × CS × (V

VS) + (C60 × VS) + (C120 × VS) + (C300 × VS) + (C720 ×
VS)] × 100}/L

AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
V = initial volume of Medium in the vessel (mL)
VS = volume withdrawn from the vessel for previous samplings (mL)
C60= concentration of metformin hydrochloride in Medium determined
C120
= concentration of metformin hydrochloride in Medium determined
C300
= concentration of metformin hydrochloride in Medium determined
C720
= concentration of metformin hydrochloride in Medium determined
L = label claim (mg/Tablet)

at
at
at
at

Tolerances: See Table 4 and Table 5.
Table 4. For Tablets Labeled to Contain 500 mg
Amount
Time
Dissolved
(h)
(%)
1
20–40
2
35–55
5
60–80
12
NLT 85
Table 5. For Tablets Labeled to Contain 750 mg

1 h (mg/mL)
2 h (mg/mL)
5 h (mg/mL)
12 h (mg/mL)
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Time
(h)
1
3
10

Amount
Dissolved
(%)
22–42
49–69
NLT 85

The percentages of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 4: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 4.
Medium: Prepare as directed for Test 1; 1000 mL.
Apparatus 2: 100 rpm
Times: 1, 3, 6, and 10 h
Detector: UV 250 nm (shoulder)
Standard solution: USP Metformin Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute, if necessary, with Medium to a concentration similar to that
of the Standard solution.
Analysis
Calculate, in mg/mL, the content of metformin hydrochloride (C4 H11 N5 ·HCl), Ct, in
Medium at each time point, t, by the formulas specified in Test 2.
Tolerances: See Table 6.
Table 6
Time
Amount
(h)
Dissolved
(%)
1
20–40
3
45–65
6
65–85
10
NLT 85
The percentages of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 5: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 5.
pH 6.8 Phosphate buffer: 6.8 g of monobasic potassium phosphate in 1000 mL of water,
adjusted with 0.2 N sodium hydroxide to a pH of 6.8 ± 0.1
Medium: pH 6.8 Phosphate buffer; 900 mL, deaerated
Apparatus 1: 100 rpm, with the vertical holder described in Figure 1 and Figure 2
Times: 2, 8, and 16 h
Detector: UV 250 nm
Standard solution: USP Metformin Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute, if necessary, with Medium to a concentration similar to that
of the Standard solution.
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Analysis: Place a vertical sample holder into each basket (see Figures 1 and 2). Place 1
Tablet inside the sample holder, making sure that the Tablets are vertical at the bottom
of the baskets.
Calculate, in mg/mL, the content of metformin hydrochloride (C4 H11 N5 ·HCl), Ct, in
Medium at each time point, t, by the formulas specified in Test 2.

Figure 1
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Figure 2
Tolerances: See Table 7.
Table 7
Time Amount Dissolved, Amount Dissolved,
(h)
500-mg Tablet
1000-mg Tablet
(%)
(%)
2
NMT 30
NMT 30
8
60–85
65–90
16
NLT 90
NLT 90
The percentages of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 6: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 6.
pH 6.8 Phosphate buffer: 6.8 g of monobasic potassium phosphate in 1000 mL of
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water, adjusted with 0.2 N sodium hydroxide to a pH of 6.8 ± 0.05
Medium: pH 6.8 Phosphate buffer; 1000 mL, deaerated
Apparatus 2: 100 rpm, with USP sinker if necessary
Detector: UV 233 nm
Standard solution: USP Metformin Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable hydrophilic
polyethylene filter of 0.45-µm pore size. Dilute, if necessary, with Medium to a
concentration similar to that of the Standard solution.
Analysis
Calculate the percentage of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) released at each time point:
Result = {[(AU/AS) × CS × (V

VS) + (C60 × VS) + (C180 × VS) + (C600 × VS)] × 100}/L

AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
V = initial volume of Medium in the vessel (mL)
VS = volume withdrawn from the vessel for previous samplings (mL)
C60= concentration of metformin hydrochloride in Medium determined at 1 h (mg/mL)
C180
= concentration of metformin hydrochloride in Medium determined at 3 h (mg/mL)
C600
= concentration of metformin hydrochloride in Medium determined at 10 h (mg/mL)
L = label claim (mg/Tablet)
Tolerances: See Table 8.
Table 8
Time Amount Dissolved, Amount Dissolved,
(h)
500-mg Tablet
750-mg Tablet
(%)
(%)
1
20–40
20–40
3
45–65
45–65
10
NLT 85
NLT 85
The percentages of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 7: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 7.
Medium: Prepare as directed in Test 1; 1000 mL.
Apparatus 1: 100 rpm for Tablets labeled to contain 750 mg
Apparatus 2: 50 rpm, with USP sinker, for Tablets labeled to contain 500 mg
Times: 1, 3, and 10 h
Detector: UV 232 nm
Standard solution: USP Metformin Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute, if necessary, with Medium to a concentration similar to that
of the Standard solution.
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Analysis
Calculate the percentage of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) released at each time point:
Result = {[(AU/AS) × CS × (V

VS) + (C60 × VS) + (C180 × VS) + (C600 × VS)] × 100}/L

AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
V = initial volume of Medium in the vessel (mL)
VS = volume withdrawn from the vessel for previous samplings (mL)
C60= concentration of metformin hydrochloride in Medium determined at 1 h (mg/mL)
C180
= concentration of metformin hydrochloride in Medium determined at 3 h (mg/mL)
C600
= concentration of metformin hydrochloride in Medium determined at 10 h (mg/mL)
L = label claim (mg/Tablet)
Tolerances: See Table 9.
Table 9
Time Amount Dissolved, Amount Dissolved,
(h)
500-mg Tablet
750-mg Tablet
(%)
(%)
1
20–40
20–40
3
45–65
40–60
10
NLT 85
NLT 80
The percentages of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 8: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 8.
Medium: Prepare as directed in Test 1; 1000 mL.
Apparatus 1: 100 rpm for Tablets labeled to contain 750 mg
Apparatus 2: 100 rpm, with sinker, for Tablets labeled to contain 500 mg
Times: 1, 2, 6, and 10 h
Detector: UV 232 nm
Standard solution: USP Metformin Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute, if necessary, with Medium to a concentration similar to that
of the Standard solution.
Analysis
Calculate the percentage of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) released at each time point:
Result = {[(AU/AS) × CS × (V

VS) + (C60 × VS) + (C120 × VS) + (C360 × VS) + (C600 ×
VS)] × 100}/L

AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
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CS = concentration of the Standard solution (mg/mL)
V = initial volume of Medium in the vessel (mL)
VS = volume withdrawn from the vessel for previous samplings (mL)
C60= concentration of metformin hydrochloride in Medium determined
C120
= concentration of metformin hydrochloride in Medium determined
C360
= concentration of metformin hydrochloride in Medium determined
C600
= concentration of metformin hydrochloride in Medium determined
L = label claim (mg/Tablet)

at
at
at
at

1 h (mg/mL)
2 h (mg/mL)
6 h (mg/mL)
10 h (mg/mL)

Tolerances: See Table 10.
Table 10
Time Amount Dissolved, Amount Dissolved,
(h)
500-mg Tablet
750-mg Tablet
(%)
(%)
1
20–40
20–40
2
30–50
35–55
6
65–85
75–95
10
NLT 85
NLT 85
The percentages of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 9: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 9.
Medium: 0.05 M phosphate buffer, pH 6.8; 1000 mL
Apparatus 1: 100 rpm, for Tablets labeled to contain 750 mg
Apparatus 2: 100 rpm, for Tablets labeled to contain 500 mg
Times: 1, 5, 12, and 20 h for Tablets labeled to contain 500 mg; and 1, 4, 10, and 24 h
for Tablets labeled to contain 750 mg
Standard solution: 0.5 mg/mL of USP Metformin Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Detector: UV 232 nm
Path length: 0.01 cm, flow cell
Blank: Medium
Analysis
Calculate the percentage of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) released at each time point:
Result = {[(AU/AS) × CS × (V

VS) + (C1 × VS) + (C2 × VS) + (C3 × VS) + (C4 × VS)] ×
100}/L

A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
V= initial volume of Medium in the vessel (mL)
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V=
S volume withdrawn from the vessel for previous samplings (mL)
C=
1 concentration of metformin hydrochloride in Medium determined
(mg/mL)
C=
2 concentration of metformin hydrochloride in Medium determined
point (mg/mL)
C=
3 concentration of metformin hydrochloride in Medium determined
(mg/mL)
C=
4 concentration of metformin hydrochloride in Medium determined
point (mg/mL)
L= label claim (mg/Tablet)

at the first time point
at the second time
at the third time point
at the fourth time

Tolerances: See Table 11 and Table 12.
Table 11. For Tablets Labeled to Contain 500 mg
Amount
Time
Dissolved
(h)
(%)
1
20–40
5
45–65
12
70–90
20
NLT 85
Table 12. For Tablets Labeled to Contain 750 mg
Amount
Time
Dissolved
(h)
(%)
1
20–45
4
45–70
10
70–95
24
NLT 85
The percentages of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 10: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 10.
0.05 M Phosphate buffer: Dissolving 6.8 g of potassium dihydrogen phosphate in 250
mL of water, adding 77 mL of 0.2 N sodium hydroxide and 500 mL of water, adjusting
with 2 N sodium hydroxide or 2 N hydrochloric acid to a pH 6.8, and diluting with water
to 1000 mL.
Medium: 0.05 M Phosphate buffer; 1000 mL
Apparatus 1: 100 rpm for Tablets labeled to contain 750 mg
Apparatus 2: 100 rpm for Tablets labeled to contain 500 mg
Times: 1, 3, and 10 h
Standard solution: (L/100,000) mg/mL of USP Metformin Hydrochloride RS in Medium,
where L is the label claim, in mg/Tablet. This solution is stable for 72 h at room
temperature.
Sample solution: At the times specified, withdraw 10 mL of the solution under test and
replace with 10 mL of Medium previously equilibrated at 37.0 ± 0.5 . Centrifuge at 2500
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rpm for 10 min. Dilute a portion of the supernatant with Medium to obtain a theoretical
concentration of (L/100,000) mg/mL, where L is the label claim, in mg/Tablet.
Detector: UV 233 nm
Path length: 1 cm
Blank: Medium
Analysis
Calculate the concentration (mg/mL) of metformin hydrochloride (Ci) at each time point:
Ci = (AU/AS) × CS
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
Calculate the cumulative percentage of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) dissolved (Qi) at each time point (i):
At i = 1:
Q1 = [C1 × (V/L)] × 100
At i = 3:
Q3 = [C3(V

VS) + (C1 × VS)] × (100/L)

At i = 10:
Q10 = [C10(V

2VS) + (C1 + C3)VS] × (100/L)

V= initial volume of Medium, 1000 mL
V=
S sampling volume, 10 mL
L= label claim (mg/Tablet)
Tolerances: See Table 13.
Table 13
Time
Amount
(h)
Dissolved
(%)
1
25–45
3
50–70
10
NLT 85
The percentages of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 11: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 11.
Medium: pH 6.8 phosphate buffer; 1000 mL
Apparatus 1: 100 rpm for Tablets labeled to contain 750 mg

PF 40(4): Jul.-Aug. 2014

370

Apparatus 2: 100 rpm for Tablets labeled to contain 500 mg
Times: 1, 3, and 10 h
Standard solution: 7.5 µg/mL of USP Metformin Hydrochloride RS in Medium
Sample solution: At the times specified, withdraw 10 mL of the solution under test, and
pass it through a suitable filter of 0.45-µm pore size, discarding the first 3 mL of filtrate.
Dilute 3.0 mL of the filtrate with Medium to 200 mL. For Tablets labeled to contain 750
mg, dilute 2.0 mL of the filtrate with Medium to 200 mL. Replace the volume of Medium
taken with the same volume of Medium preheated at 37.0 ± 0.5 .
Detector: UV 232 nm
Path length: 1 cm
Blank: Medium
Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at each time point:
Qi = (AU/AS) × (CS/L) × V × D × 100
At 1 h:
Result = Q1
At 3 h:
Result = Q3 + [(Q1 × 10)/V]
At 10 h:
Result = Q10 + {[(Q1 × 10)/V] + [(Q3 × 10)/V]}
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
D= dilution factor of the Sample solution
Tolerances: See Table 14.
Table 14
Time
Amount
(h)
Dissolved
(%)
1
25–45
3
50–70
10
NLT 80
The percentages of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 12: If the product complies with this test, the labeling indicates that it meets USP
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Dissolution Test 12.
Medium: pH 6.8 phosphate buffer (prepared as directed in Test 1); 1000 mL
Apparatus 1: 100 rpm
Times: 1, 4, and 12 h
Standard stock solution: 0.2 mg/mL of USP Metformin Hydrochloride RS in Medium
Standard solution: 0.01 mg/mL of USP Metformin Hydrochloride RS in water, from the
Standard stock solution
Sample solution: At the times specified, withdraw 10 mL of the solution under test, and
replace with 10 mL of Medium previously equilibrated at 37.0 ± 0.5 . Pass it through a
suitable filter, discarding the first few mL of the filtrate.
For Tablets labeled to contain 500 mg: Dilute 2.0 mL of the filtrate with water to 100
mL.
For Tablets labeled to contain 1000 mg: Dilute 1.0 mL of the filtrate with water to
100 mL.
Detector: UV 232 nm
Blank: Dilute 1 mL of Medium with water to 100 mL.
Analysis
Calculate the concentration, Ci, in mg/mL of metformin hydrochloride (C4 H11 N5 ·HCl) in
the sample withdrawn at each time point (i):
Result i = (AU/AS) × CS × D
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
D= dilution factor of the Sample solution
Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved (Qi) at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100
Result 3 = {(C3 × V) + [(C2 + C1) × VS]} × (1/L) × 100
C=
i concentration of metformin hydrochloride in the portion of sample withdrawn at time
point i (mg/mL)
V= initial volume of Medium, 1000 mL
L= label claim (mg/Tablet)
V=
S volume of the Sample solution withdrawn, 10 mL
Tolerances: See Table 15.
Table 15
Time point Time
(i)
(h)
1
1
2
4

Amount
Dissolved
(%)
NMT 15
35–65
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3

12

NLT 85

The percentages of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved at the times specified conform to Acceptance Table 2 in
• Uniformity of Dosage Units

711 .

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Mobile phase, Sample solution, and Chromatographic system: Proceed as directed in
the Assay.
Analysis: From the chromatogram of the Sample solution obtained in the Assay, calculate
the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of all the peak responses
Acceptance criteria
Individual impurities: NMT 0.1%
Total impurities: NMT 0.6%
[Note—Disregard any peak less than 0.05%, and disregard any peak observed in the
blank.]
Mobile phase: Proceed as directed in Assay.
Peak identification solution: 0.5 mg/mL of USP Metformin Hydrochloride RS, 0.5 µg/mL
each of USP Metformin Related Compound A RS, USP Metformin Related Compound B,
USP Melamine RS, and USP Metformin Related Compound C RS in water
Standard solution: 0.5 µg/mL of USP Metformin Hydrochloride RS in water
Sample solution: Nominally 500 µg/mL of metformin hydrochloride in water from Tablets
prepared as follows. Transfer a suitable amount of NLT 20 powdered Tablets to a
volumetric flask. Add water to about 50% of the flask volume. Agitate and sonicate for
10 min. Shake for another 10 min mechanically. Dilute with Diluent to volume. Pass a
portion of the solution through a filter of 0.2-µm pore size. Use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 2.1-mm × 10-cm; 1.8-µm packing L60
Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 1 µL
System suitability
Samples: Peak identification solution and Standard solution
[Note—See Table 16 for the relative retention times.]
Suitability requirements
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Resolution: NLT 1.5 between metformin and melamine, Peak identification solution
Relative standard deviation: NMT 2.8%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified degradation product in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual unspecified impurity from the Sample solution
rS= peak response of metformin from the Standard solution
CS= concentration of USP Metformin Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of metformin hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 16. Disregard any peak less than 0.05%.
Table 16
Relative
Retention
Time
0.4
0.7
0.9
1.0
2.3
—
—

Acceptance
Criteria,
NMT (%)
—a
—a
—a
—
—a
0.1
0.6

Name
Metformin related compound A
Metformin related compound B
Melamine
Metformin
Metformin related compound C
Any individual unspecified degradation product
Total impurities
a These are process impurities that are included in the table for identification only.
These impurities are controlled in the drug substance. They are not to be reported for
the drug product and should not be included in the total impurities.
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers, and store at
controlled room temperature.
• Labeling: When more than one dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
Change to read:
USP Reference Standards
USP Melamine RS

11

1,3,5-Triazine-2,4,6-triamine.
C3 H6 N6
126.12
2S (USP38)
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USP Metformin Hydrochloride RS
USP Metformin Related Compound A RS
Cyanoguanidine.
C2 H4 N4
84.08
2S (USP38)

USP Metformin Related Compound B RS
1-Methylbiguanide hydrochloride.
C3 H9 N5 HCl
151.60
USP Metformin Related Compound C RS
N,N-Dimethyl-1,3,5-triazine-2,4,6-triamine.
C5 H10 N6
154.17
BRIEFING
Metronidazole Gel, USP 37 page 3822. It is proposed to modernize the monograph with the
following changes:
1.
Add a validated stability-indicating HPLC procedure for the test for Organic Impurities.
This procedure uses the Inertsil C8 brand of L7 packing column manufactured by GL
Sciences. The typical retention time for metronidazole is about 5.6 min.
2.
Replace the Assay by HPLC with a new HPLC procedure that uses the same HPLC
parameters in the proposed test for Organic Impurities.
3.
Replace Identification test A by TLC with the UV spectrum matching in the proposed
Assay.
4.
Introduce USP Tinidazole Related Compound A RS for system suitability and quantitation
in the Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: D. Min.)
Correspondence Number—C136689

Comment deadline: September 30, 2014
Metronidazole Gel
DEFINITION
Metronidazole Gel contains NLT 90.0% and NMT 110.0% of the labeled amount of metronidazole
(C6 H9 N3 O3 ).
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution: 0.5 mg/mL of USP Metronidazole RS
Sample solution: Transfer a quantity of Gel, equivalent to 7.5 mg of metronidazole, to a
suitable flask. Add 15 mL of water, shake to disperse, and sonicate for about 10 min. Elute
a portion of this solution through a 10-mm × 15-cm chromatographic column containing a
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10-cm length of ion-exchange resin with a pledget of glass wool at the bottom and top of
the resin, and collect the eluate in a suitable vial.
Chromatographic system
Mode: TLC
Application volume: 5 µL
Developing solvent system: Chloroform, methanol, and ammonium hydroxide (6:3:1)
Acceptance criteria: Meets the requirements 2S (USP38)
Add the following:
• A. The UV spectrum of the metronidazole peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. 2S (USP38)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: Dissolve 1.5 g of monobasic potassium phosphate and 1.3 g of dibasic sodium
phosphate in 350 mL of water.
Mobile phase: Methanol and Buffer (65:35)
Standard solution: 75 µg/mL of USP Metronidazole RS in Mobile phase
Sample solution: Nominally 75 µg/mL of metronidazole in Mobile phase is prepared as
follows. Transfer a appropriate quantity of Gel to a suitable volumetric flask. Add Mobile
phase equivalent to 50% of the flask size, and shake by mechanical means for 20 min.
Dilute with Mobile phase to volume. Centrifuge a portion of this solution until clear, and
use the supernatant.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metronidazole (C6 H9 N3 O3 ) in the portion
of Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
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rS= peak response from the Standard solution
C=
S concentration of USP Metronidazole RS in the Standard solution (µg/mL)
C=
U nominal concentration of the Sample solution (µg/mL)
Solution A:
Methanol and water (20:80)
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
10.0
100
0
15.0
10
90
15.1
100
0
20.0
100
0
System suitability solution: 0.6 µg/mL of USP Metronidazole RS and 0.6 µg/mL of USP
Tinidazole Related Compound A RS in Solution A
Standard solution: 0.03 mg/mL of USP Metronidazole RS in Solution A
Sample stock solution: Nominally 0.15 mg/mL of metronidazole in Solution A prepared as
follows. Transfer a portion of Gel to a suitable volumetric flask. Add Solution A equivalent
to 20% of the flask size, mix, and sonicate for 2 min. Dilute with Solution A to volume.
Sample solution: Nominally 0.03 mg/mL of metronidazole in Solution A prepared from the
Sample stock solution. Centrifuge a portion of the solution at 3000 rpm for 10 min. Pass
the supernatant through a suitable filter of 0.45-µm pore size. Use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 319 nm. For Identification test A, use a diode array detector in the range
of 210–500 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 30 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
System suitability requirements
Resolution: NLT 2.0 between metronidazole and tinidazole related compound A,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of metronidazole (C6 H9 N3 O3 ) in the portion
of Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Metronidazole RS in the Standard solution (mg/mL)
CU= nominal concentration of metronidazole in the Sample solution (mg/mL)
2S (USP38)

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, and Chromatographic system: Proceed as
directed in the Assay.
Standard solution: 0.6 µg/mL each of USP Metronidazole RS and USP Tinidazole Related
Compound A RS in Solution A
Sample solution: Nominally 300 µg/mL of metronidazole in Solution A prepared as follows.
Transfer a portion of Gel to a suitable volumetric flask. Add Solution A equivalent to 50%
of the flask size and sonicate for 2 min. Dilute with Solution A to volume. Centrifuge a
portion of the solution at 3000 rpm for 10 min. Pass a portion of the supernatant through
a filter of 0.45-µm pore size. Use the filtrate.
System suitability
Sample: Standard solution
[Note—See Table 2 for the relative retention times.]
System suitability requirements
Resolution: NLT 2.0 between metronidazole and tinidazole related compound A
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tinidazole related compound A in the portion of Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of tinidazole related compound A from the Sample solution
rS= peak response of tinidazole related compound A from the Standard solution
C=
S concentration of USP Tinidazole Related Compound A RS in the Standard solution
(µg/mL)
C=
U nominal concentration of metronidazole in the Sample solution (µg/mL)
Calculate the percentage of each individual unspecified impurity in the portion of Gel
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified impurity from the Sample solution
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rS= peak response of metronidazole from the Standard solution
C=
S concentration of USP Metronidazole RS in the Standard solution (µg/mL)
C=
U nominal concentration of metronidazole in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Tinidazole related compound A
0.76
0.2
Metronidazole
1.00
—
Any individual unspecified impurity
—
0.2
Total impurities
—
2.0
2S (USP38)

PERFORMANCE TESTS
• Minimum Fill 755 : Meets the requirements
SPECIFIC TESTS
• pH

791 : The apparent pH determined potentiometrically is between 4.0 and 6.5.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in laminated collapsible tubes at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Metronidazole RS
USP Tinidazole Related Compound A RS
2-Methyl-5-nitroimidazole.
C4 H5 N3 O2
127.10
2S (USP38)

BRIEFING
Milbemycin Oxime, page 417 of PF 36(2) [Mar.–Apr. 2010]. The new drug substance
monograph proposal that appeared in PF 36(2) has been canceled. The following new
monograph, based on validated methods of analysis, is being proposed. The HPLC procedure
in the Assay and the test for Organic Impurities is based on analyses performed with the
Ace C18 brand of L1 column. The typical retention times for milbemycin A3 oxime and
milbemycin A4 oxime are about 20 and 28 min, respectively.
(SM3: M. Puderbaugh.)
Correspondence Number—C132883

Comment deadline: September 30, 2014
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Add the following:
Milbemycin Oxime

Mixture of milbemycin A3 oxime and milbemycin A4 oxime
Milbemycin A3 Oxime
C31 H43 NO7
541.68

[129496-10-2].

Milbemycin B, 5-O-demethyl-28-deoxy-25-methyl-6,28-epoxy-23-hydroxyimino-,
[6R,23S,25S(E)]-; (2 E,4E,5¢S,6R,6¢S,8E,11R,13R,15S,17 R,20 R,20 S)-6¢-ethyl3¢,4¢,5¢,6,6¢,7,10,11,14,15,17 ,20,20 ,20 -tetradecahydro-20 -hydroxy-5¢,6,8,19tetramethylspiro[11,15-methano-2H,13H,17H-furo[4,3,2-pq][2,6]benzodioxacyclooctadecin13,2¢-[2H]pyran]-17-one 20-oxime.
Milbemycin A4 Oxime
C32 H45 NO7
555.70
Milbemycin B, 5-O-demethyl-28-deoxy-25-ethyl-6,28-epoxy-23-hydroxyimino-,
[6R,23S,25S(E)]-; (2 E,4E,5¢S,6R,6¢S,8E,11R,13R,15S,17 R,20 R,20 S)-6¢-ethyl3¢,4¢,5¢,6,6¢,7,10,11,14,15,17 ,20,20 ,20 -tetradecahydro-20 -hydroxy-5¢,6,8,19tetramethylspiro[11,15-methano-2H,13H,17H-furo[4,3,2-pq][2,6]benzodioxacyclooctadecin13,2¢-[2H]pyran]-17-one 20-oxime.
DEFINITION
Milbemycin Oxime is a mixture of milbemycin A4 oxime and milbemycin A3 oxime. It contains NLT
95.0% and NMT 102.0% of the sum of milbemycin A4 oxime and milbemycin A3 oxime, calculated
on the anhydrous basis. The ratio of milbemycin A4 oxime is NLT 0.80, and the ratio of
milbemycin A3 oxime is NMT 0.20.
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IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Water
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
26
74
2
26
74
27
24.5
75.5
47
24.5
75.5
47.1
26
74
60
26
74
Diluted phosphoric acid solution: 0.3–0.5 mL/L of phosphoric acid in water
Diluent: Acetonitrile and Diluted phosphoric acid solution (75:25)
Standard solution: 0.2 mg/mL of USP Milbemycin Oxime RS in Diluent. Sonicate if
necessary to facilitate dissolution.
Sample solution: 0.2 mg/mL of Milbemycin Oxime in Diluent. Sonicate if necessary to
facilitate dissolution. This solution must be stored at 5 protected from light.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 3.0-mm × 10-cm; 3-µm packing L1
Column temperature: 35
Flow rate: 0.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The elution order is milbemycin A3 oxime followed by milbemycin A4 oxime. (See
Table 2 for the relative retention times.)]
Suitability requirements
Resolution: NLT 9 between milbemycin A3 oxime and milbemycin A4 oxime
Tailing factor: NMT 2.0 each for milbemycin A3 oxime and milbemycin A4 oxime
Relative standard deviation: NMT 0.73% each for milbemycin A3 oxime and
milbemycin A4 oxime
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of milbemycin A3 oxime (C31 H43 NO7 ) in the portion of Milbemycin
Oxime taken:
Result = (rU/rS) × [(CS × F A3)/CU] × 100
rU= peak response of milbemycin A3 from the Sample solution
rS= peak response of milbemycin A3 from the Standard solution
CS= concentration of USP Milbemycin Oxime RS in the Standard solution (mg/mL)
F A3
= potency of milbemycin A3 oxime in USP Milbemycin Oxime RS (mg/mg)
CU= concentration of Milbemycin Oxime in the Sample solution (mg/mL)
Calculate the percentage of milbemycin A4 oxime (C31 H45 NO7 ) in the portion of Milbemycin
Oxime taken:
Result = (rU/rS) × [(CS × F A4)/CU] × 100
rU= peak response of milbemycin A4 from the Sample solution
rS= peak response of milbemycin A4 from the Standard solution
CS= concentration of USP Milbemycin Oxime RS in the Standard solution (mg/mL)
F A4
= potency of milbemycin A4 oxime in USP Milbemycin Oxime RS (mg/mg)
CU= concentration of Milbemycin Oxime in the Sample solution (mg/mL)
Calculate the percentage of the sum of milbemycin A3 oxime and milbemycin A4 oxime in
the portion of Milbemycin Oxime taken:
Result = PA3 + PA4
PA3
= percentage of milbemycin A3 oxime
PA4
= percentage of milbemycin A4 oxime
Calculate the ratio of milbemycin A3 oxime in the portion of Milbemycin Oxime taken:
Result = PA3/(PA3 + PA4)
PA3
= percentage of milbemycin A3 oxime
PA4
= percentage of milbemycin A4 oxime
Calculate the ratio of milbemycin A4 oxime in the portion of Milbemycin Oxime taken:
Result = PA4/(PA3 + PA4)
PA4
= percentage of milbemycin A4 oxime
PA3
= percentage of milbemycin A3 oxime
Acceptance criteria
Sum of milbemycin A4 oxime and milbemycin A3 oxime: 95.0%–101.0% on the
anhydrous basis
Ratio of milbemycin A4 oxime: NLT 0.80
Ratio of milbemycin A3 oxime: NMT 0.20
IMPURITIES
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• Residue on Ignition 281 : NMT 0.5%
• Organic Impurities
Mobile phase, Diluent, Standard solution, Sample solution, Chromatographic system,
and System suitability: Proceed as directed in the Assay.
Diluted standard solution: 0.002 mg/mL of USP Milbemycin Oxime RS in Diluent from
Standard solution
Analysis
Samples: Sample solution and Diluted standard solution
Calculate the percentage of each impurity in the portion of Milbemycin Oxime taken:
Result = (rU/rT) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rT= sum of the peak responses of milbemycin A3 oxime and milbemycin A4 oxime from the
Diluted standard solution
C=
S concentration of USP Milbemycin Oxime RS in the Diluted standard solution (mg/mL)
C=
U concentration of Milbemycin Oxime in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting level for impurities is 0.10%.
Table 2

Name
Milbemycin A3 oxime
11¢ -Desmethylmilbemycin A4 oximea
(20¢R)-Hydroxymilbemycin A4 keto formb
Milbemycin A4 oxime

Relative
Retention
Time
1.00

Acceptance
Criteria,
NMT (%)
—

1.17

0.7

1.33
1.43

0.5
—

Milbemycin A4 keto formc
1.51
0.7
d
Milbemycin D oxime
2.18
3.0
Any other individual impurity
—
0.5
Total impurities
—
5.0
a (1¢R,2R,4¢S,5S,6R,8¢R,10¢E,13¢R, 14¢E, 16¢E,20¢R,21¢Z,24¢S)-6-Ethyl-24¢-hydroxy-21¢(hydroxyimino)-5,13¢,22¢-trimethyl-3,4,5,6-tetrahydrospiro[pyran-2,6¢[3,7,19]trioxatetracyclo[15.6.1.14,8.020,24]pentacosa[10,14,16,22]tetraene]-2¢-one.
b (1¢R,2R,4¢S,5S,6R,8¢R,10¢E,13¢R, 14¢E, 16¢E,20¢R,21¢Z,24¢S)-6-Ethyl-20¢,24¢-dihydroxy21¢-(hydroxyimino)-5,11¢,13¢,22¢-tetramethyl-3,4,5,6-tetrahydrospiro[pyran-2,6¢[3,7,19]trioxatetracyclo[15.6.1.14,8.020,24]pentacosa[10,14,16,22]tetraene]-2¢-one.
c (1¢R,2R,4¢S,5S,6R,8¢R,10¢E,13¢R, 14¢E,16¢E,20¢S,24¢S)-6-Ethyl-24¢-hydroxy-5,11¢,13¢,22¢tetramethyl-3,4,5,6-tetrahydrospiro[pyran-2,6¢[3,7,19]trioxatetracyclo[15.6.1.14,8.020,24]pentacosa[10,14,16,22]tetraene]-2¢,21¢dione.
d (1¢R,2R,4¢S,5S,6R,8¢R,10¢E,13¢R, 14¢E, 16¢E,20¢R,21¢Z,24¢S)24¢-Hydroxy-21¢(hydroxyimino)6-(propan-2-yl)-5,11¢,13¢,22¢-tetramethyl-3,4,5,6-tetrahydrospiro[pyran2,6¢-[3,7,19]trioxatetracyclo[15.6.1.14,8.020,24]pentacosa[10,14,16,22]tetraene]-2¢one.
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SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at room temperature, protected
from light.
• Labeling: Label it to indicate that it is for veterinary use only.
• USP Reference Standards
USP Milbemycin Oxime RS

11

2S (USP38)

BRIEFING
Nadolol, USP 37 page 3910. As a part of USP monograph modernization efforts, the following
revisions are proposed:
1.
The titration-based Assay procedure is replaced by a stability-indicating liquid
chromatographic procedure and accordingly the acceptance criteria are widened to
98.0%–102.0%.
2.
The Definition is revised in accordance with the proposed chromatographic test
procedure for the Assay analysis.
3.
Add Identification test B, based on the retention time agreement for the nadolol peak in
the Assay.
4.
The non-specific TLC based test for Organic Impurities is replaced by a stabilityindicating liquid chromatographic procedure.
5.
The liquid chromatographic procedure for both the Assay and the test for Organic
Impurities is based on analyses performed using the 3.5-µm, X-Bridge Shield RP 18
column of L1 packing. The typical retention time for nadolol is about 4.5 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: S. Ramakrishna.)
Correspondence Number—C132242; C121647

Comment deadline: September 30, 2014
Nadolol

C17 H27 NO4

309.40

2,3-Naphthalenediol, 5-[3-[(1,1-dimethylethyl)amino]-2-hydroxypropoxy]-1,2,3,4-tetrahydro-,
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cis-;
1-(tert-Butylamino)-3-[(5,6,7,8-tetrahydro-cis-6,7-dihydroxy-1-naphthyl)oxy]-2-propanol
[42200-33-9].
DEFINITION
Change to read:
Nadolol contains NLT 98.0% and NMT 101.5%
102.0% 2S (USP38)
of nadolol (C17 H27 NO4 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Perchloric acid titrant: Perchloric acid and glacial acetic acid (8.5: 991.5), prepared by
adding 8.5 mL of perchloric acid to 500 mL of glacial acetic acid, followed by cooling and
diluting with glacial acetic acid to 1000 mL. Standardize as directed for Reagents,
Indicators, and Solutions—Volumetric Solutions—Perchloric Acid, Tenth-Normal (0.1 N) in
Glacial Acetic Acid.
Sample solution: Dissolve 280 mg of Nadolol in 100 mL of glacial acetic acid by using an
ultrasonic bath until complete dissolution.
Titrimetric system
Mode: Direct titration
Titrant: Perchloric acid titrant
Endpoint: Visual
Analysis: Add 2 drops of crystal violet TS to the Sample solution, and titrate with
Perchloric acid titrant to an emerald-green endpoint. Perform a blank determination, and
make any necessary correction (see Titrimetry 541 ). Each mL of 0.1 N perchloric acid
is equivalent to 30.94 mg of nadolol (C17 H27 NO4 ).
Acceptance criteria: 98.0%–101.5% on the dried basis
Solution A: 0.1% Trifluoroacetic acid
Mobile phase: Acetonitrile and Solution A (150:850)
Standard solution: 0.2 mg/mL of USP Nadolol RS in Mobile phase. Sonication and
occasional hand shaking may be necessary for complete dissolution.
Sample solution: 0.2 mg/mL of Nadolol in Mobile phase. Sonication and occasional hand
shaking may be necessary for complete dissolution.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 270 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 1.7 times the retention time of nadolol peak
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of nadolol (C17 H27 NO4 ) in the portion of Nadolol taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of nadolol from the Sample solution
rS= peak response of nadolol from the Standard solution
CS= concentration of USP Nadolol RS in the Standard solution (mg/mL)
CU= concentration of Nadolol in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

2S (USP38)

OTHER COMPONENTS
• Racemate Composition
Sample solution: Prepare a mineral oil dispersion of Nadolol, previously dried, adjusting the
thickness of the mull to give an absorbance reading of 0.6 ± 0.1 at a wavelength of 6.3
µm.
Instrumental conditions
Mode: IR
Wavelength range: 6–9 µm
Analysis: Record the spectrum using mineral oil in the reference beam.
Sample: Sample solution
Calculate the percentage of racemate A in the portion of Nadolol taken:
Result = (AA/AB) × (F/Aav) × 100
AA= uncorrected absorbance at the wavelength of maximum absorbance at about 7.90 µm,
corresponding to racemate A
AB= uncorrected absorbance at the wavelength of maximum absorbance at about 8.00 µm,
corresponding to racemate B
F = fraction of racemate A in a (1:1) reference mixture of racemate A and racemate B, 0.5
Aav= average value of the absorbance of (AA/AB) in a (1:1) mixture of racemate A and
racemate B, 0.9
Acceptance criteria: 40%–60%
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IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 30 ppm

Change to read:
• Organic Impurities
Standard solution: 50 mg/mL of USP Nadolol RS in a mixture of methanol and chloroform
(1:1)
Sample solution: 50 mg/mL of Nadolol in a mixture of methanol and chloroform (1:1)
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 100 µL
Developing solvent system: Acetone, chloroform, and 2 M ammonium hydroxide
(80:10:10)
Visualization: UV light, short wavelength
Blank: Methanol and chloroform (1:1)
Analysis
Samples: Standard solution, Sample solution, and Blank
[Note—The Standard solution is used to identify the nadolol zone.]
Proceed as directed for Chromatography 621 , Thin-Layer Chromatography. Divide a
thin-layer chromatographic plate into four equal sections, the first section to be used
for the Standard solution, the next two sections to be used for the Sample solution.
Apply the Samples as streaks. Develop the chromatogram until the solvent front has
moved to about three-fourths of the length of the plate. Remove the plate, air-dry,
and locate the bands under UV light, short wavelength. Identify the nadolol zone by
comparing with the nadolol from the Standard solution. Mark the nadolol zones and the
separated impurity zones in the chromatograms of the Sample solution, and the
corresponding zones in the Blank section of the plate.
Remove the silica gel from the nadolol zone in each chromatogram of the Sample
solution, and transfer to separate 50-mL centrifuge tubes; similarly transfer the silica
gel removed from the corresponding area of the Blank chromatogram to a third 50-mL
centrifuge tube.
Remove the silica gel from the combined impurity zones in each chromatogram of the
Sample solution, and transfer to separate 50-mL centrifuge tubes; similarly transfer the
silica gel removed from the corresponding area of the Blank chromatogram to a sixth
50-mL centrifuge tube. Add 30.0 mL of alcohol to each of the two tubes containing the
mixtures from the nadolol zones and to the third tube containing the corresponding
portion of the Blank, and add 10.0 mL of alcohol to each of the two tubes containing
the mixtures from the impurity zones and to the sixth tube containing the
corresponding portion of the Blank. Shake for 60 min, and centrifuge to clarify.
Concomitantly determine the absorbances of the supernatants at the wavelength of
maximum absorbance at about 278 nm, using a suitable spectrophotometer, using
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alcohol as the spectrophotometer blank.
Calculate the percentage of impurities in the portion of Nadolol taken:
Result = AI /(AI + 3AU) × 100
A=
I average absorbance of the impurity zone eluates corrected for the corresponding
blank
A=
U average absorbance of the nadolol zone eluates corrected for the corresponding
blank
Acceptance criteria: NMT 2.0%
Solution A: Proceed as directed in the Assay.
Mobile phase: See Table 1.
Table 1
Time
Solution A Acetonitrile
(min)
(%)
(%)
0
85
15
3
85
15
7
50
50
10
50
50
10.5
85
15
15
85
15
Diluent: Acetonitrile and Solution A (15:85)
Standard solution: 0.007 mg/mL of USP Nadolol RS in Diluent. Sonication may be
necessary for complete dissolution.
Sensitivity solution: 0.35 µg/mL of USP Nadolol RS in Diluent from Standard solution
Sample solution: 0.7 mg/mL of Nadolol in Diluent. Sonication and occasional hand
shaking may be necessary for complete dissolution.
Chromatographic system: Proceed as directed in the Assay except for Injection
volume.
Injection volume: 50 µL
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Relative standard deviation: NMT 2.0 %, Standard solution
Signal-to-noise: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Nadolol taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of nadolol from the Standard solution
CS= concentration of USP Nadolol RS in the Standard solution (mg/mL)
CU= concentration of Nadolol in the Sample solution (mg/mL)
F = relative response factor from Table 2
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Acceptance criteria: See Table 2. Disregard peaks below 0.05%.
Table 2
Relative
Retention
Time

Name

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Nadolol alcohola
0.78
1.35
0.20
Nadolol
1.00
—
—
b
Nadolol methoxy analog
1.53
1.07
0.20
Nadolol dimerc
1.76
1.11
0.20
Diaryl glycerol analogd
1.83
1.42
0.20
e
Naphthyl analog
2.03
3.85
0.20
f
Dideoxy nadolol
2.10
0.78
0.20
Any unspecified impurity
—
1.00
0.10
Total impurities
—
—
0.50
a (2RS,3SR)-5-(2,3-Dihydroxypropoxy)-1,2,3,4-tetrahydronaphthalene-2,3-diol.
b (2RS,3SR)-5-(2-Hydroxy-3-methoxypropoxy)-1,2,3,4-tetrahydronaphthalene-2,3-diol.
c (2SR,3RS)-5-{3-[tert-Butyl(3-{[(6RS,7SR)-6,7-dihydroxy-5,6,7,8tetrahydronaphthalen-1-yl]oxy}-2-hydroxypropyl)amino]-2-hydroxypropoxy}-1,2,3,4tetrahydronaphthalene-2,3-diol.
d (2SR,3RS)-5-(3-{[(6RS,7SR)-6,7-Dihydroxy-5,6,7,8-tetrahydronaphthalen-1-yl]oxy}2-hydroxypropoxy)-1,2,3,4-tetrahydronaphthalene-2,3-diol and 1,3-Bis[(6R,7S)-6,7dihydroxy-5,6,7,8-tetrahydronaphthalene-1-yloxy]propane-2-ol.
e 1-(tert-Butylamino)-3-(naphthalen-1-yloxy)propan-2-ol.
f 1-(tert-Butylamino)-3-(5,6,7,8-tetrahydronaphthalen-1-yloxy)propan-2-ol.
2S (USP38)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry under vacuum at 60 for 3 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Nadolol RS

11
BRIEFING

Ritonavir Oral Solution, USP 37 page 4607. On the basis of the comments received, it is
proposed to make the following changes in the monograph:
1.
Delete the requirements for capacity factor and theoretical plates in the Assay,
because the other two requirements are sufficient to evaluate system suitability.
2.
Revise the test for Organic Impurities as follows:
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a.
Delete the requirement for capacity factor in System suitability, because the
other requirements are sufficient.
b.
Add a Note for the determination of relative retention values listed in Table 1.
c.
Revise the trivial names for three impurities in Table 1 to ensure consistency
across monographs of the Ritonavir family.
3.
Revise the test for Alcohol Content as follows:
a.
Replace USP Alcohol Determination–Alcohol RS with dehydrated alcohol, which is
more appropriate for the preparation of the Standard stock solution and
Standard solution.
b.
Revise the preparation of the Internal standard solution and Sample solution for
clarity.
c.
Revise the calculation section to be consistent with the validation data.
4.
Update the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: S. Shivaprasad.)
Correspondence Number—C135705

Comment deadline: September 30, 2014
Ritonavir Oral Solution
DEFINITION
Ritonavir Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of ritonavir
(C37 H48 N6 O5 S2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 4.1 g/L of monobasic potassium phosphate
Mobile phase: Acetonitrile, methanol, tetrahydrofuran (stabilizer-free), and Buffer (17.5:
10: 10: 62.5). Filter the required solutions individually prior to use.
Diluent: Acetonitrile and Buffer (50:50)
Standard solution: 25 µg/mL of USP Ritonavir RS in Diluent
Sample solution: Nominally 25 µg/mL of ritonavir in Diluent from a measured volume of Oral
Solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
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Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor: Greater than 15
2S (USP38)

Tailing factor: 0.8–1.2
Theoretical plates: Greater than 5000
2S (USP38)

Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ritonavir (C37 H48 N6 O5 S2 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ritonavir RS in the Standard solution (µg/mL)
C=
U nominal concentration of ritonavir in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume 698
For multiple-unit containers
Acceptance criteria: Meets the requirements
IMPURITIES
Change to read:
• Organic Impurities
[Note—Ritonavir is alkali sensitive. All glassware should be prerinsed with distilled water before
use to remove residual detergent contamination.]
Buffer A: 4.1 g/L of monobasic potassium phosphate
Buffer B: 3.8 g/L of monobasic potassium phosphate and 0.25 g/L of dibasic potassium
phosphate
Solution A: Acetonitrile and Buffer A (50:50)
Solution B: Acetonitrile and Buffer A (65:35)
Solution C: Butyl alcohol and Buffer A (8:92)
Mobile phase: Acetonitrile, butyl alcohol, tetrahydrofuran (stabilizer-free), and Buffer B
(18:5:8:69). Adjust with 1 M phosphoric acid or 1 M potassium hydroxide to a pH of 6.3 ±
0.1, if necessary.
Cleaning solution: Acetonitrile, butyl alcohol, tetrahydrofuran (stabilizer-free), and Buffer
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A (30:8:13:49)
Peak identification solution: Transfer 5–10 g of Oral Solution to a suitable sealed
container. Add an amount of citric acid equivalent to 1% by weight of Oral Solution taken,
and mix until dissolved. Seal the container, and heat at 70 for 24 h. Transfer 5.0 mL of
the thermally degraded sample to a 200-mL volumetric flask. Dissolve and dilute with
Solution B to volume.
Standard stock solution: 0.1 mg/mL of USP Ritonavir RS in Solution A
Standard solution: 10 µg/mL of USP Ritonavir RS in Solution C from the Standard stock
solution
Sample stock solution: Nominally 2 mg/mL of ritonavir in Solution B prepared as follows.
Transfer a measured volume of Oral Solution equivalent to 400 mg of ritonavir to a 200-mL
volumetric flask, and dilute with Solution B to volume.
Sample solution: Nominally 1 mg/mL of ritonavir prepared as follows. Transfer 25.0 mL of
the Sample stock solution to a 50-mL volumetric flask, and dilute with Solution C to
volume. Transfer 15.0 mL of the solution to a 50-mL centrifuge tube that has been
previously rinsed with methanol and dried. Add 20.0 mL of heptane, then stopper the
tube. Shake the tube vigorously until a uniform emulsion is obtained, making sure to vent
periodically. Centrifuge the resulting emulsion for about 5 min. Carefully aspirate off the
top layer (heptane), leaving the clear bottom layer (Sample solution) in the tube. The
centrifuged emulsion will have three distinct layers. The top layer (clear heptane) and the
bottom layer (Sample solution) are separated by a viscous white cloudy layer. The middle
layer should be considered part of the top layer for removal by aspiration. Repeat the
extraction steps, and analyze the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 3-µm packing L26. Wash the column with the Cleaning
solution after each injection of the Peak identification solution and each injection of the
Sample solution for about 26 min, and equilibrate with Mobile phase for about 30 min.
Store in the Cleaning solution after the analysis is completed.
Column temperature: 60
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: 1.8 times the retention time of ritonavir
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor: NLT 13
2S (USP38)

Tailing factor: 0.8–1.2
Relative standard deviation: NMT 3.0%
Analysis
Samples: Peak identification solution, Standard solution, and Sample solution
[
Note—Determine the relative retention value (r) for the components listed in Table 1 as
directed in Chromatography

621 , using the time measured at the baseline deflection
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of the Standard solution chromatogram as the void volume (t M).]

2S (USP38)

Calculate the percentage of each impurity in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of ritonavir from the Standard solution
CS = concentration of USP Ritonavir RS in the Standard solution (mg/mL)
CU = nominal concentration of ritonavir in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. Disregard peaks less than 0.05%.
Table 1
Relative
Retention
(r) 2S (USP38)

Name
Ureidovalinea,b
N-Deacylvaline ritonavirc,d
Acetamidoalcoholb,e
Propylene glycol adduct
Hydroxypropyl carbamate analog

0.03
0.11
0.15

Relative
Response
Factor
—

Acceptance
Criteria,
NMT (%)
—

1.0
1.0

0.7
0.1
0.4
0.1
0.5
0.5
0.2

2S (USP38)

2,5-Thiazolylmethyldicarbamateb,f
Hydroxyritonavird,g
Hydantoin aminoalcohold,h
Ritonavir hydroperoxided,i
Ethanol adduct
Ethyl carbamate analog 2S (USP38)

0.24
0.36
0.39
0.44

0.59
1.37
1.0
0.73
1.0

d,j

0.45
0.50
0.64

0.66
0.76
1.0

1.0
0.2
0.1

d,m

0.74

BOC-aminoalcoholb,n
Isobutoxycarbonyl aminoalcoholb,o
Oxazolidinone derivatived,p
Ureidovaline isobutyl esterb,q
Ritonavir
4-Hydroxy isomerb,r
3R-Epimerb,s
Aminoalcohol urea derivativeb,t
3R,5R-Diastereomerb,u

1.0
—

0.2
—

0.81
0.87
0.94
1.00
1.05
1.11
1.14
1.23

0.74
0.53
1.0
—
1.0
1.0
1.0
1.0

0.1
0.2
0.1
—
0.1
0.3
0.1
0.1

d

Hydantoin-oxazolidinone derivativeb,k
Ethyl analogb,l
Geo-isomer
O-Acyl isomer 2S (USP38)
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5R-Epimerb,v
1.32
1.0
0.1
b
,
w
Diacyl valine urea
1.70
1.0
0.1
Any individual unspecified degradation product
—
1.0
0.2
Total process impurity
—
—
1.2
Total impurities
—
—
3.0
a {N-Methyl[(2-isopropyl-4-thiazolyl)methyl]amino}carbonyl-l-valine (not quantified by this
method due to solvent front and placebo interferences; controlled as a synthetic impurity in
the drug substance).
b Process impurity.
c Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-amino-3-methylbutanamido]-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
d Degradation product.
e Thiazol-5-ylmethyl (2S,3S,5S)-5-acetamido-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
f Bis(thiazol-5-ylmethyl) (2S,3S,5S)-3-hydroxy-1,6-diphenylhexane-2,5-diyldicarbamate. (If
two peaks appear with a relative retention of 0.24, the second peak is identified as the 2,5thiazolylmethyl dicarbamate impurity. If a single peak with a relative retention of 0.24
appears, report as Propylene glycol adduct.
Hydroxypropyl carbamate analog. 2S (USP38)
)
g Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-2-(3-{[2-(2-hydroxypropan-2-yl)thiazol-4yl]methyl}-3-methylureido)-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
h Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-4-isopropyl-2,5-dioxoimidazolidin-1-yl]-1,6diphenylhexan-2-ylcarbamate.
i Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-(3-{[2-(2-hydroperoxypropan-2-yl)thiazol-4yl]methyl}-3-methylureido)-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2ylcarbamate (unspecified degradant; report as ethanol adduct
Ethyl carbamate analog 2S (USP38)
due to possible coelution).
j Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-ethoxycarbonylamino-3-methylbutanamido]-3hydroxy-1,6-diphenylhexan-2-ylcarbamate (possible coelution with ritonavir hydroperoxide).
k (4S,5S)-Thiazol-5-ylmethyl 4-benzyl-5-{(S)-2-[(S)-4-isopropyl-2,5-dioxoimidazolidin-1-yl]-3phenylpropyl}-2-oxooxazolidine-3-carboxylate.
l Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-{3-[(2-ethylthiazol-4-yl)methyl]-3-methylureido}-3methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
m (S)-{(2S,3S,5S)-5-Amino-1,6-diphenyl-2-[(thiazol-5-ylmethoxy)carbonylamino]hexan-3-yl}
2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanoate (unspecified
degradant).
n Thiazol-5-ylmethyl (2S,3S,5S)-(5-t-butoxycarbonylamino)-3-hydroxy-1,6-diphenylhexan-2ylcarbamate (may coelute with isobutoxycarbonyl aminoalcohol; report as isobutoxycarbonyl
aminoalcohol using a relative response factor of 0.74).
o Thiazol-5-ylmethyl (2S,3S,5S)-(5-isobutoxycarbonylamino)-3-hydroxy-1,6-diphenylhexan-2ylcarbamate.
p (S)-N-[(S)-1-[(4S,5S)-4-Benzyl-2-oxooxazolidin-5-yl]-3-phenylpropan-2-yl]-2-{3-[(2isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanamide (unspecified degradant).
q (S)-Isobutyl 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanoate.
r Thiazol-5-ylmethyl (2S,4S,5S)-4-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
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s Thiazol-5-ylmethyl (2S,3R,5S)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
t Bis(thiazol-5-ylmethyl) (2S,2'S,3S,3'S,5S,5'S)-5,5'-carbonylbis(azanediyl)bis(3-hydroxy-1,6diphenylhexane-5,2-diyl)dicarbamate.
u Thiazol-5-ylmethyl (2S,3R,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
v Thiazol-5-ylmethyl (2S,3S,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
w (3S,4S,6S,10S,13S,15S,16S)-Bis(thiazol-5-ylmethyl)-4,15-dihydroxy-10-isopropyl-8,11dioxo-3,6,13,16-tetrabenzyl-2,7,9,12,17-pentaazaoctadecanedioate.
SPECIFIC TESTS
Change to read:
• Alcohol Content
Internal standard solution: Butyl Alcohol and methanol (1:20)
Transfer 10.0 mL of butyl alcohol to a 200-mL volumetric flask and dilute with methanol to
volume. 2S (USP38)
Internal standard identity solution: Dilute 5.0 mL of the Internal standard solution with
methanol to 100 mL.
Standard stock solution: 4.0%
(v/v) 2S (USP38)
of USP Alcohol Determination–Alcohol RS
dehydrated alcohol 2S (USP38)
in methanol
Standard solution: 0.4 mg/mL of USP Alcohol Determination–Alcohol RS
0.4% (v/v) of dehydrated alcohol 2S (USP38)
prepared as follows. Transfer 10.0 mL of the Standard stock solution and 5 mL of the
Internal standard solution to a 100-mL volumetric flask, and dilute with methanol to
volume.
Sample stock solution: Nominally 8 mg/mL of ritonavir in methanol prepared as follows.
2S (USP38)

Transfer a measured volume
5.0 mL 2S (USP38)
of Oral Solution equivalent to 400 mg of ritonavir
2S (USP38)

to a 50-mL volumetric flask with the aid of several portions of methanol, and dilute with
methanol to volume.
Sample solution: Nominally 0.8 mg/mL of ritonavir prepared as follows.
2S (USP38)

Transfer 10.0 mL of the Standard stock solution
Sample stock solution 2S (USP38)
and 5.0 mL of the Internal standard solution to a 100-mL volumetric flask, and dilute with
methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
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Column: 0.53-mm × 30-m fused silica capillary; 1-µm layer of phase G16
Temperatures
Injection port: 185
Detector: 220
Column: See Table 2.
Table 2
Initial
Temperature
Final
Hold Time at
Temperature
Ramp
Temperature
Final Temperature
( )
( /min)
( )
(min)
40
0
40
5
40
10
145
6
145
20
200
9.75
Carrier gas: Helium
Flow rate: 4.5 mL/min
Makeup gas flow: 30 mL/min
Injection volume: 1 µL
Injection type: Split injection with a split ratio, 4:1
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.2 for the alcohol peak
Relative standard deviation: NMT 3.0% for the peak area ratio of alcohol to butyl
alcohol
Analysis
Samples: Internal standard identity solution, Standard solution, and Sample solution
Calculate the percentage of the labeled amount
2S (USP38)

of alcohol in the portion of Oral Solution taken:
Result = (RU/RS) × (CS/CU) × 100
Result = (RU/RS) × C × D
RU
RS

2S (USP38)

= peak area ratio of alcohol to butyl alcohol from the Sample solution
= peak area ratio of alcohol to butyl alcohol from the Standard solution
average peak area ratio of alcohol to butyl alcohol from the Standard solution
2S (USP38)

CS
C

= concentration of USP Alcohol Determination–Alcohol RS in the Standard
solution (mg/mL)
2S (USP38) concentration of dehydrated alcohol in the Standard solution (% v/v)

CU

= nominal concentration of alcohol in the Sample solution (mg/mL)

2S (USP38)
2S (USP38)

D

= dilution factor used to prepare the Sample solution, 100

Acceptance criteria: 40%–47%
(v/v) 2S (USP38)
of alcohol (C2 H6 O)

2S (USP38)
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• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms
total aerobic microbial count does not exceed 102 cfu/mL.

62 : The

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at room
temperature.
Change to read:
• USP Reference Standards 11
USP Alcohol Determination–Alcohol RS
2S (USP38)

USP Ritonavir RS
BRIEFING
Rizatriptan Benzoate Tablets. Because there is no existing USP monograph for this drug
product, a new monograph based on validated methods of analysis is proposed.
1.
The liquid chromatographic procedure in the Assay and the test for Organic Impurities is
based on analysis performed with the Symmetry C18 brand of L1 column
manufactured by Waters Corporation. The typical retention time for rizatriptan is
about 10 min.
2.
The liquid chromatographic procedure proposed in the Dissolution test is based on
analysis performed with the Zorbax SB CN brand of L10 column manufactured by
Agilent Technologies, in which the typical retention time for rizatriptan is about 5
min.
(SM4: R. Ravichandran.)
Correspondence Number—C128980; C130599

Comment deadline: September 30, 2014
Add the following:
Rizatriptan Benzoate Tablets
DEFINITION
Rizatriptan Benzoate Tablets contain an amount of rizatriptan benzoate (C15 H19 N5 ·C7 H6 O2 )
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of rizatriptan (C15 H19 N5 ).
IDENTIFICATION
• A. Infrared Absorption 197M
Sample: Grind a suitable number of Tablets containing NLT 125 mg of rizatriptan. Transfer
a suitable amount of powder equivalent to NLT 100 mg of rizatriptan to a suitable flask to
obtain a 1 mg/mL solution. Add 75% of the flask volume of methanol. Shake vigorously to
disperse the powder. Dilute with methanol to volume. Pass a portion through a suitable
filter. Evaporate the filtrate under a stream of nitrogen. Prepare a mull of the residue with
mineral oil.
Acceptance criteria: The spectrum of the Sample corresponds to that of a similarly
prepared Standard.
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• B. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Dissolve 1.7 g of monobasic potassium phosphate and 0.9 g of sodium 1hexanesulfonate to a 1-L volumetric flask. Add 900 mL of water. Adjust with 50% (w/w)
sodium hydroxide solution to a pH of 6.8. Dilute with water to volume.
Mobile phase: Acetonitrile and Buffer (15:85)
Diluent: Acetonitrile and 0.05 M ammonium acetate (20:80)
Standard solution: 0.06 mg/mL of USP Rizatriptan Benzoate RS in Diluent
Sample stock solution: Nominally 0.2 mg/mL of rizatriptan in Diluent prepared as follows.
Transfer NLT 10 Tablets to a suitable volumetric flask. Add 10%–20% of the flask volume
of Diluent. Swirl until the Tablets have disintegrated completely. Dilute with Diluent to
volume. Stir the solution for 90–150 min. Centrifuge a portion of the resulting solution. Use
the supernatant to prepare the Sample solution.
Sample solution: Nominally 0.04 mg/mL of rizatriptan from the supernatant of the Sample
stock solution and Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 226 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1. [Note—A suitable guard column may be
used if necessary.]
Column temperature: 45
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2.5 times the retention time of rizatriptan
System suitability
Sample: Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Tailing factor: NMT 3 for the rizatriptan peak
Relative standard deviation: NMT 2.0% for the rizatriptan peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rizatriptan (C15 H19 N5 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of rizatriptan from the Sample solution
rS= peak response of rizatriptan from the Standard solution
CS= concentration of USP Rizatriptan Benzoate RS in the Standard solution (mg/mL)
CU= nominal concentration of rizatriptan in the Sample solution (mg/mL)
Mr1
= molecular weight of rizatriptan, 269.35
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Mr2
= molecular weight of rizatriptan benzoate, 391.47
Acceptance criteria: 90.0%–110.0% of the labeled amount of rizatriptan
PERFORMANCE TESTS
• Dissolution 711
Medium: Water, deaerated if necessary; 900 mL
Apparatus 2: 50 rpm
Time: 15 min
Analyze the sample under test using either Instrumental procedure or Chromatographic
procedure.
Instrumental procedure
Standard solution: (L/625) mg/mL of USP Rizatriptan Benzoate RS in Medium, where L is
the label claim of rizatriptan, in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable membrane
filter of 10-µm pore size.
Instrumental conditions
Mode: UV
Analytical wavelength: 226 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rizatriptan (C15 H19 N5 ) dissolved:
Result = (AU/AS) × CS × V × (Mr1/Mr2) × (1/L) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Rizatriptan Benzoate RS in the Standard solution (mg/mL)
V = volume of the Medium, 900 mL
Mr1
= molecular weight of rizatriptan, 269.35
Mr2
= molecular weight of rizatriptan benzoate, 391.47
L = label claim of rizatriptan (mg/Tablet)
Chromatographic procedure
Mobile phase: Acetonitrile and Buffer (10:90)
Standard stock solution: 0.4 mg/mL of USP Rizatriptan Benzoate RS in Medium
Standard solution: (L/900) mg/mL of rizatriptan from the Standard stock solution and
Medium, where L is the label claim of rizatriptan, in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable membrane
filter of 10-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L10
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Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of rizatriptan
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the rizatriptan peak
Relative standard deviation: NMT 2.0% for the rizatriptan peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rizatriptan (C15 H19 N5 ) dissolved:
Result = (rU/rS) × CS × V × (Mr1/Mr2) × (1/L) × 100
rU= peak response of rizatriptan from the Sample solution
rS= peak response of rizatriptan from the Standard solution
CS= concentration of USP Rizatriptan Benzoate RS in the Standard solution (mg/mL)
V = volume of the Medium, 900 mL
Mr1
= molecular weight of rizatriptan, 269.35
Mr2
= molecular weight of rizatriptan benzoate, 391.47
L = label claim of rizatriptan (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of rizatriptan (C15 H19 N5 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Mobile phase, Diluent, Standard solution, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
System suitability solution: A solution containing rizatriptan, benzoic acid, and rizatriptan
N-oxide prepared as follows. Rinse a suitable flask with hydrogen peroxide. Heat the flask
in an oven at 60 for NLT 10 min. Allow the flask to cool and rinse with water. Transfer 5
mL of the Standard solution. Add 0.2 mL of hydrogen peroxide. Mix well and heat in an
oven at 60 for NLT 30 min. Allow to stand for 24 h. [Note—This solution is stable for at
least 7 days at room temperature.]
Sensitivity solution: 0.06 µg/mL of USP Rizatriptan Benzoate RS from Standard solution
and water
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 2.0 between benzoic acid and rizatriptan N-oxide, System suitability
solution
Tailing factor: NMT 3 for the rizatriptan peak, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis

PF 40(4): Jul.-Aug. 2014

400

Sample: Sample solution
Calculate the percentage of each degradation product in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U peak response of each individual degradation product
r=
T sum of peak responses of rizatriptan and all degradation products excluding benzoic acid
and process impurities
Acceptance criteria: See Table 1. Disregard any impurity less than 0.1%.
Table 1
Relative
Retention
Time

Name
acida

Benzoic
Rizatriptan N-oxideb
Rizatriptan
Any individual unspecified degradation product
Total degradation productsc

0.3
0.44
1.0
—
—

Acceptance
Criteria,
(%)
—
0.5
—
0.2
0.75

a Not an impurity, counter ion of the drug substance, included for information only.
b 2-{5-[(1H-1,2,4-Triazol-1-yl)methyl]-1H-indol-3-yl}-N,N-dimethylethanamine oxide.
c Do not include benzoic acid or any known process impurities.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at
controlled room temperature.
• USP Reference Standards 11
USP Rizatriptan Benzoate RS
2S (USP38)

BRIEFING
Rizatriptan Benzoate Orally Disintegrating Tablets. Because there is no existing USP
monograph for this drug product, a new monograph based on validated methods of analysis
is proposed. The liquid chromatographic procedure in the Assay and in the test for Organic
Impurities is based on analyses performed with the YMC Basic brand of L7 column
manufactured by Waters Corporation. The typical retention time for rizatriptan is about 16
min.
(SM4: R. Ravichandran.)
Correspondence Number—C129076

Comment deadline: September 30, 2014
Add the following:
Rizatriptan Benzoate Orally Disintegrating Tablets
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DEFINITION
Rizatriptan Benzoate Orally Disintegrating Tablets contain an amount of rizatriptan benzoate
(C15 H19 N5 ·C7 H6 O2 ) equivalent to NLT 93.0% and NMT 105.0% of the labeled amount of
rizatriptan (C15 H19 N5 ).
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Transfer 3.4 g of monobasic potassium phosphate and 2.0 g of 1-heptanesulfonic
acid, sodium salt to a 1-L volumetric flask. Add 900 mL of water. Adjust with 50% (w/w)
sodium hydroxide to a pH of 7.5, and dilute with water to volume.
Mobile phase: Acetonitrile and Buffer (16:84)
Diluent: Acetonitrile and 0.025 M monobasic potassium phosphate (10:90)
Standard solution: 0.07 mg/mL of USP Rizatriptan Benzoate RS in Diluent
Sample stock solution: Nominally 0.5 mg/mL of rizatriptan in Diluent prepared as follows.
Transfer NLT 10 Tablets to a suitable volumetric flask. Add 25%–50% of the flask volume
of Diluent, and swirl until the Tablets have disintegrated completely. Dilute with Diluent to
volume.
Sample solution: Nominally 0.05 mg/mL of rizatriptan free base from the Sample stock
solution and Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 226 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Tailing factor: NMT 3.5
Relative standard deviation: NMT 2.0% for the rizatriptan peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rizatriptan (C15 H19 N5 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
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CS= concentration of USP Rizatriptan Benzoate RS in the Standard solution (mg/mL)
CU= nominal concentration of rizatriptan in the Sample solution (mg/mL)
Mr1
= molecular weight of rizatriptan free base, 269.35
Mr2
= molecular weight of rizatriptan benzoate, 391.47
Acceptance criteria: 93.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water, 900 mL
Apparatus 2: 50 rpm
Sampling time: 5 min
Standard solution: (L/625) mg/mL of USP Rizatriptan Benzoate RS in Medium, where L is
the label claim of rizatriptan in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable membrane
filter of 10-µm pore size.
Instrumental conditions
Mode: UV
Analytical wavelengths: 278 and 320 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rizatriptan (C15 H19 N5 ) dissolved:
Result = (AU/AS) × CS × V × (Mr1/Mr2) × (1/L) × 100
AU= absorbance of rizatriptan from the Sample solution, corrected for the absorbance at
320 nm
AS= absorbance of rizatriptan from the Standard solution, corrected for the absorbance
at 320 nm
CS= concentration of USP Rizatriptan Benzoate RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
Mr1
= molecular weight of rizatriptan free base, 269.35
Mr2
= molecular weight of rizatriptan benzoate, 391.47
L = label claim of rizatriptan (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of rizatriptan (C15 H19 N5 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Mobile phase, Diluent, Standard solution, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
System suitability stock solution A: Solution containing rizatriptan N-oxide prepared as
follows. Rinse a suitable flask with hydrogen peroxide. Heat the flask in an oven for NLT 10
min. Allow the flask to cool and rinse with water. Transfer 5 mL of Standard solution to
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the flask, add 0.2 mL of hydrogen peroxide, and tightly stopper. Mix well and heat in an
oven at 60 for NLT 30 min. Allow to stand for 24 h. [Note—This solution is stable for at
least 7 days at room temperature.]
System suitability stock solution B: Solution containing an N-methyl adduct of rizatriptan
prepared as follows. Dissolve 10 mg of USP Rizatriptan Benzoate in 1 mL of methanol in a
suitable round-bottom flask. Add 1 mL of dimethylcarbonate and mix by swirling. Reflux the
resulting solution over a heating mantle at 125 for NLT 2 h. Allow the solution to cool,
and dilute 1 mL of the resulting solution with Diluent to 100 mL. [Note—This solution is
stable for 3 months under refrigerated conditions.] Transfer 10 mL of the resulting solution
to a suitable container with a stopper. Add 0.2 mL of 6 M sodium hydroxide solution, and
allow the solution to remain at room temperature for NLT 2 h. Neutralize the solution with
0.3 mL of 6 M hydrochloric acid.
System suitability solution: System suitability stock solution A, System suitability stock
solution B, and Standard solution (4:4:2)
Sensitivity solution: 0.07 µg/mL of USP Rizatriptan Benzoate RS from the Standard
solution and Diluent
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 2 between N-methyl adduct and rizatriptan, System suitability solution
Tailing factor: NMT 3.5, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each degradation product in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U response of each individual degradation product
r=
T sum of all the areas of rizatriptan and all the degradation products excluding the benzoic
acid peak and process impurities
Acceptance criteria: See Table 1. Disregard any impurity less than 0.1%.
Name
Benzoic acida
Rizatriptan N-oxideb
Aspartamec
Rizatriptan desmethyld
Rizatriptan N-methyl adduct e
Rizatriptan
Any individual unspecified degradation
product
Total degradation productsf

Table 1
Relative Retention
Time
0.2
0.3
0.4
0.8
0.9
1.0

Acceptance Criteria
(%)
–
0.5
–
0.4

–

1.5
–
0.2

–

2.0
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Not an impurity; counter ion of the drug substance, included for information only.
2-{5-[(1H-1,2,4-Triazol-1-yl)methyl]-1H-indol-3-yl}-N,N-dimethylethanamine oxide.
Excipient; may not be present in all sample \formulations.
2-{5-[(1H-1,2,4-Triazol-1-yl)methyl]-1H-indol-3-yl}-N-methylethanamine.
2-{5-[(1H-1,2,4-Triazol-1-yl)methyl]-1H-indol-3-yl}-N,N,N-trimethylethan-1-aminium.

f Do not include benzoic acid or any known process impurities.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at
controlled room temperature.
• USP Reference Standards 11
USP Rizatriptan Benzoate RS
2S (USP38)

BRIEFING
Salicylic Acid Gel, USP 37 page 4644. As a part of USP monograph modernization efforts, the
following revisions are proposed:
1.
Replace the wet chemistry-based Identification test A with a retention time agreement
and add the match of the UV spectrum of the main peak from the proposed UHPLC
procedure in the Assay as Identification test B.
2.
Replace the titration procedure in the Assay with a specific UHPLC procedure. The liquid
chromatographic procedure is performed using the Waters BEH-C18, 1.7-µm brand of
column containing L1 packing. The typical retention time for salicylic acid is about
3.7 min.
3.
Add a stability-indicating UHPLC procedure in the test for Organic Impurities using the
same chromatographic system as the Assay.
4.
Add a USP Reference Standards section to include Reference Standards that are being
used in the existing and proposed procedures.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: R.-H. Yeh.)
Correspondence Number—C137584

Comment deadline: September 30, 2014
Salicylic Acid Gel
DEFINITION
Salicylic Acid Gel is Salicylic Acid in a suitable viscous hydrophilic vehicle. It contains NLT
90.0% and NMT 110.0% of the labeled amount of salicylic acid (C7 H6 O3 ). It may contain
alcohol.
IDENTIFICATION
Delete the following:
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Delete the following:
• A. Procedure
Sample solution: Filter 5 mL of the solution obtained by titration in the Assay. Use the
filtrate for analysis.
Analysis 1: Add 1 mL of ferric chloride TS to Sample solution.
Acceptance criteria 1: A violet color is produced.
Analysis 2: Add 1 mL of 6 N acetic acid to the solution after Analysis 1.
Acceptance criteria 2: The violet color does not change.
Analysis 3: Add 1 mL of 6 N hydrochloric acid to the solution after Analysis 2.
Acceptance criteria 3: The violet color is discharged. A small amount of white precipitate
may appear. 2S (USP38)
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Sample: 5.0 g of Gel
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Visual
Analysis: Add 1 drop of phenolphthalein TS and sufficient 0.1 N sodium hydroxide to 25
mL of diluted alcohol to produce a faint pink color. Add the Sample to the solution and
stir. Titrate the dispersion with Titrant until a pink color is produced. Reserve this
solution for Identification test A. Each mL of Titrant is equivalent to 13.81 mg of salicylic
acid (C7 H6 O3 ).
Acceptance criteria: 90.0%–110.0%
Solution A: 0.17% trifluoroacetic acid in water (v/v)
Mobile phase: Methanol, trifluoroacetic acid, and water (40: 0.1: 60)
Standard solution: 0.04 mg/mL of USP Salicylic Acid RS in Mobile phase
Sample solution: Nominally 0.04 mg/mL of salicylic acid, prepared as follows. Transfer 4
mg of salicylic acid from a portion of Gel to a 100-mL volumetric flask and dissolve in 40
mL of methanol. Sonicate to dissolve as needed and dilute with Solution A to volume.
Pass through a suitable filter of 0.45-µm pore size, discarding the first 2–3 mL of
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 212 nm. For Identification test B, use a diode array detector in the
range of 200–400 nm.
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Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Column temperature: 30
Flow rate: 0.2 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.8
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of salicylic acid (C7 H6 O3 ) in the portion of Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Salicylic Acid RS in the Standard solution (mg/mL)
CU= nominal concentration of salicylic acid in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

2S (USP38)

IMPURITIES
Add the following:
• Organic Impurities
Solution A: 0.15% trifluoroacetic acid in water (v/v)
Diluent: Methanol and Solution A (3:7)
Mobile phase: Methanol, trifluoroacetic acid, and water (40: 0.1: 60)
Standard stock solution: 0.5 mg/mL of USP Salicylic Acid RS, 0.25 mg/mL of USP Salicylic
Acid Related Compound A RS, 0.125 mg/mL of USP Salicylic Acid Related Compound B RS,
and 0.05 mg/mL of USP Phenol RS in Diluent
Standard solution: 5 µg/mL of USP Salicylic Acid RS, 2.5 µg/mL of USP Salicylic Acid
Related Compound A RS, 1.25 µg/mL of USP Salicylic Acid Related Compound B RS, and 0.5
µg/mL of USP Phenol RS in Diluent from Standard stock solution
Sample solution: Nominally 2.5 mg/mL of salicylic acid, prepared as follows. Transfer 62.5
mg of salicylic acid from a portion of Gel to a 25-mL volumetric flask and dissolve in 8 mL
of methanol. Sonicate to dissolve as needed and dilute with Solution A to volume. Pass
through a suitable filter of 0.45-µm pore size, discarding the first 2–3 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 212 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Column temperature: 30
Flow rate: 0.2 mL/min
Injection volume: 2 µL
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System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between any two peaks
Relative standard deviation: NMT 2% for each peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any other individual unspecified impurity in the portion of Gel
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other individual unspecified impurity from the Sample solution
rS= peak response of salicylic acid from the Standard solution
C=
S concentration of USP Salicylic Acid RS in the Standard solution (mg/mL)
C=
U nominal concentration of salicylic acid in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)
—
—
—
—
0.10
1.0

Salicylic acid related compound Aa
0.3
Phenola
0.5
a
Salicylic acid related compound B
0.6
Salicylic acid
1.0
Any other individual unspecified impurity
—
Total impurities
—
a These are process impurities, which are included in the table for identification only.
These impurities are controlled in the drug substance. They are not to be reported for
the drug product and should not be included in the total impurities.
2S (USP38)

OTHER COMPONENTS
• Alcohol Determination 611 : If present, 90.0%–110.0% of the labeled amount of alcohol
(C2 H5 OH) is found.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible tubes or in tight containers, preferably at
controlled room temperature.
Add the following:
• USP Reference Standards 11
USP Alcohol Determination—Acetonitrile RS
USP Alcohol Determination—Alcohol RS
USP Phenol RS
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USP Salicylic Acid RS
USP Salicylic Acid Related Compound A RS
4-Hydroxybenzoic acid.
C7 H6 O3
138.12
USP Salicylic Acid Related Compound B RS
4-Hydroxyisophthalic acid.
C8 H6 O5
182.13
2S (USP38)

BRIEFING
Sertraline Hydrochloride Tablets, USP 37 page 4678. On the basis of comments received, it
is proposed to revise the test for Organic Impurities as follows.
1.
Include a statement for disregarding the process impurity 1R,4R cis-isomer of sertraline,
which is controlled at NMT 1.5% level in Sertraline Hydrochloride. Stability data of
the finished dosage form indicates that 1R,4R cis-isomer of sertraline is not a
degradation product.
2.
Replace the word "impurities" with the term "degradation product" to be consistent with
ICH guidelines as this is a dosage form monograph.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C143306

Comment deadline: September 30, 2014
Sertraline Hydrochloride Tablets
DEFINITION
Sertraline Hydrochloride Tablets contain an amount of sertraline hydrochloride equivalent to NLT
90.0% and NMT 110.0% of the labeled amount of sertraline free base (C17 H17 Cl2 N).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Methanol and 0.1% (v/v) phosphoric acid (1:1)
Standard solution: 0.05 mg/mL of USP Sertraline Hydrochloride RS in Mobile phase
Sample stock solution: 0.5 mg/mL prepared as follows. Transfer NLT 10 Tablets to a
suitable volumetric flask. Dissolve in 0.1% phosphoric acid equivalent to 50% of the
volume of the flask. Sonicate for 15 min with intermittent shaking to disperse the Tablets.
Add an amount of methanol equivalent to 40% of the volume of the flask, and continue to
sonicate for an additional 10 min. Cool the solution, and dilute with methanol to volume.
Sample solution: 0.05 mg/mL in Mobile phase from the Sample stock solution. Pass a
portion of this solution through a nylon filter of 0.45-µm or finer pore size, discard the first
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few mL, and collect the rest of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L10
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: Twice the retention time of sertraline
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sertraline free base (C17 H17 Cl2 N) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sertraline Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of sertraline in the Sample solution (mg/mL)
Mr1
= molecular weight of sertraline, 306.23
Mr2
= molecular weight of sertraline hydrochloride, 342.69
Acceptance criteria: 90.0%–110.0% of sertraline free base
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: Acetate buffer (3.0 g/L of sodium acetate trihydrate and 1.6 mL/L of glacial
acetic acid; adjust with glacial acetic acid to a pH of 4.5); 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Standard stock solution: 0.56 mg/mL of USP Sertraline Hydrochloride RS in Medium. A
small volume of methanol, not exceeding 5% of the final volume, may be used to help
solubilize sertraline.
Standard solution
For Tablets labeled to contain 50, 100, 150, or 200 mg: 0.056 mg/mL in Medium
from the Standard stock solution
For Tablets labeled to contain 25 mg: 0.028 mg/mL in Medium from the Standard
stock solution
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Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute with Medium, if necessary.
Mobile phase: Acetonitrile and 0.1% (v/v) phosphoric acid (1:3)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L10
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 10 µL for Tablets labeled to contain 50, 100, 150, or 200 mg; 20 µL
for Tablets labeled to contain 25 mg
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sertraline free base (C17 H17 Cl2 N)
dissolved:
Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × D × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sertraline Hydrochloride RS in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
Mr1
= molecular weight of sertraline, 306.23
Mr2
= molecular weight of sertraline hydrochloride, 342.69
D = dilution factor for the Sample solution
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of sertraline free base (C17 H17 Cl2 N) is
dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: pH 4.5 acetate buffer (6.8 g/L of sodium acetate trihydrate and 32 mL/L of 2 N
acetic acid; adjust with 2 N acetic acid to a pH of 4.5); 900 mL
Apparatus 2: 75 rpm
Time: 45 min
Buffer: 3 mL/L of glacial acetic acid and 7 mL/L of triethylamine in water
Mobile phase: Acetonitrile, methanol, and Buffer (10:4:8)
Standard solution: (L/800) mg/mL of USP Sertraline Hydrochloride RS in Medium, where
L is the label claim in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter of
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0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 273 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Column temperature: 30
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sertraline free base (C17 H17 Cl2 N)
dissolved:
Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × D × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sertraline Hydrochloride RS in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
Mr1
= molecular weight of sertraline, 306.23
Mr2
= molecular weight of sertraline hydrochloride, 342.69
D = dilution factor for the Sample solution
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of sertraline free base (C17 H17 Cl2 N) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
[Note—Use freshly prepared samples.]
Buffer: 2.72 g/L of monobasic potassium phosphate. Adjust with triethylamine to a pH of
7.0.
Mobile phase: Methanol, acetonitrile, and Buffer (6:3:11). Adjust with triethylamine to a
pH of 8.0.
System suitability solution: 5 µg/mL of USP Sertraline Hydrochloride Racemic Mixture RS
and 0.5 mg/mL of USP Sertraline Hydrochloride RS in Mobile phase
Standard solution: 2.5 µg/mL of USP Sertraline Hydrochloride RS in Mobile phase
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Sample solution: [Note—Sonicate for about 10 min with shaking to disperse the Tablets.]
Prepare a solution of 0.5 mg/mL of sertraline in Mobile phase from NLT 20 powdered
Tablets. Pass a portion of this solution through a nylon filter of 0.45-µm or finer pore size,
discard the first few mL, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm × 25-cm; 5-µm packing L45
Flow rate: 0.7 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the 1R,4R cis-isomer of sertraline and sertraline are
0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between sertraline and the 1R,4R cis-isomer of sertraline, System
suitability solution
Relative standard deviation: NMT 5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity (other than process related)
degradation product 2S (USP38)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each individual impurity
degradation product 2S (USP38)
from the Sample solution
rS= peak response of sertraline from the Standard solution
CS= concentration of USP Sertraline Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of sertraline in the Sample solution (mg/mL)
Mr1
= molecular weight of sertraline, 306.23
Mr2
= molecular weight of sertraline hydrochloride, 342.69
Acceptance criteria
[Note—Disregard any peak below 0.1%.]
Disregard any peak below 0.1%. Disregard the peak due to the process impurity 1R,4R cisisomer of sertraline.
2S (USP38)

Individual impurities
degradation product: 2S (USP38)
NMT 0.2% of any individual impurity
2S (USP38)

Total impurities
degradation products:

2S (USP38)
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2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Sertraline Hydrochloride RS
USP Sertraline Hydrochloride Racemic Mixture RS
(1RS,4RS)-4-(3,4-Dichlorophenyl)-N-methyl-1,2,3,4-tetrahydro-1-naphthylamine
hydrochloride.
C17 H17 Cl2 N·HCl
342.69
BRIEFING
Sitagliptin Phosphate. Because there is no existing USP monograph for this drug substance, a
new monograph, based on validated methods of analysis, is proposed. The HPLC procedures
in the Assay and the test for Organic Impurities are based on analyses performed with the
Discovery Cyano brand of L10 column. The typical retention time for sitagliptin is about 5.6
min. The liquid chromatographic procedure in the test for Enantiomeric Purity is based on
analyses performed with the Daicel Chiralpak AD-H brand of L51 column. The typical
retention time for the R-enantiomer peak is about 15 min.
The Sitagliptin Phosphate draft has been prepared in close cooperation with Ph. Eur. and is now
being presented for public comment (see also the draft published in PharmEuropa 26.1).
(SM3: E. Gonikberg.)
Correspondence Number—C121170

Comment deadline: September 30, 2014
Add the following:
Sitagliptin Phosphate

C16 H15 F 6 N5 O·H3 PO4 ·H2 O
523.32
C16 H15 F 6 N5 O·H3 PO4
505.31
1,2,4-Triazolo[4,3-a]pyrazine, 7-[(3R)-3-amino-1-oxo-4-(2,4,5-trifluorophenyl)butyl]-5,6,7,8tetrahydro-3-(trifluoromethyl)-, phosphate (1:1) monohydrate;

PF 40(4): Jul.-Aug. 2014

414

7-[(R)-3-Amino-4-(2,4,5-trifluorophenyl)butanoyl]-3-(trifluoromethyl)-5,6,7,8-tetrahydro1,2,4-triazolo[4,3-a]pyrazine monophosphate monohydrate;
(3R)-3-Amino-1-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl-4(2,4,5-trifluorophenyl)butan-1-one phosphate monohydrate
[654671-77-9].
DEFINITION
Sitagliptin Phosphate contains NLT 98.0% and NMT 102.0% of sitagliptin phosphate
(C16 H15 F 6 N5 O·H3 PO4 ), calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197
[Note—Methods described in Infrared Absorption 197K , 197M , or 197A may be used.
If the spectra obtained in the solid state show differences, dissolve the substance to be
examined and the reference substance separately in dehydrated alcohol, evaporate to
dryness, and record new spectra using the residues.]
• B. Meets the requirements of the test for Enantiomeric Purity
• C. Identification Tests—General, Phosphate 191 : Meets the requirements of the silver
nitrate precipitation tests for orthophosphates
ASSAY
• Procedure
Buffer: 1.36 g/L of monobasic potassium phosphate, adjusted with phosphoric acid to a pH
of 2.0
Mobile phase: Acetonitrile and Buffer (15:85)
Dilute phosphoric acid: Transfer 1 mL of phosphoric acid to a 1-L volumetric flask, and
dilute with water to volume.
Diluent: Acetonitrile and Dilute phosphoric acid (5:95)
Standard solution: 0.1 mg/mL of USP Sitagliptin Phosphate RS in Diluent
Sample solution: 0.1 mg/mL of Sitagliptin Phosphate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 15-cm; 5-µm packing L10
Column temperature: 30
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sitagliptin phosphate (C16 H15 F 6 N5 O·H3 PO4 ) in the portion of
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Sitagliptin Phosphate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Sitagliptin Phosphate RS in the Standard solution (mg/mL)
C=
U concentration of Sitagliptin Phosphate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%, determined on 1.0 g in a platinum crucible
• Organic Impurities
Buffer, Mobile phase, Dilute phosphoric acid, Diluent, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
System suitability solution: Place 10 mg of Sitagliptin Phosphate and 1 mg of sodium
stearyl fumarate into a scintillation vial, add 1 mL of water, and tightly seal the vial. Heat
at 80 for 20–48 h to generate a fumarate adduct of sitagliptin. [Note—The chemical
name of fumarate adduct of sitagliptin is 2-[[(R)-4-oxo-4-[3-(trifluoromethyl)-5,6dihydro-[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2yl]amino]succinic acid.] Transfer the content of the vial into a 100-mL volumetric flask
using a small amount of Diluent. Rinse the vial three times with Diluent, add the rinsings to
the flask, and dilute with Diluent to volume. Mix well by stirring for 1 h. Centrifuge a
portion of the solution for 10 min or until the solution is clear, and use the supernatant.
Standard solution: 0.0001 mg/mL of USP Sitagliptin Phosphate RS in Diluent
Sensitivity solution: 0.05 µg/mL of USP Sitagliptin Phosphate RS in Diluent, from the
Standard solution
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—The relative retention times for sitagliptin and fumarate adduct of sitagliptin are
1.0 and 1.2, respectively.]
Suitability requirements
Resolution: NLT 1.5 between sitagliptin and fumarate adduct of sitagliptin, System
suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each impurity in the portion of Sitagliptin Phosphate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of sitagliptin from the Standard solution
C=
S concentration of USP Sitagliptin Phosphate in the Standard solution (mg/mL)
C=
U concentration of Sitagliptin Phosphate in the Sample solution (mg/mL)
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Acceptance criteria
Any individual impurity: NMT 0.10%
Total impurities: NMT 0.5%
Reporting level for impurities: 0.05%
• Enantiomeric Purity
Mobile phase: Dehydrated alcohol, chromatographic n-heptane, diethylamine, and water
(600:400:1:1)
Diluent: Methanol and water (9:1)
System suitability solution: 8 mg/mL of USP Sitagliptin System Suitability Mixture RS in
Diluent
Sample solution: 8 mg/mL of Sitagliptin Phosphate in Diluent
Sensitivity solution: 8 µg/mL of Sitagliptin Phosphate in Diluent from the Sample solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 25-cm; 5-µm packing L51
Column temperature: 35
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—The relative retention times for sitagliptin, which is the R-enantiomer, and the Senantiomer are 1.0 and 0.9, respectively.]
Suitability requirements
Resolution: NLT 1.5 between the S-enantiomer and sitagliptin, System suitability
solution
Signal-to-noise ratio: NLT 10 for the sitagliptin peak, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of S-enantiomer in the portion of Sitagliptin Phosphate taken:
Result = (rU/rT) × 100
r=
U peak response of the S-enantiomer from the Sample solution
r=
T sum of the peak responses of the S-enantiomer and sitagliptin from the Sample solution
Acceptance criteria: NMT 0.5% of the S-enantiomer
SPECIFIC TESTS
• Water Determination, Method Ia

921 : 3.3%–3.7%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• USP Reference Standards 11
USP Sitagliptin Phosphate RS
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USP Sitagliptin System Suitability Mixture RS
Sitagliptin Phosphate containing S-enantiomer.
2S (USP38)

BRIEFING
Sitagliptin Tablets. Because there is no existing USP monograph for this drug product, a new
monograph, based on validated methods of analysis, is proposed. The HPLC procedures in
the Assay and in the test for Organic Impurities are based on analyses performed with the
Discovery Cyano brand of L10 column. The typical retention time for sitagliptin is about 5.6
min. Under Performance Tests, it is proposed to use the test for Disintegration

701

rather than the test for Dissolution 711 that has been shown to be more sensitive to
manufacturing variables for rapidly dissolving drugs.
The Sitagliptin Tablets draft has been prepared in close cooperation with the British
Pharmacopoeia and is now being presented for public comment.
(SM3: E. Gonikberg.)
Correspondence Number—C128981

Comment deadline: September 30, 2014
Add the following:
Sitagliptin Tablets
DEFINITION
Sitagliptin Tablets contain an amount of sitagliptin phosphate (C16 H15 F 6 N5 O·H3 PO4 ·H2 O)
equivalent to NLT 95.0% and NMT 105.0% of the labeled amount of sitagliptin (C16 H15 F 6 N5 O).
IDENTIFICATION
• A. Infrared Absorption 197K or 197A
Sample: Grind a Tablet, and use a suitable amount of the powdered Tablet to prepare a
specimen.
Analysis: Record the spectra of the Sample and the Standard using 197A or 197K ,
and examine the spectra in the range between 1800 cm–1 and 650 cm–1.
Acceptance criteria: The spectrum obtained from the Sample shows bands at
approximately 1669, 1513, 1425, 1207, 880, and 844 cm–1, similar to the spectrum from
the Standard similarly obtained. [Note—Peak positions may vary slightly between
instruments (within ±10 cm–1). Other peaks may be present in the spectra that do not
appear in this list.]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.36 g/L of monobasic potassium phosphate, adjusted with phosphoric acid to a pH
of 2.0
Mobile phase: Acetonitrile and Buffer (15:85)
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Dilute phosphoric acid: Transfer 1 mL of phosphoric acid to a 1-L volumetric flask, and
dilute with water to volume.
Diluent: Acetonitrile and Dilute phosphoric acid (5:95)
Standard solution: 0.1 mg/mL of USP Sitagliptin Phosphate RS in Diluent
Sample stock solution: Nominally 1.0 mg/mL of sitagliptin, prepared as follows. Place 10
Tablets in a suitable volumetric flask, and dilute with Diluent to volume. Add a stir bar and
stir vigorously for 1 h, ensuring that a vortex is achieved during stirring.
Sample solution: Nominally 0.08 mg/mL of sitagliptin, prepared as follows. Transfer 8.0 mL
of the Sample stock solution to a 100-mL volumetric flask, and dilute with Diluent to
volume. Centrifuge a portion of the solution for 10 min or until the solution is clear, and
use the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 15-cm; 5-µm packing L10
Column temperature: 30
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sitagliptin (C16 H15 F 6 N5 O) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
CS= concentration of USP Sitagliptin Phosphate RS in the Standard solution (mg/mL)
CU= nominal concentration of sitagliptin in the Sample solution (mg/mL)
Mr1
= molecular weight of sitagliptin, 407.32
Mr2
= molecular weight of anhydrous sitagliptin phosphate, 505.31
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Disintegration 701
Time: 5 min
Acceptance criteria: Meet the requirements
• Uniformity of Dosage Units

905 : Meet the requirements
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IMPURITIES
• Organic Impurities
Buffer, Mobile phase, Dilute phosphoric acid, Diluent, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
System suitability solution (Procedure 1 may be used for Tablets containing sodium
stearyl fumarate as an excipient in the formulation, and Procedure 2 may be used for all
products.)
Procedure 1: Place 1 Tablet of any potency into a scintillation vial, add 1 mL of water,
and tightly seal the vial. Heat at 80 for 20–48 h. Transfer the content of the vial into a
100-mL volumetric flask, using a small amount of Diluent. Rinse the vial three times with
Diluent, add the rinsings to the flask, and dilute with Diluent to volume. Mix well by
stirring for 1 h. If needed, further dilute with Diluent to obtain a solution with a
concentration of 0.08 mg/mL of sitagliptin, based on the label claim of the Tablets.
Centrifuge a portion of the solution for 10 min or until the solution is clear, and use the
supernatant.
Procedure 2: Place 10 mg of USP Sitagliptin Phosphate RS and 1 mg of sodium stearyl
fumarate into a scintillation vial, add 1 mL of water, and tightly seal the vial. Heat at 80
for 20–48 h. Transfer the content of the vial into a 100-mL volumetric flask, using a
small amount of Diluent. Rinse the vial three times with Diluent, add the rinsings to the
flask, and dilute with Diluent to volume. Mix well by stirring for 1 h. Centrifuge a portion
of the solution for 10 min or until the solution is clear, and use the supernatant.
Standard solution: 0.0002 mg/mL of USP Sitagliptin Phosphate RS in Diluent
Sensitivity solution: 0.0001 mg/mL of USP Sitagliptin Phosphate RS in Diluent from the
Standard solution
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between sitagliptin and fumarate adduct, System suitability
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of sitagliptin from the Standard solution
CS= concentration of USP Sitagliptin Phosphate RS in the Standard solution (mg/mL)
CU= nominal concentration of sitagliptin in the Sample solution (mg/mL)
F = relative response factor, see Table 1
Mr1
= molecular weight of sitagliptin, 407.32
Mr2
= molecular weight of anhydrous sitagliptin phosphate, 505.31
Acceptance criteria: See Table 1. Reporting level for impurities: 0.1%
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Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Sitagliptin acida
0.55
0.65
0.2
Sitagliptin
1.0
—
—
b
,
c
Fumarate adduct (if present)
1.2
1.0
0.2
d
Sitagliptin triazecine analog
1.8
1.0
0.2
Sitagliptin styrylacetyl analoge
4.1
1.0
0.2
f
Sitagliptin phenylcrotonyl analog
4.7
2.1
0.2
Any other individual impurity
—
1.0
0.2
Total impurities
—
—
0.6
a (R)-3-Amino-4-(2,4,5-trifluorophenyl)butanoic acid.
b 2-[[(R)-4-Oxo-4-[3-(trifluoromethyl)-5,6-dihydro-[1,2,4]triazolo[4,3-a]pyrazin-7(8H)yl]-1-(2,4,5-trifluorophenyl)butan-2-yl]amino]succinic acid.
c This degradation product may be present only for Tablets containing sodium stearyl
fumarate as an excipient in the formulation.
d 10-(2,4,5-Trifluorobenzyl)-3-(trifluoromethyl)-6,7,10,11-tetrahydro[1,2,4]triazolo[3,4-c][1,4,7]triazecine-8,12(5H,9H)-dione.
e (E)-1-{3-(Trifluoromethyl)-5,6-dihydro-[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl}-4(2,4,5-trifluorophenyl)but-3-en-1-one.
f (E)-1-{3-(Trifluoromethyl)-5,6-dihydro-[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-yl}-4-(2,4,5trifluorophenyl)but-2-en-1-one.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards 11
USP Sitagliptin Phosphate RS
2S (USP38)

BRIEFING
Sodium Salicylate Tablets, USP 37 page 4728. As part of the USP monograph modernization
effort, the following revisions are proposed:
1.
Delete Salicylate in Identification test A because the monograph contains sufficient
tests to ensure the identity of the drug.
2.
Replace the melting range requirement in Identification test B with an HPLC retention
time agreement proposed in the Assay.
3.
Replace the titration procedure in the Assay with a specific UHPLC procedure. The new
liquid chromatographic procedure is based on the analysis performed with the Waters
Acquity UPLC BEH C18 brand of L1 column. The typical retention time for salicylic
acid is about 3.8 min.
4.
Add a stability-indicating UHPLC procedure in the test for Organic Impurities that is
consistent with the chromatographic system used in the Assay.
5.
Add three new Reference Standards used in the test for Organic Impurities to the USP
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Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: R.-H. Yeh.)
Correspondence Number—C137583

Comment deadline: September 30, 2014
Sodium Salicylate Tablets
DEFINITION
Sodium Salicylate Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of sodium
salicylate (C7 H5 NaO3 ).
IDENTIFICATION
Change to read:
• A. Identification Tests—General, Sodium and Salicylate
2S (USP38)

191
Sample solution: Digest with 20 mL of water a quantity of powdered Tablets, nominally
equivalent to about 1 g of sodium salicylate, and filter. Use the filtrate.
Sample: 50 mg/mL of sodium salicylate in water from powdered Tablets. Filter and use
the filtrate.
Analysis: Proceed as directed for Sodium in the chapter. 2S (USP38)
Acceptance criteria: Meet the requirement of the flame test for Sodium and the tests for
Salicylate
2S (USP38)

Delete the following:
• B. Melting Range or Temperature 741
Sample: To 10 mL of the filtrate obtained in Identification test A add a slight excess of 3 N
hydrochloric acid, and collect the precipitate on a filter. Wash with small portions of cold
water until the last washing is free from chloride, and dry at about 105 for 1 h.
Acceptance criteria: 158 –161

2S (USP38)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: Place NLT 20 Tablets in a 200-mL volumetric flask, add 100 mL of
water, and allow to stand, with frequent agitation, until the Tablets disintegrate
completely. Dilute with water to volume, and mix. Pass through a dry filter into a dry
flask, discarding the first 10 mL of the filtrate. Transfer a measured volume of the
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subsequent filtrate, nominally equivalent to about 500 mg of sodium salicylate, to a
separator, and dilute with water, if necessary, to make about 25 mL.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N hydrochloric acid VS
Endpoint detection: Visual
Analysis: To the Sample solution add 75 mL of ether and 10 drops of bromophenol blue
TS. Titrate with Titrant, mixing the water and ether layers by vigorous shaking until a
permanent, pale green color is produced in the water layer. Draw off the water layer into
a small flask, wash the ether layer once with 5 mL of water, and add this to the water
layer. Add 20 mL of ether to the combined water solutions, and mix. Continue the
titration with vigorous shaking until a permanent, pale green color is produced in the
water layer. Each mL of 0.1 N hydrochloric acid is equivalent to 16.01 mg of sodium
salicylate (C7 H5 NaO3 ).
Acceptance criteria: 95.0%–105.0%
Mobile phase: Methanol, trifluoroacetic acid, and water (40: 0.1: 60). Prepare by adding
1 mL of trifluoroacetic acid to a solution containing 400 mL of methanol and 600 mL of
water.
Standard solution: 0.04 mg/mL of USP Sodium Salicylate RS in Mobile phase
Sample stock solution: Nominally 0.4 mg/mL of sodium salicylate from NLT 20 finely
powdered Tablets in Mobile phase prepared as follows. Transfer a suitable amount of
the powder to a suitable volumetric flask. Add 60% of the flask volume of Mobile phase,
and sonicate for 10 min. Allow the solution to cool to room temperature and then dilute
with Mobile phase to volume.
Sample solution: Nominally 0.04 mg/mL of sodium salicylate in Mobile phase from
Sample stock solution. Pass through a suitable filter of 0.20-µm pore size, discarding
the first 2–3 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 212 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Column temperature: 30
Flow rate: 0.2 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.8
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sodium salicylate (C7 H5 NaO3 ) in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100

PF 40(4): Jul.-Aug. 2014

423

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sodium Salicylate RS in the Standard solution (mg/mL)
CU= nominal concentration of sodium salicylate in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%

2S (USP38)

PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Standard solution: A known concentration of USP Sodium Salicylate RS in Medium
Sample solution: Filter portions of the solution under test, and dilute with water, if
necessary.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about 230 nm
Analysis: Determine the amount of sodium salicylate (C7 H5 NaO3 ) dissolved from UV
absorbance of the Sample solution, in comparison with that of the Standard solution.
Tolerances: NLT 75% (Q) of the labeled amount of sodium salicylate (C7 H5 NaO3 ) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Mobile phase: Methanol, trifluoroacetic acid, and water (40: 0.1: 60). Prepare by adding 1
mL of trifluoroacetic acid to a solution containing 400 mL of methanol and 600 mL of
water.
System suitability solution: 0.5 mg/mL of USP Sodium Salicylate RS, 0.5 µg/mL of USP
Salicylic Acid Related Compound A RS, 0.5 µg/mL of USP Salicylic Acid Related Compound
B RS, and 0.5 µg/mL of USP Phenol RS in Mobile phase
Standard solution: 2.5 µg/mL of USP Sodium Salicylate RS in Mobile phase
Sample solution: Nominally 2.5 mg/mL of sodium salicylate from NLT 20 finely powdered
Tablets in Mobile phase prepared as follows. Transfer a suitable amount of the powder to
a suitable volumetric flask. Add 60% of the flask volume of Mobile phase, and sonicate for
15 min. Allow the solution to cool to room temperature and then dilute with Mobile phase
to volume. Centrifuge the solution, and use the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 212 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
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Column temperature: 30
Flow rate: 0.2 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.0 between any two peaks, System suitability solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unspecified impurity from the Sample solution
rS= peak response of sodium salicylate from the Standard solution
C=
S concentration of USP Sodium Salicylate RS in the Standard solution (mg/mL)
C=
U nominal concentration of sodium salicylate in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)
—
—
—
—
0.10
1.0

Salicylic acid related compound Aa
0.3
Phenola
0.4
a
Salicylic acid related compound B
0.6
Salicylic acid
1.0
Any individual unspecified impurity
—
Total impurities
—
a These are process impurities, which are included in the table for identification only.
These impurities are controlled in the drug substance. They are not to be reported for
the drug product and should not be included in the total impurities.
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Phenol RS
USP Salicylic Acid Related Compound A RS
4-Hydroxybenzoic acid.
C7 H6 O3
138.12
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USP Salicylic Acid Related Compound B RS
4-Hydroxyisophthalic acid.
C8 H6 O5
182.13
2S (USP38)

USP Sodium Salicylate RS
BRIEFING
Soybean Oil, USP 37 page 4737. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Add Identification test B based on the newly proposed Identification of Fixed Oils by
Thin-Layer Chromatography 202 in PF 39(1) [Jan.–Feb. 2013], PF 39(3) [May–
June 2013], and PF 40(3) [May–June 2014].
2.
Change the test method for Sterol Composition, specifically replacing the separation
procedure for sterols using a TLC plate with an HPLC procedure to avoid crosscontamination by the TLC plate coating. The HPLC method improves precision and
reproducibility. HPLC separation is based on the Kromasil 60-5SIL (5 µm) or
LiChrospher Sil 60 (5 µm) brand of L3 columns (analytical and guard). The GC
procedure is based on analysis performed with the Agilent DB-5 or Agilent HP-5MS
brand of G27 column. The typical retention times for cholesterol, brassicasterol, 24methylene-cholesterol, campesterol, campestanol, stigmasterol, D7-campesterol,
D5,23-stigmastadienol, clerosterol, -sitosterol, sitostanol, D5-avenasterol, D5,24stigmastadienol, D7-stigmastenol, and D7-avenasterol are about 16.89, 18.57, 21.03,
21.35, 21.79, 22.89, 24.18, 24.69, 25.05, 26.05, 26.50, 26.90, 28.41, 29.41, and
30.51 min, respectively.
3.
Add the USP Reference Standards section containing USP Soybean Oil RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C75912

Comment deadline: September 30, 2014
Soybean Oil
[8001-22-7].
DEFINITION
Soybean Oil is the refined fixed oil obtained from the seeds of the soya plant Glycine max Merr.
(Fam. Fabaceae). It may contain suitable antioxidants.
IDENTIFICATION
• A. Identity by Fatty Acid Composition
Analysis: Proceed as directed in the test for Fats and Fixed Oils 401 , Fatty Acid
Composition.
Acceptance criteria: Meets the composition profile of fatty acids in Table 1
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Add the following:
• B. Identity by Triglyceride Profile
Analysis: Proceed as directed in Identification of Fixed Oils by Thin-Layer Chromatography
202 .
Acceptance criteria: Meets the requirements in the chapter

2S (USP38)

IMPURITIES
• Heavy Metals, Method II 231 : NMT 10 µg/g
• Alkaline Impurities
Sample: 10 mL
Analysis: Mix 10 mL of acetone and 0.3 mL of water, and add 0.05 mL of bromophenol blue
TS. If necessary, neutralize the solution to a green color with 0.01 N hydrochloric acid or
0.01 N sodium hydroxide. Add the Sample, shake, and allow to stand. Titrate with 0.01 N
hydrochloric acid VS to change the color of the upper layer to yellow.
Acceptance criteria: NMT 0.1 mL of 0.01 N hydrochloric acid is required.
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : NMT 0.3

• Fats and Fixed Oils, Peroxide Value 401
Solution A: Glacial acetic acid and chloroform (60:40)
Solution B: Prepare a saturated solution of potassium iodide in freshly boiled and cooled
water, and store it protected from light. Discard it if it gives a color on addition of Solution
A and starch TS.
Sample: 10 g
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.01 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a conical flask. Add 30 mL of Solution A, and swirl to
dissolve. Add 0.5 mL of Solution B, swirl the flask for 1 min, accurately timed, and add 30
mL of water. Titrate with Titrant, with vigorous agitation, to a light yellow color. Add 0.5
mL of starch TS, and continue the titration until the blue color has disappeared. Perform a
blank test, and make any necessary correction.
Calculate the peroxide value:
Result = [(V × N)/W] × F
V= volume of sodium thiosulfate (mL)
N= normality of the sodium thiosulfate solution (mEq/mL)
W
= weight of Soybean Oil taken (g)
F= conversion factor, 1000 g/kg
Acceptance criteria: NMT 10.0
• Fats and Fixed Oils, Fatty Acid Composition 401 : Soybean Oil exhibits the composition
profile of fatty acids shown in Table 1, as determined in the chapter.
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Table 1
Percentage
Carbon-Chain LengthNumber of Double Bonds
(%)
<14

0

14
16

0
0

0.2
9.0–13.0

16
18
18
18
18

1
0
1
2
3

0.3
2.5–5.0
17.0–30.0
48.0–58.0
5.0–11.0

20

0

1.0

20

1

1.0

22

0

1.0

22

1

0.3

24

0

0.5

• Fats and Fixed Oils, Unsaponifiable Matter

0.1

401 : NMT 1.5%

Delete the following:
• Fats and Fixed Oils, Sterol Composition 401 : NMT 0.3% of brassicasterol

2S (USP38)

Add the following:
• Sterol Composition
Sample A: Transfer 5 g of Soybean Oil to a 250-mL conical flask, add 50 mL of an alcoholic
potassium hydroxide solution prepared by dissolving 12 g of potassium hydroxide in 10 mL
of water and diluting with alcohol to 100 mL, and heat the flask on a steam bath under a
suitable condenser to maintain reflux for 1 h, swirling frequently. Cool to a temperature
below 25 , and transfer the contents of the flask to a separator with a
polytetrafluoroethylene stopcock, rinsing the flask with two 50-mL portions of water that
are added to the separator (do not use grease on the stopcock). Extract with three 100mL portions of ether, combining the ether extracts in another separator containing 40 mL
of water. Gently rotate or shake the separator for a few minutes. [Note—Violent agitation
may result in the formation of a difficult-to-separate emulsion.] Allow the mixture to
separate, and discard the lower aqueous phase. Wash the ether extract with two
additional 40-mL portions of water, and discard the lower aqueous phase. Wash the ether
extract successively with a 40-mL portion of potassium hydroxide solution (3 in 100) and a
40-mL portion of water. Repeat this potassium hydroxide solution–water wash sequence
three times. Wash the ether extract with 40-mL portions of water until the last washing is
not reddened by the addition of 2 drops of phenolphthalein TS. Transfer the ether extract
to a tared flask, and rinse the separator with 10 mL of ether, adding the rinsings to the
flask. Evaporate the ether on a steam bath, and add 6 mL of acetone to the residue.
Remove the acetone in a current of air, and dry the residue at 105 .
Reference A: Transfer 5 g of sunflower oil to a 250-mL conical flask, and proceed as
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directed in Sample A, beginning with “add 50 mL of an alcoholic potassium hydroxide
solution prepared by dissolving 12 g of potassium hydroxide in 10 mL of water and diluting
with alcohol to 100 mL”.
Separation of the sterol fraction by LC
Mobile phase: Isopropyl alcohol and n-hexane (1:99)
Sample solution A: Transfer Sample A with three 4-mL quantities of ether to a 15-mL
test tube. Evaporate to dryness under a stream of nitrogen. Dissolve Sample A in Mobile
phase to obtain a solution with an approximate concentration of 40 mg/mL. Add a few
drops of isopropyl alcohol to improve the solubility. [Note—3 drops are normally sufficient
to ensure complete solubilization.] Pass through a membrane filter (nominal 0.45-µm pore
size).
Reference solution A: Prepare as directed for Sample solution A except use Reference A
instead of Sample A.
Chromatographic system
(See Chromatography 621 .)
Mode: LC
Detector: UV 210 nm
Columns
Guard: 4.6-mm × 0.5-cm (or 4.6-mm × 1.0-cm); 5-µm packing L3 with a 6-nm pore
size
Analytical: 4.6-mm × 25-cm; 5-µm packing L3 with a 6-nm pore size
Flow rate: 1.0 mL/min
Injection volume: 50 µL
Identification of peaks due to sterols
Samples: Sample solution A and Reference solution A
Sterol identification: The sterol fraction elutes at the end of the chromatogram.
Locate the fraction to be collected by using the chromatogram from Reference
solution A. The chromatogram from Reference solution A shows two or three principal
peaks, which elute at approximately 21–35 min depending on the column used.
Sterol collection: Collect the fraction at the detector outlet in a 15-mL tube with a
screw cap. Evaporate the solvent under a stream of nitrogen. [Note—If necessary, to
increase the sample amount for later analysis, make the second injection of 50 µL on
the HPLC column and collect the fraction at the detector outlet in the same 15-mL
test tube with a screw cap. Evaporate the solvent under a stream of nitrogen.]
Determination of sterols by GC
Sample solution B: Dissolve the residue of the sterol fraction obtained from Sample
solution A in the previous LC step in 0.2 mL of anhydrous pyridine and 0.2 mL of a
mixture of 1 volume of chlorotrimethylsilane and 99 volumes of
bis(trimethylsilyl)trifluoroacetamide. Insert the stopper into the test tube tightly and
heat at 80 for 20 min. Allow to cool and use the liquid phase.
Reference solution B: Dissolve 9 parts of the residue of the sterol fraction obtained from
Reference solution A in the previous LC step, 1 part of cholesterol in 0.2 mL of
anhydrous pyridine, and 0.2 mL of a mixture of 1 volume of chlorotrimethylsilane and 99
volumes of bis(trimethylsilyl)trifluoroacetamide. Insert the stopper into the test tube
tightly, and heat at 80 for 20 min. Allow to cool and use the liquid phase.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused-silica capillary; 0.25-µm layer of phase G27
Temperatures
Injection port: 290
Detector: 290
Column: See Table 2.
Table 2
Hold Time
Initial
Final
at Final
Temperature Temperature Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
260
—
260
38
260
5
290
5
Carrier gas: Helium
Flow rate: 2.6 mL/min
Injection volume: 1–3 µL (depending on the expected amount of sterols in the test
sample).
Injection type: Split injection; split ratio is 25:1
System suitability
Sample: Reference solution B
The chromatogram from Reference solution B shows five principal peaks corresponding to
cholesterol, campesterol, stigmasterol,

-sitosterol, and D7-stigmastenol.

[Note—The retention times of the sterols with reference to
3.]

-sitosterol are given in Table

Table 3
Identification
Relative Retention Time
Cholesterol
0.65
Brassicasterol
0.71
24-Methylene-cholesterol
0.81
Campesterol
0.82
Campestanol
0.84
Stigmasterol
0.88
D7-Campesterol
0.93
D5,23-Stigmastadienol
0.95
Clerosterol
0.96
-Sitosterol
Sitostanol
D5-Avenasterol
D5,24-Stigmastadienol
D7-Stigmastenol

1.00
1.02
1.03
1.09
1.13
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D7-Avenasterol
1.17
Suitability requirements
Resolution: NLT 3.0 between the campesterol and stigmasterol peaks
Analysis
Samples: Sample solution B and Reference solution B
Use the chromatogram from Reference solution B to identify the peaks due to
cholesterol, campesterol, stigmasterol, -sitosterol and D7-stigmastenol. Identify the
peaks due to the sterols in the chromatogram from Sample solution B using the
chromatograms from Reference solution B and the relative retention times with reference
to -sitosterol (main peak) given in Table 3.
Calculate the percentage content of each sterol in the sterol fraction of Soybean Oil
taken:
Result = (rU/rT) × 100
r=
U area of the peak due to the sterol component to be determined
r=
T sum of the areas of the peaks due to the components indicated in Table 3
Acceptance criteria: NMT 0.3% of brassicasterol
2S (USP38)

• Water Determination, Method Ic

921 : NMT 0.1%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and avoid exposure to
excessive heat.
• Labeling: Label it to indicate the name and quantity of any added antioxidant. Where
Soybean Oil is intended for use in the manufacture of injectable dosage forms, it is so
labeled.
• Other Requirements: For Soybean Oil intended for use in injectable dosage forms, which is
specified in the labeling, the requirements for Unsaponifiable Matter, Acid Value, Peroxide
Value, and Water, Method Ic in Injections
Substances, Other Vehicles must be met.

1 , Ingredients, Vehicles and Added

Add the following:
• USP Reference Standards
USP Soybean Oil RS

11

2S (USP38)

BRIEFING
Sulindac Tablets, USP 37 page 4798. As part of USP monograph modernization efforts, it is
proposed to make the following changes:
1.
Add Identification test B with a UV spectrum matching the main peak from the proposed
UPLC procedure in the Assay.
2.
Replace the existing normal-phase HPLC procedure in the Assay with a validated
stability-indicating reversed-phase UPLC method. The proposed liquid
chromatographic procedure is based on analysis performed with the Acquity UPLC
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BEH C18 brand of L1 column. The typical retention time for sulindac is about 8.9 min.
3.
Replace the current normal-phase HPLC method in the test for Organic Impurities with a
UHPLC procedure. The proposed liquid chromatographic procedure is similar to the
proposed method in the Assay.
4.
Add the following three new Reference Standards, introduced by the proposed UPLC
procedure in the test for Organic Impurities, to the USP Reference Standards
section: USP Sulindac Related Compound A RS, USP Sulindac Related Compound B
RS, and USP Sulindac Related Compound C RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: C. Anthony.)
Correspondence Number—C137943

Comment deadline: September 30, 2014
Sulindac Tablets
DEFINITION
Sulindac Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of sulindac
(C20 H17 FO3 S).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV-Vis spectrum of the major peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Mobile phase: Chloroform, ethyl acetate, and acetic acid (approximately 38:5:1)
Standard solution: 0.5 mg/mL of USP Sulindac RS in Mobile phase
Sample solution: Nominally 0.5mg/mL of sulindac in mobile phase prepared as follows. Add
the equivalent to 50 mg of sulindac from powdered Tablets (NLT 20) to 60 mL of Mobile
phase in a 100-mL volumetric flask, and shake by mechanical means for 15 min. Dilute
with Mobile phase and centrifuge a portion of the mixture to obtain a clear supernatant.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 332 nm
Column: 3.9-mm × 30-cm; packing L3
Flow rate: 2 mL/min
Injection volume: 10 µL

PF 40(4): Jul.-Aug. 2014

432

System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1650 theoretical plates
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Calculate the percentage of sulindac (C20 H17 FO3 S) in the portion of Tablets taken:
Result = rU/rS) × CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Sulindac RS in the Standard solution (mg/mL)
C=
U nominal concentration of sulindac in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
Solution A: Add 1 mL of formic acid to water and dilute to 1 L.
Solution B: 0.09% Formic acid in acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.0
70
30
8.0
70
30
15.0
10
90
18.0
10
90
18.1
70
30
20.0
70
30
Diluent: Acetonitrile and water (50:50)
System suitability solution: 0.018 mg/mL each of USP Sulindac RS, USP Sulindac
Related Compound A RS, USP Sulindac Related Compound B RS, and USP Sulindac
Related Compound C RS in Diluent
Standard solution: 0.2 mg/mL of USP Sulindac RS in Diluent
Sample solution: Nominally 0.2 mg/mL of sulindac in Diluent prepared as follows.
Dissolve 60 mg of sulindac from finely powdered Tablets in 70 mL of Diluent in a 100-mL
volumetric flask. Shake by mechanical means for 60 min and dilute with Diluent to
volume. Shake for another 5 min. Centrifuge the solution for 10 min and inject the
supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 330 nm. For Identification test B, use a diode array detector in the
range of 200–400 nm.
Column: 2.1-mm × 15-cm; 1.7-µm packing L1
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Column temperature: 45
Flow rate: 0.3 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 4.0 between sulindac and sulindac related compound A; NLT 4.0
between sulindac related compound A and sulindac related compound B, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sulindac (C20 H17 FO3 S) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sulindac RS in the Standard solution (mg/mL)
CU= nominal concentration of sulindac in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

2S (USP38)

PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 M pH 7.2 phosphate buffer prepared as directed in Reagents, Indicators, and
Solutions—Buffer Solutions, except to use twice the stated quantities of the monobasic
potassium phosphate solution and of the sodium hydroxide solution; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Standard solution: 20 µg/mL of USP Sulindac RS in Medium
Sample solution: Pass 20 mL of the solution under test through a suitable filter, transfer
10 mL of the filtrate to a 100-mL volumetric flask, and dilute with Medium to volume.
Blank: Medium
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum absorbance at about 326 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sulindac (C20 H17 FO3 S) dissolved:
Result = (AU/AS) × CS × D × V × (1/L) × 100
A=
U absorbance of the Sample solution
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A=
S absorbance of the Standard solution
C=
S concentration of USP Sulindac RS in the Standard solution (mg/mL)
D= dilution volume
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of sulindac (C20 H17 FO3 S) is dissolved.
• Uniformity of Dosage Units 905
Procedure for content uniformity
Analysis: Using 1 finely powdered Tablet, proceed as directed in the Assay, adjusting the
degree of dilution used in preparing the Sample solution to obtain a solution with a
concentration of 0.5 mg/mL of sulindac, and making appropriate corresponding changes
in the calculation formula to account for the extent of dilution.
Acceptance criteria: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
• Procedure
Mobile phase, Sample solution, System suitability and Chromatographic system:
Proceed as directed in the Assay.
Standard stock solution: 0.5 mg/mL of USP Sulindac RS in Mobile phase
Standard solution: 15 µg/mL of USP Sulindac RS in Mobile phase from Standard stock
solution in Mobile phase
Analysis
Samples: Sample solution and Standard solution
Measure the responses of the sulindac peak from the Standard solution and of all peaks
other than that of sulindac in the Sample solution.
Calculate the percentage of related compounds in the portion of Tablets taken:
Result = rU/rS) × CS/CU) × 100
rU= sum of all related compounds impurity peak responses from the Sample solution
rS= peak response of sulindac from the Standard solution
C=
S concentration of USP Sulindac RS in the Standard solution (µg/mL)
C=
U nominal concentration of sulindac in the Sample solution (µg/mL)
• Acceptance criteria: NMT 3.0%
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 0.018 mg/mL each of USP Sulindac RS, USP Sulindac Related
Compound A RS, USP Sulindac Related Compound B RS, and USP Sulindac Related
Compound C RS in Diluent. Sonicate for 2–5 min and mix with inversion.
Sample solution: Nominally 0.6 mg/mL of sulindac in Diluent prepared as follows.
Dissolve the equivalent to 60 mg of sulindac from finely powdered Tablets in 70 mL of
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Diluent in a 100-mL volumetric flask. Shake by mechanical means for 60 min and dilute
with Diluent to volume. Shake for another 5 min. Centrifuge the solution for 10 min.
Collect and inject the supernatant.
System suitability
Sample: Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 4.0 between sulindac and sulindac related compound A; NLT 4.0
between sulindac related compound A and sulindac related compound B
Relative standard deviation: NMT 2.0% for any peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sulindac related compound A, sulindac
related compound B, or sulindac related compound C in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of sulindac related compound A, sulindac related compound B, or
sulindac related compound C from the Sample solution
rS= peak response of sulindac related compound A, sulindac related compound B, or
sulindac related compound C from the Standard solution
CS= concentration of the corresponding related compound in the Standard solution
(mg/mL)
CU= nominal concentration of sulindac in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unspecified impurity from the Sample solution
rS= peak response of sulindac from the Standard solution
CS= concentration of USP Sulindac RS in the Standard solution (mg/mL)
CU= nominal concentration of sulindac in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
Sulindac
Sulindac related compound A
Sulindac related compound B
Sulindac related compound C
Individual unspecified impurity
Total impurities

Relative
Retention
Time
1.0
1.26
1.36
1.70
—
—

Acceptance
Criteria,
NMT (%)
—
—a
0.5
0.5
0.1
3.0

PF 40(4): Jul.-Aug. 2014

436

a Sulindac related compound A is controlled in the API. Therefore, no individual
acceptance criteria is needed. Sulindac related compound B and sulindac related
compound C are both degradants and process impurities.
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Sulindac RS
USP Sulindac Related Compound A RS
(E)-2-{5-Fluoro-2-methyl-1-[4-(methylsulfinyl)benzylidene]-1H-inden-3-yl}acetic acid.
C20 H17 FO3 S
356.41
USP Sulindac Related Compound B RS
(Z)-2-{5-Fluoro-2-methyl-1-[4-(methylsulfonyl)benzylidene]-1H-inden-3-yl}acetic
acid.
C17 H17 FO4 S
372.41
USP Sulindac Related Compound C RS
(Z)-2-{5-Fluoro-2-methyl-1-[4-(methylthio)benzylidene]-1H-inden-3-yl}acetic acid.
C20 H17 FO2 S
340.41
2S (USP38)

BRIEFING
Trihexyphenidyl Hydrochloride, USP 37 page 5059. It is proposed to modernize the
monograph with the following changes.
1.
Replace the TLC test for Organic Impurities with an HPLC test method. This HPLC
method was based on the European Pharmacopoeia, 8th edition. The procedure uses
a Resolve C18 brand of L1 packing column manufactured by the Waters Corporation.
The typical retention time for trihexyphenidyl is about 13.8 min.
2.
Revise the HPLC Assay procedure with HPLC parameters similar to those proposed in the
test for Organic Impurities to simplify the monograph testing.
3.
Delete the test for Chloride Content to be consistent with the European Pharmacopoeia
requirement.
4.
Add a pH requirement to harmonize with the European Pharmacopoeia monograph.
5.
Add USP Trihexyphenidyl Related Compound A RS to perform the System suitability test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Min, R. Ravichandran.)
Correspondence Number—C130881

Comment deadline: September 30, 2014
Trihexyphenidyl Hydrochloride
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337.93

1-Piperidinepropanol, -cyclohexyl- -phenyl-, hydrochloride, (±)-;
(±)- -Cyclohexyl- -phenyl-1-piperidinepropanol hydrochloride
[52-49-3].
DEFINITION
Trihexyphenidyl Hydrochloride contains NLT 98.0% and NMT 102.0% of trihexyphenidyl
hydrochloride (C20 H31 NO·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Chloride 191
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, water, and triethylamine (92: 8: 0.02). Adjust with phosphoric
acid to a pH of 4.0.
Solution A: Add 0.2 mL of triethylamine in 200 mL of water and mix. Adjust with
phosphoric acid to a pH of 4.0.
Mobile phase: Acetonitrile and Solution A (75:25) 2S (USP38)
Standard solution: 0.2 mg/mL of USP Trihexyphenidyl Hydrochloride RS in acetonitrile
Sample solution: 0.2 mg/mL of Trihexyphenidyl Hydrochloride in acetonitrile
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 8-cm; 3-µm packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
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Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 3 times the retention time of trihexyphenidyl
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1300 theoretical plates
Tailing factor: NMT 3.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution

2S (USP38)

Calculate the percentage of trihexyphenidyl hydrochloride (C20 H31 NO·HCl) in the portion of
Trihexyphenidyl Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Trihexyphenidyl Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Trihexyphenidyl Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
• Procedure
Diluent: Chloroform and isopropylamine (98:2)
Solution A: Dissolve 0.8 g of bismuth subnitrate in a mixture of 40 mL of water and 10
mL of glacial acetic acid
Solution B: Dissolve 8 g of potassium iodide in 20 mL of water
Standard stock solution: 2.5 mg/mL of USP Trihexyphenidyl Hydrochloride RS in Diluent
Standard solution A: 500 µg/mL from Standard stock solution in Diluent
Standard solution B: 250 µg/mL from Standard solution in Diluent
Sample solution: 50 mg/mL of Trihexyphenidyl Hydrochloride in Diluent
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Absorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Hexane and isopropylamine (98:2)
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Spray reagent: On the day of use, mix equal volumes of Solution A and Solution B.
Analysis
Samples: Standard stock solution, Standard solution A, Standard solution B and
Sample solution
Apply the Samples to a TLC plate. Position the plate in a chromatographic chamber,
and develop the chromatograms in the Developing solvent system, until the solvent
front has moved about three-fourths of the length of the plate. Remove the plate
from the developing chamber, and mark the solvent front. Allow the solvent to
evaporate, and spray the plate, first with the Spray reagent, and then with sodium
nitrite solution (4 in 100). Compare the intensities of any secondary spots observed in
the chromatogram of the Sample solution with those of the principal spots in the
chromatograms of the Standard solutions.
Acceptance criteria: No secondary spot from the chromatogram of the Sample solution
is larger or more intense than the principal spot of Standard solution B (0.5%), and the
sum of the intensities of all secondary spots of the Sample solution corresponds to
NMT 1.0%.
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Standard stock solution: 0.02 mg/mL of USP Trihexyphenidyl Hydrochloride RS in Mobile
phase
System suitability solution: 0.01 mg/mL of USP Trihexyphenidyl Related Compound A
RS in Standard stock solution
Standard solution: 0.002 mg/mL of USP Trihexyphenidyl Hydrochloride RS from Standard
stock solution in Mobile phase
Sample solution: 2 mg/mL of Trihexyphenidyl Hydrochloride in Mobile phase
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
System suitability requirements
Resolution: NLT 4.0 between trihexyphenidyl and trihexyphenidyl related compound
A, System suitability solution
Relative standard deviation: NMT 10.0%, Standard solution
Signal-to-noise ratio: NLT 50, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified impurity in the portion of
Trihexyphenidyl Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual unspecified impurity from the Sample solution
rS= peak response of trihexyphenidyl hydrochloride from the Standard solution
CS= concentration of USP Trihexyphenidyl Hydrochloride RS in the Standard solution
(mg/mL)
CU= concentration of Trihexyphenidyl Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any peaks below 0.02%.
Table 1
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Relative
Acceptance
Retention
Criteria
Name
Time
NMT (% )
Trihexyphenidyl related compound A
0.47
0.5
Trihexyphenidyl
1.0
—
Any individual unspecified impurity
—
0.10
Total impurity
—
0.5
2S (USP38)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 0.5%
Delete the following:
• Chloride Content
Sample solution: Dissolve 1.2 g in a mixture consisting of 50 mL of methanol, 5 mL of
glacial acetic acid, and 5 mL of water. Add 3 drops of eosin Y TS, and mix. Stir, preferably
with a magnetic stirrer.
Analysis: Titrate with 0.1 N silver nitrate VS until the straw-orange suspension that forms
during the titration changes sharply to red. Each mL of 0.1 N silver nitrate is equivalent to
3.545 mg of Cl.
Acceptance criteria: 10.3%–10.7% on the dried basis. 2S (USP38)
Add the following:
• pH 791
Sample solution: 10 mg/mL in water
Acceptance criteria: 5.2–6.2 2S (USP38)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Trihexyphenidyl Hydrochloride RS
USP Trihexyphenidyl Related Compound A RS
1-Phenyl-3-(piperidin-1-yl)propan-1-one hydrochloride.
C14 H19 NO·HCl
253.77
2S (USP38)

BRIEFING
Urea, USP 37 page 5094. As part of USP monograph modernization efforts, it is proposed to
make the following changes:
1.
Replace the current Assay titration procedure with the proposed stability-indicating
HPLC method. The proposed liquid chromatographic procedure is based on analyses
performed with the Ascentis Express OH5 brand of column containing packing L86.
The typical retention time for urea is about 4.6 min.
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2.
Revise the Definition and the Acceptance criteria in the Assay from NLT 99.0% and NMT
100.5% to NLT 98.0% and NMT 102.0%, which is typical for chromatographic
procedures.
3.
Replace the colorimetric chemical test in Identification test A with a proposed infrared
spectrophotometric procedure.
4.
Replace the precipitation procedure in Identification test B with the HPLC retention time
agreement from the proposed Assay procedure.
5.
Add an HPLC procedure in the test for Organic Impurities consistent with the proposed
Assay method. This test monitors urea related compound A, as well as all other
unspecified impurities.
6.
Delete the Melting Range or Temperature test. The proposed selective HPLC test for
Organic Impurities is sufficient to monitor impurities.
7.
Delete the Chloride and Sulfate tests because neither ion is present in the molecular
structure of urea, nor are they expected process contaminants.
8.
Add the following Reference Standards, introduced by the proposed HPLC procedure in
the Assay and Organic Impurities, to the Reference Standards section: USP Urea RS
and the new USP Urea Related Compound A RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: D.A. Porter.)
Correspondence Number—C131565

Comment deadline: September 30, 2014
Urea

CH4 N2 O

60.06

Urea;
Carbamide

[57-13-6].

DEFINITION
Change to read:
Urea contains NLT 99.0% and NMT 100.5%
NLT 98.0% and NMT 102.0% 2S (USP38)
of urea (CH4 N2 O).
IDENTIFICATION
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Change to read:
• A.
Infrared Absorption 197K 2S (USP38)
Sample: 500 mg of Urea
Analysis: Heat the Sample until it liquefies, and ammonia is evolved. Continue the heating
until the liquid becomes turbid, then cool. Dissolve the fused mass in a mixture of 10 mL
of water and 1 mL of sodium hydroxide solution (1 in 10), and add 1 drop of cupric
sulfate TS.
Acceptance criteria: The sample acquires a reddish-violet color
2S (USP38)

Change to read:
• B.
Sample: 100 mg of Urea in 1 mL of water
Analysis: Dissolve the Sample in 1 mL of water and add 1 mL of nitric acid.
Acceptance criteria: A white crystalline precipitate of urea nitrate is formed.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Sample: 2.5 mg/mL of Urea in water
Analysis: Pipet 2 mL of Sample into a micro-Kjeldahl digestion flask, and proceed as
directed for Nitrogen Determination 461 , Method II beginning with “Add 1 g of a
powdered mixture”. Continue heating the flask until fuming begins, then heat for 1
additional h. Each mL of 0.01 N acid is equivalent to 0.3003 mg of urea (CH4 N2 O).
Acceptance criteria: 99.0%–100.5%
Solution A: Transfer 1 mL of formic acid to a 1-L volumetric flask and dilute with water
to volume.
Solution B: 100% Acetonitrile, passed through a membrane filter of 0.2-µm pore size
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.0
2.5
97.5
7.0
10.0
90.0
7.01
2.5
97.5
15.0
2.5
97.5
Diluent: Acetonitrile and water (90:10)
System suitability solution: 0.01 mg/mL of USP Urea Related Compound A RS and 10
mg/mL of USP Urea RS in Diluent
Standard solution: 5 mg/mL of USP Urea RS in Diluent
Sample solution: 5 mg/mL of Urea in Diluent
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 195 nm
Column: 15-cm × 4.6-mm; 2.7-µm packing L86
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 2 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for urea related compound A and urea are 0.9 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between urea related compound A and urea
Relative standard deviation: NMT 1.0% for urea
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of urea (CH4 N2 O) in the portion of Urea taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Urea RS in the Standard solution (mg/mL)
CU= concentration of Urea in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0%

2S (USP38)

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Delete the following:
• Chloride and Sulfate, Chloride 221
Sample: 2.0 g
Acceptance criteria: Sample shows no more chloride than corresponds to 0.20 mL of 0.020
N hydrochloric acid (0.007%). 2S (USP38)
Delete the following:
• Chloride and Sulfate, Sulfate 221
Sample: 2.0 g
Acceptance criteria: Sample shows no more sulfate than corresponds to 0.20 mL of 0.020
N sulfuric acid (0.010%). 2S (USP38)
• Heavy Metals 231
Sample solution: Dissolve 1.0 g in 20 mL of water, and add 5 mL of 0.1 N hydrochloric
acid.
Acceptance criteria: NMT 20 ppm
Add the following:
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• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system: Proceed
as directed in the Assay.
System suitability solution: 0.01 mg/mL of USP Urea Related Compound A RS and 10
mg/mL of USP Urea RS in Diluent
Standard solution: 0.01 mg/mL of USP Urea RS and 0.01 mg/mL of USP Urea Related
Compound A RS in Diluent
Sample solution: 10 mg/mL of Urea in Diluent
System suitability
Sample: System suitability solution
[Note—For the relative retention times, see Table 2.]
Suitability requirements
Resolution: NLT 1.5 between urea and urea related compound A
Relative standard deviation: NMT 1.0% for urea
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of urea related compound A in the portion of Urea taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of urea related compound A from the Sample solution
rS= peak response of urea related compound A from the Standard solution
C=
S concentration of USP Urea Related Compound A RS in the Standard solution (mg/mL)
C=
U concentration of Urea in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Urea
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any impurity from the Sample solution
rS= peak response of urea from the Standard solution
C=
S concentration of USP Urea RS in the Standard solution
C=
U concentration of Urea in the Sample solution
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Urea related compound A
0.9
0.1
Urea
1.0
—
Any individual unspecified impurity
—
0.1
Total impurities
—
2.0
2S (USP38)

SPECIFIC TESTS
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Delete the following:
• Melting Range or Temperature 741 132 –135 2S (USP38)
• Alcohol-Insoluble Matter
Sample solution: 100 mg/mL of Urea dissolved in warm alcohol
Analysis: If any insoluble residue remains, pass the Sample solution through a tared filter,
wash the residue and the filter with 20 mL of warm alcohol per 50 mL of Sample solution,
and dry at 105 for 1 h.
Acceptance criteria: NMT 2 mg (0.04%)
• Sterility Tests

71 : Where the label states that Urea is sterile, it meets the requirements.

• Bacterial Endotoxins Test 85 : Where the label states that Urea must be subjected to
further processing during the preparation of injectable dosage forms, it contains NMT 0.003
USP Endotoxin Units/mg of urea.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at 25 , excursions
permitted between 15 and 30 .
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
Change to read:
• USP Reference Standards 11
USP Endotoxin RS
USP Urea RS
USP Urea Related Compound A RS
Dicarbonimidic diamide.
C2 H5 N3 O2
103.08
2S (USP38)

BRIEFING
Zinc Oxide, USP 37 page 5212; Zinc Oxide Neutral, USP 37 page 5213. In preparation for the
omission of general test chapter Heavy Metals 231 and all references to it from USP–NF
monographs, it is proposed to delete the term “heavy metals” from these monographs and to
rename the section Iron and Other Heavy Metals as Iron. The references to this test in the
section Carbonate and Color of Solution are also revised.
Additionally, minor editorial changes have been made to update the monographs to current USP
style.
(SM3: F. Mao.)
Correspondence Number—C143428

Comment deadline: September 30, 2014
Zinc Oxide
ZnO
81.38
Zinc oxide

[1314-13-2].
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DEFINITION
Zinc Oxide, freshly ignited, contains NLT 99.0% and NMT 100.5% of ZnO.
IDENTIFICATION
• A. When strongly heated, it assumes a yellow color that disappears on cooling.
• B. Identification Tests—General, Zinc 191
Sample solution: Dissolve in a slight excess of 3 N hydrochloric acid.
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
Sample: 1.5 g, freshly ignited
Analysis: Dissolve the Sample and 2.5 g of ammonium chloride in 50.0 mL of 1 N sulfuric
acid VS, with the aid of gentle heat, if necessary. When solution is complete, add methyl
orange TS. Titrate the excess sulfuric acid with 1 N sodium hydroxide VS. Each mL of 1 N
sulfuric acid is equivalent to 40.69 mg of ZnO.
Acceptance criteria: 99.0%–100.5% on the ignited basis
IMPURITIES
• Arsenic, Method I 211 : NMT 6 ppm
• Lead
Sample solution: Add 2 g to 20 mL of water, and stir well. Add 5 mL of glacial acetic acid,
and warm on a steam bath until dissolved.
Analysis: Add 5 drops of potassium chromate TS.
Acceptance criteria: No turbidity or precipitate is produced.
Change to read:
• Iron and Other Heavy Metals
2S (USP38)

Sample solution: Use the solution from Carbonate and Color of Solution.
Analysis: Cool two separate 5-mL aliquots of the Sample solution. Add potassium
ferrocyanide TS to the first aliquot, and add sodium sulfide TS to the second aliquot.
Acceptance criteria: White precipitates are formed in both aliquots.
• Loss on Ignition 733
Sample: 2 g
Analysis: Ignite the Sample at 500 to constant weight.
Acceptance criteria: NMT 1.0%
SPECIFIC TESTS
• Alkalinity
Analysis: Mix 1.0 g with 10 mL of hot water, add 2 drops of phenolphthalein TS, and filter.
Acceptance criteria: If a red color is produced, NMT 0.30 mL of 0.10 N hydrochloric acid is
required to discharge it.
Change to read:
• Carbonate and Color of Solution
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Analysis: Mix 2.0 g with 10 mL of water, add 30 mL of 2 N sulfuric acid, and heat on a
steam bath with constant stirring.
Acceptance criteria: No effervescence occurs, and the resulting solution is clear and
colorless. [Note—Use this solution in the test for Iron. and Other Heavy Metals.
2S (USP38)

]
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
BRIEFING
Zinc Oxide Neutral, USP 37 page 5213. See the Briefing under Zinc Oxide.
(SM3: F. Mao.)
Correspondence Number—C143429

Comment deadline: September 30, 2014
Zinc Oxide Neutral
ZnO

81.39

DEFINITION
Zinc Oxide Neutral, freshly ignited, contains NLT 95.0% and NMT 98.0% of ZnO.
IDENTIFICATION
• A. When strongly heated, it assumes a yellow color that disappears on cooling.
• B. Identification Tests—General, Zinc 191
Sample solution: Dissolve in a slight excess of 3 N hydrochloric acid.
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
Sample: 1.5 g, freshly ignited
Analysis: Dissolve the Sample and 2.5 g of ammonium chloride in 50.0 mL of 1 N sulfuric
acid VS, with the aid of gentle heat, if necessary. When dissolution is complete, add
methyl orange TS, and titrate the excess sulfuric acid with 1 N sodium hydroxide VS. Each
mL of 1 N sulfuric acid is equivalent to 40.69 mg of ZnO.
Acceptance criteria: 95.0%–98.0%
IMPURITIES
• Chloride and Sulfate, Sulfate 221 : A 0.1-g portion shows no more sulfate than
corresponds to 2.3 mL of 0.020 N sulfuric acid (2.2%).
• Arsenic, Method I 211 : NMT 2 ppm
• Lead
Sample solution: Add 2 g to 20 mL of water, and stir well. Add 5 mL of glacial acetic acid,
and warm on a steam bath until the solution is dissolved.
Analysis: Add 5 drops of potassium chromate TS.
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Acceptance criteria: No turbidity or precipitate is produced.
• Mercury
Nitric acid solution 1: Carefully add 50 mL of nitric acid to 450 mL of water, and mix.
Nitric acid solution 2: Carefully add 10 mL of nitric acid to 490 mL of water, and mix.
Hydrochloric acid–nitric acid solution: [Note—Prepare immediately before use.]
Concentrated hydrochloric acid and concentrated nitric acid (3:1)
Stannous sulfate solution: [Note—The mixture is a suspension and should be stirred
continuously during use.] Add 25 g of stannous sulfate to 250 mL of 0.5 N sulfuric acid.
Sodium chloride–hydroxylamine sulfate solution: 120 mg/mL each of sodium chloride
and hydroxylamine sulfate in water
Potassium permanganate solution: 50 mg/mL of potassium permanganate in water
Standard stock mercury solution: [Note—Use of a commercially prepared mercury
standard is recommended.] 1.0 mg/mL of mercury from mercuric chloride in Nitric acid
solution 1
Standard working mercury solution: 0.5 µg/mL of mercury in Nitric acid solution 2 from
Standard stock mercury solution
Standard solutions: Transfer 1-, 2-, 3-, and 4-mL aliquots of Standard working mercury
solution to four separate 300-mL biological oxygen-demand (BOD) bottles. To each bottle
add 5 mL of water and 5 mL of Hydrochloric acid–nitric acid solution. Heat each bottle for
2 min in a water bath at 95 . Cool, and add 50 mL of water and 15 mL of Potassium
permanganate solution. Mix thoroughly, and place in a water bath for 30 min at 95 . Cool,
add 5 mL of Sodium chloride–hydroxylamine sulfate solution, and dilute with water to 200
mL. These solutions contain the equivalent of 2.5, 5, 7.5, and 10 ng/mL of mercury,
respectively.
Blank solution: To a 300-mL BOD bottle add 5 mL of water and 5 mL of Hydrochloric acid–
nitric acid solution. Heat the solution for 2 min in a water bath at 95 . Cool, and add 50
mL of water and 15 mL of Potassium permanganate solution. Mix thoroughly, and place in
a water bath for 30 min at 95 . Cool, add 5 mL of Sodium chloride–hydroxylamine sulfate
solution, and dilute with water to 200 mL.
Sample solution: Transfer 2.0 g of Zinc Oxide Neutral to a 300-mL BOD bottle. To the
bottle add 5 mL of water and 5 mL of Hydrochloric acid–nitric acid solution. Heat the
sample in a water bath for 2 min at 95 . Cool, and add 50 mL of water and 15 mL of
Potassium permanganate solution. Mix thoroughly, and place in a water bath for 30 min at
95 . Cool, add 5 mL of Sodium chloride–hydroxylamine sulfate solution, and dilute with
water to 200 mL.
Mercury detection instrument and Aeration apparatus: Proceed as directed in Mercury
261 , Method IIa and Method IIb.
Analysis: Add 5 mL of Stannous sulfate solution to a Standard solution, and immediately
insert the bottle into the Aeration apparatus. Measure the absorbance of the Standard
solution. Repeat with the remaining Standard solutions and Sample solution. Perform a
blank determination using Blank solution, and make any necessary corrections. Plot the
absorbances of the Standard solutions versus concentrations, in µg/mL, and draw the
straight line best fitting the plotted points. From the graph so obtained, determine the
concentration, in ppm of mercury, in the Sample solution.
Acceptance criteria: NMT 1 ppm
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Change to read:
• Iron and Other Heavy Metals
2S (USP38)

Sample solution: Use the solution from Carbonate and Color of Solution.
Analysis: Cool two separate 5-mL aliquots of the Sample solution. Add potassium
ferrocyanide TS to the first aliquot, and add sodium sulfide TS to the second aliquot.
Acceptance criteria: White precipitates are formed in both aliquots.
• Magnesium Oxide
Nitric acid solution: Carefully add 10 mL of concentrated nitric acid to 490 mL of water,
and mix.
Standard solution: [Note—Use of a commercially prepared magnesium–inductively coupled
plasma standard solution is recommended.] 25 µg/mL of magnesium in Nitric acid solution
Sample solution: 4 mg/mL of Zinc Oxide Neutral in Nitric acid solution
Blank: Nitric acid solution
Instrumental conditions
Mode: Inductively coupled plasma–atomic emission spectrometry
Analytical wavelength: 279.1 nm
Radio frequency (RF) power: 1.2 KW
Flow rates
Argon torch: 17 L/min
Argon nebulizer: 1.0 L/min
Argon auxiliary: 1.4 L/min
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of magnesium oxide in the portion of Zinc Oxide Neutral (ZnO)
taken:
Result = (CU/CS) × (Mr1/Mr2) × 100
CU= concentration of
(µg/mL)
CS= concentration of
Mr1
= molecular weight
Mr2
= molecular weight

magnesium in the Sample solution, determined from the instrument
Zinc Oxide Neutral in the Sample solution (µg/mL)
of magnesium oxide, 40.30
of magnesium, 24.31

Acceptance criteria: NMT 0.7%
• Loss on Ignition 733
Sample: 1 g
Analysis: Weigh the Sample and ignite at 750 for 15 min.
Acceptance criteria: NMT 5.0%
SPECIFIC TESTS
• Alkalinity
Analysis: Mix 1.0 g with 10 mL of hot water, and add two drops of phenolphthalein TS.
Acceptance criteria: No color change occurs.
Change to read:

PF 40(4): Jul.-Aug. 2014

450

• Carbonate and Color of Solution
Analysis: Mix 2.0 g with 10 mL of water, add 30 mL of 2 N sulfuric acid, and heat on a
steam bath, with constant stirring.
Acceptance criteria: No effervescence occurs and the resulting solution is clear and
colorless. [Note—Use this solution in the test for Iron. and Other Heavy Metals.
2S (USP38)

]
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at room temperature.
• Labeling: Label it to indicate that it is for use in sunscreen preparations only.
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors
Contributions in the form of original research reports, evaluations of new and existing
compendial methods, and other commentaries and articles relevant to drug standards or to
USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that
they have not been published previously in any language or medium and that they are not
simultaneously under consideration by any other publication. All manuscripts are subject to
review by USP headquarters staff, Committee members, or qualified outside referees, and if
accepted for publication they will be subject to editing by USP staff. Accepted manuscripts
become the property of the USP Convention (USPC) and may not be subsequently published
elsewhere without written permission from the USPC. Authors are also responsible for obtaining
permission for reprinting any illustrations that have been published elsewhere.
Abstract—Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References—Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
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Copyright—Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest—Maintaining independence and impartiality are
critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
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of the USPC or the USP Council of Experts
Modernization of Asbestos Testing in USP Talca
Lawrence H. Blockb, Detlef Beckers,c Jocelyn Ferret,c Gregory P. Meeker,c Aubrey Miller,c Robert
E. Osterberg,c Dilip M. Patil,c Julie W. Pier,c Steve Riseman,c Martin S. Rutstein,c Gary P.
Tomaino,c Drew Van Orden,c James S. Webber,c Jeffrey Medwid,d Steven Wolfgang,d Kevin
Mooree
ABSTRACT In response to a request from the U.S. Food and Drug Administration through the
FDA Monograph Modernization Task Group, the USP Talc monograph is being modernized to
ensure that the tests for asbestos have adequate specificity. The USP Excipients Expert
Committee of the Council of Experts approved the formation of a Talc Expert Panel, which is
charged with modernizing the USP Talc monograph. This Stimuli article outlines the current
thinking of the USP Talc Expert Panel and discusses several test procedures and measurement
criteria that are under consideration. The Talc Expert Panel is considering these procedures and
criteria for recommendation to the USP Excipients Expert Committee for control of Absence of
Asbestos in USP Talc. This article concludes with a summary of the adverse health effects
resulting from asbestos exposure, and a proposal for updating the Definition and Labeling
sections of the USP Talc monograph. The USP Talc Expert Panel's recommendation for revision
of the test for Absence of Asbestos will include omission of the infrared spectroscopy test and
inclusion of a revised x-ray diffraction procedure, in combination with one or more microscopic
evaluations (polarized-light microscopy, transmission electron microscopy, or scanning electron
microscopy).
1. INTRODUCTION
As part of USP's initiative to update and improve its monographs for drug substances and
products in the U.S. Pharmacopeia and National Formulary (USP–NF), USP is focusing on
monographs recently identified as high priority by the U.S. Food and Drug Administration (FDA)
through the FDA Monograph Modernization Task Group (MMTG). On November 16, 2010, the
FDA MMTG sent a letter to USP indicating the desire to modernize the high-priority USP Talc
monographf (1). The request for revision was stated as follows: “Labeling should be revised to
match the statements that are provided in the Talc FCC monograph, thereby assuring that
Talc is not sourced from mines that are known to contain asbestos. Also, USP should consider
revising the current tests for asbestos to ensure adequate specificity.”
The current USP Talc monograph contains a test for Absence of Asbestos that includes three
procedures. Analysts are given the option to perform either Procedure 1 or Procedure 2, which
consist of infrared spectroscopy (Identification Tests–General 191 ) and x-ray diffraction (
Characterization of Crystalline and Partially Crystalline Solids by X-Ray Powder Diffraction
(XRPD)

941 ), respectively. If either test gives a positive result, then the third procedure,

consisting of optical microscopy (Optical Microscopy 776 ) must be performed to confirm.
The infrared spectroscopy (IR) and x-ray diffraction (XRD) methods, as currently written, can
lead to false-negative results, which could allow talc samples with asbestos contamination to
pass the Absence of Asbestos test in the USP Talc monograph. Even after applying the current
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USP microscopy method, the analyst cannot rule out the presence of hazardous fibers in a
sample of talc. In addition, the lack of identification procedures in the optical microscopy
section of the method could lead to false-positive results. This underscores the need to
modernize the current monograph for two reasons: 1) both the IR and XRD methods have
relatively high detection limits for asbestos, and 2) there is no known “safe” level of asbestos
exposure.
In response to FDA's request to modernize the USP Talc monograph, the USP Excipients Expert
Committee (EXC EC) formed a Talc Expert Panel (EP). The Talc EP consists of volunteer
members from among talc suppliers, pharmaceutical manufacturers, regulatory and government
agencies, academia, and instrument manufacturers. The charge of the EP is to update and
modernize the methodology for testing that is described in the USP Talc monograph, thereby
establishing a quality standard based upon well-defined specifications and analytical methods.
This modernization will ensure that the production of talc meets an appropriate standard for the
Absence of Asbestos, using currently available methods set below the feasible limits of
detection.
This Stimuli article outlines the current thinking of the Talc EP and details its objectives and
charge. The article then discusses several test procedures and measurement criteria under
consideration by the Talc EP for recommendation to the EXC EC for the control of Absence of
Asbestos in USP Talc. Section 2 discusses the derivation of talc and the formation and
composition of talc deposits, whereas section 3 addresses the mineral chemistry and
morphology of asbestos species potentially encountered in commercial talc deposits. Section 4
highlights the current USP test procedures for determination or analysis of asbestos in a talc
matrix, while section 5 introduces methods under consideration for asbestos testing in USP
Talc. Section 6 discusses the adverse health effects from asbestos exposure and outlines why
asbestos contamination is a serious concern for USP Talc, thereby underscoring efforts to
ensure that asbestos levels are below the feasible limit of detection when using current, stateof-the-art methodology. Finally, section 7 addresses labeling while section 8 includes the
conclusions and summary.
2. TALC DERIVATION—OVERVIEW OF FORMATION AND COMPOSITION OF TALC DEPOSITS
Talc is a member of the phyllosilicate (sheet silicate) group of silicate minerals.g Talc's
normative chemical formula is Mg3 Si4 O10 (OH)2 , with generally small amounts of substitution of
other elements in more than trace amounts. These substitutions, which include Fe for Mg, Al
for Si, and F for OH, generally do not have a major effect on the mineral's desirable properties.
Structurally, talc is composed of a layer of Mg-O-OH in octahedral coordination sandwiched
between two layers of Si-O in tetrahedral coordination. The tetrahedral-octahedral-tetrahedral
units (t-o-t) are linked together by relatively weak van der Waals bonds, which result in the
characteristic friability or cleavage of talc layers (Figure 1).
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Figure 1. Crystal structure of Talc. The atoms are shown as small balls: magnesium (yellow),
silicon (blue), and oxygen (red with orange for OH). Silicon, surrounded by four oxygen atoms,
occupies the tetrahedral site while magnesium, surrounded by six oxygen atoms, occupies the
octahedral sites of the unit cell. The unit cell (shown with the dashed black line) has
dimensions of 5.3 × 9.2 × 9.5

. Created with CrystalMaker® version 8.7.

Talc can form when the requisite stoichiometric combination of elements is present in the initial
rock (protolith) at sufficient temperature, pressure, and length of time. Talc can also form as
an “up-temperature” (prograde) or “down-temperature” (retrograde) reaction product. The
preservation of talc from elevated metamorphic conditions depends largely on cooling rates and
the chemical flux of volatiles, especially water and carbon dioxide.
Macroscopic talc forms individual crystals and masses of crystals that separately and
collectively have a “platy or plate-like” appearance (2). Talc “plates” can be relatively “small”—
micrometers across—or relatively “large”—centimeters or more across (3) (Figure 2).
Aggregates of the plates have been described as having a sample texture that is micaceous or
foliated. "Foliated" means that the flattened talc grains are largely oriented as sub-parallel
plates.
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Figure 2. Scanning electron microscopy image of typical lamellar Talc.
The physical form of talc rock is related to the geologic source (protolith) and the geologic
conditions during the formation of the deposit. Talc's platelet size determines its lamellarity.
Highly lamellar talc (informally classified as macrocrystalline talc) has large, stacked platelets,
whereas microcrystalline talc has small, randomly oriented platelets.
The lamellar aggregates are accumulations of individual crystals that are approximately
equidimensional in the equatorial plane and relatively thinner perpendicular to that plane.
Occasionally, talc will grow “faster” in the shortest atomic-length direction and produce a gross
shape that is elongated lamellar, which is similar to a ribbon and is informally described as
“ribbon talc”. When the growth in a single direction is extreme, the talc can develop a fibrous
morphology.
Given the variability of pressure, temperature, and chemical flux in the geologic environment, it
is not uncommon for talc to undergo alteration, via chemical and structural changes, to other
minerals. Talc may even be found occasionally in a transitional state when a reaction is
incomplete and frozen-in.
The four types of geologic environments most typical for talc formation are:
1. Large geographic-geologic areas (regionally) of prograde metamorphic sedimentary rocks
[derived from either Mg-rich carbonates (dolomites) or shale (clay- and quartz-rich
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sediments)];
2. Magnesium-rich, silica-poor (ultramafic) rocks undergoing serpentinization (an alteration
process that results in hydration and enrichment in silica) followed by chemical
alteration arising from the influx of carbon dioxide-rich fluid;
3. Amphibole-bearing metamorphic rocks undergoing retrograde metamorphism;
4. A broad variety of protoliths undergoing local metamorphism because of elevated
heating (contact metamorphic effects) (2, 4).
Talc ores are sometimes classified into two major groups based on the type of geologic
environment: talc deposits with amphibole minerals as important components of the host rock,
and talc deposits that are essentially “amphibole free.” The majority of globally produced
commercial talc is formed by the prograde sequence of sedimentary rocks (Type 1), or to a
lesser extent, derivation from ultramafic igneous rocks (Type 2). “Ultramafic is the most
abundant deposit worldwide, but metasedimentary is by far the most widely exploited
commercially and accounts for more than 70% of world production [of all talc, including
pharmaceutical grade]” (2).
For the remaining 25%–30%, industry experts have estimated that only a minor segment of all
markets uses talc derived from amphibole-bearing metamorphic rock, and this has declined in
recent years (5, 6) (Figure 3). Talc derived from host deposits with amphiboles is of primary
concern because of the possible presence of amphibole and serpentine asbestos in the final
product. Historically, tremolitic talc (Type 3) has not been used in the United States for
pharmaceutical applications. Figure 3 represents the current estimated world production of talc
(5) divided into the four types.
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Figure 3. Current estimated world production of Talc.
3. MINERAL CHEMISTRY AND MORPHOLOGY OF ASBESTOS SPECIES POTENTIALLY
ENCOUNTERED IN COMMERCIAL TALC DEPOSITS
A large number of accessory minerals may be found in talc deposits, depending on the
formation conditions of the deposit. These minerals include but are not limited to dolomite,
magnesite, calcite, and quartz, as well as a variety of micas, chlorites, feldspars, serpentines,
and amphiboles. Of particular concern for this discussion are minerals which, under certain
conditions, can occur in an asbestiform growth habit, and also the minerals that may interfere
with detection of asbestos during analysis. Chlorites, typically clinochlore and chamosite, have
the general composition [(Mg,Fe)3 (Si,Al)4 O10 (OH)2 ·(Mg,Fe)3 (OH)6 ] and are fairly common in
some talc-rich rocks and ores. Chlorite group minerals are layered silicates (phyllosilicate) that
are composed of “chemical sandwiches” similar to talc, but with an additional layer of Mg-Al-O
inserted into the stacking sequence. Chlorites are highly variable in composition and structural
complexity, and typically do not form fibrous morphologies. Asbestos is a commercial/industrial
term applied to certain naturally occurring minerals when these minerals crystallize in the
asbestiform habit (generally defined as minerals with the growth form similar to commercial
forms of asbestos). The commercially desirable properties of asbestos include flexibility, tensile
strength, and resistance to heat, electrical conductivity, and chemical corrosion.
Certain asbestiform minerals are regulated under the rubric asbestos in numerous federal and
international regulations. These regulations are based primarily on the asbestos minerals that
were used commercially, and most regulations and approved analytical methods specifically list
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those minerals because of early epidemiological studies linking commercial asbestos with
disease. Historically, analytical methods used for identification of regulated asbestos rely on the
commercial and physical properties of the minerals rather than properties that may be
associated with the etiology of disease.
The asbestos minerals typically listed in regulations and methods include chrysotile, a member
of the sheet-silicate group, and five amphibole minerals of the chain-silicate group. These five
are “amosite” (cummingtonite-grunerite asbestos), crocidolite (riebeckite asbestos), tremolite
asbestos, actinolite asbestos, and anthophyllite asbestos. Historically, chrysotile has been the
most commonly used asbestos in industry (approximately 90%). Chrysotile is still being mined in
a few countries; however, most countries have banned the mining of all types of asbestos
because of the demonstrated and perceived health risks of the material.
Although there is general agreement in the international community, it is important to note that
there is no uniformly and universally accepted “group” of asbestos minerals, nor are there
universally accepted definitions for asbestos and asbestos-related particles. A tabulation of
definitions for asbestos, asbestiform, and other asbestos-related terminology used in this article
can be found in Lowers and Meeker (2002), and ASTM D7712-11 (7, 8).
3.1 Serpentine
Serpentine is a subgroup of minerals with the composition [(Mg, Fe)3 (Si2 O5 (OH)4 ]. Rocks
containing serpentine minerals can contain serpentine asbestos (chrysotile) if formed under
specific high-shear conditions. “There are three principal forms of serpentine—lizardite,
antigorite and chrysotile—all with approximate compositions of Mg3Si2O5(OH)4. The most
abundant is lizardite and the least is chrysotile, but the latter is perhaps the best known...”
(9)
Chrysotile is a layered silicate mineral with the nominal composition Mg3 Si2 O5 (OH)4 . The mineral
generally forms as bundles of extremely thin fibers that can split into single units called fibrils.
Chrysotile fibrils can measure as little as a few tens of nanometers in diameter, with lengths up
to tens or hundreds of micrometers. These fibrils form as the mineral grows (growth habit)
because of a slight atomic mismatch between alternating layers of SiO4 tetrahedra and MgO
octahedra. The atomic forces generated by this mismatch cause the layers to curve into a
tight scroll during growth, thereby producing the individual fibrils.
3.2 Amphibole
The amphibole minerals have a double-chain structure composed of layers of rings of SiO4
tetrahedra held together by alternating chains of octahedral units and interlayer cations.
Amphiboles have a general chemical formula of A0-1 B2 C5 T 8 O22 W2 where only the most common
ions for each crystallographic site are as follows:
A = Na, K; B = Na, Ca; C = Mg, Fe, Al; T = Si, Al; W = OH, F, Cl
As suggested by the formula above, amphiboles can be extremely complex chemically, and more
than 80 mineral names are currently designated, based on chemistry, by the International
Mineralogical Association (IMA) (10, 11).
Amphiboles are fairly common rock-forming minerals and occur in a variety of growth habits
depending on origin and conditions of formation. Single amphibole crystals are generally
elongated along the c crystallographic direction and typically form in a prismatic (prism-like)
habit. Amphiboles can also form as acicular (needle-like) crystals, and very rarely as
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asbestiform crystals. Amphibole asbestos fibrils can measure less than a hundred nanometers in
diameter, with lengths up to tens or hundreds of micrometers. Amphibole asbestos has been
mined commercially in the past, and two types, amosite and crocidolite, were widely used in a
variety of commercial applications until the 1970s, when rising health concerns caused most
countries to cease commercial production.
In many cases, chrysotile is easy to define and identify because of its thin fibers, unique rolled
sheet structure, and simple chemistry, but the same cannot be said of amphibole asbestos. The
reasons for this include the extensive chemical substitution that can occur in amphiboles, and
the fact that the IMA system of nomenclature is based on mineral chemistry. Mineral
identification using the IMA nomenclature requires highly accurate chemical analyses,
particularly where amphibole minerals are not close to pure end-member compositions (12, 13).
For example, pure end-member tremolite has the composition Ca2 Mg5 Si8 O22 (OH)2 . If, however,
fluids rich in sodium, potassium, and iron were present during formation, the resulting mineral
might have a composition such as (Na,K)0.4 (Na,Ca)2 (Mg,Fe)5 Si8 O22 (OH)2 due to chemical
substitutions. The resulting mineral, although very similar to tremolite, would be classified by
the IMA as winchite. This example is significant because most current regulations list tremolite
as regulated, but winchite is not even addressed, although the two minerals are associated
with similar health risks (14–17).
In addition to chemistry, particle morphology is used to determine if a single amphibole particle
or population of particles is asbestos. Again, the analytical methods rely on properties of
commercial asbestos rather than properties directly tied to health effects. As stated above,
amphiboles can form in a variety of morphologies ranging from prismatic to asbestiform.
4. CURRENT USP TEST PROCEDURES FOR DETERMINATION OR ANALYSIS OF ASBESTOS IN
A TALC MATRIX
The current USP Talc analytical procedure for Absence of Asbestos utilizes either infrared
spectroscopy (IR) or x-ray powder diffraction (XRD); the choice is left to the user. These initial
screening methods are useful for evaluating the overall quality of the talc. Both the IR and XRD
procedures, as written in the USP Talc monograph, are pass/fail tests that do not provide
specific detection limits. If there is any indication in the test results that minerals which may
have an asbestos component are present (a positive result), then the current USP method
requires that the sample be examined using optical microscopy. Currently there are no standard
reference materials available that can be used to document a laboratory's effectiveness in
detecting asbestos in a talc matrix.
In addition, the pharmacopeial test procedures for determination or analysis of asbestos (IR,
XRD, and optical microscopy) do not detect all particles thought to be hazardous, but only the
subset of particles that are amenable to routine detection and quantification by the specific
analytical test procedure being used. Because fibrous minerals in talc are contaminants rather
than commercial materials added for their desirable properties, it is important to recognize that
applying analytical methods developed for commercial asbestos may not be adequate in terms
of sensitivity and specificity for determining the absence of asbestos in talc for use in
pharmaceutical products (Table 1). In addition, other minerals (such as chlorite or kaolinite)
can occur in talc; both cause interference in the detection of asbestos in talc. As with any
analytical procedure, certified reference materials are necessary to properly calibrate the
system.
Table 1. Current Methods for Asbestos Detection and Quantification in a Talc Matrix
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Description in current USP
monograph
IR absorption 758 ± 1 cm-1, may indicate the presence
spectroscopy of tremolite or chlorite. If the absorption
band remains after ignition of the
substance at 850 for at least 30 min, this
indicates the presence of tremolite. In the
range 600 cm-1 to 650 cm-1 using scale
expansion, any absorption band or shoulder
may indicate the presence of serpentines.

X-ray
diffraction

The presence of amphiboles is detected by
a diffraction peak at 10.5 ± 0.1 2 , and
the presence of serpentines is detected by
diffraction peaks at 24.3 ± 0.1 2 to 12.1
± 0.1 2 .
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Advantages

Disadvantages

Instrumentation
is typically
available for
companies that
need to perform
pharmaceutical
testing.

Cannot distinguish
asbestos from nonasbestos forms of
the same mineral.

Important in
fully
characterizing
mineral
assemblage.

The method is
subject to
interferences with
other minerals.
Detection limit is
unknown.
Cannot distinguish
asbestos from nonasbestos forms of
the same mineral.

Provides
information
about bulk
purity.

Limit of detection
may be too high for
public health and
regulatory
purposes.

Can give
information
about the origin
of the talc
deposit and the
associated risk.

Detection limit of
serpentine is
severely affected
by presence of
chlorite.

Can indicate if
problematic
levels of any
phase are
present.

May give falsenegative result if
used as a
screening method.
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The presence of suspect fibers is inferred
from the occurrence of particles with
length-to-width ratios in the range from
20:1 to 100:1, or higher for fibers longer
than 5 µm.

Identification
considers
particle
morphology.

Particles of milled
material may be
disaggregated and
inconsistent with
typical asbestos
morphology.
Particles of milled
material may be
below resolution
limit.
Due to lack of
identification
procedures, may
give a falsepositive result.
Limit of detection
may be too high for
public health and
regulatory
purposes.

5. METHODS UNDER CONSIDERATION FOR ASBESTOS TESTING IN TALC
Talc analytical methods have been a subject of development by ASTM International (18). The
Asbestos Analytical Committee (D22.07) has been working on a series of detailed procedures
covering XRD, polarized-light microscopy (PLM), and transmission electron microscopy (TEM)
analyses, specifically for pharmaceutical Talc. To date, drafts of all three procedures have
been reviewed by the ASTM committee, although the TEM method has progressed the furthest.
The Expert Panel is monitoring these methods and is working with ASTM, where appropriate, to
further their development.
5.1 X-ray Diffraction
XRD is used for qualitative determination (identification) and quantitative determination (weight
percent) of crystalline substances. The three-dimensional structure of crystalline substances
generates elastic x-ray scattering called diffraction, and satisfies the Bragg Equation:
n = 2dSin
where n is an integer called the order of the reflection; lambda ( ) is the wavelength of the
characteristic line of the tube anode material, typically Cu K ; d is the interplanar spacing of
given crystal planes of a crystal; and theta ( ) is the x-ray incidence angle (Bragg angle)
under a given instrument geometry. The Bragg equation represents an inverse relationship
where low theta ( ) values would have a corresponding high d-spacing (usually expressed in
Angstroms) and vice versa. When using XRD, consideration should be given to the differences
in the particle size distribution, crystallinity, and interferences, among others. Matrix-matching
of the standard and test materials and their preparations are important criteria to meet in order
to achieve precise and accurate results. XRD provides an important initial screening of the talc
product for ancillary mineral phases, especially for those of total amphibole and total
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serpentine. Amphibole and serpentine minerals are typically non-asbestiform, but they can exist
more rarely as an asbestiform variety. However, XRD does not delineate the non-asbestiform
and asbestiform varieties of amphibole or serpentine; therefore, XRD should be combined with
one or more microscopic techniques. For total amphibole, conventional XRD provides a
qualitative non-detect at < 0.5% in talc. XRD performed with extended count times can
achieve lower detection limits such as < 0.1%. For serpentine, XRD provides qualitative and
quantitative detection limits that will vary because of interference from the chlorite group
minerals; here, detection limits could be as low as 0.1% or as high as 2%.
5.2 Polarized Light Microscopy
Polarized-light microscopy (PLM) is used to identify a substance based on its optical properties.
The fibers in talc product that satisfy pre-defined criteria for optical properties including
refractive index, sign of elongation, and extinction angle, as well as dimensions and morphology,
will be identified as asbestos based on specific regulatory methods. PLM can be used for
quantitation of asbestos, often using a “point-count” method (19). The detection limit can be
improved by increasing the number of points counted. Accurate PLM quantitation depends on
resolution and identification of asbestos and non-asbestos particles. The fibers with particle
sizes below the wavelength of illumination cannot be resolved by PLM. The unresolved fibers
are not counted, which may lead to false-negative results. For this reason, amphibole and
serpentine detected by XRD may be unresolved by PLM.
5.3 Electron Microscopy
Electron microscopy, including transmission electron microscopy (TEM) and scanning electron
microscopy (SEM), overcomes the resolution limitations of PLM and has the ability to detect
extremely small asbestos fibers. The minimum fiber width that can be routinely characterized by
TEM is on the order of 0.03 µm (19, 20), corresponding to the typical width of single chrysotile
fibrils. TEM is the only method that can accomplish this, although the modern field emission
SEM can approach this capability. TEM and SEM provide elemental composition data through
energy dispersive x-ray spectroscopy (EDS), an important component of the identification of
the mineral. TEM also provides information on crystalline structure through selected area
electron diffraction (SAED), and recent developments using electron back-scattered diffraction
(EBSD) may enable analysts to derive similar crystallographic information with SEM (21). In a
recent review of the draft National Institute for Occupational Safety and Health (NIOSH)
roadmap for asbestos research, the Institute of Medicine of the National Academies stated:
“The need to develop new [analytical] methods based on electron microbeam techniques is
critical and should not be limited by existing regulatory constraints or existing policy.” (14, 15)
A comparison of the methods described above, outlining their advantages and disadvantages, is
presented in Table 2.
Method

Table 2. New Microscopy Methods Under Consideration
Description
Advantages
Disadvantages
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Polarizing
The presence of asbestos is
light
confirmed by the occurrence
microscopy of particles with asbestos
morphology and their
identification as an asbestos
mineral based on optical
properties/dispersion staining.
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Identification is
based on
morphology and
phase
determination,
which can be
conclusive.
Particles
characterized by
PLM are in the size
range where they
are easily
distinguished as
asbestos, compared
with non-asbestos.

Normal quantitation limit may
be too high for public health
and regulatory purposes, if
concentration techniques are
not used.
Particles of milled material (<
5 µm) may be below
resolution limit.

Good method for
larger-size products
typical of personal
care talc products.
Scanning
The presence of asbestos is A larger sample size Fibrils of chrysotile may be
electron
confirmed by the occurrence (µg range) is
below the resolution limit of
microscopy of particles with asbestos
analyzed, relative to older microscopes.
(SEM)
morphology that are identified TEM.
as an asbestos mineral by
Because it is a presumed
EDS elemental analysis.
Identification is
identification based on
based on
chemistry and morphology
morphology and
alone, the test may give a
elemental analysis. false-positive result.
Structural information
Resolution is better methods are currently in
than with PLM.
development.
Capable of
disclosing surface
morphology.
Transmission The presence of asbestos is Identification is
electron
confirmed by the occurrence based on
microscopy of particles with asbestos
morphology,
(TEM)
morphology that are identified elemental analysis,
as an asbestos mineral by
and electron
EDS elemental analysis and
diffraction
electron diffraction.
(structural
information).

Interferences include
talc/anthophyllite, etc.
May be prohibitive for quality
control due to protracted
prep/analysis time, high cost,
irreproducibility, and small
sample size (ng range).
May miss the larger fibers
associated with amphibole
asbestos (false negative).

May be the only
method with
resolution high
enough to routinely
detect fibrils of
chrysotile.
5.4 Additional Sample Preparation/Concentration Techniques

PF 40(4): Jul.-Aug. 2014

467

Detection of asbestos in talc by the instrumental methods outlined above can be enhanced
through the concentration of asbestos particles or separation of asbestos from obscuring or
confounding particles. Several sample preparation techniques are being evaluated; each targets
a specific type of particle to analyze. These techniques are: 1) air elutriation, for the purpose
of evaluating the fraction of particles that may become airborne; 2) aqueous elutriation, also
for evaluating particles that may become airborne; and 3) wet sieving, which effectively
concentrates asbestos in the larger, more easily characterized size fraction and lowers the
overall detection limit of the methods.
5.4.1 fluidized bed asbestos segregator
The fluidized bed asbestos segregator (FBAS) is a sample preparation instrument that utilizes
air elutriation to separate particles on the basis of aerodynamic diameter, which correlates
positively with particle size and inversely with particle density. Asbestos structures (fibers,
fiber bundles, and fibers/bundles in matrices) are collected on a filter which can then be
analyzed by TEM or other appropriate microscopic techniques. The performance of the FBAS
preparation method was recently evaluated by the U.S. EPA using a variety of performanceevaluation (PE) standards that spanned different matrix materials (soil and vermiculite) and
different types of asbestos (chrysotile and amphibole). Results for these PE standards show
that there is an approximately linear relationship between the concentration of asbestos in the
PE standard (as mass percent) and the mean concentration estimated by the TEM analysis
following preparation by FBAS, expressed as asbestos structures captured on the filter per
gram of test material (s/g). Method detection limits achieved in these studies ranged from
0.002% to 0.005% by weight, which is approximately 100 times lower than the detection limits
that are usually achieved using other analytical methods for asbestos in soil and other solid
media.
The FBAS unit is compact, fitting into a standard laboratory fume hood, and components of the
unit are relatively easy to decontaminate or are disposable. The FBAS unit construction and
operation costs are relatively low, and sample throughput is high (up to 20 samples per day).
Current research using the FBAS unit is ongoing, and an interlaboratory validation study is in
progress (15). Although the FBAS method has not yet been applied to the evaluation of
asbestos contamination in a talc matrix, this approach appears to have promise as a fairly
inexpensive and highly sensitive method for the identification of low levels of asbestos in talc
(22).
5.4.2 aqueous elutriation
This elutriation technique uses water rather than air to separate particles (23, 24). A sample is
suspended in a funnel of water which is constantly flushed with water coming in from the
bottom. The flow rate is controlled to flush out of the top of the funnel only particles smaller
than a pre-determined aerodynamic diameter. This portion is filtered and prepared for TEM
analysis. The use of water removes any undesirable electrostatic interactions that can occur in
air samples. Method detection limits vary based on the duration of elutriation and the
differences in the aerodynamic diameters of the target particles and matrix particles, as is the
case for FBAS.
5.4.3 wet sieving technique
The technique of wet sieving a milled talc product capitalizes on the natural characteristics of
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asbestos (i.e., flexibility and durability, which make it resistant to grinding). After milling, the
sieve acts to concentrate any asbestos present by removing the easier-to-grind matrix material
(i.e., talc with a softness of 1 on the Mohs Scale of Hardness). Although the size fraction
analyzed is not that which includes the finest particles, this technique is an easy and costeffective way to indicate whether or not asbestos is present. Studies have shown that even in
the finest micronized talc (median particle size of 1 µm) asbestos was easily detected by
conventional microscopy techniques. The effect of concentration also lowers the detection
limit, for example samples with 100–500 ppm asbestos—confirmed by TEM—were effectively
detected by PLM (25). In addition, asbestos particles in the larger-size fraction are more likely
to maintain the unique characteristics of asbestos, which facilitates an unambiguous
identification. An inexpensive, standard 325- to 400-mesh laboratory sieve is used with
standard laboratory procedures to achieve these results.
6. ADVERSE HEALTH EFFECTS FROM ASBESTOS EXPOSURE
Health effects associated with workplace asbestos fiber exposures were clearly identified in the
early part of the twentieth century and continue to be further elucidated through research and
ongoing health studies. The major non-cancer health effects associated with airborne asbestos
exposure increase with increasing levels of exposure and include pleural effusions, pleural
fibrosis [both circumscribed disease (plaques) and diffuse disease], and interstitial fibrosis (also
known as “asbestosis”). The observable onset of these conditions, which can occur in
combination, usually takes more than 20 years from initial exposure (latency period) and can
progress in severity from asymptomatic to disabling and fatal, despite cessation of exposure
years earlier (26).
The risk for asbestos-related malignancies also rises with increasing levels of exposure. Among
these malignancies, lung cancer is the most common. However, the types of lung cancer
observed with asbestos exposure are similar to those seen with cigarette smoking, and often
may not be identified as asbestos-related given the high prevalence of smoking exposures. It
should be noted that the risk for lung cancer is greatly increased by the combination of
asbestos and smoking exposures. Mesothelioma is a very rare cancer of the pleura (outer lining)
of the lungs and abdomen (peritoneum) that is predominantly caused by asbestos exposure; it
is not related to smoking and usually occurs 20–40 years after the initial exposure. According to
the Centers for Disease Control and Prevention, the annual U.S. death rate due to
mesothelioma is about 14 per million people for those over 25 years of age (27). The risk for
mesothelioma increases with greater asbestos exposure, however, there are numerous cases of
seemingly inconsequential, low-dose paraoccupational and environmental asbestos exposures
that are associated with this malignancy. Per the International Agency for Research on Cancers
(IARC), there is sufficient evidence in humans that all forms of asbestos (chrysotile, crocidolite,
amosite, tremolite, actinolite, and anthophyllite) cause mesothelioma and cancer of the lung,
larynx, and ovary. Positive associations also have been observed between exposure to all forms
of asbestos and cancer of the pharynx, stomach, and colorectum (19, 28).
Although the relationship between airborne asbestos exposure and respiratory disease is clear,
associations between ingestion of asbestos fibers and gastrointestinal (GI) cancers, or other
cancers due to translocation of fibers from the pulmonary or gastrointestinal tract, is more
difficult to assess. Studies in humans and animal models have provided differing evidence for
ingestion-related GI cancers, which were estimated to be elevated by the EPA and the National
Academy of Sciences (29).
There are currently no established safe levels of asbestos exposure. This underscores the
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efforts of the Talc EP to identify strategies and methods for reducing the potential for asbestos
contamination of talc to the lowest feasible levels. More effective analytical approaches are
needed to achieve much lower levels of detection than those traditionally used to evaluate
asbestos contamination of bulk materials. The existing methods are not necessarily adequate
for assessing the potential health risks of these materials. Research by the U.S. EPA and others
has shown that disturbance of matrices (e.g., soil, vermiculite insulation) containing asbestos
concentrations identified by the lower detection limits of PLM—well below 1% asbestos by
weight, the limit historically used by the U.S. EPA to define an Asbestos Containing Material)—
can generate potentially hazardous exposures (30–32). This issue, while not currently
evaluated, may be particularly relevant for the talc used in powders and cosmetics.
Current standards and recommendations have generally focused on controlling asbestos mineral
fiber exposures (chrysotile, crocidolite, amosite, anthophyllite asbestos, tremolite asbestos, and
actinolite asbestos) by using optical microscopy methods and counting all fibers with specified
aspect ratios (e.g., 3:1 or greater) and fiber lengths (e.g., > 5 µm). However, the specified
dimensional criteria (length and aspect ratio) used for the quantification of asbestos may not
be optimal for protecting exposed individuals, as these criteria are not based solely on health
concerns (15). Animal studies and epidemiologic studies have found that various forms of
asbestos, or certain dimensional characteristics of fiber exposures, were associated with
different responses of the respiratory tract and different potency for disease such as
mesothelioma (15, 28). Generally, the accepted physiochemical properties of asbestos fibers
that are related to pathogenicity include 1) fiber dimensions (i.e., length, width, aspect ratio),
2) surface chemistry, 3) surface area, and 4) biopersistence. Although the latter three
properties are not reflected in the current analytical methods for identification of asbestos (15,
28, 33), efforts are underway to better understand the inter-relationships of these
physiochemical properties in association with observed health effects. For example, researchers
from the U.S. EPA and other federal agencies have recently shown that the role of surface
area, as well as other factors, is important in understanding the toxicity of asbestos and other
hazardous elongate mineral particles (33). Also, exposures to certain nonregulated minerals
such as fibrous forms of winchite, richterite, and antigorite are of concern. Recent studies have
found that such exposures are associated with increased risks of mesothelioma and other
asbestos-related diseases (15, 16, 34, 35).
The USP Talc Expert Panel agrees that exposure risks can and should be mitigated by revising
USP methods, which will then allow for much lower detection limits for asbestos, and if
warranted, other mineral fibers. The Panel is not proposing to identify and exclude all mineral
fibers under this standard, but these methods appear capable of identifying other fibers that
appear to be hazardous.
7. LABELING
FDA's November 2010 letter included the following requests: “Labeling should be revised to
match the statements that are provided in the Talc FCC monograph, thereby assuring that
Talc is not sourced from mines that are known to contain asbestos. Also, USP should consider
revising the current tests for asbestos to ensure adequate specificity.”
However, the existing FCC description (36) is informational, qualitative, and not easily defined.
Further, the FCC monograph does not include a labeling statement or any methodology for
asbestos detection.
It is the conclusion of the Talc Expert Panel that mine suitability as a source of talc is not
subject to USP quality standards. Rather, it is the responsibility of the talc supplier to supply a
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product that is asbestos free and can meet the USP compendial standards.
Based on the above, the panel recommends updating statements in the definition and/or
labeling sections to indicate that talc containing (detectable) asbestos is not pharmaceutical
grade.
8. CONCLUSIONS AND SUMMARY
Proposed updates to the current official harmonized USP Talc monograph's test for the Absence
of Asbestos will incorporate current analysis protocol:
Pass-fail must include microscopy follow-up to XRD.
Definitive microscopic identification and characterization of asbestos/mineral fibers is
critical in the determination of the presence/absence of asbestos.
XRD or IR analysis provides for the detection of total amphibole or total serpentine. Failure to
detect amphibole or serpentine by XRD or IR does not provide adequate assurance regarding
the absence of asbestos contamination.
The USP Talc Expert Panel's recommendation for revision of the test for Absence of Asbestos
will include omission of the IR spectroscopy test and inclusion of a revised XRD procedure in
combination with one or more microscopic evaluations (PLM, TEM, or SEM).
The panel also recommends including additional sample preparation/concentration methods to
improve the feasible limits of detection as indicated (see section 5.4).
These recommendations for method revision and labeling will help to ensure that talc does not
contain asbestos or other hazardous mineral fiber contamination such as winchite or richterite
as determined by current state-of-the-art procedures. The analytical approach recommended
by this Expert Panel, consistent with the industry norm at present, should continue to ensure
that current supplies of talc are of the highest quality, in accordance with current best
practice procedures.
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Physico-Chemical Method for the Prediction of the Bioactivity of Epoetin Beta Batches
Hanne Bachmann, LA Hothorn, Harald Haug, Theo Dingermanna
ABSTRACT As an alternative to the current bioassay using normocythaemic mice (BNM), a
prediction model that is based on physico-chemical methods for estimating the biological
activity of erythropoietin batches was developed and validated. Forty batches and pools of
batches of Epoetin Beta (EPO), covering a wide range of precisely determined biological
activities, were analyzed. Capillary electrophoresis was used for quantitative determination of
the isoform compositions of the batches, and HPAEC-PAD was used to elucidate the
substructures of the EPO molecules, namely desialylated N-oligosaccharide side chains.
Statistical evaluation of the analytical results showed that the composition of isoforms is most
suitable for predicting the biological activity of EPO batches. Several prediction models
composed of all tested parameters or selected parameters were tested, and a linear regression
model of isoforms 1, 2, 3, 4, 5, and the overall degree of sialylation, were shown to be the
most appropriate. When applied to EPO batches, which are derived from an adequately
consistent manufacturing process, the prediction model is equivalent to the in vivo-bioassay in
terms of accuracy but superior in terms of precision, effort, and animal welfare.
1. INTRODUCTION
The potency of erythropoietin preparations is defined in International Units (IU) that are
measured by means of in vivo bioassays. Two methods are described in the Ph. Eur., i.e.,
bioassays in polycythaemic and normocythaemic mice (1). In addition to providing information
on the normocythaemic assay, USP's 124 Erythropoietin Bioassays, provides guidance on
how to use the potency reference standard in the context of an in vitro assay such as cellbased assays. The animal-based assays are elaborate, time consuming, and costly, but limited
in precision; therefore, a better method is needed, preferably without the use of animals.
Reduction, refinement, and replacement of in vivo assays is also a common goal of
pharmaceutical manufacturers, health authorities, and animal welfare societies (2–6). For EPO,
a complex glycosylated protein, such undertaking provided specific challenges that were solved
by the development of a prediction model based on physico-chemical parameters.
The EPO drug substance is a mixture of heterogeneous molecules, which differ in their Noligosaccharide side chains. The quantitative composition of desialylated N-oligosaccharides (Nglycans) and their degree of sialylation account for the variability of the molecules.
Furthermore, they determine the biological activity of EPO (7–18). Isoforms are mixtures of
such heterogeneous molecules that carry the same number of terminal sialic acid residues.
It is an obvious approach to correlate the biological activity of EPO batches with their
quantitative composition of molecular variants or isoforms. However, the success of such an
undertaking depends on the availability of both an appropriate set of samples covering a wide
range of biological activities, and an adequate reference method for their precise determination.
Aiming at determining the biological activity of EPO in terms of IU, the bioassay in
normocythaemic mice (Ph. Eur.) was chosen as the reference method. The poor precision of
this method was widely overcome by generating mean values from a great number of replicate
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assays per sample.
In the following sections, the materials and methods used—as well as the analytical results,
their statistical evaluation, and the process of model selection—are briefly described. Further
details have been published by Zimmermann et al. (19–21).
2. DEVELOPMENT AND VALIDATION OF THE PREDICTION MODEL
2.1 Materials and Methods
2.1.1 epo batches
Data of 40 EPO batches and pools of batches were used to develop the prediction model.
These pools and batches cover the whole range of specific biological activities observed in the
long EPO production history, i.e., 138,000–229,000 IU/mg in terms of adequately confirmed
potency estimates. The required precision of the potency estimates was achieved mainly by
using mean values from a great number of replicated BNMs (see Table 1).
To extend the number of replicated bioassays per batch as far as possible, existing data from
routine quality control was used. This included results of 30 drug substance pools that had
been used to manufacture NeoRecormon® (PFS) drug product batches. Because their
manufacture, dilution, and filling into syringes do not impact the specific activity of the active
ingredient, the potency estimates of numerous drug product batches were also assigned to the
respective drug substance pool. The target range of specific activities was not covered
completely by the drug substance pools; therefore, an additional 10 EPO batches were
selected. These batches included borderline isoform distribution, in terms of the process
specifications, although all pools and batches were within the limits given by the Ph. Eur. (1)
(see Table 2). Because no results of drug product batches were available from these additional
batches, the BNM was performed only on the level of the drug substance. In order to achieve
an adequate precision of the mean potency estimates additional BNMs were done.
In summary, the biological activities of 30 drug substance pools and 10 EPO batches, together
denoted as “training batches”, are based on a total of 1054 bioassays. Considering the great
effort and the high cost of animal experiments, it is clear that this large number of results could
be collected only through years of work in routine testing of EPO pools and drug product
batches manufactured from these pools.
All 40 training batches were derived from the current approved manufacturing process of EPO.
The range of their potency estimates, coefficients of variation and confidence intervals are
shown in Table 1. The mean potency estimates are the basis of the statistical investigations on
the relationship between biological activity and biochemical characteristics. The measured
mean potency estimates might still differ from the true biological activities of the training
batches, which are principally unknown. Nonetheless, they are highlighted by an extraordinary
precision because of a high number of replicates, including BNM assays performed in years of
routine quality control.
An additional 17 EPO drug substance pools were available that would have as well been suitable
as training batches in terms of existing potency estimates. These EPO batches were used as
validation batches for verifying the accuracy and precision of the prediction model. The
intention was to use an independent data set for this purpose that had not been used for the
model development. In fact, the validation batches cover mainly the medium range of specific
activities, where additional data would not have provided added value in the establishment of
the model. EPO batches with adequately confirmed specific activities in the upper or lower
range are less frequent and, therefore, were classified and used as training batches.
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2.1.2 bioassay in normocythaemic mice (BNM)
The BNM was performed in accordance with the Ph. Eur. monograph Erythropoietin
Concentrated Solution (1). Healthy B6D2F1 mice, of ages 6–15 weeks, were used without
pretreatment as test animals. They received subcutaneous injections of 10, 20 or 40 IU of EPO.
Each dosage of the standard or unknown was injected into 8 mice. Biological Reference
Preparation (BRP) 2 and BRP 3 (22, 23) were used as reference preparations. About 50 µL of
blood was withdrawn from the tail veins of the animals 4 days after the injection. The blood
cells were stained with acridine orange, and the reticulocyte count was determined in a
FACSCalibur flow cytometer. The statistical evaluation (potency estimate, confidence limits,
and acceptance criteria) was performed using the parallel-line method (24).
2.1.3 capillary zone electrophoresis (CZE)
A capillary zone electrophoresis (CZE) system from Beckman Coulter was used for the
separation of the erythropoietin isoforms. Uncoated fused silica capillaries with 75-µm internal
diameter, 375-µm external diameter, and 70-cm total length were mounted in a suitable
cartridge with an aperture of 100 × 200 µm.
The samples to be analyzed were desalted twice by repeated ultrafiltration. They were then
adjusted to a concentration of about 0.5 mg/mL. Before their use, the capillaries were rinsed
with highly purified water and 0.1 M NaOH solution and were then primed with 2 to 3 injections
of the reference standard. The samples were then introduced into the capillaries by pressure
injection. The CZE buffer used for the separation consisted of 70 mmol/L of morpholinoethane
sulfonic acid (MES), 7 mol/L of urea, and 2.5 mmol/L of putrescine at pH 5.8. The samples were
passed through a membrane filter of 0.45-µm pore size.
The isoforms were detected by UV absorption at 214 nm. The 32Karat software from BeckmanCoulter was used for the evaluation of the electropherograms. The corrected peak area
percentages (% CPA) were calculated for the isoforms. An in-house reference preparation,
which was analyzed in the same way as the samples, was used for system suitability testing.
The different isoforms for EPO can be seen exemplarily in Figure 1. Furthermore, the CZE
method is also described as a pharmacopeial test for erythropoietin concentrated solution (1).
The EPO isoforms have different biological activities based on the glycostructures and their
different degree of sialylation. Isoforms consist of EPO molecules that may be heterogeneous in
the N-oligosaccharide side chains but have the same overall charge, i.e., the same number of
terminal sialic acid residues (N-acetylneuraminic acid). These postulations are supported by
data from the scientific community over the last 20 years (e.g., Refs. 9–12, 14, 16, 17, 25, and
26).
In the patent from Strickland et al. (27), it could be demonstrated that EPO isoforms, isolated
by preparative isoelectric focusing, differ in 1 mol of sialic acid per mol of EPO protein between
subsequent isoforms. A more precise characterization of EPO isoforms was done by Burg et al.
(25), showing decreasing biological activities from IF_2 to IF_8.
2.1.4 determination of desialylated n-oligosaccharides
The desialylated N-glycosidically linked oligosaccharides, denoted “N-glycans” in this paper,
were analyzed by means of high performance anion-exchange chromatography with pulsed
amperometric detection (HPAE-PAD) using a Dionex ion chromatography system. Here the
percentages of bi-, tri-, and tetra-antennary structures were determined, as well as the
percentages of tri-antennas with one additional acetylglucosamine–galactose group (repeat)
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and the percentages of tetra-antennas with one repeat or with two repeats. These structures
were separated from the EPO protein by enzymatic cleavage.
The samples and the reference preparation were dissolved, diluted in phosphate buffer, and
desalted by ultracentrifugation. The enzymes N-glycosidase F and neuraminidase were added
and the reaction mixture was incubated for 16–18 h at 37 . N-Glycosidase F separates the Nglycans from the protein backbone and, to reduce complexity, the sialic acid residues were
cleaved from the N-glycans by the neuraminidase. The N-glycans were separated from the
reaction mixture by ultracentrifugation. The centrifugate was diluted with purified water and
injected into the Dionex system. A CarboPac PA-100 column was used for the chromatographic
separation of the N-glycans. Two solvents were used: eluent A [0.1 mol/L of sodium hydroxide
(NaOH)] and eluent B [0.1 mol/L of sodium hydroxide (NaOH) and 0.5 mol/L of sodium acetate].
They were run alternately at a flow rate of 1 mL/min from 0 to 100 min. By this means,
chromatograms with distinctly separated peaks were achieved. They were evaluated in terms
of peak areas with Chromeleon-Software. The area of each peak in relation to the total peak
area corresponds to the percentage of each N-glycan.
2.1.5 surface plasmon resonance (SPR)
Surface plasmon resonance (SPR) was carried out using a Biacore T100 instrument. This system
is well established for the study of molecule interactions. It allows continuous real-time
monitoring of ligand/analyte binding and thus the determination of equilibrium constants (KD) in
various assay settings. SPR technology is based on the measurement of the refractive index
close to the surface of a gold-coated biosensor chip. Changes in the refractive index indicate
mass changes on the surface caused by the interaction of immobilized ligands with analytes
injected in solution. If molecules bind to immobilized ligands on the surface, the mass increases;
in the case of dissociation, the mass decreases.
A recombinant soluble EPO receptor (shuEPO-R) was immobilized on the surface of a CM5
biosensor chip using amine-coupling chemistry. Flow cells were activated with a 1:1 mixture of
0.1 M N-hydroxysuccinimide and 0.1 M 3-(N,N-dimethylamino)propyl-N-ethylcarbodiimide at a
flow rate of 5 µL/min. The shuEPO-R was injected in sodium acetate, pH 4.5, at 10 µg/mL,
which resulted in a surface density of 3806 response units (RU) on Fc2 and 697 RU on Fc4. Fc1
and Fc3 were used as reference flow cells. Surfaces were blocked with an injection of 1 M
ethanolamine/hydrochloride (HCl), pH 8.5. The dilution and running buffer HBS-P contain 10 mM
HEPES, pH 7.4, 150 mM sodium chloride (NaCl), and 0.005% of polysorbate 20. The analyte EPO
was diluted in HBS-P and injected at a flow rate of 25 µL/min. The contact time was 10 min
(association phase). The chip surface was then washed with HBS-P for 3 min (dissociation
phase). All interactions were performed at exactly 25 (standard temperature). The
regeneration solution of 100 mM HCl was injected for 55 s to remove any noncovalently bound
protein after each binding cycle. Signals were detected at a detection rate of 10 signals/s.
Samples were injected at increasing concentrations.
The signals from a blank flow cell and from blank buffer injections were subtracted, and data
were evaluated using the BIA T100 evaluation software, version 2.0. The lack of first-order
kinetics precluded the calculation of meaningful rate constants. The overall equilibrium
dissociation constant (KDeq.) was determined after analysis of the equilibrium SPR response
(RU), plotted versus the analyte concentration, and finally calculated using the model of steady
state affinity [KA × Conc × Rmax/(KA × Conc × n + 1)].
2.1.6 statistical calculations
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All statistical calculations were performed by the publicly available “R statistical system”.
2.2 Analytical Results
2.2.1 biological activity of the training batches measured by BNM
Figure 2 shows the batch-specific box-plots (median; and interquartile range, Q75–Q25) and
mean ± standard deviation, as well as the individual values of the replicated relative potencies
of the 40 training batches measured by the BNM. The large variance between the replicates
within a batch, which is typical for this assay, is visible. Hence, this figure demonstrates the
challenge for predicting the true biological activity value. Any “gold standard” does not exist,
and the generally accepted reference method for determining the biological activity suffers from
substantial variance. This variance was reduced mainly by performing a large number of
replicated bioassays. If low numbers of replicates were available, only the individual estimates
were subjected to stringent acceptance criteria, e.g., the criterion of homogeneity in the X2
test according to Ph. Eur. (28). The prediction model was calibrated against the mean values of
the individual estimates for each EPO training batch. The remaining difference between the true
biological activity and these mean values is considered negligible in the context of this study.
2.2.2 EPO isoform distribution
To allow for statistical investigations on the quantitative relationship between the biological
activities of the training batches and the percentages of isoforms contained therein, the
isoform distribution was determined for all 40 training batches by CZE. Table 2 shows the mean,
the minimum, and the maximum values of the percentage of each isoform for the 40 training
batches and the limits given in the Ph. Eur., together with the numbering of the isoforms, the
numbering of which differs from the numbering used in this paper. It should be noted that the
EPO batches used in this study are sufficiently variable to cover the variance of the current
production process and include out borderline results of batches that would not be released for
market supply.
2.2.3 desialylated n-oligosaccharides
The most prominent structures of the N-glycans are presented in Figure 3.
The following six types of N-glycans were identified and quantified as percentages: biantennary
structures (bi), triantennary structures (tri), tetra-antennary structures (tetra), triantennary
structures with 1 acetylglucosamine–galactose “repeat” (tri1r), tetra-antennary structures with
one repeat (tetra1r), and tetra-antennary structures with two repeats (tetra2r).
Table 3 shows the summary of measured desialylated N-oligosaccharide percentages derived
from the results of N-glycan mapping. These EPO batches represent the variance of the current
production process.
2.2.4. surface plasmon resonance (SPR)
SPR was used to measure the binding affinity of the EPO molecule to the EPO receptor. The aim
of the investigation was to clarify whether different biological activities of EPO batches were
correlated with corresponding differences in the binding affinity of these batches. Nine batches
of erythropoietin were tested: three each with low (<160 IU/µg), medium (170–180 IU/µg), and
high (>200 IU/µg) biological activity. The dissociation constants (KDeq.) are shown as a
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measure of the binding affinities in Figure 4. No correlation between the binding capacity and
the biological activity can be seen for the EPO under investigation. Therefore, the parameter
was not tested for all training batches and was not included in the statistical calculations for
model development.
2.3 Data Analysis
In the assessment of which statistical model is suitable to replace the BNM, the arithmetic
means of the biological activity estimates of the 40 training batches were used as the endpoint
variables. Their correlation with the following 18 explanatory variables was investigated by
statistical methods:
Isoform percentages, denoted as IF_1p, IF_1, IF_2, IF_3, IF_4, IF_5, IF_6, IF_7, IF_8,
and IF_9
The percentages of the most prominent N-glycan structures that were biantennary
structures, triantennary structures, tetra-antennary structures, triantennary structures
with one repeat, tetra-antennary structures with one repeat, and tetra-antennary
structures with two repeats, denoted by bi, tri, tetra, tri1r, tetra1r, and tetra2r
The overall sialylation grade (mol of sialic acid/mol of EPO), denoted by “sialin”. Sialin is
calculated by the number of the terminal sialic acids of the isoforms and their relative
abundance:
Sialin = (IF_1p × 14 + IF_1 × 14 + IF_2 × 14 + IF_3 × 13 + IF_4 × 12 + IF_5 × 11 +
IF_6 × 10 + IF_7 × 9 + IF_8 × 8 + IF_9 × 8)/sum of percentages of all isoforms
The percentage of tri- and tetra-antennary structures carrying repeats relative to the
sum of tri- and tetra-antennary structures with and without repeats, denoted by
“repeats”
The correlation between all variables, in particular between the endpoint variable and the 18
explanatory variables, was analyzed.
A high correlation between the biological activity and isoform percentages as well as between
the isoform percentages themselves, became apparent (for details, see Refs. 19–21).
As a first result of the correlation studies, the explanatory variables IF_1p and biantennary
structures (bi) were eliminated in subsequent analyses due to their low abundance and
anticipated influence on the biological activity. Hence, 16 explanatory variables remained for
the development of the prediction model.
2.4 Model Selection
A common approach for the selection of a statistical model is the use of a complete multiple
linear model:
Biologic activity = a + b × IF_1 + c × IF_2 + … + q × repeats
containing the intercept a and all 16 explanatory variables. The explanatory variables are
multiplied by the coefficients b, c, d, …, q, which are calculated by the algorithm applied.
Most explanatory variables (isoform percentages IF_2 to IF_8 and sialin) are significantly
related to the biological activity. No significant relationship was found for IF_9, tetra, tri1r, or
tetra2r.
However, the 16 explanatory variables were found to correlate not only with the biological
activity but also among each other. This raises the problem of multi-collinearity, which had to
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be addressed adequately in the development of the prediction model to avoid unstable
prediction models.
To overcome this problem and to find an optimal solution, four candidate models were
established. They were expected to have at least the same accuracy of prediction within the
training batches as the complete linear regression model as reference.
1. Reduced linear model based on Cp-covariate selection, Akaike Information Criterion
(AIC), or reverse selection
2. Ridge regression
3. Principal component analysis
4. Random forest ensemble method
Method 1 focuses on a sparse model, whereas models 2–4 focus on weighted
combination/model averaging.
A brief description of all models is given in the following.
2.4.1 complete linear regression model (reference model)
In this model, a linear relationship is assumed between the explanatory variables and the
biological activity. All 16 explanatory variables remain in the model, and their coefficients are
calculated by the least squares method. The performance of this model in terms of accuracy
and precision may be well within the training data. Nevertheless, for theoretical reasons, it is
expected to be unstable and inaccurate, if applied to data not included in the training set. This
model was used for comparison to strive to identify an alternative model that has at least the
same accuracy and precision within the training data.
2.4.2 reduced linear regression model
In this model, a linear relationship is also assumed between the explanatory variables and the
biological activity. To reduce multi-collinearity, redundant variables were eliminated. Two
statistical methods were applied for identifying the variables to be eliminated, i.e., Cp selection
and backward selection. In both cases, the same variables remained in the model, namely the
percentages of IFs 1–5 and the overall sialylation grade (sialin).
2.4.3 ridge regression model
A linear relationship between the predictive variables and the biological activity is assumed in
this model as well. However, no variables are eliminated, but the method aims at limiting the
influence of variables by shrinking their coefficients. It gives up the least squares method for
estimating the coefficients of the model and minimizes the residuals of the transformed
variables matrix by applying a penalty term to the variables. If this penalty term is zero, ridge
regression is identical with the least squares method (linear regression model). If the penalty
term approaches infinity, the coefficients of the variables approach zero. If the penalty term is
chosen adequately, the residuals of the transformed data matrix are smaller than with the least
square model. In addition, if the explanatory variables exhibit collinearity, the ridge regression
model is also more accurate than the least squares model.
2.4.4 principal component analysis model (PCA)
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The PCA model is another approach to overcome multi-collinearity in linear regression analysis
of large data sets and is the principal component analysis. This is a mathematical procedure
that uses an orthogonal transformation to convert a set of observations of possibly correlated
variables into a set of values of uncorrelated variables called principal components. The number
of principal components is usually less than the number of original variables. This transformation
is defined in such a way that the first principal component accounts for as much of the
variability in the data as possible, and each succeeding component accounts for as much as
possible of the remaining variability under the constraint that it is uncorrelated with the
preceding components.
2.4.5 random forest model
In contrast to the models described above, the random forest model is a regression-free
ensemble model. It was developed for decision tree-based classification models but can also be
used for multiple regression models. The random forest model uses several decision trees at
random to decide which variables are included in the model. The best decision tree is then
selected.
In the following discussion, the focus is laid on the reduced linear regression model, because
this model has been selected as the final model.
For all reduced linear regression models containing just 1 or 2… up to all 16 explanatory
variables (i.e., the complete linear regression model), Cp was estimated according to Mallows:

This is a compromise criterion between a minimal number of explanatory variables (p) and the
ratio of the minimal residual error, SR2, for a restricted model in relation to the minimal residual
error of the complete model 2 is adjusted by sample size n.
Table 4 shows selected models and their estimated Cp in the order of N = 1 (containing just one
explanatory variable) up to N = 16, the complete model. Cp for the complete model is 17 (16
explanatory variables plus intercept a), and the objective is to select a model with a smaller Cp,
i.e., the minimum Cp.
The minimal Cp of 0.52 is found for the reduced linear regression model:
Biological activity = a + b IF_1 + c IF_2 + d IF_3 + e IF_4 + f IF_5 + g sialin
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An additional argument for the above reduced linear regression model is that this model was
also selected by the reverse selection approach based on the AIC criterion (for details see
Refs. 19–21).
Moreover, the principal component approach reveals a first principal component (Co1)
containing IF_2, IF_3, IF_4, and sialin, explaining about 54% of the total variation of the mean
of all BNM measurements (21). These variables are also included in the reduced linear
regression model described above.
The accuracy of all models was compared by 100-fold cross-validation. The original sample of
the 40 training batches was randomly partitioned into 100 subsamples each containing 20
batches. Each subsample was used as training data for predicting the biological activity of the
remaining 20 batches. The differences of the predicted to their measured biological activities
were squared. The root of the mean square was used for comparison of the accuracies
achieved by the different models. The results are shown in Table 5.
As can be seen, the additional weighting/averaging approaches (PCA, ridge regression, and
random forest) reveal larger mean prediction errors. The reduced linear regression model has
the lowest mean square error (4.4) and, therefore, was selected as the most appropriate model
for predicting the biological activity of EPO batches.
Biological Activity for EPO [IU/mg] = a + b (IF_1) + c (IF_2) + d (IF_3) + e (IF_4) + f (IF_5) +
g (sialin)
The measured biological activity of the 40 training batches plotted against predicted biological
activity using the different models is shown in Figure 5.
Figure 6 shows that the linear trend line of the repeated individual measured potency estimates
of BNM matches perfectly the target line (predicted = measured activity). This provides
evidence that no bias has been introduced into the model by using mean values for its
establishment instead of individual potency estimates.
2.5 Validation of the Prediction Model
Although cross-validation for the prediction quality (Table 5) within the investigational data set
(in this study, 40 training batches) is a widely used method, it tends to be overly optimistic
with respect to accuracy. A more realistic approach is the estimation of the prediction
accuracy by means of an independent second data set.
A validation data set containing 17 EPO drug substance pools (validation batches) was used.
For these additional EPO batches, the biological activities were predicted from their CZE isoform
distribution. Accuracy again was tested by comparing the predicted activity versus the
measured BNM values.
Table 6 shows the recovery rates on the basis of the mean values for the BNM potency
estimates of the validation batches, which are defined as 100%. Three measurements of the
isoform distribution by CZE were performed on each EPO batch, except for batch 155, where
only two measurements are available.
The recovery of biological activities calculated from individual CZE measurements was 94.9%–
109.9%, showing sufficient accuracy for prediction of the biological activity with the reduced
linear regression model.
From the results presented above, it is concluded that the biological activity of EPO batches
can be predicted precisely and accurately from the EPO isoform distribution.
This assessment, however, requires a well-defined and consistent manufacturing process.
Beside the influence of glycosylation and isoform distribution, which have been investigated in
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the model development, other quality attributes might also impact the biological activity. In
particular, aggregation, fragmentation, oxidation, and deamidation have to be taken into
account as critical parameters. On the basis of historical data, process consistency, physicochemical methods applied, and the corresponding specifications, such influence can be ruled
out for the EPO under investigation.
3. CONCLUSION
It has been demonstrated that the biological activity of EPO batches can be predicted precisely
and accurately from the percentages of isoforms. A reduced linear regression model including
the following explanatory variables was identified as the best model:
Biological activity for EPO (IU/mg) = a + b (IF_1) + c (IF_2) + d (IF_3) + e (IF_4) + f (IF_5) +
g (sialin)
The prediction model was validated accordingly with an independent data set consisting of 17
validation batches.
The selection of this reduced linear regression model, among several candidate models tested,
is based on the best (lowest) Cp of 0.52 in the Cp estimation according to Mallows and the
lowest mean square error (MSE) in the 100-fold cross-validation.
The only analytical method that is necessary for calculating the potency of EPO batches is
CZE. This highly precise method is already established as an EPO release test method. It needs
only to be supplemented by an additional calculation.
A large number of in vivo assays (1054 BNM assays) was evaluated, resulting in the
establishment of a set of 40 EPO batches and pools of batches with precisely determined
biological activities. The use of these batches as reference samples for calibrating the
prediction model makes sure that the prediction model is equivalent to the BNM in terms of
accuracy. It is far superior to the bioassay an terms of precision, effort, and cost.
The prediction model is considered to be appropriate for replacing the in vivo bioassay for the
release of EPO manufactured at Roche. A post-approval variation reflecting this change was
already approved by the European Medicines Agency in 2012.
The model was developed with representative batches derived from a well-defined and
consistent manufacturing process. Other types of EPO were not included in this analysis. With
respect to the pattern of explanatory variables and their coefficients, these would have to be
modified for other types of EPO from other manufacturing processes because these might differ
in their overall composition of N-oligosaccharides or show more batch-to-batch variation in
structures. In general, it would be possible to establish a comparable model for other types of
EPO with acceptable effort if enough historical data are available.
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TABLES AND FIGURES

Table 1. Biological Activities Measured by BNM of the 40 Training Batches: Summary of
Results
Characteristics
Mean
Minimum
Maximum
Biological activity mean valuea 196 IU/mg 138 IU/mg
229 IU/mg
b
Number of bioassays performed
26
3
71
a
Standard deviation
16.4 IU/mg 4.6 IU/mg
23.4 IU/mg
Variation coefficient a
8.3%
2.5%
11.4%
Lower 95% confidence limit a
187 IU/mg 126 IU/mg
221 IU/mg
a
Upper 95% confidence limit
206 IU/mg 152 IU/mg
242 IU/mg
Confidence interval
9.6%
4.4%
31.8%
a Per batch.
b Total number of bioassays, 1054.
Table 2. Summary of the Isoform Distribution of the 40 Training Batches
Mean
Minimum
Maximum
Pharmacopeial Numbering (N = 18)
Isoform
(%)
(%)
(%)
and Limits (%)
IF_1p
<1
0
1
—
IF_1
2
1
3
IF_8/0–15
IF_2
16
6
24
IF_7/5–2
IF_3
26
15
31
IF_6/10–35
IF_4
25
22
27
IF_5/15–40
IF_5
15
9
23
IF_4/10–3
IF_6
9
4
18
IF_3/1–20
IF_7
5
2
11
IF_2/0–15
IF_8
2
0
4
IF_1/0–15
IF_9
<1
0
<1
—
Table 3. Summary of Measured Desialylated N-Oligosaccharide Percentages
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Desialylated N-Oligosaccharides of 40
Training Batches
Biantennary structure
Triantennary structure
Triantennary + 1 repeat
Sum of triantennary structures
Tetra-antennary structure
Tetra-antennary + 1 repeat
Tetra-antennary + 2 repeats
Sum of tetra-antennary structures

Mean
(%)
4.5
10.2
6.7
16.8
43.9
26.0
8.8
78.7

Minimum
(%)
3.0
7.7
5.0
12.7
36.2
21.0
4.8
62.0

Maximum
(%)
6.9
14.5
8.7
23.2
49.0
28.8
12.6
90.3

Table 4. Examples for C p Values of Linear Regression Modelsa
b

N

Repeats

Tri

Tetra

Tri 1r

Tetra 1r

Tetra 2r

IF_1

IF_2

IF_3

IF_4

IF_5

IF_6

IF_7

IF_8

IF_9

1

c

C

Sialin

p Valued

X

1

11.7

X

1

22.25

X

71.66

1

X

95.44

1

X

1

97.67

X

135.12

1

X

1

201.26

X

428.24

2

X

2

X

3

X

X

X

X

X

X

X

X

X

X

X

X

X

X

1.84

X

X

X

X

1.99

X

X

X

X

0.52

X

X

X

X

2.72

X

X

X

X

X

X

1.88

X

X

X

X

X

X

2.04

X

X

X

X

X

X

X

2.81

X

X

X

X

X

X

X

3.15

X

4.38

X

4.58

X

X

6.17

X

X

6.32

X

7.96

X

8.08

X

9.81

3

X

4
4

X

5

X

5

X

6

X

6

X

X

7

X

7
8

X

8

X

X

1.55
X

2.18

X

0.93
1.93
X

0.95
0.95

X
X

X

9

X

X

X

X

X

X

X

9

X

X

X

X

X

X

X

X

10

X

X

X

X

X

X

X

X

10

X

X

X

X

X

X

X

11

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

9.91

X

X

X

X

X

X

X

X

X

13.44

X

X

X

X

X

X

X

X

X

X

X

13.67

X

X

X

X

X

X

X

X

X

X

X

17.00

11

X

12

X

X

12

X

X

14

X

X

14

X

X

16

X

X

X
X

X

X

X
X

X

X

X

X
X

X
X

a [Note——As compared with the Ph. Eur. monograph, the IFs are numbered in inverse order.]
b N = number of explanatory variables in the model.
c Sialin, (IF_1p × 14 + IF_1 × 14 + IF_2 × 14 + IF_3 × 13 + IF_4 × 12 + IF_5 × 11 + IF_6 × 10 + IF_7 × 9 + IF_8 × 8 + IF_9 × 8)/sum of percentages of all IFs.
d C values, for N = 1, N = 2, N = 3…N = 16; the models with the lowest C values are shown.

p

p

Table 5. Comparison of the Models by 100-fold Cross Validation
Model
MSEa
Complete linear regression model
Reduced linear regression modelb
Ridge regression model
Random forest model
Principle components model

5.5
4.4
5.1
6.1
5.4
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a MSE, mean square error of the prediction in 100-fold cross-validation within the training
batches.
b Lowest MSE.

Table 6. Recovery of the Biological Activity in an Independent Data Set of Validation
Batches
Recovery in % of the Mean
BNM Estimates
Number of EPO Drug
Mean BNM Estimate
Substance Pool
(IU/µg) (= 100%)
CZE 1
CZE 2
CZE 3
141
213.8
98.9
100.7
100.6
142
206.6
97.8
98.8
98.6
143
215.1
99.7
97.5
99.6
144
191.0
99.1
99.8
100.3
145
202.2
100.8
101.3
103.2
146
207.0
100.7
101.0
98.6
147
204.0
101.4
99.9
99.9
148
208.8
98.1
98.5
99.9
149
199.8
98.0
99.4
101.4
150
187.0
100.8
100.0
102.8
151
196.8
97.7
97.8
97.0
152
187.7
102.6
101.5
101.3
153
207.4
98.0
99.3
98.4
154
198.6
95.8
96.7
96.9
155
201.0
109.9
104.8
n.m.a
156
216.4
101.0
99.6
100.0
157
241.4
95.4
94.9
96.5
Mean
Standard Deviation
Minimum
Maximum
a n.m., not measured.

99.8
3.3
95.4
109.9

99.5
2.2
94.9
104.8

99.7
2.0
96.5
103.2
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Figure 1. Isoforms separated by CZE. IF_1p–IF_9, isoform 1p through isoform 9; AU,
absorbance unit. Note—As compared with the Ph. Eur. monograph, the isoforms are numbered
in inverse order.

Figure 2. Variation of the individual potency estimates of the 40 EPO training batches. Red,
individual potency estimates; gray, boxplots with median and interquartile ranges (Q75–Q25);
blue, mean ± standard deviation. The first row of numbers beneath the graph gives the number
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of replicates per batch; the second row contains the EPO batch code.

Figure 3. Main carbohydrate structures of EPO.
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Figure 4. Mean values of the dissociation constants for EPO batches with low, medium, and
high biological activity.

Figure 5. Comparison of the prediction models.

PF 40(4): Jul.-Aug. 2014

Figure 6. Prediction of the biological activities of the training batches by the reduced linear
regression model.
a Roche Diagnostics GmbH, MMQBAE8C 6164, Sandhoferstrasse 116, 68305 Mannheim/Germany; e-mail:
hanne.bachmann@roche.com. C omments should be addressed to Fouad Atouf, PhD, Director, Biologics and
Biotechnology, US Pharmacopeial C onvention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel.
301.816.8365; e-mail fa@usp.org.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Proposed New USP General Information Chapter “Tablet Compression Characterization
1062 ”
Gregory E. Amidon, Ilgaz Akseli, David Goldfarb, Xiaorong He, Changquan C. Suna
ABSTRACT The compressed tablet is the most widely used dosage form in pharmaceutical
manufacturing today. This Stimuli article lays the foundation for a proposed new general
chapter, Tablet Compression Characterization 1062 , which will describe the basic principles
and practices used in the characterization of tablet compression. The chapter content is
intended to facilitate the standardization of terminology and to provide a general description on
key aspects of tablet compression process and its characterization. Thus, the new chapter will
address the need for practical information and will provide a useful resource for the
pharmaceutical industry. The General Chapters—Physical Analysis Expert Committee presents
this Stimuli article with the hope that it will elicit responses and stimulate comments from
stakeholders about the proposed content and scope of the chapter. Specific input is sought
regarding the questions listed below.
INTRODUCTION
This Stimuli article provides the framework for a proposed new general chapter (Tablet
Compression Characterization 1062 ) by describing the current understanding of, and
experimental methodologies for characterization of tablet compression. Although the
fundamental concepts described here are also applicable to other processes, such as plug
formation during encapsulation and roller compaction, the focus of this article is on tableting.
Material in the proposed chapter 1062 is neither intended as a prescriptive method nor as a
replacement for a given unit manual or standard method. Instead, the proposed chapter
provides general theory and information on the use of laboratory tools for characterization of
pharmaceutical tablet compression. [Note—The Glossary of Terms in the Appendix describes
terms and Systeme International (SI) units commonly used in pharmaceutical tablet
compression.]
In addition to offering a preview of the proposed general chapter, the General Chapters—
Physical Analysis Expert Committee is seeking specific input from users in the pharmaceutical
industry regarding the following questions:
1. Would a general chapter on tablet compression be valuable?
2. What is the information (procedures and parameters) that should be conveyed in
characterizing the compression properties of solid materials?
3. What are the key compression attributes and their desirable ranges? (See Table 1 for
examples.)
4. What are the key powder-conditioning parameters (e.g., relative humidity and
equilibration criteria)? Should such values be included in the proposed chapter?
5. Would the pharmaceutical industry find it valuable to have results from a round-robin
test of standard pharmaceutical materials using different laboratory equipment for
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powder compression characterization under various specified conditions? If so, what
value would be provided, and which materials should be tested and why?
6. Would identification of a pharmaceutical reference material or materials (e.g., an
excipient or a powder blend) be useful for powder compression characterization and
standardization in the industry? If so, which material(s) should be considered?
The content of the proposed general chapter and its scope will be refined on the basis of
responses to this Stimuli article. Because manufacturers and users of laboratory equipment for
powder compression characterization may have differing views or preferences about the use of
such equipment, the objective of this Stimuli article is to identify and build areas of consensus
that may be included in general chapter

1062 .
BACKGROUND

The tablet is currently the most widely used dosage form for oral drug delivery (see
Pharmaceutical Dosage Forms 1151 ). The advantages of the tablet include economy of
manufacture and patient convenience and compliance. Tablets may offer additional advantages
over other dosage forms, such as superior physical or chemical stability.
A critical process in manufacturing the tablet dosage form is that of powder compression.
Although this process has been used routinely for over a century, problems persist related to
powder compression in pharmaceutical formulation development and manufacturing. Common
problems include tablet failures such as capping and lamination; powder sticking to punch
surfaces or die wall; and insufficient mechanical strength to withstand stress in downstream
processing. The properties of compressed tablets are sensitive to both material characteristics
and process parameters. Some formulations may exhibit acceptable compression characteristics
during early development but become problematic during process scale-up or manufacture.
Because of this, it would be valuable to gain a better understanding of changes in critical
material attributes or key process parameters that lead to changes in critical product
attributes.
Mechanical properties, that is, the properties of a material under an applied stress, play a
critical role in the formation of solid compacts for solid dosage forms. Active pharmaceutical
ingredients and excipients have a wide range of mechanical properties including elasticity,
plasticity, viscoelasticity, and brittleness. These characteristics, together with inter-particle
bonding efficiency, influence the compression properties of tablet formulations. For example,
tablet mechanical strength can be sensitive to the level of a tablet lubricant such as
magnesium stearate. In another example, the compression properties of a powder may be
sensitive to moisture content, and thus compression problems may arise if the powder is stored
under incorrect humidity conditions. Moreover, different crystal forms of the same molecule may
differ in terms of their mechanical properties, and thus their compression characteristics. For
some materials, compression properties may be sensitive to physical properties such as particle
size or shape, as well as mechanical properties. Standardization of both test procedures and
terminology can provide a useful common framework for characterizing the compression
properties of pharmaceutical materials.
COMPRESSION PHASES
The compression process is utilized to transform a powder into a tablet by applying pressure
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(1). It is often described as occurring in four stages:
1.
2.
3.
4.

Particle rearrangement
Compression
Decompression
Ejection

In the first stage, particle rearrangement, particles typically rearrange their positions through
slippage, rotation, or translational movement, thereby reducing or eliminating pores in the
powder without significant deformation. Pores are the volume of compact that does not contain
solid material, that is, the empty spaces between particles. At the end of the first stage, the
powder is usually significantly more dense (because of reduced pore volume) than the starting
powder. As the compression pressure increases, particle rearrangement becomes more limited
due to packing characteristics of the powder, inter-particulate friction, and interlocking.
Subsequent densification (i.e., volume reduction) results from deformation or fragmentation of
particles.
During the second stage, compression, particles are deformed at points of contact with other
particles, the die wall, or the punch surfaces. During this stage, compression pressure often
increases rapidly, causing volume reduction as the powder density increases. Under pressure,
particles initially undergo elastic deformation. Depending on mechanical properties and stress at
points of contact, particles can subsequently undergo varying degrees of fragmentation, plastic
deformation, or viscoelastic deformation. If fragmentation takes place early in the second
stage, some of the fragments may undergo rearrangement. However, particle rearrangement is
limited when the powder is highly consolidated. For most pharmaceutical materials, plastic
deformation is an important part of the compression process that leads to an increase in the
surface area of contact between particles and also leads to increased compact strength.
Viscoelastic deformation is also important for pharmaceutical materials because of its sensitivity
to the rate at which compression pressure is applied. Viscoelastic materials exhibit
characteristics of both an elastic solid and a viscous liquid. All pharmaceutical materials exhibit
some degree of viscoelasticity. Highly viscoelastic materials, such as starch, are sensitive to
the rate at which pressure is applied or removed. For such materials, tablet density and tensile
strength may strongly depend on compression speed. Higher speed (i.e., short dwell time)
generally produces less-dense compacts with lower strength. The end of the second stage is
usually marked by the highest compression pressure. These same processes apply to a precompression step, which often involves a lower compression pressure and may be added as a
precursor to the main compression step.
During the third stage, decompression, the distance between the punches starts to increase,
resulting in a decreasing axial punch pressure. At the end of the decompression phase, the
compression pressure reaches zero. During this phase, particles undergo primarily elastic
recovery. However, plastic deformation may still occur, depending on both the pressure and the
mechanical properties of the particles. Elastic recovery may provide insight into the elastic
deformation that the powder underwent during compression. Excessive elastic recovery may
reduce the inter-particle bonding and can result in a significant decrease in tablet mechanical
strength. Residual die wall pressure typically exists in the radial direction, as axial pressure is
reduced to zero during decompression.
During the fourth stage, ejection, the solid compact formed is typically pushed out the die by
the lower punch. As the tablet emerges from the die, the ejected portion of the tablet typically
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expands laterally due to elastic recovery (i.e., release of residual die wall pressure) that is
dependent upon the elastic/viscoelastic properties of the material. Significant shear stress may
develop within the tablet and at the edges of the tablet-die contact because the lower portion
of the tablet remains constrained by the die wall.
The formation of a dense and defect-free compact depends on the ability of the particles to
deform and form inter-particulate bonds during compression and the ability of these bonds to
withstand elastic expansion during the decompression and ejection phases. The powder
compression behavior is governed by the physical and mechanical properties of the material as
well as aspects of the compression process such as pressure (i.e., stress), degree of
deformation (i.e., strain), and rate of deformation (i.e., strain rate). Therefore, knowledge of
stress, strain, and strain rate is important for understanding powder behavior during the
compression process. Tooling shape and size also affect the properties of the compressed
tablet because it affects density and stress distribution during compression. The
thermodynamics of the compression process is another important aspect of powder
compression and it can be studied using instrumented presses (see next section). Compression
calorimetry may also be used to characterize the compression process.
The characteristics of the equipment used and the ambient conditions of temperature and
humidity can influence powder compression. During manufacturing, the temperature of the
tableting equipment (e.g., die table, punches, and die) as well as the powder temperature
frequently increase above ambient temperature because of friction and the release of heat due
to the powder compression process. These temperature effects can have an impact on the
tableting process, the powder and tablet mechanical properties, and physical form of drug
substance in the tablet.
The extent of lubrication is yet another important factor that affects powder compression. A
lubricant is used to reduce frictional forces during compression and tablet ejection, and to
reduce the tendency of material to adhere to tooling surfaces. Lubrication may be achieved by
coating punches and die with lubricant (i.e., external lubrication) prior to compression. This
approach provides a way to characterize the properties of a material without the confounding
effect of added lubricant being present in the powder. However, external lubrication cannot
readily be achieved yet for high-speed tableting. Instead, internal lubrication is usually used by
mixing a lubricant with the powder blend as a final process step before compression. Internal
lubrication is convenient and is frequently used in the manufacturing of a dosage form;
however, it may influence (and often reduces) tablet mechanical strength. Tablet lamination
and capping, which may be affected by levels of internal lubrication, are linked to mechanical
properties, inhomogeneous tablet density, and shear or tensile stresses during decompression
or tablet ejection (2–4). Although entrapped air has been purported to be a cause of tablet
lamination and capping, scientific evidence to support this theory is lacking.
Because the pharmaceutical industry is highly regulated, it is difficult to justify significant
changes to formulations and processes without providing a large body of data demonstrating
that such changes do not impact critical quality attributes of the product. To help overcome
these challenges, predictive methodologies can be used to assist with risk assessment, rootcause analysis, and identification of mitigating solutions for compression-related issues.
TABLET COMPRESSION EQUIPMENT
A variety of methods has been used to characterize the compression properties of
pharmaceutical powders, and each method has benefits and limitations. To characterize
powder-compression properties, a compressive pressure (stress) is applied to a powder to
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produce a coherent, compacted specimen or tablet. The loading system used to apply the
compressive stress may consist of several designs. Typical compression instruments used in the
pharmaceutical industry include manual or automated hydraulic presses, instrumented singlepunch or rotary-tablet presses, compression emulators, and compaction simulators.
Manual or Automatic Hydraulic Press
When a hydraulic press is used, typically only the peak hydraulic pressure value is easily
accessible. Generally, compression and decompression speeds are not precisely controlled, and
these processes occur over a period of seconds or more. Tablets produced on such devices
may then be tested for strength and density, as well as other performance properties such as
friability, disintegration, or dissolution. Such devices provide compression data for comparing
materials and formulations, but are not precisely predictive of tableting performance during
high-speed tableting.
Research Tablet Press
Powder compression properties may be studied on a small-scale tablet press, such as benchtop single-punch or multi-station rotary presses, or small-scale production instrumented rotary
presses that are used during the early development stage. The results obtained are often
similar, but not necessarily identical, to those obtained on a large-scale commercial press. This
is because larger presses may operate at speeds much greater than those of lab-scale presses,
and the elastic deformation characteristics of the tablet presses themselves most likely differ,
resulting in different compression/decompression profiles. However, in general, information
obtained from research tablet presses promotes a better understanding of the compression
characteristics of a formulation and helps predict performance at commercial scale. Often,
research tablet presses are used in early development when material is limited; they are useful
in developing and screening prototype formulations.
Tablet Press Emulator
A more sophisticated device is a mechanical press emulator, which emulates compression
parameters used during commercial production. These parameters include pre-compression and
compression roll dimensions, tableting speed, ejection angle, and punch design. The value of
the data obtained from tablet press emulators is enhanced when compression force and punch
displacement as a function of time are recorded simultaneously.
Compaction Simulator
Another alternative device for studying powder compression properties is the compaction
simulator, which is designed to match the force displacement profile of a given high-speed
press by the means of a computer. These testing instruments typically rely on a hydraulic
source to control the displacement of punches (typically standard size) in a powder-filled die.
Ultra-fast, direct-acting actuators are controlled by digital feedback control loops, allowing the
system to mimic the punch kinetics of rotary presses. Compaction simulators typically offer
great flexibility in the type of compression profile used (see Compression Profiles section
below). Parameters similar to those from an emulator can be obtained from such simulators.
Instrumented Production Tablet Press
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Commercial tablet presses instrumented to record stresses and punch displacement as a
function of time can provide valuable information on the compression characteristics of a
formulation.
TOOLING
Tablets can be manufactured with a variety of tablet tooling sizes and shapes. Commonly used
tooling shapes for basic material characterization are flat-faced, flat-faced with beveled edge,
and standard round concave tooling that produces convex-shaped tablets. A wide variety of
tooling shapes may be used in the production of pharmaceutical products based on technical
and commercial considerations (5). Tooling may be embossed (e.g., raised markings on punch
surface), thus introducing debossed markings on the compressed tablets. Each tablet tooling
design has unique characteristics and may affect the overall compression and tablet integrity.
COMPRESSION PROFILES
Tablet compression equipment can be used to produce a variety of compression profiles. Figure
1 is a schematic of three common compression profiles. Only one curve for punch displacement
over time is represented (e.g., upper-punch movement) in Figure 1. Either one punch (singlesided compression) or both punches (double-sided compression) may follow these basic
compression profiles. To obtain accurate measurements of force and displacement requires
careful construction of equipment and placement of instrumentation. More specifically,
obtaining accurate displacement measurements requires correction for system deformation,
including elastic deformation of punches and other machine components.
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Figure 1. Compression Profiles: A: Saw-tooth profile, B: Square profile, C: Modified sinusoidal
profile.
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The properties of a compressed powder are dependent upon several factors including
compression pressure, compression speed, and the compression profile. Compression
experiments may be performed with one moving punch and one stationary punch; one moving
upper punch and a fixed base (i.e., no lower punch); or two independently moving upper and
lower punches (double-sided compression). Because the compression set-up and parameters
can affect measured compact properties, it is important to specify the experimental details
when reporting results.
Typical compression profiles include:
Linear compression and decompression phases that yield a saw-tooth compression
profile (Figure 1A).
Square compression profile (Figure 1B).
Modified sinusoidal compression profile typical of a rotary tablet press (Figure 1C).
TABLET MECHANICAL STRENGTH
Tablet strength is primarily determined by the bonding mechanisms in effect and the
development of significant, true areas of contact (e.g., surface area over which attractive
force between particles is significant) (6). When particle surfaces are brought into close
proximity, inter-particle interactions (e.g., van der Waal forces) are maximized and typically
lead to strong inter-particle bonding.
Physical properties such as particle size (7), particle shape (8,9), surface texture (10),
crystallinity, and moisture content (11) also influence powder tableting performance by
affecting either the bonding mechanism, bonding area, or both (12,13). Mechanical properties
also affect tableting performance. These include particle deformation properties such as
particle hardness, elastic properties, viscoelastic properties, and particle brittleness. The
impact of these properties on tablet strength is complex. For example, tablet tensile strength
generally increases with decreasing particle size because smaller particles provide larger
bonding area and more points of contact per unit volume within a tablet. However, tablet
strength of brittle materials may be independent of initial particle size because the initial size
difference in two powders may be eliminated by extensive particle fragmentation during
compression (14–16). Similarly, rough surfaces may help improve inter-particulate bonding for
some materials, but this is not the case for materials that are extremely brittle or materials that
easily become permanently deformed.
Tablet mechanical strength can be quantified by measuring the maximum stress, either
compressive or tensile, that a tablet can sustain. A commonly used test is to place tablets
between two platens and measure the force necessary to fracture the tablets; this test is
detailed in general chapter Tablet Breaking Force 1217 . For conventional round tablets with
a circular cross-section, loading occurs across the diameter of the tablet and is sometimes
referred to as diametral loading. Other methods, such as three-point or four-point bending
tests, are also available but are less frequently used in production settings. Tablet strength, as
determined by these tests, is sometimes called “hardness,” although a more precise term is
“breaking force.” In material science, hardness refers to the resistance of a surface to
penetration or indentation (e.g., Mohs hardness, indentation hardness, permanent deformation
pressure). The tablet breaking force value serves as both a criterion by which to guide product
development and a quality-control specification. Because breaking force is affected by tablet
size and shape, a more reliable parameter for quantifying mechanical strength of a tablet is
tensile strength. For tablets with well-defined shapes, tensile strength may be calculated from

PF 40(4): Jul.-Aug. 2014

499

the diametral test, described in Tablet Breaking Force 1217 . Tablet strength is highly
dependent on tablet density or solid fraction and can also change, sometimes significantly, with
time and storage conditions. To obtain reproducible results, it is important to specify tablet
storage conditions and length of storage time before testing.
It is also important to note that tablet density, as well as the formulation components and
processes, may affect the tablet breaking force. Tablet performance attributes, such as
disintegration, dissolution, and friability, are known to be affected by tablet compression and
may be reflected in the tablet breaking force. Typically, a tablet of lower strength will have
faster disintegration and dissolution as well as higher friability. Incorporation of a lubricant may
affect tablet breaking force, dissolution, disintegration, or friability. The effect of lubrication
may be dependent on both the composition and the processing parameters.
DATA ANALYSIS
Compression force, compression pressure, tablet breaking force, and tensile strength are
commonly measured parameters that are critical to understanding and characterizing the
compression properties of a material. Virtually all pharmaceutical compacts contain porous
regions (“pores”) along with solid material. It is therefore critically important to consider tablet
porosity when quantitatively characterizing tableting properties, as it has a substantial effect
on measured compact properties.
TABLET POROSITY AND SOLID FRACTION
Tablet porosity is a measure of the volume of the tablet that consists of pores, or “air.” Tablet
solid fraction, also referred to as relative density, is a measure of the volume of solid material in
a compact. Tablet solid fraction and porosity may be determined by utilizing the measured true
density of the powder. The true density of a material is the average mass per unit volume (for
example, g/cm3) exclusive of all voids, and is often determined by gas pycnometry (see chapter
Density of Solids 699 ). Typical true densities of organic powders of pharmaceutical interest
are in the range of 1.0 to 1.7 g/cm3, whereas inorganic ingredients may be in the range of 2.0
to 3.0 g/cm3 (17,18). Solid fraction and porosity, shown in Equations 1 and 2, respectively,
may be calculated for a tablet by using the mass of the tablet, the volume of tablet, and the
true density.

Porosity = 1

Solid Fraction

(Equation 2)

Often, for research purposes, simple tablet geometries (e.g., square or round flat-faced) are
used to simplify the determination of tablet volume by measurement of tablet dimensions. For
more complex tablet shapes, alternative methods of determining tablet volume, such as use of
instruments that quantify envelope volume, may be used.
Typical pharmaceutical tablets have solid fractions between 0.6 and 0.9, depending on the
material properties and the conditions used to produce the tablet (19). A solid fraction of 1.0
would correspond to a theoretical tablet mass in which all pores had been eliminated, resulting
in a compact consisting entirely of solid material (i.e., porosity = 0). With increasing
compression pressure, pores are eliminated through particle rearrangement and deformation,
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and the tablet density and solid fraction increase. Therefore, tablet porosity generally
decreases with increasing compression pressure, unless extensive elastic recovery of the tablet
after decompression causes cracks or other defects in the tablet.
The compression properties of materials may be assessed and compared in a variety of ways.
Often, tablet breaking force is measured as a function of compression force because this is
useful information during a manufacturing process. To more thoroughly characterize the
compression properties of materials, additional valuable information may be obtained by using
compactibility, tabletability, and compressibility curves that allow for the comparison of
different materials under similar conditions. Use of standardized methodologies and well-defined
experimental conditions allows for more accurate comparison of the compression properties of a
wide variety of materials.
MANUFACTURABILITY PROFILE
Often, tablet breaking force is measured as a function of compression force for convenience. A
plot of breaking force versus compression force is useful for monitoring changes in tableting
behavior of a powder with a fixed tablet size and weight produced under similar compression
conditions, such as those obtained using a specific rotary tablet press in a manufacturing
environment. In this case, the relationship between tablet breaking force and compression
force may be termed manufacturability, because it is often the criterion used in a production
setting to control tablet compression. However, this manufacturability profile is sensitive to
many factors, including tablet compression speed, tablet size, tablet thickness, and tablet
shape, as well as tablet material properties. See Figure 2 for an example of a manufacturability
profile.
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Figure 2. Example of a manufacturability profile.
TABLETABILITY PROFILE
Although valuable in a manufacturing setting, tablet breaking force should be replaced with
tablet tensile strength for quantifying tablet mechanical strength (Tablet Breaking Force

1217

), and compression force should be replaced with compression pressure. These changes will
minimize the impact of tablet size, thickness, and weight on compression data analysis. The
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relationship between tablet tensile strength and compression pressure is termed tabletability.
The tabletability of a material can be obtained by determining the tablet tensile strength of a
compact as a function of compression pressure. For a given material, a tablet usually gains
strength with increasing compression pressure. However, it is possible that tablet tensile
strength of some powders may decrease with increasing pressure, a phenomenon known as
over-compression. This decrease in tablet strength with increasing pressure is most often the
result of tablet defects that occur at higher compression pressures for some materials. Because
of the diversity of powder tabletability behaviors, it is beneficial to determine the tensile
strength of tablets prepared under a range of compression pressures, instead of a single
pressure, if possible. This will help to obtain an accurate characterization of powder
tabletability. When the available resources or materials are limited, the compression pressure
required to make a compact at a specified tensile strength (e.g., 1 MPa) can be used to
compare compression properties of different powders. See Figure 3 for an example of a
tabletability profile. The tabletability of pharmaceutical materials can often be described by for
a typical range of compression pressures where K and B are empirical constants:
log(Tensile Strength) = K log(Compression Pressure) + B

Figure 3. Example of a tabletability profile.
COMPRESSIBILITY PROFILE

(Equation 3)
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Compressibility is the dependence of tablet volume—better described by tablet porosity or solid
fraction—on compression pressure. The compressibility curve can be obtained by plotting tablet
solid fraction or porosity as a function of compression pressure. Compressibility has been
described using a number of compressibility equations. A well-known equation is the Heckel
equation, which predicts a linear dependence logarithm of tablet porosity with pressure.
However, the Heckel equation (Equation 4) does not adequately describe powder
compressibility in the low-pressure region, where ln(porosity) vs. pressure data are curved,
instead of being linear. See Figure 4 for an example of a compressibility profile.
ln(porosity) = K·(Compression Pressure) + B

(Equation 4)

Figure 4. Example of a compressibility profile.
A modified Heckel equation can fit the compressibility data over the wider pressure range, and
may be more reliable in describing powder compressibility (20).
For many pharmaceutical materials, Equation 5 has also been used to describe compressibility
over a typical range of tablet solid fractions where a and b are empirical constants.
log(Compression Pressure) = a * (Solid Fraction) + b

(Equation 5)
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The compression pressure necessary to form a compact with a specified solid fraction (e.g.,
0.85) may be used to compare diverse pharmaceutical materials. Use of 0.85 as a reference
solid fraction is convenient because many, although not all, pharmaceutical materials can be
compressed to this solid fraction. In general, the use of a standard solid fraction is a
convenient way to minimize the impact of variable solid fraction values on tablet property
measurements. Alternative values for reference solid fraction may be used as needed.
COMPACTIBILITY PROFILE
The relationship between tensile strength and solid fraction or porosity is termed
compactibility. The compactibility of a material can be obtained by determining tablet tensile
strength as a function of solid fraction (or porosity). Generally, tablet tensile strength decays
exponentially with increasing porosity (or decreasing solid fraction), and powder compactibility
is often well described by the Ryshkewitch-Duckworth equation (Equation 6) where k and A are
empirical constants (21).
log(Tensile Strength) = k * (Solid Fraction) + A

(Equation 6)

This relationship is qualitatively reasonable, as the presence of more or larger pores in a
compact weakens it. Moreover, this relationship highlights the importance of determining tablet
porosity to gain a better understanding of powder tableting performance. For example, when a
low tablet tensile strength is associated with low porosity, an effective strategy for overcoming
the tableting problem is to improve the compactibility by adding a more highly deformable
excipient; this will improve the plasticity of the powder. See Figure 5 for an example of a
compactibility profile.
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Figure 5. Example of a compactibility profile.
COMPRESSION PROFILE
The relationships among tensile strength, compression pressure, and solid fraction (or porosity)
can be presented in three dimensions. See Figure 6, where the three faces of the threedimensional plot represent the tabletability, compressibility, and compactibility (22).
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Figure 6. Three-dimensional compression profile.
MACHINE SPEED SENSITIVITY
The effect of compression speed can be assessed in various ways by comparing the properties
of compacts that were prepared at different compression rates. Generally, manual hydraulic
presses can be used to study compression properties at slow compression rates with a long
dwell time. Instrumented production tablet presses can be used to study powders at high
compression rates, but also require a large amount of powder. Research tablet presses
generally provide access to intermediate compression rates. Both compaction simulators and
emulators cover a wide range of compression speeds and can be used to study machine speed
sensitivity using a small amount of powder. Tablet tensile strength, hardness, elastic modulus,
porosity, and powder yield stress can be used to quantify strain rate sensitivity (SRS) of a
powder using Equation 7.
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where SR1 and SR2 are low and high strain rates (e.g., low and high compression speed),
respectively. Examples of commonly used strain rates are 0.033 mm/s and 300 mm/s using a
saw-tooth compression profile.
CONCLUSIONS AND RECOMMENDATIONS
Tablet compression is a complex process that is affected by physical and mechanical material
properties, process parameters, and tooling design. To gain an in-depth understanding of the
compression behavior of a powder, it is beneficial to have knowledge of the particle size and
shape, solid form, and water content of each component in the powder. Without appropriate
control and descriptions of these factors, data obtained are not meaningful for accurately
characterizing tablet compression properties of a powder. Therefore, these properties should be
always specified with the tablet compression results. Table 1 shows examples of parameters
that are commonly used in the characterization of the compression properties of
pharmaceutical solids.
SUMMARY
Characterization of tablet compression of powders can provide valuable insights into tablet
manufacturing to improve product quality. This Stimuli article proposes the creation of a new
general chapter detailing the current understanding of and experimental methodologies for
characterizing powder compression properties. As such, this article provides details about the
proposed informational chapter’s content and invites feedback on whether common
pharmaceutical reference materials may be useful for such characterization, and whether a
round-robin series of tests with various apparatuses may be of value. Similarly, the authors
invite comments on the proposed compression attributes and powder conditioning parameters
noted in Table 1 of this Stimuli article. Although this proposed chapter is not intended to be a
prescriptive method or a replacement for a given unit manual or standard method, the authors
hope that such a general compendial chapter, discussing where areas of consensus have been
identified, would be deemed of value.
Table 1. Key parameters to specify when characterizing powder compression properties
Parameter
Experimental
value(s)
parameter
used
Example parameters in common use
Tooling type
Specify
Round flat-faced; standard round concave
Tooling size
Specify
8 mm, 10 mm, 13 mm
Compression
Specify
0.03 mm/sec, 300 mm/sec
speed
Compression
Specify
Saw tooth, square, sinusoidal; single-sided, double-sided
profile
Compression
Specify
25 to 300 MPa
pressure range
Solid fraction
Specify
0.6 to 0.95
range
Tablet properties Specify
Tablet thickness of approximately 0.4 × tablet diameter
(weight,
dimensions)
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Powder
equilibration
Lubrication
Tablet storage
(time,
temperature, and
RH)
Data analysis:
–Compressibility
–Compactibility
–Tabletability
–Heckel analysis
–Ejection force
–Strain rate
sensitivity (SRS)
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Specify

20 , 40% RH

Specify
Specify

Type; external die; internal, %
None; 24 hours at 20 , 40% RH

Specify

Compression pressure (CP) at specified solid fraction (SF)
(CPSF), e.g., CP0.85
Tensile strength (TS) at specified SF: (TSSF), e.g., TS0.85
TS at specified CP: (TSCP ), e.g., TS150MPa
CP at specified TS: (CPTS), e.g., CP2MPa
Heckel analysis (in-die or out-of-die), mean yield pressure
Ejection force at specified CP
Strain rate sensitivity: (P2 P1)/P2, P2 = mean yield
pressure at 300 mm/s; P1 = mean yield pressure at 0.033
mm/s, saw-tooth compression profile
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Appendix
Glossary of Terms
Term
Breaking force
Brittleness

Capping
Compactibility
Compactibility
profile
Compaction

Compaction
profile

SI Units
Definition
N (Newtons) The force required to cause a tablet to fail. Often referred to
as tablet hardness. See Tablet Breaking Force 1217 .
The property that leads to separation, typically very rapidly,
into parts without first going through a plastic deformation
stage.
Tablet splitting along the edge of the cap or band of a
compressed tablet.
The ability of a powder to form an intact compact with
measurable strength.
Change in tensile strength of a compressed body with solid
fraction (or porosity).
The transformation of a powder into a coherent specimen with
measurable strength and defined shape by the application of a
compression pressure.
The relationship between compression pressure, solid fraction,
and tensile strength.
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Compression
pressure
Compaction
emulator

Compaction
simulator

Compressibility
Compressibility
profile
Compression
Consolidation

Continuum
mechanics

Creep

Ductility
Dwell time

Dwell time,
theoretical

Elastic
deformation
Elastic limit

Engineering
strain
Engineering
stress
Failure

MPa
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Pressure (force/area) applied to specimen material. See
compaction, compression, and compression pressure.
A device that physically approximates tablet press
configurations where compression parameters may be applied;
parameters may include pre-compression and compression roll
dimensions, tableting speed, ejection angle, and punch design.
A device that permits powder compression, typically using a
hydraulic source to control displacement of punches that may
be designed to match the force displacement profile of a highspeed press by the means of a computer.
The ability of a powder bed to be compressed (reduced in
volume) by the application of stress.
Change in solid fraction (or porosity) of a compressed body
with applied pressure.
The reduction in volume of a powder bed due to the
application of a stress, e.g., loading or vibration.
A process of increasing density (solid fraction) as a response
to increased applied pressure. Usually used synonymously with
compaction.
The study or description of physical properties under
circumstances where the discrete nature of a material (e.g.,
powder particles) is not considered and may be regarded as
continuous functions of position.
The plastic deformation of a material that occurs as a function
of time when the material is subjected to a constant stress.
The slow, permanent deformation of a solid under sustained
stress (a time-dependent phenomenon). The simplest
quantitative description may be based on rate of extension
under constant, uniaxial loading.
The amount of plastic strain that a material can withstand
before fracture.
mSec
Duration of time that an applied compression pressure is
greater than or equal to 90% of maximum compression
pressure. Often used to describe rotary compression processes
with a modified sinusoidal compression profile.
mSec
Duration of time that the compression roll is in contact with
the flat portion of the punch head. Often used to describe
rotary compression processes with a modified sinusoidal
compression profile and standard tablet tooling.
The change in shape of a stressed body which is recovered
when stress is released. Time-independent, recoverable
deformation.
Stress at which a material deviates from linear elastic
behavior. The smallest stress that leaves a detectable
permanent deformation when unloaded.
dimensionless The change in length of a sample divided by the original
length.
MPa
The load on a sample divided by the original cross-sectional
area.
The permanent collapse, breaking, or deforming of the
material; permanent change.
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Force
N
Fracture
N
strength
Hardness, tablet N
Hardness
N
Hydraulic press
Hydrostatic
stress
Indentation
hardness
Lamination
Manufacturability
profile
Mechanical
properties
Normal stress
Picking
Plastic
deformation

Plasticity
Pressure
MPa
Principal stress MPa
Porosity or void
fraction

Shear stress
Solid fraction

MPa

Sticking
Stress
Tabletability
profile
Tablet press

MPa
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An influence that causes an object to undergo change.
The minimum tensile stress that will cause fracture.
See Breaking force.
The resistance of a specimen against penetration into its
surface.
A device that uses liquid pressure to enable the application of
force to a specimen.
The condition in which there are equal stresses (either
compressive or tensile stresses) in all directions, resulting in no
implicit shear stresses on any plane.
The resistance of a surface to permanent deformation
(indentation) when subjected to pressure by a hard object.
Condition in which a tablet splits or separates into layers.
Change in breaking strength of a compressed body with
applied force.
The characteristics of a material upon application of a stress.
Examples include tensile strength, yield strength, ductility,
plasticity, brittleness, hardness, and bendability.
Stresses acting normal (e.g., perpendicular) to the plane of
reference.
Describes product sticking within the letters, logos, or designs
on punch faces. See Sticking.
The permanent change of shape of a solid body, without
fracture, resulting from the application of sustained stress
beyond the elastic limit. The change of shape of a stressed
body which is not recovered when the stress is released.
Time-independent permanent deformation is controlled by the
applied stress and independent of the time of loading.
Deformation occurs without a change in particle volume.
See Plastic deformation.
Force applied to a surface (force/area).
Stress in a direction in which the shear stresses are zero.
Porosity or void fraction is a measure of the void spaces (i.e.,
empty space) in a material, and is the fraction of the
compact/powder volume of voids divided by the total volume.
Porosity ranges between 0 and 1, or as a percentage between
0% and 100%.
The force per unit area acting along a plane through a body.
The apparent density divided by the absolute density of the
solid. Sometimes referred to as relative density. Solid fraction
= (1 porosity).
Material attached to the faces of tablet press punches or dies
after compression. See Picking.
See Pressure.
Change in tensile strength of a compressed body with applied
pressure.
A mechanical device that compresses powder into tablets of
uniform size and weight.
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Viscoelastic
deformation
Work hardening
Yield strength
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Time-dependent recoverable deformation.
The increase in hardness that occurs with increasing plastic
deformation.
The stress needed to produce a specified amount of plastic
deformation (usually, a 0.2% change in length).

a C orrespondence should be addressed to: Hong Wang, PhD, Senior Scientific Liaison, United States
Pharmacopeial C onvention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel. 301-816-8351; e-mail
hw@usp.org.
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Chromatographic Columns
L## (Dalteparin Sodium, Dionex Ionpac As15) [NEW] (USP38-NF33 2S)
L## (Teriparatide Acetate, Dionex Ionpac As4a, Dionex Ionpac Ag4a) [NEW] (USP38-NF33 2S)

REFERENCE TABLES
Container Specifications
Containers for Dispensing Capsules and Tablets [NEW] (USP38-NF33 2S)
Description and
Description and
Description and
Description and

Solubility
Solubility [NEW] (USP38-NF33 2S)
Solubility - E
Solubility - M

DIETARY SUPPLEMENT MONOGRAPHS
American Ginseng (USP38-NF33 2S)
Powdered American Ginseng (USP38-NF33 2S)
Andrographis (USP38-NF33 2S)
Powdered Andrographis (USP38-NF33 2S)
Ashwagandha Root (USP38-NF33 2S)
Powdered Ashwagandha Root (USP38-NF33 2S)
Asian Ginseng (USP38-NF33 2S)
Powdered Asian Ginseng (USP38-NF33 2S)
Aztec Marigold Zeaxanthin Extract (USP38-NF33 2S)
Bacopa (USP38-NF33 2S)
Powdered Bacopa (USP38-NF33 2S)
Black Cohosh (USP38-NF33 2S)
Powdered Black Cohosh (USP38-NF33 2S)
Black Pepper (USP38-NF33 2S)
Powdered Black Pepper (USP38-NF33 2S)
Boswellia Serrata (USP38-NF33 2S)
Calcium with Vitamin D Tablets (USP38-NF33 2S)
Calcium and Vitamin D with Minerals Tablets (USP38-NF33 2S)
Cat's Claw (USP38-NF33 2S)
Powdered Cat's Claw (USP38-NF33 2S)
Centella Asiatica (USP38-NF33 2S)
Powdered Centella Asiatica (USP38-NF33 2S)
Chaste Tree (USP38-NF33 2S)
Powdered Chaste Tree (USP38-NF33 2S)
Horse Chestnut (USP38-NF33 2S)
Powdered Horse Chestnut (USP38-NF33 2S)
Cinnamomum Cassia Bark [NEW] (USP38-NF33 2S)
Cinnamomum Cassia Bark Powder [NEW] (USP38-NF33 2S)
Cinnamomum Verum Bark [NEW] (USP38-NF33 2S)
Cinnamomum Verum Bark Powder [NEW] (USP38-NF33 2S)
Crypthecodinium Cohnii Oil (USP38-NF33 2S)
Crypthecodinium Cohnii Oil Capsules (USP38-NF33 2S)
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Eleuthero (USP38-NF33 2S)
Powdered Eleuthero (USP38-NF33 2S)
Evening Primrose Oil Capsules [NEW] (USP38-NF33 2S)
Feverfew (USP38-NF33 2S)
Powdered Feverfew (USP38-NF33 2S)
Fish Oil Containing Omega-3 Acids (USP38-NF33 2S)
Fish Oil Containing Omega-3 Acids Capsules (USP38-NF33 2S)
Forskohlii (USP38-NF33 2S)
Powdered Forskohlii (USP38-NF33 2S)
Garcinia Cambogia (USP38-NF33 2S)
Powdered Garcinia Cambogia (USP38-NF33 2S)
Garcinia Indica (USP38-NF33 2S)
Powdered Garcinia Indica (USP38-NF33 2S)
Garlic (USP38-NF33 2S)
Powdered Garlic (USP38-NF33 2S)
Ginger (USP38-NF33 2S)
Powdered Ginger (USP38-NF33 2S)
Ginkgo (USP38-NF33 2S)
Goldenseal (USP38-NF33 2S)
Powdered Goldenseal (USP38-NF33 2S)
Guggul (USP38-NF33 2S)
Gymnema (USP38-NF33 2S)
Powdered Gymnema (USP38-NF33 2S)
Hawthorn Leaf with Flower (USP38-NF33 2S)
Powdered Hawthorn Leaf with Flower (USP38-NF33 2S)
Licorice (USP38-NF33 2S)
Powdered Licorice (USP38-NF33 2S)
Malabar-Nut-Tree, Leaf (USP38-NF33 2S)
Powdered Malabar-Nut-Tree, Leaf (USP38-NF33 2S)
Milk Thistle (USP38-NF33 2S)
Powdered Milk Thistle (USP38-NF33 2S)
Minerals Capsules (USP38-NF33 2S)
Minerals Tablets (USP38-NF33 2S)
Omega-3 Acid Triglycerides (USP38-NF33 2S)
Phyllanthus Amarus (USP38-NF33 2S)
Powdered Phyllanthus Amarus (USP38-NF33 2S)
Pygeum (USP38-NF33 2S)
St. John's Wort (USP38-NF33 2S)
Powdered St. John's Wort (USP38-NF33 2S)
Saw Palmetto (USP38-NF33 2S)
Powdered Saw Palmetto (USP38-NF33 2S)
Schizochytrium Oil (USP38-NF33 2S)
Schizochytrium Oil Capsules (USP38-NF33 2S)
Turmeric (USP38-NF33 2S)
Powdered Turmeric (USP38-NF33 2S)
Ubiquinol [NEW] (USP38-NF33 2S)
Oil-Soluble Vitamins Capsules (USP38-NF33 2S)
Oil-Soluble Vitamins Tablets (USP38-NF33 2S)
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Oil-Soluble Vitamins with Minerals Capsules (USP38-NF33 2S)
Oil-Soluble Vitamins with Minerals Tablets (USP38-NF33 2S)
Oil- and Water-Soluble Vitamins Capsules (USP38-NF33 2S)
Oil- and Water-Soluble Vitamins Oral Solution (USP38-NF33 2S)
Oil- and Water-Soluble Vitamins Tablets (USP38-NF33 2S)
Oil- and Water-Soluble Vitamins with Minerals Capsules (USP38-NF33 2S)
Oil- and Water-Soluble Vitamins with Minerals Oral Solution (USP38-NF33 2S)
Oil- and Water-Soluble Vitamins with Minerals Tablets (USP38-NF33 2S)
Water-Soluble Vitamins Capsules (USP38-NF33 2S)
Water-Soluble Vitamins Tablets (USP38-NF33 2S)
Water-Soluble Vitamins with Minerals Capsules (USP38-NF33 2S)
Water-Soluble Vitamins with Minerals Oral Solution (USP38-NF33 2S)
Water-Soluble Vitamins with Minerals Tablets (USP38-NF33 2S)

NF MONOGRAPHS
Low-Substituted Carboxymethylcellulose Sodium (USP38-NF33 2S)
Pharmaceutical Glaze (USP38-NF33 2S)
Trehalose (USP38-NF33 2S)
Zein (USP38-NF33 2S)

USP MONOGRAPHS
Capsules Containing at Least Three of the Following - Acetaminophen and Salts of
Chlorpheniramine, Dextromethorphan, and Phenylpropanolamine (USP38-NF33 2S)
Oral Solution Containing at Least Three of the Following - Acetaminophen and Salts of
Chlorpheniramine, Dextromethorphan, and Phenylpropanolamine (USP38-NF33 2S)
Tablets Containing at Least Three of the Following - Acetaminophen and Salts of
Chlorpheniramine, Dextromethorphan, and Phenylpropanolamine (USP38-NF33 2S)
Acetazolamide Compounded Oral Suspension (USP38-NF33 2S)
Allopurinol Compounded Oral Suspension (USP38-NF33 2S)
Alprazolam Compounded Oral Suspension (USP38-NF33 2S)
Amantadine Hydrochloride (USP38-NF33 2S)
Amiodarone Hydrochloride Compounded Oral Suspension (USP38-NF33 2S)
Amlodipine Compounded Oral Suspension (USP38-NF33 2S)
Atenolol Compounded Oral Solution (USP38-NF33 2S)
Azathioprine Compounded Oral Suspension(USP38-NF33 2S)
Baclofen Compounded Oral Suspension (USP38-NF33 2S)
Beclomethasone Dipropionate Compounded Oral Solution [NEW] (USP38-NF33 2S)
Benzocaine Otic Solution (USP38-NF33 2S)
Bethanechol Chloride Compounded Oral Solution (USP38-NF33 2S)
Bethanechol Chloride Compounded Oral Suspension (USP38-NF33 2S)
Cabergoline (USP38-NF33 2S)
Captopril Compounded Oral Solution (USP38-NF33 2S)
Captopril Compounded Oral Suspension (USP38-NF33 2S)
Carbachol (USP38-NF33 2S)
Cefazolin Compounded Ophthalmic Solution (USP38-NF33 2S)
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Chloroquine Phosphate Compounded Oral Suspension (USP38-NF33 2S)
Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride Extended-Release Capsules
(USP38-NF33 2S)
Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride Extended-Release Tablets
(USP38-NF33 2S)
Cisapride Compounded Injection, Veterinary [NEW] (USP38-NF33 2S)
Cisapride Compounded Oral Suspension, Veterinary [NEW] (USP38-NF33 2S)
Clemastine Fumarate (USP38-NF33 2S)
Clofazimine (USP38-NF33 2S)
Clofazimine Capsules (USP38-NF33 2S)
Clomiphene Citrate (USP38-NF33 2S)
Clonazepam Compounded Oral Suspension (USP38-NF33 2S)
Clotrimazole Vaginal Inserts (USP38-NF33 2S)
Clotrimazole Lozenges (USP38-NF33 2S)
Cocaine and Tetracaine Hydrochlorides and Epinephrine Compounded Topical Solution (USP38NF33 2S)
Codeine Phosphate Compounded Oral Solution (USP38-NF33 2S)
Construct Human Keratinocytes and Fibroblasts in Bovine Collagen Scaffold (USP38-NF33 2S)
Copper Gluconate (USP38-NF33 2S)
Corticotropin Injection (USP38-NF33 2S)
Corticotropin for Injection (USP38-NF33 2S)
Repository Corticotropin Injection (USP38-NF33 2S)
Cyclosporine Compounded Ophthalmic Solution, Veterinary [NEW] (USP38-NF33 2S)
Dalteparin Sodium [NEW] (USP38-NF33 2S)
Dapsone Compounded Oral Suspension (USP38-NF33 2S)
Desmopressin Acetate (USP38-NF33 2S)
Diltiazem Hydrochloride Compounded Oral Solution (USP38-NF33 2S)
Diltiazem Hydrochloride Compounded Oral Suspension (USP38-NF33 2S)
Diphenhydramine and Phenylephrine Hydrochlorides Tablets [NEW] (USP38-NF33 2S)
Diphenhydramine Hydrochloride Oral Solution (USP38-NF33 2S)
Dipyridamole Compounded Oral Suspension (USP38-NF33 2S)
Dolasetron Mesylate Compounded Oral Solution (USP38-NF33 2S)
Dolasetron Mesylate Compounded Oral Suspension (USP38-NF33 2S)
Enalapril Maleate Compounded Oral Suspension (USP38-NF33 2S)
Entecavir [NEW] (USP38-NF33 2S)
Entecavir Tablets [NEW] (USP38-NF33 2S)
Epinephrine Bitartrate (USP38-NF33 2S)
Eszopiclone [NEW] (USP38-NF33 2S)
Ezetimibe [NEW] (USP38-NF33 2S)
Ezetimibe Tablets [NEW] (USP38-NF33 2S)
Famciclovir Compounded Oral Suspension [NEW] (USP38-NF33 2S)
Ferrous Fumarate (USP38-NF33 2S)
Ferrous Gluconate (USP38-NF33 2S)
Ferrous Sulfate (USP38-NF33 2S)
Dried Ferrous Sulfate (USP38-NF33 2S)
Flecainide Acetate Compounded Oral Suspension (USP38-NF33 2S)
Flucytosine Compounded Oral Suspension (USP38-NF33 2S)
Fluorescein (USP38-NF33 2S)
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Fluorescein Sodium (USP38-NF33 2S)
Gonadorelin for Injection (USP38-NF33 2S)
Graftskin (USP38-NF33 2S)
Guanadrel Sulfate (USP38-NF33 2S)
Guanadrel Sulfate Tablets (USP38-NF33 2S)
Insulin Human (USP38-NF33 2S)
Insulin Human Injection (USP38-NF33 2S)
Human Insulin Isophane Suspension and Human Insulin Injection (USP38-NF33 2S)
Isophane Insulin Human Suspension (USP38-NF33 2S)
Insulin Lispro (USP38-NF33 2S)
Insulin Lispro Injection (USP38-NF33 2S)
Insulin Human Zinc Suspension (USP38-NF33 2S)
Extended Insulin Human Zinc Suspension (USP38-NF33 2S)
Lactulose Concentrate (USP38-NF33 2S)
Lactulose Solution (USP38-NF33 2S)
Lamivudine Tablets (USP38-NF33 2S)
Lypressin Nasal Solution (USP38-NF33 2S)
Manganese Gluconate (USP38-NF33 2S)
Marbofloxacin Compounded Oral Suspension, Veterinary [NEW] (USP38-NF33 2S)
Mercaptopurine (USP38-NF33 2S)
Methyltestosterone (USP38-NF33 2S)
Montelukast Sodium Oral Granules [NEW] (USP38-NF33 2S)
Montelukast Sodium Tablets [NEW] (USP38-NF33 2S)
Montelukast Sodium Chewable Tablets [NEW] (USP38-NF33 2S)
Mycophenolate Mofetil Capsules (USP38-NF33 2S)
Mycophenolate Mofetil Tablets (USP38-NF33 2S)
Mycophenolate Sodium [NEW] (USP38-NF33 2S)
Mycophenolic Acid Delayed-Release Tablets [NEW] (USP38-NF33 2S)
Myrrh (USP38-NF33 2S)
Naproxen Sodium and Pseudoephedrine Hydrochloride Extended-Release Tablets [NEW] (USP38NF33 2S)
Phenylephrine Hydrochloride Tablets [NEW] (USP38-NF33 2S)
Phenylpropanolamine Bitartrate (USP38-NF33 2S)
Phenylpropanolamine Hydrochloride (USP38-NF33 2S)
Phenylpropanolamine Hydrochloride Capsules (USP38-NF33 2S)
Phenylpropanolamine Hydrochloride Extended-Release Capsules (USP38-NF33 2S)
Phenylpropanolamine Hydrochloride Oral Solution (USP38-NF33 2S)
Phenylpropanolamine Hydrochloride Tablets (USP38-NF33 2S)
Phenylpropanolamine Hydrochloride Extended-Release Tablets (USP38-NF33 2S)
Psyllium Husk (USP38-NF33 2S)
Scaffold Porcine Bladder [NEW] (USP38-NF33 2S)
Scaffold Porcine Small Intestinal Submucosa (USP38-NF33 2S)
Scaffold Silk Fibroin [NEW] (USP38-NF33 2S)
Sennosides (USP38-NF33 2S)
Sodium Nitrite (USP38-NF33 2S)
Sodium Nitrite Injection (USP38-NF33 2S)
Teriparatide Acetate (USP38-NF33 2S)
Thimerosal (USP38-NF33 2S)
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Thyroid (USP38-NF33 2S)
Thyroid Tablets (USP38-NF33 2S)
Wheat Bran (USP38-NF33 2S)
Small Intestinal Submucosa Wound Matrix (USP38-NF33 2S)
Zinc Gluconate (USP38-NF33 2S)

STAGE 4 HARMONIZATION
Stage 4 Harmonization

NF MONOGRAPHS
Hydroxyethyl Cellulose

STIMULI TO THE REVISION PROCESS
Stimuli to the Revision Process
Proposed Revisions to General Chapter Sterile Product Packaging - Integrity Evaluation <1207>
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The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
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comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Proposed and Adopted Revisions to the USP–NF
Section
Content
How Readers Can Respond
Proposed
Proposals for Interim
Review material and send comments within 90
Interim
Revision Announcements
days of the PF publication in which the
Revision
(IRAs) that will be published standard was proposed (or per the comment
Announcements as official USP or NF
deadline listed in the Briefing section). Direct
standards
comments to the USP Scientific Liaison using
BRIEFING: Scientific
the contact information provided at the end of
rationale for proposed
each Proposed IRA
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
In-Process
Proposals for standards that Review material and send comments within 90
Revision
will be published as official in days of the PF publication in which the revision
a future USP–NF book or
was proposed (or per the comment deadline
Supplement.
listed in the Briefing section). Direct comments
BRIEFING: Scientific
to the USP Scientific Liaison using the contact
rationale for proposed
information provided at the end of each
changes. May include other proposed revision. For general inquiries or in
information useful to the
cases where a Scientific Liaison is not
analyst, such as the brand identified, use the general USP telephone
name of the column used in number 301-881-0666 or fax number 301-998developing the proposed
6839 or stdsmonographs@usp.org.
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

Review material and provide comments to the
USP Scientific Liaison using the contact
information provided at the end of each Stage
4 Harmonization. Individuals who wish to
correspond with the European and Japanese
Pharmacopoeias concerning monographs in the
Stage 4 period of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a copy to
USP.
PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Department
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu
JP Secretariat
Mr. Issei Takayama
Technical Officer
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
takayama-issei@pmda.go.jp
Articles on standards
Review material and provide comments to the
development topics authored recipient indicated (usually footnoted in each
by the USP Council of
Stimuli article).
Experts, USP staff, or other
interested parties on which
USP desires public input prior
to further development.

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
121 Insulin Assays, USP 37 page 125. Because USP Insulin RS, a mixture of bovine insulin
and porcine insulin, is no longer available and has been discontinued in the USP catalog, this
chapter is revised accordingly to specify the use of USP Insulin Beef RS and USP Insulin Pork
RS to replace USP Insulin RS. The Reference Standards section is also updated to include
three additional Reference Standards (RS): USP Insulin Aspart RS, USP Insulin Glargine RS,
and USP Insulin Lispro RS.
The previous text is deleted and replaced with content presented in the redesigned format to
more closely align with current USP–NF monograph style. Additionally, minor editorial changes
have been made to update the chapter to current USP style.
The comment period for this revision ends November 30, 2014. In the absence of any
significant adverse comments, it is proposed to implement this revision via an Interim
Revision Announcement to the Second Supplement to USP 38–NF 33, with an official date of
March 1, 2015.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(BIO1: E. Chang.)
Correspondence Number—C143441

Comment deadline: November 30, 2014
121

INSULIN ASSAYS

INTRODUCTION
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The most prominent manifestation of insulin activity, an abrupt decrease in blood glucose, was
the basis for biologic assay from the time of its first clinical use. The assay, although relatively
cumbersome, has the great merit of accurately reflecting the effect on the diabetic patient.
The advent of practical yet sophisticated physicochemical methods (e.g., liquid
chromatography) to measure insulin potency quantitatively has resulted in a more accurate and
precise compendial test for insulin and insulin products. However, the bioidentity of insulin and
insulin products cannot be assessed by these methods. Thus, a qualitative test in rabbits is
included in this chapter, and its use is called for in the appropriate monographs.
The Rabbit Blood Sugar Method—Quantitative is used to determine the potency of Insulin
Reference Standards, for the validation of the stability of new insulin preparations, and to
determine the specific activities of insulin analogs.
ASSAY
Change to read:
• Rabbit Blood Sugar Method—Quantitative
Diluent: Prepare an aqueous solution containing 0.1%–0.25% (w/v) of either cresol or
phenol, 1.4%–1.8% (w/v) of glycerin, and sufficient hydrochloric acid to produce a pH
between 2.5 and 3.5, unless otherwise directed in the individual monograph.
Standard stock solution: Dissolve either a suitable quantity of accurately weighed USP
Insulin RS or a vial of lyophilized USP Insulin RS of the appropriate species in Diluent to
make a Standard Stock Solution containing 40 USP Insulin Units per mL and having a pH
between 2.5 and 3.5, unless otherwise directed in the individual monograph.
Prepare a solution containing 40 USP Insulin Units/mL of USP Insulin RS of the appropriate
species in Diluent and having a pH between 2.5 and 3.5, unless otherwise directed in the
individual monograph. For insulin of mixed bovine and porcine species, prepare a solution
containing 34.8 USP Insulin Beef Units/mL and 5.2 USP Insulin Pork Units/mL in Diluent and
having a pH between 2.5 and 3.5. (IRA 1-Mar-2015)
Store in a cold place, protected from freezing, and use within 6 months.
Standard solutions: Dilute portions of the Standard stock solution with Diluent to make two
solutions, one to contain 1.0 USP Insulin Unit/mL (Standard solution 1), and the other to
contain 2.0 USP Insulin Units/mL (Standard solution 2).
Sample stock solution: Proceed as directed in Standard stock solution, except to use a
suitable quantity of the preparation under test in place of USP Insulin RS of the appropriate
species. The Sample stock solution contains about 40 USP Insulin Units/mL.
Sample solutions: Dilute portions of the Sample stock solution with Diluent to make two
dilutions of the preparation under test, one of which may be expected, on the basis of the
assumed potency, to contain 1.0 USP Insulin Unit/mL (Sample solution 1), and the other to
contain 2.0 USP Insulin Units/mL (Sample solution 2). In the case of neutral insulin injection,
adjust to a pH of 2.5–3.5 before making the dilutions.
Doses of the solutions to be injected: Select, on the basis of trial or experience, the dose of
the dilutions to be injected, the volume of which usually will be between 0.30 and 0.50 mL. For
each animal, the volume of the Standard solution is the same as that of the Sample solution.
Preparation of animal: Select suitable, healthy rabbits, each weighing NLT 1.8 kg. Keep the
rabbits in the laboratory for NLT 1 week before use in the assay, maintaining them on an
adequate uniform diet, with water available at all times.
Analysis: Divide the rabbits into four equal groups of preferably NLT six rabbits each. On the
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preceding day, approximately 20 h before the assay, provide each rabbit with an amount of
food that will be consumed within 6 h. Follow the same feeding schedule before each test day.
During the assay, withhold all food until after the final blood specimen is taken. Handle the
rabbits with care to avoid undue excitement, and inject subcutaneously the doses indicated in
the following design (see Table 1), the second injection being made on the day after the first
injection, or NMT 1 week later. The time between the first and second injections is the same
for all rabbits.
Table 1
Group First Injection Second Injection
1 Standard solution 2Sample solution 1
2 Standard solution 1Sample solution 2
3 Sample solution 2 Standard solution 1
4 Sample solution 1 Standard solution 2
Blood samples: At 1 h ± 5 min and 2½ h ± 5 min after the time of injection, obtain from each
rabbit a suitable blood specimen from a marginal ear vein. Blood can also be collected
effectively from the central auricular artery.
Dextrose determination: Determine the dextrose content of the blood specimens by a suitable
procedure that is adapted to automated analysis. The following procedure may be used.
Anticoagulant solution: Dissolve 1 g of edetate sodium and 200 mg of sodium fluoride in 1 L
of water, and mix.
Dextrose standard preparations: Transfer known concentrations of USP Dextrose RS to
suitable vessels, and dilute quantitatively and stepwise with Anticoagulant solution (1:9) to
obtain a range of Dextrose standard preparations containing between 20 and 100 mg per
100 mL, having known concentrations similar to the concentrations in the rabbit blood
samples.
Sample preparations: Pipet into separate, suitable vessels 0.1 mL of each Blood sample and
0.9 mL of Anticoagulant solution.
Analysis: Subject the Sample preparations to dialysis across a semipermeable membrane for
a sufficient time so that the dextrose passes through the membrane into a saline TS solution
containing glucose oxidase, horseradish peroxidase, 3-methyl-2-benzothiazolinone hydrazone
hydrochloride TS, and N,N-dimethylaniline. The absorbances of the Sample preparations are
determined at 600 nm in a recording colorimeter. The absorbances of the Dextrose standard
preparations are similarly determined at the start and the end of each run.
Calculation: Calculate the response of each rabbit to each injection from the sum of the two
blood sugar values, and subtract its response, disregarding the chronological order in which
the responses were observed, to obtain the individual differences, y, as shown in Table 2.
When the data for one or more rabbits are missing in an assay, do not use the confidence
interval formulas given here, but seek statistical help. The data can still be analyzed with
proper analysis of variance.
When the number of rabbits, f, carried through the assay is the same in each group, total the
y's in each group and compute:
Ta = T1 + T2 + T3

T4

and
Tb = T1 + T2 + T3 + T4
The logarithm of the relative potency of the test dilutions is M¢ = 0.301T a/T b. The potency of
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the injection in USP Units/mg equals the antilog (log R + M¢), where:
R = vS/vU
v=
S number of USP Units/mL of the Standard solution
v=
U number of mg/mL of insulin of the corresponding Sample solution
Determine the 95% confidence interval for the log-relative potency using Fieller's Theorem
(see Appendix and Design and Analysis of Biological Assays 111 ). If the confidence interval
is more than 0.082, which corresponds at P = 0.95 to confidence limits of about ±10% of the
computed potency, repeat the assay until the combined data of the two or more assays,
redetermined as described in Combination of Independent Assays in
acceptable limit.

111 , meet this

Table 2

Group

Differences

1

Standard solution 2
1
Sample solution 2
1

Standard solution

2

Sample solution 2
1

Standard solution

3
4

Standard solution 2
1

Individual
Response
(y)

Total
Response
(T)

Standard
Deviations of
Differences
(S)

Sample solution
y1

T1

S1

y2

T2

S2

y3

T3

S3

y4

T4

S4

Sample solution

Appendix: Fieller's Theorem for Determining the Confidence Interval for a Ratio
This version of Fieller's Theorem is for the case where the numerator and denominator are
uncorrelated. The equation assumes that the numerator and denominator are normally
distributed and that the groups of rabbits are of equal sizes.
Then, the 95% confidence interval for the ratio is:

where f (degrees of freedom in the standard errors) = 4(k 1), where k is the number of rabbits
in a group, t is the upper 97.5 percentile of the t-distribution with f degrees of freedom, and
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1, the denominator is not significantly different from 0 and the formula does not work.

• Bioidentity Test
Proceed as directed in Rabbit Blood Sugar Method—Quantitative with the following
modifications.
Procedure: Divide the rabbits into four equal groups of two rabbits each.
Calculation: Proceed as directed for Calculation in Rabbit Blood Sugar
Method—Quantitative, but do not determine the confidence interval of the log-relative
potency, M¢.
Interpretation: If the potency value obtained is NLT 15 USP Units/mg, the Bioidentity Test
requirement is met. If the potency value is less than 15 USP Units/mg, repeat the test
using eight more rabbits. If the average potency of the two sets of tests is NLT 15 USP
Units/mg, the requirement of the test is met.
ADDITIONAL REQUIREMENTS
Change to read:
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Change to read:

• USP Reference Standards
USP Dextrose RS
USP Insulin Aspart RS

11
(IRA 1-Mar-2015)

USP Insulin Beef RS
USP Insulin Glargine RS

(IRA 1-Mar-2015)

USP Insulin Human RS
USP Insulin Lispro RS

(IRA 1-Mar-2015)

USP Insulin Pork RS
BRIEFING
Ganoderma Lucidum Fruiting Body, page 7033 of the Second Supplement to USP 37.
Comments were received to indicate that the proposed retardation factor specifications in
Identification test A by HPTLC were unnecessarily restrictive without adding substantive
quality to the procedure. Furthermore, color interpretation of the ergosterol HPTLC band was
shown to be subjective. Accordingly, the Expert Committee proposes to remove the
specifications related to retardation factors and to delete the color description of the
ergosterol band.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on November 30, 2014. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of March 1, 2015.
(DS: A. Bzhelyansky.)
Correspondence Number—C148052

Comment deadline: November 30, 2014
Add the following:
Ganoderma Lucidum Fruiting Body
DEFINITION
Ganoderma Lucidum Fruiting Body consists of the dried fruiting body of Ganoderma lucidum (W.
Curt.:Fr.) P. Karst. (Fam. Ganodermataceae). It contains NLT 0.3% of triterpenoic acids,
calculated on the dried basis as a sum of ganoderic acids A, B, C2 , D, F, G, and H and
ganoderenic acids B, C, and D.
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatography
Standard solution A: 1.0 mg/mL of USP Ganoderic Acid A RS in alcohol
Standard solution B: 0.3 mg/mL of USP Ergosterol RS in alcohol
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Standard solution C: 50 mg/mL of USP Ganoderma Lucidum Fruiting Body Powdered
Extract RS in alcohol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate about 1 g of Ganoderma Lucidum Fruiting Body, finely
powdered, in 50 mL of alcohol for 15 min. Centrifuge, withdraw the supernatant, and
evaporate to dryness under reduced pressure at 50 . Dissolve the residue in 2.0 mL of
alcohol, centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5-µm (HPTLC
plate).1 Predevelop the plate in methanol, and dry at 105 for 30 min.
Application volume: 2 µL each of Standard solution A and Standard solution B, and 4 µL
each of Standard solution C and the Sample solution as 8-mm bands
Column temperature: Ambient, not to exceed 30
Developing solvent system: Toluene, ethyl formate, and formic acid (5: 5: 0.2)
Developing distance: 6 cm (IRA 1-Mar-2015)
Spray
Derivatization (IRA 1-Mar-2015)
reagent:
A solution of 10% sulfuric acid in alcohol. [Note—Prepare fresh. Slowly and gradually add
sulfuric acid to ice-cold alcohol, and mix well.]
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Chromatographic pattern: Under long-wave UV (365 nm) and under white light, the
chromatograms exhibit the band patterns approximately corresponding in color and
position to those specified in Table 1.
Retardation factor (RF) reproducibility: The retardation factors obtained with Standard
solution A and Standard solution B are within ±10% of the values specified in Table 1.
Table 1
Long-wave UV Light
(365 nm)

Component
Unknown
Ergosterol
Unknown
Ganoderic acid
F
Ganoderic acid
D
Ganoderenic
acid D

Retardation
Factor
(RF)

White Light

0.80
0.67
0.50

Standard
solution
A
—
—
—

Standard
solution
B
—
Blue
—

Standard
solution
C
Bluish-green
Blue
Orange

Standard
solution
A
—
—
—

Standard
solution
B
—
Blue
—

0.37

—

—

—

—

—

0.31

—

—

Bluish-green

—

—
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Ganoderic acid
G
Ganoderic acid
B
0.22
—
—
Yellow
—
Ganoderenic
acid B
Ganoderic acid
H
Ganoderic acid
Green to
Green to
A
0.16
yellowish—
yellowish- Bluish-violet
Ganoderenic
green
green
acid A
Ganoderic acid
C2
0.13
—
—
Orange
—
Ganoderenic
acid C
Unknown
—
—
—
Orange
—
[Note—The Standard solutions are stable for 72 h at room temperature.]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution. Apply the samples
as bands, and dry in air. Develop in a saturated chamber until the solvent front has moved
about four-fifths of the length of the plate, remove the plate from the chamber, air-dry,

20

—

—

—
—

treat with Spray reagent, heat for about 5 min at 105 –110 , and immediately examine
under white light and under the long-wave UV light (365 nm).
Acceptance criteria: Under the long-wave UV light (365 nm) and under white light, the
chromatogram of the Sample solution exhibits the bands corresponding in color and RF to
similar bands in the chromatogram of Standard solution C, at the RF values listed for System
suitability. Under white light, the chromatogram of the Sample solution exhibits an additional
violet band above the ergosterol band.
[Note—The Sample solution is stable for 72 h at room temperature.]
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Chromatographic pattern: Under long-wave UV (365 nm), the chromatogram of Standard
solution C displays, in the bottom third of the plate, the following bands in the order of
increasing RF: a yellowish or orange band (sometimes, two orange bands are seen); a
bluish-green band corresponding to the light-blue ganoderic acid A band in Standard
solution A; an intense yellow band corresponding to ganoderic acid B, ganoderic acid G,
ganoderic acid H, and ganoderenic acid B; and a bluish-green band coincident with
ganoderic acid D and ganoderenic acid D. In the middle third of the chromatogram, a
variable number of blue-green bands appear. At the top of the middle third of the
Standard solution C chromatogram, a somewhat diffuse band coincident with the
ergosterol band in Standard solution B is seen. In the upper third of the chromatogram,
three or four diffuse bands of varying colors appear. Under white light, Standard solution
C exhibits, in its lower third, two brownish-red bands, the upper of them coincident with
the ganoderic acid A band in Standard solution A, followed by a more intense brown band;
and a lighter brown band corresponding to the ganoderic acid D and ganoderenic acid D.
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In the middle third of the chromatogram, five or six light-brown bands are seen; one of
those, deepest in color and relatively diffuse, corresponds to the ergosterol band in
Standard solution B. Two or three light-brown bands are seen under white light in the
upper third of the chromatogram of Standard solution C.
[Note—The Standard solutions are stable for 72 h at room temperature.]
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples as bands, and dry in air. Develop in a saturated chamber, remove the
plate, air-dry, treat with Derivatization reagent, and heat at 105 –110 for 5 min.
Immediately examine under white light and under the long-wave UV light (365 nm).
Acceptance criteria: Under the long-wave UV light (365 nm) and under white light, the
chromatogram of the Sample solution exhibits the bands corresponding in color and RF to
similar bands in the chromatogram of Standard solution C, at the RF values listed for System
suitability. Under white light, the chromatogram of the Sample solution exhibits an additional
violet band above the ergosterol band. [Note—The Sample solution is stable for 72 h at
room temperature.] (IRA 1-Mar-2015)
• B. HPLC
Analysis: Proceed as directed in the test for Content of Triterpenoic Acids.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to those of ganoderenic acid C, ganoderic acid C2 ,
ganoderic acid G, ganoderenic acid B, ganoderic acid B, ganoderic acid A, ganoderic acid
H, ganoderenic acid D, ganoderic acid D, and ganoderic acid F in the chromatogram of
Standard solution B.
• C. HPLC
Analysis: Proceed as directed in the test for Content of Water-Soluble Polysaccharides.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to the peaks due to mannose, glucuronic acid, dextrose,
galactose, and l-fucose in the chromatogram of the Standard solution.
COMPOSITION
• Content of Triterpenoic Acids
Solution A: 0.075% phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80.0
20.0
3
73.5
26.5
34
73.5
26.5
52
61.5
38.5
53
80.0
20.0
58
80.0
20.0
[Note—Maintain the Mobile phase at 73.5% of Solution A for the period sufficient for
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complete elution of ganoderic acid A.]
Standard solution A: 0.1 mg/mL of USP Ganoderic Acid RS in methanol. Sonicate to
dissolve if necessary.
Standard solution B: Sonicate 40 mg of USP Ganoderma Lucidum Fruiting Body Powdered
Extract RS in 5 mL of alcohol, and centrifuge. Pass through a nylon filter of 0.2-µm pore
size, and discard the initial 1 mL of the filtrate.
Sample solution: Transfer 2.0 g of Ganoderma Lucidum Fruiting Body, finely powdered and
accurately weighed, to a 200-mL round-bottom flask, add 75 mL of alcohol, attach a
condenser, reflux for 45 min, cool, and filter. Rinse the flask with two 10-mL portions of
alcohol and filter, combining the rinsates and the filtrate. Evaporate to dryness under
reduced pressure, and dissolve the residue in about 20 mL of alcohol. Transfer the solution
to a 25-mL volumetric flask, dilute with alcohol to volume, and mix well. Pass through a
nylon filter of 0.2-µm pore size, and discard the initial 1 mL of the filtrate. [Note—To
facilitate the chromatographic column longevity, the following solid phase extraction
procedure may be employed. Condition the solid phase extraction column containing about
200 mg of L1 packing with 5 mL of methanol followed by 3 mL of water; do not allow the
column to dry. Transfer 2.0 mL of Ganoderma Lucidum Fruiting Body solution in alcohol into
a 20-mL volumetric flask, dilute with water to volume, and mix well. Apply the entire
volume onto the column, and elute at the rate of approximately 1 drop/s, employing
vacuum. Rinse the column with 3 mL of water, and discard the rinsate. Elute with 2.0 mL
of methanol and collect the eluate into the 2.0-mL volumetric flask. Adjust with methanol
to volume, and mix well.]
[Note—This method may result in coelution of ganoderenic acid A and ganoderic acid K.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 2.1-mm × 15-cm; 1.8-µm packing L1
Column temperature: 25
Flow rate: 0.4 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatographic similarity: The chromatogram of Standard solution B is similar to
the reference chromatogram provided with the lot of USP Ganoderma Lucidum Fruiting
Body Powdered Extract RS being used.
Resolution: NLT 1.0 between ganoderic acid A and ganoderic acid H peaks, Standard
solution B
Tailing factor: NMT 2.0 for the ganoderic acid A peak, Standard solution A
Relative standard deviation: NMT 2.0% determined from the ganoderic acid A peak in
replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
[Note—Standard solution A, Standard solution B, and the Sample solution are stable for 24
h at room temperature.]
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Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Ganoderma Lucidum Fruiting Body Powdered
Extract RS being used, identify all specified ganoderic and ganoderenic acids in the
Sample solution chromatogram. The approximate relative retention times, with respect to
ganoderic acid A, are provided in Table 2.
Table 2
Analyte
Relative Retention Time Relative Response Factor
Ganoderenic acid C
0.36
0.51
Ganoderic acid C2
0.42
1.05
Ganoderic acid G
0.56
1.18
Ganoderenic acid B
0.60
0.45
Ganoderic acid B
0.66
1.10
Ganoderic acid A
1.00
1.00
Ganoderic acid H
1.05
1.54
Ganoderenic acid D
1.25
0.51
Ganoderic acid D
1.33
1.08
Ganoderic acid F
1.54
1.45
Separately calculate the percentages of each triterpenoic acid in the portion of
Ganoderma Lucidum Fruiting Body taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of ganoderic acid from Standard solution A
C=
S concentration of USP Ganoderic Acid A RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Ganoderma Lucidum Fruiting Body taken to prepare the Sample solution (mg)
F= relative response factor, with respect to ganoderic acid A (see Table 2)
Calculate the sum of the percentages of all specified triterpenoic acids.
Acceptance criteria
Sum of triterpenoic acids: NLT 0.3% on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 2.0 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements
• Microbial Enumeration Tests

561 : Meets

2021 : The total aerobic bacterial count does not exceed
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105 cfu/g, and the bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Content of Water-Soluble Polysaccharides
Solution A: 0.05 M phosphate buffer, pH 6.0
Solution B: Acetonitrile
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
84.0
16.0
30
82.5
17.5
55
81.0
19.0
60
81.0
19.0
61
84.0
16.0
Reagent: 0.1 M solution of 1-phenyl-3-methyl-5-pyrazolone in methanol
Internal standard solution: 0.5 mg/mL of d-lyxose in water
Standard stock solution: Composite solution containing 0.20 mg/mL each of USP Mannose
RS, USP d-Glucuronic Acid RS, and USP Galactose RS; 2.0 mg/mL of USP Dextrose RS; and
0.10 mg/mL of USP l-Fucose RS in water
Standard solution: Combine 0.125 mL of Standard stock solution with 0.125 mL of Internal
standard solution, 0.300 mL of 0.15 M sodium hydroxide solution, and 0.50 mL of Reagent
in a capped reaction vial. Seal the vial, heat at 70 for 30 min, and cool to room
temperature. Add to the vial 0.300 mL of 0.15 M hydrochloric acid and 0.65 mL of water,
mix well, and pass through a nylon filter of 0.45-µm or finer pore size.
[Note—The amounts of individual analytes (AS) in the 0.125-mL aliquot of the Standard
solution submitted to derivatization are approximately 0.25 mg for dextrose and 0.025 mg
for mannose, galactose, and d-glucuronic acid.]
Sample solution: Transfer 2.0 g of Ganoderma Lucidum Fruiting Body, finely powdered and
accurately weighed, into a 200-mL round-bottom flask, add 60 mL of water, and allow to
stand for 1 h. Attach a condenser, heat under reflux for 4 h, and filter immediately.
Transfer the residue and the filter to the same 200-mL round-bottom flask. Add 60 mL of
water, heat under reflux for 3 h, and filter immediately. Rinse the flask with three 5-mL
portions of water, and filter. Combine the filtrates and the rinsates in a 250-mL beaker,
and evaporate on the water bath to dryness. Dissolve the residue in 5 mL of water, add
75 mL of alcohol, mix well, allow to stand at 4 for 12 h, and centrifuge at 4000 rpm for 30
min. Discard the supernatant, and dry the precipitate on a water bath. Dissolve the
residue in hot water and quantitatively transfer into a 10-mL volumetric flask. Cool to
room temperature, dilute with water to volume, and mix well. Centrifuge at 4000 rpm for
10 min. Accurately transfer 0.250 mL of the supernatant into a reaction vial, and add
about 0.25 mL of 4 M trifluoroacetic acid. Seal the vial, heat at 110 for 4 h, cool to room
temperature, add 0.5 mL of methanol, and evaporate to dryness at 60 under vacuum.
Repeat the addition of 0.5 mL of methanol and subsequent evaporation three times. Add
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to the residue 0.125 mL of water, 0.125 mL of the Internal standard solution, 0.300 mL of
0.15 M sodium hydroxide solution, and 0.50 mL of the Reagent. Seal the vial, heat at 70
for 30 min, and cool to room temperature. Add to the vial 0.300 mL of 0.15 M hydrochloric
acid and 0.65 mL of water, mix well, and pass through a nylon filter of 0.45-µm or finer
pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between the d-lyxose peak and the closest subsequent peak, and
NLT 1.5 between the glucuronic acid peak and the closest preceding peak
Tailing factor: NMT 2.0 for the dextrose peak
Relative standard deviation: NMT 2.0% determined for the dextrose peak in replicate
injections
Analysis
Samples: Standard solution and Sample solution
[Note—Standard solution and Sample solution are stable for 24 h at room temperature.]
Using the chromatograms of the Standard solution and the reference chromatogram
provided with the lot of USP Ganoderma Lucidum Fruiting Body Powdered Extract RS being
used, identify the individual derivatized monosaccharides at about the following relative
retention times, with respect to dextrose: 0.48 for mannose, 0.58 for lyxose, 0.82 for dglucuronic acid, 1.09 for galactose, and 1.35 for l-fucose.
Separately calculate the percentages of derivatized monosaccharides in the portion of
Ganoderma Lucidum Fruiting Body taken:
Result = (RU/RS) × AS × (F/W) × 100
R=
U peak response ratio of the relevant analyte to the internal standard from the Sample
solution
R=
S peak response ratio of the relevant analyte to the internal standard from the Standard
solution
A=
S amount of the relevant analyte in the aliquot of the Standard solution subjected to
derivatization (mg)
F= dilution factor to account for the sample aliquot submitted to derivatization (0.250 mL)
relative to the volume of the Sample solution (10.0 mL), 40
W= weight of Ganoderma Lucidum Fruiting Body taken to prepare the Sample solution (mg)
Calculate the sum of the percentages of mannose, d-glucuronic acid, dextrose, galactose,
and l-fucose.
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Acceptance criteria
Sum of monosaccharides: NLT 0.7% on the dried basis
• Botanical Characteristics
Macroscopic: Basidiocarp (fruiting body) morphology is highly variable. Shape of pileus
(cap) ranges from reniform to subcircular, convex or concave, 15 cm or more broad, single
to multiple layers thick (up to 3 cm); margin generally thick and blunt, sometimes acute.
Pileus surface radially rugose (wrinkled) and concentrically culcate; shiny, yellowish-red to
reddish-black. Stipe (stem) attachment predominantly lateral; stipe length varies from
very short to 10–12 cm long, 1–3 cm thick, cylindrical, reddish to almost black, laccate
(lacquered). Hymenophore (pore surface) yellowish-white to tawny. Pores small, circular
to irregular, 4–7 per mm, 6–200 µm in diameter, distance between axes of pores about
260 µm.
Microscopic: Hyphal system trimitic with hyaline, thin-walled, clamped, septate generative
hyphae, 1–4 µm in diameter, septa restricted to clamps, scantily branched, abundant at
the growth margin of pileus and dissepiments (partitions). Skeletal hyphae are arboriform,
aseptate, clampless, very long, 3–6 µm in diameter, scantily branched, branches with
limited growth at distal end, with thick walls; they compose most of the context (flesh)
and dissepiments, originating immediately behind the growth margin from generative
hyphae. Binding hyphae of the “Bovista” type are aseptate, clampless, profusely
branched, generally thinner and lighter than the skeletal, 1–3 µm in diameter.
Basidiospores ovoid, double-walled, truncated at apex. Epispore thin, ovoid, hyaline, 9.0–
11.5 × 6.0–8.0 µm; endospore thick, ovoid, 6.5–8.5 × 5.0–6.5 µm, bearing relatively few
long and thick echinules that support the epispore, sometimes fused into a short crest.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Loss on Drying 731
Sample: 1.0 g of powdered Ganoderma Lucidum Fruiting Body
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 17.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of powdered Ganoderma Lucidum Fruiting Body
Acceptance criteria: NMT 4.0%
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 1
Sample: 2–4 g of powdered Ganoderma Lucidum Fruiting Body
Acceptance criteria: NLT 2.0%
• Articles of Botanical Origin, Water-Soluble Extractives, Method 1
Sample: 2–4 g of powdered Ganoderma Lucidum Fruiting Body
Acceptance criteria: NLT 3.0%

561

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binominal and, following the official name, the part of
the fungus from which the article was derived.
• USP Reference Standards
USP Dextrose RS

11
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Ergosterol RS
l-Fucose RS
Galactose RS
Ganoderic Acid A RS
Ganoderma Lucidum Fruiting Body Powdered Extract RS
d-Glucuronic Acid RS
Mannose RS

2S (USP37)

1 A suitable commercially available plate is the HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., Part No.
1.05642.0001).

BRIEFING
Ganoderma Lucidum Fruiting Body Powder, page 7036 of the Second Supplement to USP
37. Comments were received to indicate that the proposed retardation factor specifications
in Identification test A by HPTLC were unnecessarily restrictive without adding substantive
quality to the procedure. Furthermore, color interpretation of the ergosterol HPTLC band was
shown to be subjective. Accordingly, the Expert Committee proposes to remove the
specifications related to retardation factors and to delete the color description of the
ergosterol band.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on November 30, 2014. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of March 1, 2015.
(DS: A. Bzhelyansky.)
Correspondence Number—C148054

Comment deadline: November 30, 2014
Add the following:
Ganoderma Lucidum Fruiting Body Powder
DEFINITION
Ganoderma Lucidum Fruiting Body Powder is dried Ganoderma Lucidum Fruiting Body reduced to
a powder or a very fine powder. It contains NLT 0.3% of triterpenoic acids, calculated on the
dried basis as a sum of ganoderic acids A, B, C2 , D, F, G, and H and ganoderenic acids B, C,
and D.
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatography
Standard solution A: 1.0 mg/mL of USP Ganoderic Acid A RS in alcohol
Standard solution B: 0.3 mg/mL of USP Ergosterol RS in alcohol
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Standard solution C: 50 mg/mL of USP Ganoderma Lucidum Fruiting Body Powdered
Extract RS in alcohol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate about 1 g of Powder in 50 mL of alcohol for 15 min, centrifuge,
withdraw the supernatant, and evaporate to dryness under reduced pressure at 50 .
Dissolve the residue in 2.0 mL of alcohol, centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plate).1 Predevelop the plate in methanol, and dry at 105 for 30 min.
Application volume: 2 µL each of Standard solution A and Standard solution B, and 4 µL
each of Standard solution C and the Sample solution as 8-mm bands
Column temperature: Ambient, not to exceed 30
Developing solvent system: Toluene, ethyl formate, and formic acid (5: 5: 0.2)
Developing distance: 6 cm (IRA 1-Mar-2015)
Spray
Derivatization (IRA 1-Mar-2015)
reagent:
A solution of 10% sulfuric acid in alcohol. [Note—Prepare fresh. Slowly and gradually add
sulfuric acid to ice-cold alcohol, and mix well.]
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Chromatographic pattern: Under long-wave UV (365 nm) and under white light, the
chromatograms exhibit the band patterns approximately corresponding in color and
position to those specified in Table 1.
Retardation factor (RF) reproducibility: The retardation factors obtained with Standard
solution A and Standard solution B are within ±10% of the values specified in Table 1.
Table 1
Long-wave UV Light
(365 nm)

Component
Unknown
Ergosterol
Unknown
Ganoderic acid
F
Ganoderic acid
D
Ganoderenic
acid D

Retardation
Factor
(RF)

White Light

0.80
0.67
0.50

Standard
solution
A
—
—
—

Standard
solution
B
—
Blue
—

Standard
solution
C
Bluish-green
Blue
Orange

Standard
solution
A
—
—
—

Standard
solution
B
—
Blue
—

0.37

—

—

—

—

—

0.31

—

—

Bluish-green

—

—
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Ganoderic acid
G
Ganoderic acid
B
0.22
—
—
Yellow
—
Ganoderenic
acid B
Ganoderic acid
H
Ganoderic acid
Green to
Green to
A
0.16
yellowish—
yellowish- Bluish-violet
Ganoderenic
green
green
acid A
Ganoderic acid
C2
0.13
—
—
Orange
—
Ganoderenic
acid C
Unknown
—
—
—
Orange
—
[Note—The standard solutions are stable for 72 h at room temperature.]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
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—

—

—
—

Apply the samples as bands, and dry in air. Develop in a saturated chamber until the solvent
front has moved about four-fifths of the length of the plate. Remove the plate from the
chamber, air-dry, treat with Spray reagent, and heat for about 5 min at 105 –110 .
Immediately examine under white light and under the long-wave UV light (365 nm).
Acceptance criteria: Under the long-wave UV light (365 nm) and under white light, the
chromatogram of the Sample solution exhibits the bands corresponding in color and RF to
similar bands in the chromatogram of Standard solution C, at the RF values listed for System
suitability. Under white light, the chromatogram of the Sample solution exhibits an additional
violet band above the ergosterol band.
[Note—The Sample solution is stable for 72 h at room temperature.]
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Chromatographic pattern: Under long-wave UV (365 nm), the chromatogram of Standard
solution C displays, in the bottom third of the plate, the following bands in the order of
increasing RF: a yellowish or orange band (sometimes, two orange bands are seen); a
bluish-green band corresponding to the light-blue ganoderic acid A band in Standard
solution A; an intense yellow band corresponding to ganoderic acid B, ganoderic acid G,
ganoderic acid H, and ganoderenic acid B; and a bluish-green band coincident with
ganoderic acid D and ganoderenic acid D. In the middle third of the chromatogram, a
variable number of blue-green bands appear. At the top of the middle third of the
Standard solution C chromatogram, a somewhat diffuse band coincident with the
ergosterol band in Standard solution B is seen. In the upper third of the chromatogram,
three or four diffuse bands of varying colors appear. Under white light, Standard solution
C exhibits, in its lower third, two brownish-red bands, the upper of them coincident with
the ganoderic acid A band in Standard solution A, followed by a more intense brown band;
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and a lighter brown band corresponding to the ganoderic acid D and ganoderenic acid D.
In the middle third of the chromatogram, five or six light-brown bands are seen; one of
those, deepest in color and relatively diffuse, corresponds to the ergosterol band in
Standard solution B. Two or three light-brown bands are seen under white light in the
upper third of the chromatogram of Standard solution C. [Note—The Standard solutions
are stable for 72 h at room temperature.]
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples as bands, and dry in air. Develop in a saturated chamber, remove the
plate, air-dry, treat with Derivatization reagent, and heat for 5 min at 105 –110 .
Immediately examine under white light and under the long-wave UV light (365 nm).
Acceptance criteria: Under the long-wave UV light (365 nm) and under white light, the
chromatogram of the Sample solution exhibits the bands corresponding in color and RF to
similar bands in the chromatogram of Standard solution C. Under white light, the
chromatogram of the Sample solution exhibits an additional violet band above the ergosterol
band.[Note—The Sample solution is stable for 72 h at room temperature.] (IRA 1-Mar-2015)
• B. HPLC
Analysis: Proceed as directed in the test for Content of Triterpenoic Acids.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to those of ganoderenic acid C, ganoderic acid C2 ,
ganoderic acid G, ganoderenic acid B, ganoderic acid B, ganoderic acid A, ganoderic acid
H, ganoderenic acid D, ganoderic acid D, and ganoderic acid F in the chromatogram of
Standard solution B.
• C. HPLC
Analysis: Proceed as directed in the test for Content of Water-Soluble Polysaccharides.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to the peaks due to mannose, glucuronic acid, dextrose,
galactose, and l-fucose in the chromatogram of the Standard solution.
COMPOSITION
• Content of Triterpenoic Acids
Solution A: 0.075% phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80.0
20.0
3
73.5
26.5
34
73.5
26.5
52
61.5
38.5
53
80.0
20.0
58
80.0
20.0
[Note—Maintain the Mobile phase at 73.5% of Solution A for the period sufficient for the
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complete elution of ganoderic acid A.]
Standard solution A: 0.1 mg/mL of USP Ganoderic Acid RS in methanol. Sonicate to
dissolve if necessary.
Standard solution B: Sonicate 40 mg of USP Ganoderma Lucidum Fruiting Body Powdered
Extract RS in 5 mL of alcohol, and centrifuge. Pass through a nylon filter of 0.2-µm pore
size, and discard the initial 1 mL of the filtrate.
Sample solution: Transfer 2.0 g of Powder, accurately weighed, to a 200-mL roundbottom flask, and add 75 mL of alcohol. Attach a condenser, reflux for 45 min, cool, and
filter. Rinse the flask with two 10-mL portions of alcohol, and filter, combining the rinsates
and the filtrate. Evaporate to dryness under reduced pressure, and dissolve the residue in
about 20 mL of alcohol. Transfer the solution to a 25-mL volumetric flask, dilute with
alcohol to volume, and mix well. Pass through a nylon filter of 0.2-µm pore size, and
discard the initial 1 mL of the filtrate.[Note—To facilitate the chromatographic column
longevity, the following solid phase extraction procedure may be employed. Condition the
solid phase extraction column containing about 200 mg of L1 packing with 5 mL of
methanol followed by 3 mL of water; do not allow the column to dry. Transfer 2.0 mL of
Powder solution in alcohol into a 20-mL volumetric flask, dilute with water to volume, and
mix well. Apply the entire volume onto the column, and elute at the rate of approximately
1 drop/s, employing a vacuum. Rinse the column with 3 mL of water, and discard the
rinsate. Elute with 2.0 mL of methanol and collect the eluate into the 2.0-mL volumetric
flask. Adjust with methanol to volume, and mix well.]
[Note—This method may result in coelution of ganoderenic acid A and ganoderic acid K.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 2.1-mm × 15-cm; 1.8-µm packing L1
Column temperature: 25
Flow rate: 0.4 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatographic similarity: The chromatogram of Standard solution B is similar to
the reference chromatogram provided with the lot of USP Ganoderma Lucidum Fruiting
Body Powdered Extract RS being used.
Resolution: NLT 1.0 between ganoderic acid A and ganoderic acid H peaks, Standard
solution B
Tailing factor: NMT 2.0 for the ganoderic acid A peak, Standard solution A
Relative standard deviation: NMT 2.0% determined from the ganoderic acid A peak in
replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
[Note—Standard solution A, Standard solution B, and the Sample solution are stable for 24
h at room temperature.]
Using the chromatograms of Standard solution A, Standard solution B, and the reference
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chromatogram provided with the lot of USP Ganoderma Lucidum Fruiting Body Powdered
Extract RS being used, identify all specified ganoderic and ganoderenic acids in the
Sample solution chromatogram. The approximate relative retention times, with respect to
ganoderic acid A, are provided in Table 2.
Table 2
Analyte
Relative Retention Time Relative Response Factor
Ganoderenic acid C
0.36
0.51
Ganoderic acid C2
0.42
1.05
Ganoderic acid G
0.56
1.18
Ganoderenic acid B
0.60
0.45
Ganoderic acid B
0.66
1.10
Ganoderic acid A
1.00
1.00
Ganoderic acid H
1.05
1.54
Ganoderenic acid D
1.25
0.51
Ganoderic acid D
1.33
1.08
Ganoderic acid F
1.54
1.45
Separately calculate the percentages of each triterpenoic acid in the portion of Powder
taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of ganoderic acid from Standard solution A
C=
S concentration of USP Ganoderic Acid A RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powder taken to prepare the Sample solution (mg)
F= relative response factor, with respect to ganoderic acid A (see Table 2)
Calculate the sum of the percentages of all specified triterpenoic acids.
Acceptance criteria
Sum of triterpenoic acids: NLT 0.3% on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 2.0 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, and the bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
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• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Content of Water-Soluble Polysaccharides
Solution A: 0.05 M phosphate buffer, pH 6.0
Solution B: Acetonitrile
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
84.0
16.0
30
82.5
17.5
55
81.0
19.0
60
81.0
19.0
61
84.0
16.0
Reagent: 0.1 M solution of 1-phenyl-3-methyl-5-pyrazolone in methanol
Internal standard solution: 0.5 mg/mL of d-lyxose in water
Standard stock solution: Composite solution containing 0.20 mg/mL each of USP Mannose
RS, USP d-Glucuronic Acid RS, and USP Galactose RS; 2.0 mg/mL of USP Dextrose RS; and
0.10 mg/mL of USP l-Fucose RS in water
Standard solution: Combine 0.125 mL of Standard stock solution with 0.125 mL of Internal
standard solution, 0.300 mL of 0.15 M sodium hydroxide solution, and 0.50 mL of Reagent
in a capped reaction vial. Seal the vial, heat at 70 for 30 min, and cool to room
temperature. Add to the vial 0.300 mL of 0.15 M hydrochloric acid and 0.65 mL of water,
mix well, and pass through a nylon filter of 0.45-µm or finer pore size.
[Note—The amounts of individual analytes (AS) in the 0.125 mL aliquot of the Standard
solution submitted to derivatization are approximately 0.25 mg for dextrose and 0.025 mg
for mannose, galactose, and d-glucuronic acid.]
Sample solution: Transfer 2.0 g of Powder, accurately weighed, into a 200-mL roundbottom flask, add 60 mL of water, and allow to stand for 1 h. Attach a condenser, heat
under reflux for 4 h, and filter immediately. Transfer the residue and the filter to the same
200-mL round-bottom flask. Add 60 mL of water, heat under reflux for 3 h, and filter
immediately. Rinse the flask with three 5-mL portions of water, and filter. Combine the
filtrates and the rinsates in a 250-mL beaker, and evaporate on the water bath to
dryness. Dissolve the residue in 5 mL of water, add 75 mL of alcohol, mix well, allow to
stand at 4 for 12 h, and centrifuge at 4000 rpm for 30 min. Discard the supernatant, and
dry the precipitate on a water bath. Dissolve the residue in hot water and quantitatively
transfer into a 10-mL volumetric flask. Cool to room temperature, dilute with water to
volume, and mix well. Centrifuge at 4000 rpm for 10 min. Accurately transfer 0.250 mL of
the supernatant into a reaction vial, and add about 0.25 mL of 4 M trifluoroacetic acid.
Seal the vial, and heat at 110 for 4 h. Cool to room temperature, add 0.5 mL of
methanol, and evaporate to dryness at 60 under vacuum. Repeat the addition of 0.5 mL
of methanol and subsequent evaporation three times. Add to the residue 0.125 mL of
water, 0.125 mL of the Internal standard solution, 0.300 mL of 0.15 M sodium hydroxide
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solution, and 0.50 mL of Reagent. Seal the vial, heat at 70 for 30 min, and cool to room
temperature. Add to the vial 0.300 mL of 0.15 M hydrochloric acid and 0.65 mL of water,
mix well, and pass through a nylon filter of 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between the d-lyxose peak and the closest subsequent peak, and
NLT 1.5 between the glucuronic acid peak and the closest preceding peak
Tailing factor: NMT 2.0 for the dextrose peak
Relative standard deviation: NMT 2.0% determined for the dextrose peak in replicate
injections
Analysis
Samples: Standard solution and Sample solution
[Note—The Standard solution and Sample solution are stable for 24 h at room
temperature.]
Using the chromatograms of the Standard solution and the reference chromatogram
provided with the lot of USP Ganoderma Lucidum Fruiting Body Powdered Extract RS being
used, identify the individual derivatized monosaccharides at about the following relative
retention times, with respect to dextrose: 0.48 for mannose, 0.58 for lyxose, 0.82 for dglucuronic acid, 1.09 for galactose, and 1.35 for l-fucose.
Separately calculate the percentages of derivatized monosaccharides in the portion of
Powder taken:
Result = (RU/RS) × AS × (F/W) × 100
R=
U peak response ratio of the relevant analyte to the internal standard from the Sample
solution
R=
S peak response ratio of the relevant analyte to the internal standard from the Standard
solution
A=
S amount of the relevant analyte in the aliquot of the Standard solution subjected to
derivatization (mg)
F= dilution factor to account for the sample aliquot submitted to derivatization (0.250 mL)
relative to the volume of the Sample solution (10.0 mL), 40
W= weight of Powder taken to prepare the Sample solution (mg)
Calculate the sum of the percentages of mannose, d-glucuronic acid, dextrose, galactose,
and l-fucose.
Acceptance criteria
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Sum of monosaccharides: NLT 0.7% on the dried basis
• Botanical Characteristics: When milled, the fruiting body typically grinds into a fibrous
mass or fractures into tiny strips rather than a fine powder. Hyphal system trimitic with
hyaline, thin-walled, clamped, septate generative hyphae, 1–4 µm in diameter, septa
restricted to clamps, scantily branched, abundant at the growth margin of pileus and
dissepiments (partitions). Skeletal hyphae are arboriform, aseptate, clampless, very long,
3–6 µm in diameter, scantily branched, branches with limited growth at distal end, with
thick walls; they compose most of the context (flesh) and dissepiments, originating
immediately behind the growth margin from generative hyphae. Binding hyphae of the
“Bovista” type are aseptate, clampless, profusely branched, generally thinner and lighter
than the skeletal, 1–3 µm in diameter. Basidiospores ovoid, double-walled, truncated at
apex. Epispore thin, ovoid, hyaline, 9.0–11.5 × 6.0–8.0 µm; endospore thick, ovoid, 6.5–
8.5 × 5.0–6.5 µm, bearing relatively few long and thick echinules that support the
epispore, sometimes fused into a short crest.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Loss on Drying 731
Sample: 1.0 g of Powder
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 17.0%
• Articles of Botanical Origin, Total Ash
Sample: 1.0 g of Powder
Acceptance criteria: NMT 4.0%

561

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 1
Sample: 2–4 g of Powder
Acceptance criteria: NLT 2.0%
• Articles of Botanical Origin, Water-Soluble Extractives, Method 1
Sample: 2–4 g of Powder
Acceptance criteria: NLT 3.0%

561

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binominal and, following the official name, the part of
the fungus from which the article was derived.
• USP Reference Standards 11
USP Dextrose RS
USP Ergosterol RS
USP l-Fucose RS
USP Galactose RS
USP Ganoderic Acid A RS
USP Ganoderma Lucidum Fruiting Body Powdered Extract RS
USP d-Glucuronic Acid RS
USP Mannose RS
2S (USP37)
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1 A suitable commercially available plate is the HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., Part No.
1.05642.0001).

BRIEFING
Omega-3-Acid Ethyl Esters, USP 37 page 4059. On the basis of comments received, the
following changes are proposed:
1.
Broaden the sources from which the article is obtained, including animals of the class
Cephalopoda.
2.
Enable the use of other types of purification processes besides the urea fractionation
followed by molecular distillation.
3.
Lower the minimum requirement for EPA content from 430 to 365 mg/g and DHA content
from 347 to 290 mg/g. Lower the minimum EPA and DHA from 800 to 700 mg/g.
4.
Lower the minimum requirement for the total omega-3-acid ethyl esters from 90% to
78% (w/w).
5.
Update the test for the content of EPA and DHA to reflect the recent revision of
general chapter Fats and Fixed Oils, 401 , Omega-3 Fatty Acids Determination
and Profile.
6.
Delete the specific tests for Fats and Fixed Oils for lead (Pb), cadmium (Cd), arsenic
(As), and mercury (Hg).
7.
Add a test for the limit of content of non-omega-3-acid ethyl esters for the article
obtained by purification processes other than urea distillation.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on November 30, 2014. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of March 1, 2015.
(DS: H. Dinh.)
Correspondence Number—C138435

Comment deadline: November 30, 2014
Omega-3-Acid Ethyl Esters
DEFINITION
Change to read:
Omega-3-Acid Ethyl Esters are obtained by transesterification of the body oil obtained from fish
of families such as Engraulidae, Carangidae, Clupeidae, Osmeridae, Salmonidae, and
Scombridae
or from animals of the class Cephalopoda, (IRA 1-Mar-2015)
and subsequent purification processes including urea fractionation followed by molecular
distillation
or other processes. (IRA 1-Mar-2015)
The content of eicosapentaenoic acid ethyl ester (EPAee) plus the content of
docosahexaenoic acid ethyl ester (DHAee) is NLT 800
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700 (IRA 1-Mar-2015)
mg/g and NMT 880 mg/g, with NLT 430
365 (IRA 1-Mar-2015)
mg/g and NMT 495 mg/g of EPAee and NLT 347
290 (IRA 1-Mar-2015)
mg/g and NMT 403 mg/g of DHAee. It contains NLT 90
78 (IRA 1-Mar-2015)
% (w/w) of the sum of alpha-linolenic acid ethyl ester (C18:3 n 3, EE), moroctic acid ethyl
ester (C18:4 n 3, EE), eicosatetraenoic acid ethyl ester (C20:4 n 3, EE), eicosapentaenoic
acid ethyl ester (EPAee) (C20:5 n 3, EE), heneicosapentaenoic acid ethyl ester (C21:5 n 3,
EE), docosapentaenoic acid ethyl ester (C22:5 n 3, EE), and docosahexaenoic acid ethyl ester
(DHAee) (C22:6 n 3, EE). Tocopherol may be added as an antioxidant.
IDENTIFICATION
Change to read:
• A. The retention times of the peaks for eicosapentaenoic acid ethyl ester and
docosahexaenoic acid ethyl ester in Test solution
4 (IRA 1-Mar-2015)
correspond to those respective compounds in Standard solution
1b and Standard solution 1a, (IRA 1-Mar-2015)
as obtained in the Assay.
ASSAY
Change to read:
• Content of EPAee, DHAee, and Total Omega-3-Acids Ethyl Esters
(See Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile.)
Standard solution 1a, Standard solution 1b, Test solution 3, Test solution 4,
System suitability solution 1, Chromatographic system, and System suitability:
Proceed as directed in Fats and Fixed Oils,
and Profile. (IRA 1-Mar-2015)

401 , Omega-3 Fatty Acids Determination

Analysis
Samples: Standard Solution and Test solution
Standard solution 1a, Standard solution 1b, Test solution 3, and Test solution 4
(IRA 1-Mar-2015)

Calculate the content of EPAee and DHAee in the portion of Omega-3-Acid Ethyl Esters taken:
Result = (RU/RS) × (CS/CU)
RU = peak area ratio of the EPAee or DHAee peak to the internal standard peak from Test
Solution 3
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RS = peak area ratio of the EPAee
to the internal standard peak from Standard solution 1b (IRA 1-Mar-2015)
or DHAee peak to the internal standard peak from Standard Solution 1
Standard solution 1a (IRA 1-Mar-2015)
CS = concentration of USP Eicosapentaenoic Acid Ethyl Ester RS
in Standard solution 1b (IRA 1-Mar-2015)
or USP Docosahexaenoic Acid Ethyl Ester RS in Standard Solution 1
Standard solution 1a (IRA 1-Mar-2015)
(mg/mL)
CU = concentration of Omega-3 Ethyl Esters in Test Solution 3 (g/mL)
Calculate the content of total omega-3-acids ethyl esters in the portion of Omega-3-Acid Ethyl
Esters taken:
Result = rFAn
rFAn

3ee

[(EPAee + DHAee)/(rEPAee + rDHAee)] + EPAee + DHAee

= sum of the peak areas of alpha-linolenic acid ethyl ester (C18:3 n 3, EE), moroctic
acid ethyl ester (C18:4 n 3, EE), eicosatetraenoic acid ethyl ester (C20:4 n 3, EE),
heneicosapentaenoic acid ethyl ester (C21:5 n 3, EE), and docosapentaenoic acid
ethyl ester (C22:5 n 3, EE) in Test Solution 4

3ee

EPAee = content of EPAee (mg/g)
DHAee = content of DHAee (mg/g)
rEPAee = peak area of EPAee in Test Solution 4
rDHAee = peak area of DHAee in Test Solution 4
Acceptance criteria: It conforms to the acceptance criteria in Table 1.

Name

Table 1
Relative
Acceptance
Retention
Criteria,
Time
NLT

Acceptance
Criteria,
NMT

C18:3 n 3, EEa

0.585

—

—

C18:4 n 3, EEb

0.608

—

—

C20:4 n 3, EEc

0.777

—

—

430
C20:5 n 3, EE (EPAee)d

0.796

365

(IRA 1-Mar-2015)

mg/g 495 mg/g C21:5 n 3, EEe 0.889 — — C22:5 n 3, EEf 0.977 — — C22:6 n 3, EE
(DHAee)g 1.000 347
290 (IRA 1-Mar-2015)
mg/g 403 mg/g EPAee + DHAee — 800
700 (IRA 1-Mar-2015)
mg/g 880 mg/g Total omega-3-acid ethyl esters — 90
78 (IRA 1-Mar-2015)
% (w/w) —
a Alpha-linolenic acid ethyl ester.
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b Moroctic acid ethyl ester.
c Eicosatetraenoic acid ethyl ester.
d Eicosapentaenoic acid ethyl ester.
e Heneicosapentaenoic acid ethyl ester.
f Docosapentaenoic acid ethyl ester (clupanodonic acid ethyl ester).
g Docosahexaenoic acid ethyl ester.
IMPURITIES
Delete the following:
• Fats and Fixed Oils

401 : NMT 0.1 ppm each of Pb, Cd, As, and Hg

(IRA 1-Mar-2015)

Change to read:
• Cholesterol
Internal standard stock solution: 3 mg/mL of 5 -cholestane in n-heptane. [Note
—Prepare fresh before use.]
Internal standard solution: 0.3 mg/mL of 5 -cholestane in n-heptane. [Note—Prepare
fresh before use.]
Standard stock solution: 3.0 mg/mL of cholesterol in n-heptane. [Note—This solution is
stable for 6 months stored in a freezer.] Transfer 1.0 mL of this solution to a 10.0-mL
volumetric flask. Dilute with n-heptane to volume. [Note—Prepare this solution fresh
daily.]
Standard solution: Transfer 1.0 mL of Standard stock solution and 1.0 mL of Internal
standard solution to a 15-mL centrifuge tube. Proceed as directed in the Sample solution
beginning with “Evaporate to dryness”.
Alpha tocopherol stock solution: 1.5–2.0 mg/mL of USP Alpha Tocopherol RS in nheptane. [Note—This solution is stable for 12 months stored in a freezer.]
System suitability solution: Mix 1.0 mL of Standard stock solution, 1.0 mL of Internal
standard stock solution, and 2.0 mL of Alpha tocopherol stock solution in a 50-mL
volumetric flask. Evaporate to dryness with the aid of heat, and dilute with ethyl acetate
to volume. Dilute 1.0 mL of this solution with ethyl acetate to 10.0 mL. [Note—This
solution is stable for 6 months stored in a freezer.]
Sample solution: Transfer 100 mg of Omega-3-Acid Ethyl Esters to a 15-mL centrifuge
tube. Add 1.0 mL of Internal standard solution. Evaporate to dryness at about 50 with a
gentle stream of nitrogen. Add 0.5 mL of 50% potassium hydroxide and 3 mL of alcohol, fill
the tube with nitrogen, and cap. Heat the sample at 100 for 60 min, using a heating
block. Cool for about 10 min. Add 6 mL of water to the tube, and shake for 1 min. Extract
the solution four times with 2.5-mL portions of ethyl ether, using a vortex mixer or suitable
shaker for 1 min for each extraction. Transfer and combine the extracts into a large
centrifuge tube, and wash with 5 mL of water, mixing completely with gentle inversion.
Remove the water phase, and add 5 mL of 0.5 M potassium hydroxide to the ether phase,
mixing carefully to avoid an emulsion. Remove the potassium hydroxide, and add another 5
mL of water, mixing carefully. Transfer the ether phase to a small centrifuge tube. [Note
—If an emulsion has occurred, a small amount of sodium chloride may be added to obtain
a separation of the phases.] Evaporate the ether phase to dryness under a stream of
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nitrogen with careful heating. Dissolve the sample in 600 µL of ethyl acetate, and mix well.
Transfer 200 µL of this solution to a sample vial, and dilute with ethyl acetate to about 2
mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m capillary; coated with a G27 phase of 0.25-µm thickness
Temperatures
Injector: 320
Detector: 300
Column: See the temperature program table below
Table 2 (IRA 1-Mar-2015)

Table 2

(IRA 1-Mar-2015)

Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
170
0
170
1
170
4
320
1.5
Carrier gas: Helium
Flow rate: 1.3 mL/min
Injection volume: 1 µL
Injection type: Splitless injection system
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.2 between alpha tocopherol and cholesterol
Analysis
Samples: Standard solution and Sample solution
Calculate the content of total cholesterol in the portion of Omega-3-Acid Ethyl Esters taken:
Result = (RU/RS) × (WS/WU)
RU= peak area ratio of the cholesterol peak to the internal standard from the Sample solution
RS= peak area ratio of the cholesterol peak to the internal standard from the Standard solution
W=
S weight of cholesterol in the Standard solution (mg)
W=
U weight of Omega-3-Acid Ethyl Esters in the Sample solution (g)
Acceptance criteria: NMT 3.0 mg/g
• Oligomers
Mobile phase: Tetrahydrofuran
Sample solution 1: 5.0 mg/mL of Omega-3-Acid Ethyl Esters in tetrahydrofuran
Sample solution 2: [Note—Use Sample solution 2 where the results of this test using
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Sample solution 1 exceed the Acceptance criteria due to the presence of
monoglycerides.] Weigh 50 mg of Omega-3-Acid Ethyl Esters into a quartz tube, add 1.5
mL of a 20-g/L solution of sodium hydroxide in methanol, cover with nitrogen, cap tightly
with a polytef-lined cap, mix, and heat on a water bath for 7 min. Allow to cool. Add 2.0
mL of boron trichloride–methanol solution, cover with nitrogen, cap tightly, mix and heat
on a water bath for 30 min. Cool to 40 –50 , add 1 mL of isooctane, cap, and shake
vigorously for NLT 30 s. Immediately add 5 mL of saturated sodium chloride solution, cover
with nitrogen, cap, and shake thoroughly for NLT 15 s. Transfer the upper layer to a
separate tube. Shake the methanol layer with 1 mL of isooctane. Wash the combined
isooctane extracts with 2 quantities, each of 1 mL of water. Carefully evaporate the
solvent under a stream of nitrogen, then add 10.0 mL of tetrahydrofuran to the residue.
Add a small amount of anhydrous sodium sulfate, and filter.
System suitability solution: Monodocosahexaenoin, didocosahexaenoin, and
tridocosahexaenoin in Mobile phase, with concentrations of about 0.5, 0.3, and 0.2
mg/mL, respectively. [Note—Suitable grades of monodocosahexaenoin,
didocosahexaenoin, and tridocosahexaenoin may be obtained from Nu-Chek Prep.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Differential refractometer
Columns: Three concatenated 7.8-mm × 30-cm columns; 7-µm packing L21, with pore
sizes in the range 5–50 nm, arranged with decreasing pore size from the injector to the
detector to fulfill the system suitability requirements.
Flow rate: 0.8 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Elution order: Tridocosahexaenoin, didocosahexaenoin, and monodocosahexaenoin
Resolution: NLT 2.0 between monodocosahexaenoin and didocosahexaenoin, and NLT
1.0 between didocosahexaenoin and tridocosahexaenoin
Analysis
Samples: Sample solution 1 and Sample solution 2
Measure the areas of the major peaks.
Calculate the percentage of oligomers in the portion of Omega-3-Acid Ethyl Esters taken
to prepare Sample solution 1:
Result = (rI /rT) × 100
r=
I sum of the areas of the peaks with a retention time less than that of the ethyl esters
peaks
r=
T sum of the areas of all peaks
Calculate the percentage of oligomers in the portion of Omega-3-Acid Ethyl Esters taken
to prepare Sample solution 2:
Result = (rI /rT) × 100
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r=
I sum of the areas of all peaks with a retention time less than that of the methyl esters
peaks
r=
T sum of the areas of all peaks
Acceptance criteria: NMT 1.0% of oligomers
• Limit of Dioxins, Furans, and Polychlorinated Biphenyls (PCBs): Determine the content
of polychlorinated dibenzo-para-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs)
by method No. 1613 revision B of the Environmental Protection Agency. Determine the
content of polychlorinated biphenyls (PCBs) by method No. 1668 revision A of the
Environmental Protection Agency.
Acceptance criteria: The sum of PCDDs and PCDFs is NMT 1 pg/g of WHO toxic
equivalents. The sum of PCBs (polychlorinated biphenyls, IUPAC congeners PCB-28, PCB52, PCB-101, and PCB-118, PCB-138, PCB-153, PCB-180) is NMT 0.5 ppm.
Change to read:
• Limit of Total Unidentified Fatty Acids Ethyl Esters
[Note—This test is not required for the article obtained by purification processes other than
urea distillation.] (IRA 1-Mar-2015)
From the chromatogram obtained with Test Solution 4 in the Assay for Content of EPAee,
DHAee, and Total Omega-3-Acids Ethyl Esters, determine the peak area of the largest single
unidentified peak with a relative retention time different from those in the following table
Table 3. (IRA 1-Mar-2015)

Table 3

(IRA 1-Mar-2015)

Identified
Ethyl
Ester
Phytanic acid

Relative
Retention
Time
0.416

C16:3 n 4

0.431

C16:4 n 1

0.468

C18:3 n 6

0.557

C18:3 n 4

0.574

C18:3 n 3

0.585

C18:4 n 3

0.608

C18:4 n 1
Furan acid 5
C19:5

0.618
0.691
0.710

C20:3 n 6

0.720

C20:4 n 6
Furan acid 7

0.736
0.744
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C20:4 n 3
Furan acid 8
EPA
Furan acid 9

0.777
0.783
0.796
0.867

C21:5 n 3
C22:4
Furan acid 10

0.889
0.917
0.922

C22:5 n 6
Furan acid 11

0.939
0.963

C22:5 n 3
DHA

0.977
1.000

Calculate the content of unidentified fatty acids ethyl esters in area percentage:
Result = 100

(100 × S Aiee/rT)

Aiee = peak area for each identified ethyl ester in the table above
Table 3 (IRA 1-Mar-2015)
rT

= sum of the areas of all peaks except solvents and BHT

Acceptance criteria: The area of the largest single unidentified peak is NMT 0.5% of the total
area. The total area of unidentified peaks as calculated above is NMT 2%.
Add the following:
• Limit of Non-Omega-3-Acid Ethyl Esters
[Note—This test is only required for the article obtained by purification processes other than
urea distillation.]
From the chromatogram obtained with Test solution 4 in the Assay for Content of EPAee,
DHAee, and Total Omega-3-Acids Ethyl Esters, calculate the amounts of C18:1 n 9 ethyl
ester and C20:4 n 6 ethyl ester in the portion of Omega-3-Acid Ethyl Esters taken:
Result = (Aiee/rT) × 100
Aiee
= peak area for C18:1 n 9 ethyl ester or C20:4 n 6 ethyl ester
r=
T sum of the areas of all peaks except solvents and BHT
Acceptance criteria
C18:1 n 9 ethyl ester: NMT 6.0%
C20:4 n 6 ethyl ester: NMT 4.0%
(IRA 1-Mar-2015)

SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : NMT 2.0 mg of KOH/g
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401 : NMT 15

• Fats and Fixed Oils, Peroxide Value 401 : NMT 10.0
• Absorbance
Sample solution: Transfer 300 mg, accurately weighed, to a 50-mL volumetric flask.
Dissolve in and dilute immediately with isooctane to volume. Pipet 2.0 mL into a 50-mL
volumetric flask, and dilute with isooctane to volume.
Acceptance criteria: NMT 0.55, determined at 233 nm, with isooctane being used as the
blank
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers under a nitrogen
atmosphere. Store at controlled room temperature.
• Labeling: The label states the content of DHA ethyl ester and EPA ethyl ester in mg/g, the
sum of the EPA and DHA ethyl esters contents in mg/g, and the content of the total
omega-3-acid ethyl esters in percentage (w/w). It also states the name of any added
antioxidant.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Docosahexaenoic Acid Ethyl Ester RS
All cis-4,7,10,13,16,19-docosahexaenoic ethyl ester.
C24 H36 O2
356.55
USP Eicosapentaenoic Acid Ethyl Ester RS
All cis-5,8,11,14,17-eicosapentaenoic ethyl ester.
C22 H34 O2
330.51
USP Methyl Tricosanoate RS
Tricosanoic acid methyl ester.
C24 H48 O2
368.64
BRIEFING
Omega-3-Acid Ethyl Esters Capsules, USP 37 page 4061. It is proposed to revise this
monograph for consistency with the revisions proposed to the Omega-3-Acid Ethyl Esters
monograph and the new FDA approvals for Omega-3-Acid Ethyl Esters Capsules. The
following changes are proposed:
1.
Revise the Definition to remove details for the ingredient contained in the capsules
because these details are already cited in the Omega-3-Acid Ethyl Esters
monograph, and add the requirements to the amount of total omega-3-acid ethyl
esters to reflect the content claims on the approved labels. Revisions to the Omega3-Acid Ethyl Esters monograph are proposed elsewhere in this issue of PF.
2.
Revise the procedure and Acceptance criteria in the Assay for consistency with the
proposed Definition.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on November 30, 2014. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of March 1, 2015.
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(DS: N. Davydova.)
Correspondence Number—C140174

Comment deadline: November 30, 2014
Omega-3-Acid Ethyl Esters Capsules
DEFINITION
Change to read:
Omega-3-Acid Ethyl Esters Capsules contain Omega-3-Acid Ethyl Esters, which are obtained by
transesterification of the body oil obtained from fish of families such as Engraulidae,
Carangidae, Clupeidae, Osmeridae, Salmonidae, and Scombridae and subsequent purification
processes including urea fractionation followed by molecular distillation with NLT 95.0% and
NMT 105.0% of the labeled sum of eicosapentaenoic acid ethyl ester (EPAee) and
docosahexaenoic acid ethyl ester (DHAee). The content of EPAee plus the content of DHAee is
NLT 800 mg/g and NMT 880 mg/g, with NLT 430 mg/g and NMT 495 mg/g of EPAee and NLT 347
mg/g and NMT 403 mg/g of DHAee.
Omega-3-Acid Ethyl Esters, with NLT 95.0% and NMT 105.0% of the labeled sum of
eicosapentaenoic acid ethyl ester (EPAee) and docosahexaenoic acid ethyl ester (DHAee) and
NLT 95% of the labeled amount of total omega-3-acid ethyl esters, as the sum of alphalinolenic acid ethyl ester (C18:3 n 3, EE), moroctic acid ethyl ester (C18:4 n 3, EE),
eicosatetraenoic acid ethyl ester (C20:4 n 3, EE), eicosapentaenoic acid ethyl ester (EPAee)
(C20:5 n 3, EE), heneicosapentaenoic acid ethyl ester (C21:5 n 3, EE), docosapentaenoic
acid ethyl ester (C22:5 n 3, EE), and docosahexaenoic acid ethyl ester (DHAee) (C22:6 n 3,
EE). (IRA 1-Mar-2015)
Tocopherol may be added as an antioxidant.
IDENTIFICATION
Change to read:
• A. The retention times of the peaks for eicosapentaenoic acid ethyl ester and
docosahexaenoic acid ethyl ester of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay for Content of EPAee and DHAee
and Total Omega-3-Acids Ethyl Esters. (IRA 1-Mar-2015)

ASSAY
Change to read:
• Content of EPAee and DHAee
and Total Omega-3-Acids Ethyl Esters

(IRA 1-Mar-2015)

[Note—Carry out the procedure as rapidly as possible, avoiding exposure to actinic light,
oxidizing agents, oxidation catalysts (i.e., copper and iron), and air.]
Antioxidant solution: 50 mg/L of butylated hydroxytoluene in isooctane
Internal standard solution: 7.0 mg/mL of USP Methyl Tricosanoate RS in Antioxidant solution
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System suitability solution: 5.5 mg/mL of docosahexaenoic acid methyl ester and 0.5 mg/mL
of tetracos-15-enoic acid methyl ester in Antioxidant solution
Standard solution: Dissolve 60.0 mg of USP Docosahexaenoic Acid Ethyl Ester RS and 90.0 mg
of USP Eicosapentaenoic Acid Ethyl Ester RS in 10.0 mL of Internal standard solution.
Retention time identification solution: Prepare a mixture containing suitable concentrations
of alpha-linolenic acid ethyl ester (C18:3 n 3, EE), moroctic acid ethyl ester (C18:4 n 3,
EE), eicosatetraenoic acid ethyl ester (C20:4 n 3, EE), heneicosapentaenoic acid ethyl ester
(C21:5 n 3, EE), and docosapentaenoic acid ethyl ester (C22:5 n 3, EE) in Antioxidant
solution.1 (IRA 1-Mar-2015)
Sample solution: Weigh NLT 10 Capsules in a tared weighing bottle. With a sharp blade,
carefully open the Capsules, without loss of shell material, and transfer the combined Capsule
contents to a 100-mL beaker. Remove any adhering substance from the emptied Capsules by
washing with several small portions of diethyl ether. Discard the washings, and allow the
empty Capsules to air-dry over a period of NMT 30 min, taking precautions to avoid uptake or
loss of moisture. Weigh the empty Capsules in the original tared weighing bottle, and calculate
the average fill weight per Capsule (Waf ). Transfer 250 mg of the combined Capsule contents
an amount of the combined Capsule contents equivalent to 225 mg of the labeled amount of
total omega-3-acid ethyl esters (IRA 1-Mar-2015)
to a suitable flask, and dissolve with 10.0 mL of Internal standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 25–50-m fused silica capillary; coated with a 0.25-µm film of G16
Temperatures
Injector: 250
Detector: 270
Column: See Table 1.
Table 1
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
170
0
170
2
170
3.5
255
9
Carrier gas: Hydrogen or helium
Linear velocity: Adjust to obtain a retention time for docosahexaenoic acid ethyl ester of 26
± 3 min.
Injection volume: 1 µL
Injection type: Split; Split ratio,1:220
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.2 between docosahexaenoic acid methyl ester and tetracos-15-enoic
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acid methyl ester peaks, System suitability solution
Relative standard deviation: NMT 2.0% for the ratios of the peak responses of DHAee and
EPAee relative to the internal standard, Standard solution
Analysis
Samples: Standard solution,
Retention time identification solution, (IRA 1-Mar-2015)
and Sample solution
Identify the retention times of the relevant fatty acid ethyl esters by comparing the peaks in
the chromatogram of the Sample solution with those in the chromatogram of the Retention
time identification solution.
(IRA 1-Mar-2015)

Calculate the content, in mg/g, of EPAee and DHAee in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU)
RU = peak area ratio of the EPAee or DHAee peak to the internal standard peak from the
Sample solution
RS = peak area ratio of the EPAee or DHAee peak to the internal standard peak from the
Standard solution
CS = concentration of USP Eicosapentaenoic Acid Ethyl Ester RS or USP Docosahexaenoic Acid
Ethyl Ester RS in the Standard solution (mg/mL)
CU = concentration of the Sample solution (g/mL)
Acceptance criteria: Table 2

Name
EPAee
DHAee
EPAee + DHAee

Table 2
Acceptance
Criteria,
NLT (mg/g)
430
347
800

Acceptance
Criteria,
NMT (mg/g)
495
403
880

(IRA 1-Mar-2015)

Calculate the percentage of the labeled sum of EPAee and DHAee in the portion of Capsules
taken:
Result = (EPAee + DHAee) × Waf × (100/L)
EPAee = content of EPAee in the portion of Capsules taken (mg/g)
DHAee = content of DHAee in the portion of Capsules taken (mg/g)
Waf
= average fill weight of the Capsules taken (g)
L
= the sum of the labeled content of EPAee and DHAee (mg/Capsule)
Acceptance criteria: 95.0%–105.0% of the labeled sum of EPAee and DHAee
Calculate the percentage of the labeled amount of total omega-3-acids ethyl esters in the
portion of Capsules taken:
Result = {rFAn–3ee [(EPAee + DHAee)/(rEPAee + rDHAee)] + EPAee + DHAee} × Waf × (100/L)
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rFAn–3ee
= sum of the peak areas of alpha-linolenic acid ethyl ester (C18:3 n 3, EE), moroctic acid
ethyl ester (C18:4 n 3, EE), eicosatetraenoic acid ethyl ester (C20:4 n 3, EE),
heneicosapentaenoic acid ethyl ester (C21:5 n 3, EE), and docosapentaenoic acid ethyl ester
(C22:5 n 3, EE) from the Sample Solution
EPAee
= content of EPAee (mg/g)
DHAee
= content of DHAee (mg/g)
rEPAee
= peak area of EPAee from the Sample Solution
rDHAee
= peak area of DHAee from the Sample Solution
Waf
= average fill weight of the Capsules taken (g)
L
= label claim of total omega-3-acids ethyl esters (g/Capsule)
Acceptance criteria: NLT 95% of the labeled amount of total omega-3-acid ethyl esters per
Capsule (IRA 1-Mar-2015)
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meet the requirements for Weight Variation

• Disintegration 701
Medium, tier 1: Water
Medium, tier 2: Simulated gastric fluid TS
Time: 30 min
Analysis: Perform the test with water as Medium, tier 1. Repeat the test with simulated
gastric fluid TS as Medium, tier 2, if the disintegration time is more than 30 min in
Medium, tier 1.
Acceptance criteria: Meet the requirements
IMPURITIES
• Oligomers
Mobile phase: Tetrahydrofuran
System suitability solution: Monodocosahexaenoin, didocosahexaenoin, and
tridocosahexaenoin in Mobile phase, with concentrations of about 0.5, 0.3, and 0.2
mg/mL, respectively. [Note—Suitable grades of monodocosahexaenoin,
didocosahexaenoin, and tridocosahexaenoin may be obtained from Nu-Chek Prep.]
Sample solution 1: 5.0 mg/mL of the Capsule contents in tetrahydrofuran
Sample solution 2: [Note—Use Sample solution 2 where the results of this test using
Sample solution 1 exceed the Acceptance criteria due to the presence of
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monoglycerides.] Weigh 50 mg of the Capsule contents into a quartz tube, add 1.5 mL of
a 20-g/L solution of sodium hydroxide in methanol, cover with nitrogen, cap tightly with a
polytef-lined cap, mix, and heat on a water bath for 7 min. Allow to cool. Add 2.0 mL of
boron trichloride–methanol solution, cover with nitrogen, cap tightly, mix, and heat on a
water bath for 30 min. Cool to 40 –50 , add 1 mL of isooctane, cap, and shake vigorously
for NLT 30 s. Immediately add 5 mL of saturated sodium chloride solution, cover with
nitrogen, cap, and shake thoroughly for NLT 15 s. Transfer the upper layer to a separate
tube. Shake the methanol layer with 1 mL of isooctane. Wash the combined isooctane
extracts with 2 quantities, each of 1 mL of water. Carefully evaporate the solvent under a
stream of nitrogen, then add 10.0 mL of tetrahydrofuran to the residue. Add a small
amount of anhydrous sodium sulfate, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Differential refractometer
Columns: Three concatenated 7.8-mm × 30-cm columns; 7-µm packing L21, with pore
sizes in the range 5–50 nm, arranged with decreasing pore size from the injector to the
detector to fulfill the system suitability requirements
Flow rate: 0.8 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Elution order: Tridocosahexaenoin, didocosahexaenoin, and monodocosahexaenoin
Resolution: NLT 2.0 between monodocosahexaenoin and didocosahexaenoin; NLT 1.0
between didocosahexaenoin and tridocosahexaenoin
Analysis
Samples: Sample solution 1 and Sample solution 2
Measure the areas of the major peaks.
Calculate the percentage of oligomers in the portion of omega-3-acid ethyl esters taken
to prepare Sample solution 1:
Result = (rI /rT) × 100
r=
I sum of the peak areas with retention times less than that of the ethyl esters peak
r=
T sum of the areas of all peaks
Calculate the percentage of oligomers in the portion of the Capsules contents taken to
prepare Sample solution 2:
Result = (rI /rT) × 100
r=
I sum of the peak areas with retention times less than that of the methyl esters peak
r=
T sum of the areas of all peaks
Acceptance criteria: NMT 2% of oligomers
SPECIFIC TESTS
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• Fats and Fixed Oils, Acid Value 401
Sample solution: Dissolve about 5.0 g of the oil, accurately weighed, in 100 mL of a
mixture of equal volumes of alcohol and ether (which has been neutralized to
phenolphthalein with 0.1 M potassium hydroxide) contained in a flask.
Acceptance criteria: NMT 2.0 mg KOH/g
• Fats and Fixed Oils, Anisidine Value

401 : NMT 25

• Fats and Fixed Oils, Peroxide Value 401 : NMT 10 meq/kg
• Absorbance
Sample solution: Transfer 300 mg, accurately weighed, to a 50-mL volumetric flask.
Dissolve in and dilute immediately with isooctane to volume. Pipet 2.0 mL into a 50-mL
volumetric flask, and dilute with isooctane to volume.
Acceptance criteria: NMT 0.60, determined at 233 nm in a 1-cm cell, with isooctane being
used as the blank
• Microbial Enumeration Tests 61 : NMT 103 cfu/g for the total aerobic microbial count,
and NMT 102 cfu/g for the total combined yeasts and molds count.
• Tests for Specified Microorganisms 62 : Meet the requirements for absence of
Escherichia coli in 1 g and for absence of Salmonella species in 10 g
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature. Do not freeze. Protect from light.
• Labeling: The label states the amount of docosahexaenoic acid (DHA) ethyl ester and
eicosapentaenoic acid (EPA) ethyl ester, and the minimum amount of total content of
omega-3-acid ethyl esters in mg/Capsule. It also states the name and content of any
added antioxidant.
• USP Reference Standards 11
USP Docosahexaenoic Acid Ethyl Ester RS
All cis-4,7,10,13,16,19-docosahexaenoic ethyl ester.
C24 H36 O2
356.55
USP Eicosapentaenoic Acid Ethyl Ester RS
All cis-5,8,11,14,17-eicosapentaenoic ethyl ester.
C22 H34 O2
330.51
USP Methyl Tricosanoate RS
Tricosanoic acid methyl ester.
C24 H48 O2
368.64
1

The relevant fatty acid ethyl esters are available from Nu-C hek-Prep (www.nu-chekprep.com); C ayman
C hemical (www.caymanchem.com); C arbosynth (www.carbosynth.com). (IRA 1-Mar-2015)

In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
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this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example,
2S (USP 34)

indicates that the proposed revision is slated for the Second Supplement to USP 34,

and
USP35

and

NF30

indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
162 Diphtheria Antitoxin Potency Testing for Human Immune Globulins. The USP
Biologics and Biotechnology Monographs 2 Expert Committee proposes this new general test
chapter to address a need for an in vitro method to quantify antibodies against diphtheria
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toxin (antitoxin) in human immune globulin preparations. Determination of diphtheria antitoxin
potency is required for immunoglobulin products. Traditionally, an in vivo rabbit assay is used
for this purpose; here an alternative validated in vitro method is proposed.
(BIO2: K. Carrick.)
Correspondence Number—C141880

Comment deadline: November 30, 2014
Add the following:
162

DIPHTHERIA ANTITOXIN POTENCY TESTING FOR HUMAN IMMUNE GLOBULINS

An in vitro method is provided that is suitable for determining the potency of diphtheria
antitoxin (antibodies against the diphtheria toxin) in preparations of plasma-derived human
immune globulins. Diphtheria toxin is produced by Corynebacterium diphtheriae and has the
ability to produce a cytopathogenic effect on susceptible epithelial cell lines. The test is based
on the ability of diphtheria antitoxin to neutralize the diphtheria toxin, decreasing its cytotoxic
effect. Specifically, the test determines the potency of the diphtheria antitoxin based on its
ability to inhibit the cytotoxic effect of diphtheria toxin on cultured Vero cells (African Green
Monkey kidney epithelial cells) relative to a reference standard. The mitochondrial
dehydrogenases of live Vero cells can reduce the dye 3-4,5-dimethylthiazol-2-yl)-2,5 diphenyl
tetrazolium bromide( (MTT) to a blue/black product which is then measured by absorbance at
540 nm. If no or little diphtheria antitoxin is present, then diphtheria toxin induces cell death
and the inability of cells to reduce MTT, resulting in the presence of white or colorless wells.
Acceptance criteria are defined by the appropriate regulatory agencies.
ASSAY
• Procedure
DMEM-5 solution: Dulbecco's Modified Eagle's Medium1, supplemented to contain 5% fetal
bovine serum (FBS), 2 mM L-glutamine, 50 µg/mL of gentamicin, and 2.5 µg/mL of
fungizone. [Note—Alternatively, a combination of 0.1 mg/mL of kanamycin sulfate, 0.1
units/mL of penicillin, and 0.1 mg/mL of streptomycin can be used in place of gentamicin.]
DMEM-2 solution: Dulbecco's Modified Eagle's Medium1, supplemented to contain 2% fetal
bovine serum (FBS), 2 mM L-glutamine, 50 µg/mL of gentamicin, and 2.5 µg/mL of
fungizone. [Note—Alternatively, a combination of 0.1 mg/mL of kanamycin sulfate, 0.1
units/mL of penicillin, and 0.1 mg/mL of streptomycin can be used in place of gentamicin.]
MTT solution: 5 mg/mL of MTT in phosphate-buffered saline.2 Prepare just before use and
minimize exposure to room light.
Extraction solution: 0.4 N hydrochloric acid in isopropanol
Toxin test solution: Obtain a liquid preparation of toxin from a culture of C. diphtheriae.3
It may have been rendered sterile by filtration, and sterility may be maintained by the
inclusion of a suitable antimicrobial preservative. Store the filtrate in the dark at 2 –8 for
several weeks until the activity is considered to be constant, as determined by testing.
Dilute the toxin in DMEM-5 solution to obtain a suitable Toxin test solution that provides a
working equivalence with the Standard solution. [Note—An appropriate Toxin test solution
may be empirically determined as follows. Titrate the toxin against a fixed concentration
of antitoxin (e.g., 0.125 Units/mL) using volumes and media as defined below. Determine
the lowest concentration of toxin that causes Vero cell toxicity in the presence of the
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antitoxin concentration chosen. This can be defined as LCD/20 (where “LCD” stands for
limit of cytotoxic dose, and “/20” refers to 1/20 Units/mL = 0.05 Units/mL). This is a
minimum concentration that should be used in the Assay.]
Trypsin–EDTA solution: Dissolve 0.4 g of trypsin, 0.2 g of ethylenediaminetetraacetic acid
(EDTA), and 0.85 g of sodium chloride in 100 mL of sterile water. Use cell culture grade
and sterile reagents to prepare. Alternatively, a premade sterile preparation may be used.
Cell culture preparation: Prepare Vero cells4 by culturing in 75-cm2 tissue culture flasks in
DMEM-5 solution at 36 ± 1 , 5% carbon dioxide (CO2 ), and a humidified environment.
[Note—Alternative flask sizes may be used by adjusting the volumes used below.] After 2–
3 days of growth, the medium may be replaced by DMEM-2 solution, with growth allowed
to continue. When the cells have reached a confluent monolayer, discard the culture
media. Wash the cell layer by pipetting 5 mL of Trypsin–EDTA solution into the flask and
gently rocking the flask back and forth for approximately 30 s. Remove and discard the
Trypsin–EDTA solution. Add an additional 5 mL of Trypsin–EDTA solution and gently rock
back and forth for 1 min. Remove and discard all but 1 mL. Incubate at 36 ± 1 , 5%
carbon dioxide (CO2 ), in a humidified environment for approximately 10 min or until the cell
sheet begins to slough from the flask, and tap the flask to release the cells. Add 10 mL of
DMEM-5 solution to the trypsinized cells, count the cells, and adjust the cell suspension to
1 × 105 cells/mL in the same medium.
Standard solutions: In sterile tubes, prepare four concentrations of the standard by
diluting U.S. Standard Diphtheria Antitoxin5 with DMEM-2 solution to 1 Unit/mL, followed by
serial dilutions in the same media that result in the additional concentrations of 0.5, 0.25,
and 0.1 Units/mL.
Sample solutions: In sterile tubes, dilute each human immune globulin test sample to
1.25% protein with DMEM-2 solution. Using the diluted sample, further dilute the samples
in DMEM-2 solution to achieve an expected diphtheria antitoxin concentration that is
within the range of the Standard solutions (i.e., 1 to 0.1 Units/mL).
Analysis
Samples: Toxin test solution, Standard solutions, and Sample solutions
Test each Standard solution or Sample solution in duplicate. Label 96-well culture plates
by marking off the 8-well columns in groups of two; all four Standard solutions and one
Sample solution can be tested per plate. As described below, columns 11 and 12 can be
used for the untreated cell control and the toxin control, respectively. [Note—Alternative
plate layouts maintaining the dilutions can be used.] Add 112.5 µL of DMEM-2 solution to
each well in row A, columns 1–10 only (these are standard- or sample-nonspecific toxicity
controls). Add 75 µL of DMEM-2 solution to each well in rows B–H, columns 1–10 only.
Add 37.5 µL of a Standard solution dilution or a Sample solution to wells A1–A2, and add
75 µL of the same solution to wells B1–B2. Add 37.5 µL of a second Standard solution
dilution or Sample solution to wells A3–A4, and add 75 µL of the same solution to wells
B3–B4. Continue to make similar additions of Standard solution dilutions or Sample
solutions to each group of two columns in columns 1–10. Make two-fold serial dilutions by
transferring 75 µL from each well in row B to each well in row C of the same column. Mix
and then continue transferring 75 µL in the same manner down each column. Discard the
last 75 µL after mixing row H. Add 75 µL of the Toxin test solution to rows B–H in columns
1–10. Add 150 µL of DMEM-2 solution to all wells in column 11 (cell control), and add 75
µL of DMEM-2 solution plus 75 µL of Toxin test solution to all wells in column 12 (toxin
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control).
Cover the plates, and incubate them for 1 h at 36 ± 1 , at 5% carbon dioxide (CO2 ), and
in a humidified environment. Add 150 µL of cell suspension to all wells, cover the plates,
and incubate them at 36 ± 1 , at 5% carbon dioxide (CO2 ), and in a humidified
environment. Incubate for 4–5 days, checking periodically for microbial contamination by
microscopic examination. Once toxicity control wells in row A containing the lowest
concentration of a Standard solution are nearly confluent, add 15 µL of MTT solution to
each well. Cover the plates, and incubate them in the carbon dioxide (CO2 ) incubator at
37 for 3 h. Discard the medium, and add 150 µL of Extraction solution to each well. Cover
the plates, and place aluminum foil over them to minimize light exposure. Shake gently to
solubilize the blue formazan formed by viable cells. Using a suitable plate reader, read the
absorbance of each well at a wavelength of 540 nm.
Calculation: The cutoff dilution is the highest dilution in which there are still viable cells in
the well but beyond which there are no viable cells. Cutoff dilution is defined by a
corresponding absorbance (Abs). [Note—The average absorbance value can be calculated
for the cell control wells in column 11 and divided by 2 to obtain a 50% control Abs value.
This value can be used to determine cutoff dilutions. The cutoff dilution for each Standard
solution and Sample solution can therefore be defined as the highest dilution where the
Abs value is greater than the 50% control Abs value.] Determine the cutoff dilutions for
each Standard solution and Sample solution. Plot the cutoff dilutions obtained for all
Standard solutions (expressed as the reciprocal of the cutoff dilution) versus Diphtheria
Antitoxin Units. Calculate a linear regression line from the data. Calculate the geometric
mean for the four cutoff dilutions associated with each Sample solution. Compare the
mean cutoff dilution to the linear regression of the Standard solution data to determine a
titer, in Units/mL, for each Sample solution. To obtain the final potency value for the
Sample solution, multiply the titer by any dilution that was made to the Sample solution
prior to the Assay.
System suitability: The correlation coefficient of the standard curve must be >0.995. The
slope of the standard curve must be between 26 and 38. The test is valid if the cells in
wells of row A, columns 1–10, appear normal and similar to the cell control wells in column
11. In addition, the cutoff dilution values for Standard solution and Sample solution
replicates should be within one serial dilution of each other, and the cutoff dilution must
be within the range of the Sample solution serial dilutions.
2S (USP38)

1 11885-092 Life Technologies, or equivalent.

2 14190-250 Life Technologies, or equivalent.
3 Diphtheria toxin code 12/282 from NIBSC or suitable alternative.
4 American Type Culture Collection CCL-81.
5 Use appropriate U.S. Standard Diphtheria Antitoxin as designated by the Center for Biologics
Evaluation and Research, Food and Drug Administration.
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BRIEFING
381 Elastomeric Closures for Injections, USP 37 page 184. Due to the impending
omission of Heavy Metals 231 , the USP Packaging, Storage and Distribution Expert
Committee is proposing the following revision. After review of Elemental Impurities—Limits
232 , which is meant for finished drug products, the Committee thought that the replacement
of the 231 reference with 231 was inappropriate at this time. Therefore, the Heavy
Metals section is being omitted while the Expert Committee works to modernize the chapter.
The modernized chapter will include specific testing requirements for elastomeric materials of
construction and elastomeric materials used in packaging systems. As part of this modernization
effort, the elemental impurities tests for elastomeric materials and materials used in final
packaging systems will also be updated.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(PSD: D. Hunt.)
Correspondence Number—C145085

Comment deadline: November 30, 2014
381

ELASTOMERIC CLOSURES FOR INJECTIONS
INTRODUCTION

Elastomeric closures for containers used in the types of preparations defined in the general test
chapter Injections 1 are made of materials obtained by vulcanization (cross-linking)
polymerization, polyaddition, or polycondensation of macromolecular organic substances
(elastomers). Closure formulations contain natural or synthetic elastomers and inorganic and
organic additives to aid or control vulcanization, impart physical and chemical properties or
color, or stabilize the closure formulation.
This chapter applies to closures used for long-term storage of preparations defined in the
general test chapter Injections 1 . Such closures are typically used as part of a vial, bottle,
or pre-fill syringe package system.
This chapter applies to closures formulated with natural or synthetic elastomeric substances.
This chapter does not apply to closures made from silicone elastomer; however, it does apply
to closures treated with silicone (e.g., Dimethicone, NF). When performing the tests in this
chapter, it is not required that closures be treated with silicone, although there is no restriction
prohibiting the use of siliconized closures.
This chapter also applies to closures coated with other lubricious materials (e.g., materials
chemically or mechanically bonded to the closure) that are not intended to, and in fact do not
provide, a barrier to the base elastomer. When performing the tests, closures with lubricious
nonbarrier coatings are to be tested in their coated state.
The following comments relate solely to closures laminated or coated with materials intended to
provide, or in fact function as, a barrier to the base elastomer [e.g., polytetrafluoroethylene
(PTFE) or lacquer coatings]. It is not permissible to use a barrier material in an attempt to
change a closure that does not meet compendial requirements to one that does conform.

PF 40(5): Sep.-Oct. 2014

56

Therefore, all Physicochemical Tests apply to the base formula of such closures, as well as to
the coated or laminated closure. To obtain Physicochemical Tests results, the tests are to be
performed on uncoated or nonlaminated closures of the same elastomeric compound, as well as
to the laminated or coated closure. The Functionality Tests apply to and are to be performed
using the laminated or coated elastomeric closure. Biological Tests apply to the lamination or
coating material, as well as to the base formula. Biological Tests may be performed on the
laminated or coated closure, or they may be performed on the laminate/coating material and
the uncoated or nonlaminated closures of the same elastomeric compound. In the latter case,
the results are to be reported separately. The base formula used for physicochemical or
biological tests intended to support the compendial compliance of a barrier-coated closure
should be similar to the corresponding coated closure in configuration and size.
For all Elastomeric Closures for Injections 381 tests performed on any closure type, it is
important to document the closure being tested, including a full description of the elastomer,
and any lubrication, coating, laminations, or treatments applied.
This chapter states test limits for Type I and Type II elastomeric closures. Type I closures are
typically used for aqueous preparations. Type II closures are typically intended for nonaqueous
preparations and are those which, having properties optimized for special uses, may not meet
all requirements listed for Type I closures because of physical configuration, material of
construction, or both. If a closure fails to meet one or more of the Type I test requirements
but still meets the Type II requirements for the test(s), the closure is assigned a final
classification of Type II. All elastomeric closures suitable for use with injectable preparations
must comply with either Type I or Type II test limits. However, this specification is not
intended to serve as the sole evaluation criteria for the selection of such closures.
It is appropriate to use this chapter when identifying elastomeric closures that might be
acceptable for use with injectable preparations on the basis of their biological reactivity, their
aqueous extract physicochemical properties, and their functionality.
The following closure evaluation requirements are beyond the scope of this chapter:
The establishment of closure identification tests and specifications
The verification of closure–product physicochemical compatibility
The identification and safety determination of closure leachables found in the packaged
product
The verification of packaged product closure functionality under actual storage and use
conditions
The manufacturer of the injectable product (the end user) must obtain from the closure
supplier an assurance that the composition of the closure does not vary and that it is the same
as that of the closure used during compatibility testing. When the supplier informs the end user
of changes in the composition, compatibility testing must be repeated, totally or partly,
depending on the nature of the changes. Closures must be properly stored, cleaned for removal
of environmental contaminants and endotoxins, and, for aseptic processes, sterilized before use
in packaging injectable products.
CHARACTERISTICS
Elastomeric closures are translucent or opaque and have no characteristic color, the latter
depending on the additives used. They are homogeneous and practically free from flash and
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adventitious materials (e.g., fibers, foreign particles, and waste rubber).
IDENTIFICATION
Closures are made of a wide variety of elastomeric materials and optional polymeric coatings.
For this reason, it is beyond the scope of this chapter to specify identification tests that
encompass all possible closure presentations. However, it is the responsibility of the closure
supplier and the injectable product manufacturer (the end user) to verify the closure
elastomeric formulation and any coating or laminate materials used according to suitable
identification tests. Examples of some of the analytical test methodologies that may be used
include specific gravity, percentage of ash analysis, sulfur content determination, Fourier
transform infrared spectroscopy/attenuated total reflectance (FTIR-ATR) test, thin-layer
chromatography (TLC) of an extract, UV absorption spectrophotometry of an extract, or
infrared (IR) absorption spectrophotometry of a pyrolysate.
TEST PROCEDURES
Elastomeric closures shall conform to biological, physicochemical, and functionality requirements
both as they are shipped by the closure supplier to the injectable product manufacturer (the
end user) and in their final ready-to-use state by the end user.
For those elastomeric closures processed by the supplier before distribution to the end user,
the supplier shall demonstrate compendial conformance of closures exposed to such processing
and/or sterilization steps. Similarly, if elastomeric closures received by the end user are
subsequently processed or sterilized, the end user is responsible for demonstrating the
continued conformance of closures to compendial requirements subsequent to such processing
and/or sterilization conditions (i.e., in their ready-to-use state). This is especially important if
closures shall be exposed to processes or conditions that may significantly affect the biological,
physicochemical, or functionality characteristics of the closure (e.g., gamma irradiation).
For closures that are normally lubricated with silicone before use, it is permissible to perform
physicochemical testing on nonlubricated closures to avoid potential method interference
and/or difficulties in interpreting test results. For closures supplied with other lubricious
nonbarrier coatings, all tests are to be performed using the coated closure.
For closures coated or laminated with coatings intended to provide a barrier function (e.g.,
PTFE or lacquer coatings), physicochemical compendial tests apply to the uncoated base
elastomer, as well as to the coated closure. In this case, suppliers are responsible for
demonstrating physicochemical compendial compliance of the coated closure, as well as of the
uncoated closure, processed or treated in a manner simulating conditions typically followed by
the supplier for such coated closures before shipment to the end user. The uncoated closure
subject to physicochemical tests should be similar to the corresponding coated closure in size
and configuration. End users of coated closures are also responsible for demonstrating the
continued physicochemical compendial conformance of the coated closure, processed or
treated in a manner simulating conditions typically used by the end user before use.
In all cases, it is appropriate to document all conditions of closure processing, pretreatment,
sterilization, or lubrication when reporting test results.
Table 1 summarizes the testing requirements of closures, and the responsibilities of the supplier
and the end user.
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Closure
Types
(as
supplied
or used)

Physicochemical
Tests
• Tests are to be
performed.
• Silicone use is
Closure with optional.
or without
silicone
• Responsibility:
coating
supplier and end user
Closures
• Tests are to be
with
performed on coated
lubricious
closures.
coating
(nonbarrier
material;
• Responsibility:
not silicone) supplier and end user
• Tests are to be
performed on coated
closures.
• Responsibility:
supplier and end user
AND:
• Tests are to be
performed on
uncoated closures
(base formula).
Closures
with barrier • Responsibility:
coating
supplier
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Table 1
Test Requirements
Functionality
Tests
• Tests are to be
performed.
• Silicone use is
optional.
• Responsibility:
supplier and end
user
• Tests are to be
performed on
coated closures.

Biological Tests
• Tests are to be performed.
• Silicone use is optional.

• Responsibility: supplier and end user
• Tests are to be performed on coated
closures.

• Responsibility:
supplier and end
user
• Responsibility: supplier and end user
• Tests are to be
performed on
• Tests are to be performed on coated
coated closures. closures.
OR:
• Tests are to be performed on
• Responsibility: uncoated closures (base formula) and
supplier and end the laminate/coating material (report
user
results separately).
• Responsibility: supplier and end user
BIOLOGICAL TESTS

Two stages of testing are indicated. The first stage is the performance of an in vitro test
procedure as described in general test chapter Biological Reactivity Tests, In Vitro 87 .
Materials that do not meet the requirements of the in vitro test are subjected to the second
stage of testing, which is the performance of the in vivo tests, Systemic Injection Test and
Intracutaneous Test, according to the procedures set forth in the general test chapter
Biological Reactivity Tests, In Vivo 88 . Materials that meet the requirements of the in vitro
test are not required to undergo in vivo testing.
Type I and Type II closures must both conform to the requirements of either the in vitro or the
in vivo biological reactivity tests. [Note—Also see the general information chapter The
Biocompatibility of Material Used in Drug Containers, Medical Devices, and Implants
Change to read:

1031 .]
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PHYSICOCHEMICAL TESTS
Preparation of Solution S
Place whole, uncut closures corresponding to a surface area of 100 ± 10 cm2 into a suitable
glass container. Cover the closures with 200 mL of Purified Water or Water for Injection. If it is
not possible to achieve the prescribed closure surface area (100 ± 10 cm2) using uncut
closures, select the number of closures that will most closely approximate 100 cm2, and adjust
the volume of water used to the equivalent of 2 mL per each 1 cm2 of actual closure surface
area used. Boil for 5 min, and rinse five times with cold Purified Water or Water for Injection.
Place the washed closures into a Type I glass, wide-necked flask (see Containers—Glass

660

), add the same quantity of Purified Water or Water for Injection initially added to the
closures, and weigh. Cover the mouth of the flask with a Type I glass beaker. Heat in an
autoclave so that a temperature of 121 ± 2 is reached within 20–30 min, and maintain this
temperature for 30 min. Cool to room temperature over a period of about 30 min. Add Purified
Water or Water for Injection to bring it up to the original mass. Shake, and immediately decant
and collect the solution. [Note—This solution must be shaken before being used in each of the
tests.]
Preparation of Blank
Prepare a blank solution similarly, using 200 mL of Purified Water or Water for Injection omitting
the closures.
Appearance of Solution (Turbidity/Opalescence and Color)
DETERMINATION OF TURBIDITY (OPALESCENCE)
Note—The determination of turbidity may be performed by visual comparison (Procedure A), or
instrumentally using a suitable ratio turbidimeter (Procedure B). For a discussion of turbidimetry,
see Spectrophotometry and Light-Scattering 851 . Instrumental assessment of clarity
provides a more discriminatory test that does not depend on the visual acuity of the analyst.
Hydrazine sulfate solution: Dissolve 1.0 g of hydrazine sulfate in water, and dilute with water
to 100.0 mL. Allow to stand for 4–6 h.
Hexamethylenetetramine solution: Dissolve 2.5 g of hexamethylenetetramine in 25.0 mL of
water in a 100-mL glass-stoppered flask.
Opalescence stock suspension: Add 25.0 mL of Hydrazine sulfate solution to the
Hexamethylenetetramine solution in the flask. Mix, and allow to stand for 24 h. This suspension
is stable for 2 months, provided it is stored in a glass container free from surface defects. The
suspension must not adhere to the glass and must be well mixed before use.
Opalescence standard suspension: Prepare a suspension by diluting 15.0 mL of the
Opalescence stock suspension with water to 1000.0 mL. Opalescence standard suspension is
stable for about 24 h after preparation.
Reference suspensions: Prepare according to Table 2. Mix and shake before use. [Note
—Stabilized formazin suspensions that can be used to prepare stable, diluted turbidity
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standards are available commercially and may be used after comparison with the standards
prepared as described.]
Reference
Suspension
A

Table 2
Reference
Suspension
B

Reference
Suspension
C

Reference
Suspension
D

5.0 mL
95.0 mL

10.0 mL
90.0 mL

30.0 mL
70.0 mL

50.0 mL
50.0 mL

3 NTU

6 NTU

18 NTU

30 NTU

Standard of
Opalescence
Water
Nephelometric
turbidity units (NTU)

Procedure A, visual comparison: Use identical test tubes made of colorless, transparent,
neutral glass with a flat base and an internal diameter of 15–25 mm. Fill one tube to a depth of
40 mm with Solution S, one tube to the same depth with water, and four others to the same
depth with Reference Suspensions A, B, C, and D. Compare the solutions in diffuse daylight 5
min after preparation of the Reference Suspensions, viewing vertically against a black
background. The light conditions shall be such that Reference Suspension A can be readily
distinguished from water and that Reference Suspension B can be readily distinguished from
Reference Suspension A.
Requirement—Solution S is not more opalescent than Reference Suspension B for Type I
closures and not more opalescent than Reference Suspension C for Type II closures. Solution S
is considered clear if its clarity is the same as that of water when examined as described
above, or if its opalescence is not more pronounced than that of Reference Suspension A (refer
to Table 3).
Procedure B, instrumental comparison: Measure the turbidity of the Reference Suspensions
in a suitable calibrated turbidimeter (see Spectrophotometry and Light-Scattering 851 ). The
blank should be run and the results corrected for the blank. Reference Suspensions A, B, C, and
D represent 3, 6, 18, and 30 NTU, respectively. Measure the turbidity of Solution S using the
calibrated turbidimeter.
Requirement—The turbidity of Solution S is NMT that for Reference Suspension B (6 NTU FTU)
for Type I closures and is NMT that for Reference Suspension C (18 NTU FTU) for Type II
closures (refer to Table 3).
Table 3
Comparison Method
Opalescence
Requirements
Type I closures
Type II closures

Procedure B
Procedure A (Visual)
(Instrumental)
No more opalescent than Suspension B
NMT 6 NTU
No more opalescent than Suspension C
NMT 18 NTU
DETERMINATION OF COLOR

Color standard: Prepare a solution by diluting 3.0 mL of Matching Fluid O (see Color and
Achromicity

631 ) with 97.0 mL of diluted hydrochloric acid.

Procedure: Use identical tubes made of colorless, transparent, neutral glass with a flat base
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and an internal diameter of 15–25 mm. Fill one tube to a depth of 40 mm with Solution S, and
the second with the Color standard. Compare the liquids in diffuse daylight, viewing vertically
against a white background.
Requirement: Solution S is not more intensely colored than the Color standard.
Acidity or Alkalinity
Bromothymol blue solution: Dissolve 50 mg of bromothymol blue in a mixture of 4 mL of 0.02
M sodium hydroxide and 20 mL of alcohol. Dilute with water to 100 mL.
Procedure: To 20 mL of Solution S add 0.1 mL of Bromothymol blue solution. If the solution is
yellow, titrate with 0.01 N sodium hydroxide until a blue endpoint is reached. If the solution is
blue, titrate with 0.01 N hydrochloric acid until a yellow endpoint is reached. If the solution is
green, it is neutral and no titration is required.
Blank correction: Test 20 mL of Blank similarly. Correct the results obtained for Solution S by
subtracting or adding the volume of titrant required for the Blank, as appropriate. (See
Titrimetry

541 .)

Requirement: NMT 0.3 mL of 0.01 N sodium hydroxide produces a blue color, or NMT 0.8 mL of
0.01 N hydrochloric acid produces a yellow color, or no titration is required.
Absorbance
Procedure: [Note—Perform this test within 5 h of preparing Solution S.] Pass Solution S
through a 0.45-µm pore size filter, discarding the first few mL of filtrate. Measure the
absorbance of the filtrate at wavelengths between 220 and 360 nm in a 1-cm cell using the
blank in a matched cell in the reference beam. If dilution of the filtrate is required before
measurement of the absorbance, correct the test results for the dilution.
Requirement: The absorbances at these wavelengths do not exceed 0.2 for Type I closures or
4.0 for Type II closures.
Reducing Substances
Procedure: [Note—Perform this test within 4 h of preparing Solution S.] To 20.0 mL of Solution
S add 1 mL of diluted sulfuric acid and 20.0 mL of 0.002 M potassium permanganate. Boil for 3
min. Cool, add 1 g of potassium iodide, and titrate immediately with 0.01 M sodium thiosulfate,
using 0.25 mL of starch solution TS as the indicator. Perform a titration using 20.0 mL of blank,
and note the difference in volume of 0.01 M sodium thiosulfate required.
Requirement: The difference between the titration volumes is NMT 3.0 mL for Type I closures
and NMT 7.0 mL for Type II closures.
Heavy Metals
Procedure—Proceed as directed for Method I under Heavy Metals
Preparation using 10.0 mL of Solution S.

231 . Prepare the Test

Requirement——Solution S contains not more than 2 ppm of heavy metals as lead.
2S (USP38)
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Extractable Zinc
Test solution: Prepare a Test solution by diluting 10.0 mL of Solution S to 100 mL with 0.1 N
hydrochloric acid. Prepare a test blank similarly, using the Blank for Solution S.
Zinc standard solution: Prepare a solution (10 ppm zinc) by dissolving zinc sulfate in 0.1 N
hydrochloric acid.
Reference solutions: Prepare NLT 3 Reference solutions by diluting the Zinc standard solution
with 0.1 N hydrochloric acid. The concentrations of zinc in these Reference solutions are to
span the expected limit of the Test solution.
Procedure: Use a suitable atomic absorption spectrophotometer (see Spectrophotometry and
Light-Scattering 851 ) equipped with a zinc hollow-cathode lamp and an air–acetylene flame.
An alternative procedure, such as an appropriately validated inductively coupled plasma
analysis (ICP), may be used.
Test each of the Reference solutions at the zinc emission line of 213.9 nm at least three times.
Record the steady readings. Rinse the apparatus with the test blank solution each time to
ensure that the reading returns to initial blank value. Prepare a calibration curve from the mean
of the readings obtained for each Reference solution. Record the absorbance of the Test
solution. Determine the ppm zinc concentration of the Test solution using the calibration curve.
Requirement: Solution S contains NMT 5 ppm of extractable zinc.
Ammonium
Alkaline potassium tetraiodomercurate solution: Prepare a 100-mL solution containing 11 g
of potassium iodide and 15 g of mercuric iodide in water. Immediately before use, mix 1 volume
of this solution with an equal volume of a 250-g/L solution of sodium hydroxide.
Test solution: Dilute 5 mL of Solution S to 14 mL with water. Make alkaline if necessary by
adding 1 N sodium hydroxide, and dilute with water to 15 mL. Add 0.3 mL of Alkaline potassium
tetraiodomercurate solution, and close the container.
Ammonium standard solution: Prepare a solution of ammonium chloride in water (1 ppm
ammonium). Mix 10 mL of the 1 ppm ammonium chloride solution with 5 mL water and 0.3 mL of
Alkaline potassium tetraiodomercurate solution. Close the container.
Requirement: After 5 min, any yellow color in the Test solution is no darker than the
Ammonium standard solution (NMT 2 ppm of ammonium in Solution S).
Volatile Sulfides
Procedure: Place closures, cut if necessary, with a total surface area of 20 ± 2 cm2 in a 100mL flask, and add 50 mL of a 20-g/L citric acid solution. In the same manner and at the same
time, prepare a control solution in a separate 100-mL flask by dissolving 0.154 mg of sodium
sulfide in 50 mL of a 20 g/L citric acid solution. Place a piece of lead acetate paper over the
mouth of each flask, and hold the paper in position by placing over it an inverted weighing
bottle. Heat the flasks in an autoclave at 121 ± 2 for 30 min.
Requirement: Any black stain on the paper produced by the test solution is not more intense
than that produced by the control substance.
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FUNCTIONALITY TESTS
Note—Samples treated as described for preparation of Solution S and air dried should be used
for Functionality Tests of Penetrability, Fragmentation, and Self-Sealing Capacity. Functionality
Tests are performed on closures intended to be pierced by a hypodermic needle. The SelfSealing Capacity test is required only for closures intended for multiple-dose containers. The
needle specified for each test is a lubricated long bevel (bevel angle 12 ± 2 ) hypodermic
needle.1
Penetrability
Procedure: Fill 10 suitable vials to the nominal volume with water, fit the closures to be
examined, and secure with a cap. Using a new hypodermic needle as described above for each
closure, pierce the closure with the needle perpendicular to the surface.
Requirement: The force for piercing is NMT 10 N (1 kgf) for each closure, determined with an
accuracy of ±0.25 N (25 gf).
Fragmentation
Closures for liquid preparations: Fill 12 clean vials with water to 4 mL less than the nominal
capacity. Fit the closures to be examined, secure with a cap, and allow to stand for 16 h.
Closures for dry preparations: Fit closures to be examined into 12 clean vials, and secure
each with a cap.
Procedure: Using a hypodermic needle as described above fitted to a clean syringe, inject into
each vial 1 mL of water while removing 1 mL of air. Repeat this procedure four times for each
closure, piercing each time at a different site. Use a new needle for each closure, checking
that it is not blunted during the test. Filter the total volume of liquid in all the vials through a
single filter with a nominal pore size NMT 0.5 µm. Count the rubber fragments on the surface of
the filter visible to the naked eye.
Requirement: There are NMT five fragments visible. This limit is based on the assumption that
fragments with a diameter >50 µm are visible to the naked eye. In case of doubt or dispute,
the particles are examined microscopically to verify their nature and size.
Self-Sealing Capacity
Procedure: Fill 10 suitable vials with water to the nominal volume. Fit the closures that are to
be examined, and cap. Using a new hypodermic needle as described above for each closure,
pierce each closure 10 times, piercing each time at a different site. Immerse the 10 vials in a
solution of 0.1% (1 g/L) methylene blue, and reduce the external pressure by 27 kPa for 10
min. Restore to atmospheric pressure, and leave the vials immersed for 30 min. Rinse the
outside of the vials.
Requirement: None of the vials contain any trace of blue solution.
1 Refer to ISO 7864, Sterile hypodermic needles for single use with an external diameter of 0.8 mm (21
gauge).

BRIEFING
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561 Articles of Botanical Origin, USP 37 page 238. As part of the implementation of
general chapters Elemental Impurities–Limits
Supplements

2232

232

and Elemental Contaminants in Dietary

via revision of the general notices, USP will remove all references to

general chapter Heavy Metals 231 from monographs and general chapters in the USP–NF
through the revision process. Because articles of botanical origin represent a special case
where specifications for toxic elemental contaminants are required to control environmental and
good agricultural practices, general limits for the four most toxic and best-understood elements
are proposed as a revision to this general chapter with the introduction of a section on Limits
for Elemental Impurities. In addition, this revision includes a proposal for changes in the
section Pesticide Residue Analysis. The proposal is to remove the reagent and apparatus
requirements and other relevant (up-to-date) information important for pesticide residue
analysis, because it is provided in the validated methods and discussed in great detail in the
SANCO guidelines. The multiresidue methods listed in PAM are now replaced by more updated
procedures. The SANCO document as well as the EPA guidelines provide a general requirement
for pesticide recoveries (mean values obtained during the method validation) to be within the
range of 70%–120%. This is a globally acceptable range in pesticide residue analysis. The
recovery range of 70%–110% came from the outdated guideline SANCO/10232/2006, which has
been superseded by several subsequent updates, the most recent being the current guideline
SANCO/12571/2013. All the versions admitted after 2006 state that the recoveries obtained
within the validated method should be 70%–120% [relative standard deviations (RSDs) 20%].
Also proposed is the deletion of the experimental details for the analytical procedures, because
the paragraph about validated methods and criteria allows flexibility to use other validated
procedures.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(DS: C. Okunji.)
Correspondence Number—C141238

Comment deadline: November 30, 2014
561

ARTICLES OF BOTANICAL ORIGIN
SAMPLING

To reduce the effect of sampling bias in qualitative and quantitative results, it is necessary to
ensure that the composition of the sample used be representative of the batch of drugs being
examined. The following sampling procedures are the minimum considered applicable to
vegetable drugs. Some articles, or some tests, may require more rigorous procedures involving
more containers being sampled or more samples per container.
Gross Sample
Where external examination of containers, markings, and labels indicates that the batch can be
considered to be homogeneous, take individual samples from the number of randomly selected
containers indicated below. Where the batch cannot be considered to be homogeneous, divide
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it into sub-batches that are as homogeneous as possible, then sample each one as a
homogeneous batch. It is recommended to include samples from the first, middle, and last
containers where the No. of Containers in Batch (N) is 11 or more, and each container in the
batch is numbered or lettered in order.
No. of Containers
in Batch (N)
1–10
11–19
>19

No. of Containers
to Be Sampled (n)
All
11
n = 10 + (N/10)

(Rounding was calculated as “n” to next highest whole number.)
Samples are taken from the upper, middle, and lower sections of each container. If the crude
material consists of component parts that are 1 cm or less in any dimension, and in the case of
all powdered or ground materials, withdraw the sample by means of a sampling device that
removes a core from the top to the bottom of the container, NLT two cores being taken from
different angles. For materials with component parts >1 cm in any dimension, withdraw samples
by hand. In the case of large bales or packs, samples should be taken from a depth of 10 cm,
because the moisture content of the surface layer may be different from that of the inner
layers.
Prepare the gross sample by combining and mixing the individual samples taken from each
opened container, taking care not to increase the degree of fragmentation or significantly
affect the moisture content.
For articles in containers holding <1 kg, mix the contents, and withdraw a quantity sufficient
for the tests. For articles in containers holding between 1 and 5 kg, withdraw equal portions
from the upper, middle, and lower parts of the container, each of the samples being sufficient
to carry out the tests. Thoroughly mix the samples, and withdraw an amount sufficient to carry
out the tests. For containers holding more than 5 kg, withdraw three samples, each weighing
NLT 250 g, from the upper, middle, and lower parts of the container. Thoroughly mix the
samples, and withdraw a portion sufficient to carry out the tests.
Laboratory Sample
Prepare the laboratory sample by repeated quartering of the gross sample.
Note—Quartering consists of placing the sample, adequately mixed, as an even and squareshaped heap and dividing it diagonally into four equal parts. The two opposite parts are then
taken and carefully mixed. The process is repeated as necessary until the required quantity is
obtained.
The laboratory sample should be of a size sufficient for performing all the necessary tests.
Test Sample
Unless otherwise directed in the individual monograph or test procedure below, prepare the test
sample as follows.
Decrease the size of the laboratory sample by quartering, taking care that each withdrawn
portion remains representative. In the case of unground or unpowdered drugs, grind the
withdrawn sample so that it will pass through a No. 20 standard-mesh sieve, and mix the
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resulting powder well. If the material cannot be ground, reduce it to as fine a state as possible,
mix by rolling it on paper or sampling cloth, spread it out in a thin layer, and withdraw the
portion for analysis.
METHODS OF ANALYSIS
Foreign Organic Matter
TEST SAMPLE
Unless otherwise specified in the individual monograph, weigh the following quantities of the
laboratory sample, taking care that the withdrawn portion is representative (quartering if
necessary).
Roots, rhizomes, bark, and herbs
500 g
Leaves, flowers, seeds, and fruit
250 g
Cut vegetable drugs (average weight of the pieces is <0.5 g) 50 g
Spread the sample out in a thin layer, and separate the foreign organic matter by hand as
completely as possible. Weigh it, and determine the percentage of foreign organic matter in the
weight of drug taken.
Total Ash
Accurately weigh a quantity of the Test Sample, representing 2–4 g of the air-dried material, in
a tared crucible, and incinerate, gently at first, and gradually increase the temperature to 675
± 25 , until free from carbon, and determine the weight of the ash. If a carbon-free ash cannot
be obtained in this way, extract the charred mass with hot water, collect the insoluble residue
on an ashless filter paper, incinerate the residue and filter paper until the ash is white or nearly
so, then add the filtrate, evaporate it to dryness, and heat the whole to a temperature of 675
± 25 . If a carbon-free ash cannot be obtained in this way, cool the crucible, add 15 mL of
alcohol, break up the ash with a glass rod, burn off the alcohol, and again heat the whole to a
temperature of 675 ± 25 . Cool in a desiccator, weigh the ash, and calculate the percentage of
total ash from the weight of the drug taken.
Acid-Insoluble Ash
Boil the ash obtained as directed in Total Ash with 25 mL of 3 N hydrochloric acid for 5 min,
collect the insoluble matter on a tared filtering crucible or ashless filter, wash with hot water,
ignite, and weigh. Determine the percentage of acid-insoluble ash calculated from the weight of
drug taken.
Water-Soluble Ash
Boil the ash obtained as directed in Total Ash with 25 mL of water for 5 min. Collect the
insoluble matter in a sintered-glass crucible or on an ashless filter paper. Wash with hot water,
and ignite for 15 min at a temperature not exceeding 450 . Subtract the weight of this residue,
in mg, obtained in Total Ash, and calculate the percentage of water-soluble ash with reference
to the weight of sample as determined in Total Ash.
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Alcohol-Soluble Extractives
METHOD 1 (HOT EXTRACTION METHOD)
Transfer about 4 g of air-dried, coarsely powdered material, accurately weighed, to a glassstoppered conical flask. Add 100 mL of alcohol, and weigh the flask. Shake, and allow to stand
for 1 h. Attach a reflux condenser to the flask, boil gently for 1 h, cool, and weigh. Readjust to
the original weight with alcohol. Shake, and filter rapidly through a dry filter. Transfer 25 mL of
the filtrate to a tared flat-bottomed dish, and evaporate on a water bath to dryness. Dry at
105 for 6 h, cool in a desiccator for 30 min, and weigh without delay. Calculate the content, in
mg/g, of alcohol-extractable matter in the test specimen.
METHOD 2 (COLD EXTRACTION METHOD)
Transfer about 4 g of air-dried, coarsely powdered material, accurately weighed, to a glassstoppered conical flask. Add 100 mL of alcohol, insert a stopper into the flask, and macerate for
24 h, shaking frequently during the first 8 h, and then allowing to stand. Filter rapidly, taking
precautions against loss of alcohol. Evaporate 25 mL of the filtrate to dryness in a tared, flatbottomed, shallow dish, and dry at 105 to constant weight. Calculate the content, in mg/g, of
alcohol-extractable matter in the test specimen.
Water-Soluble Extractives
METHOD 1 (HOT EXTRACTION METHOD)
Proceed as directed in Method 1 (hot extraction method) in Alcohol-Soluble Extractives, except
use water in place of alcohol.
METHOD 2 (COLD EXTRACTION METHOD)
Proceed as directed in Method 2 (cold extraction method) in Alcohol-Soluble Extractives,
except use water in place of alcohol.
Crude Fiber
Exhaust a weighed quantity of the Test Sample, representing about 2 g of the drug, with
ether. Add 200 mL of boiling dilute sulfuric acid (1 in 78) to the ether-exhausted marc, in a
500-mL flask, and connect the flask to a reflux condenser. Reflux the mixture for 30 min,
accurately timed, then pass through a linen or hardened-paper filter, and wash the residue on
the filter with boiling water until the effluent washing is no longer acid. Rinse the residue back
into the flask with 200 mL of boiling sodium hydroxide solution, adjusted to 1.25% by titration
and free from sodium carbonate. Again reflux the mixture for 30 min, accurately timed, then
rapidly pass through a tared filter, wash the residue with boiling water until the last washing is
neutral, and dry it at 110 to constant weight. Incinerate the dried residue, ignite to constant
weight, cool in a desiccator, and weigh the ash: the difference between the weight obtained
by drying at 110 and that of the ash represents the weight of the crude fiber.
Note—The boiling with acid and alkali should continue for 30 min, accurately timed, from the
time that the liquid (which is cooled below the boiling point by being added to the cold flask)
again boils. After the solution has been brought to boiling, the heat should be turned low
enough just to maintain boiling. During the boiling, the flask should be gently rotated from time
to time to wash down any particles that may adhere to the walls of the flask. A slow current of
air introduced into the flask during the boiling operation aids in preventing excessive frothing.
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Starch Content
METHOD 1
The following is a general procedure for all reducing sugars and may be used to determine the
starch content in botanical articles.
Malt extract: Use clean new barley malt of known efficacy, and grind just before use. Prepare
malt extract just before use. For every 80 mL of malt extract needed, digest 5 g of ground malt
with 100 mL of water at room temperature for 2 h. [Note—If an electric mixer is used, stir the
mixture for 20 min.] Filter to obtain a clear extract, filtering again, if necessary, and mix the
infusion well.
Test solution: Extract about 5 g of the finely ground test specimen with five 10-mL portions of
ether, using a filter that will completely retain the smallest starch granule. Allow the ether to
evaporate from the residue, and wash with 250 mL of aqueous alcohol solution (10 in 100).
Carefully wash the residue from the paper into a 500-mL beaker with about 100 mL of water.
Heat to about 60 (avoiding, if possible, gelatinizing starch), and allow to stand for about 1 h,
stirring frequently to effect complete solution of sugars. Transfer to a wide-mouth bottle, rinse
the beaker with a little warm water, and cool. Add an equal volume of alcohol, mix, and allow to
stand for NLT 1 h.
Centrifuge until the precipitate is closely packed on the bottom of the bottle, and decant the
supernatant. Wash the precipitate with successive 50-mL portions of alcohol solution (50 in
100) by centrifuging and decanting through a suitable filter until the washings are sugar free.
[Note—To test for the presence of sugar, transfer a few drops of the washings to a test tube,
add 3 or 4 drops of a 20% solution of 1-naphthol in alcohol, prepared by dissolving 200 mg of
1-naphthol in 1 mL of alcohol and 2 mL of water. Shake the test tube well to allow uniform
mixing, allow 2–4 mL of sulfuric acid to flow down the sides of the test tube, and hold the test
tube upright. If sugar is present, the interface of the two liquids is colored faint to deep violet,
and on shaking, the whole solution becomes blue-violet.]
Transfer the residue from the bottle and hardened filter to a beaker with about 50 mL of water.
Immerse the beaker in boiling water, and stir constantly for 15 min or until all of the starch is
gelatinized. Cool the beaker to 55 , add 20 mL of Malt extract, and hold at this temperature for
1 h. Heat again to boiling for a few min, cool to 55 , add 20 mL of Malt extract, and hold at
this temperature for 1 h or until the residue when treated with iodine TS shows no blue tinge
upon microscopic examination. Cool, dilute with water to 250 mL, and filter.
General procedure: Transfer 200 mL of the Test solution to a flask fitted with a reflux
condenser, add 20 mL of hydrochloric acid, and heat in a boiling water bath for 2.5 h. Cool,
nearly neutralize with sodium hydroxide TS, complete neutralization with sodium carbonate TS,
dilute with water to 500 mL, mix, and filter. The volume of aliquot taken depends on the starch
content of the specimen under test (see Table 1). The aliquot should contain between 100 and
200 mg of dextrose. Transfer 50 mL of the filtrate to a 400-mL alkali-resistant glass beaker,
add 50 mL of alkaline cupric tartrate TS, cover the beaker with a water glass, and heat. Adjust
the flame in the burner so that the contents of the flask begin to boil in 4 min, and continue
boiling for exactly 2 min. Filter the hot solution at once through a sintered-glass filter. Wash
the precipitate of cuprous oxide thoroughly with water at about 60 , then with 10 mL of
alcohol, and finally with 10 mL of ether.
Table 1. Determination of the Optimum Aliquot
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Expected Starch Content
(%)
60
50
40
30
20

Aliquot
(mL)
25
35
50
50
50

For solutions of reducing sugars of comparatively high purity, proceed as directed in Method 1A
to determine the amount of reduced copper obtained by weighing the dried cuprous oxide. For
solutions of reducing sugars containing large amounts of organic impurities, including sucrose,
proceed as directed in Method 1B to determine the amount of reduced copper obtained by
titration with sodium thiosulfate.
Method 1A—Dry the precipitate obtained in General procedure for 30 min in an oven at 110 ±
2 , cool to room temperature in a desiccator, and weigh. Refer to Table 2 to find the quantity
of dextrose, in mg, corresponding to the weight of cuprous oxide found. Determine the
percentage of dextrose and then the content of starch by the following formula:
Percentage of dextrose = (wt. of dextrose in mg × 0.1 × 500)/(wt. of sample in g × aliquot in
mL)
Content of starch = % dextrose × 0.9
Table 2. Calculating Dextrose (mg) (applicable when Cu2O is weighed directly)
Cuprous
Oxide
(Cu O)

Cuprous
Oxide

Cuprous
Oxide

Cuprous
Oxide

Cuprous
Oxide

Cuprous
Oxide

(Cu O)

Dextrose
(dGlucose)

(Cu O)

Dextrose
(dGlucose)

(Cu O)

Dextrose
(d-Glucose)

(Cu O)

Dextrose
(d-Glucose)

(Cu O)

Dextrose
(d-Glucose)

10

4.0

90

38.9

170

75.1

250

112.8

330

152.2

410

193.7

12

4.9

92

39.8

172

76.0

252

113.7

332

153.2

412

194.7

14

5.7

94

40.6

174

76.9

254

114.7

334

154.2

414

195.8

16

6.6

96

41.5

176

77.8

256

115.7

336

155.2

416

196.8

18

7.5

98

42.4

178

78.8

258

116.6

338

156.3

418

197.9

20

8.3

100

43.3

180

79.7

260

117.6

340

157.3

420

199.0

22

9.2

102

44.2

182

80.6

262

118.6

342

158.3

422

200.1

24

10.0

104

45.1

184

81.5

264

119.5

344

159.3

424

201.1

26

10.9

106

46.0

186

82.5

266

120.5

346

160.3

426

202.2

28

11.8

108

46.9

188

83.4

268

121.5

348

161.4

428

203.3

30

12.6

110

47.8

190

84.3

270

122.5

350

162.4

430

204.4

32

13.5

112

48.7

192

85.3

272

123.4

352

163.4

432

205.5

34

14.3

114

49.6

194

86.2

274

124.4

354

164.4

434

206.5

36

15.2

116

50.5

196

87.1

276

125.4

356

165.4

436

207.6

38

16.1

118

51.4

198

88.1

278

126.4

358

166.5

438

208.7

40

16.9

120

52.3

200

89.0

280

127.3

360

167.5

440

209.8

42

17.8

122

53.2

202

89.9

282

128.3

362

168.5

442

210.9

44

18.7

124

54.1

204

90.9

284

129.3

364

169.6

444

212.0

46

19.6

126

55.0

206

91.8

286

130.3

366

170.6

446

213.1

48

20.4

128

55.9

208

92.8

288

131.3

368

171.6

448

214.1

50

21.3

130

56.8

210

93.7

290

132.3

370

172.7

450

215.2

52

22.2

132

57.7

212

94.6

292

133.2

372

173.7

452

216.3

54

23.0

134

58.6

214

95.6

294

134.2

374

174.7

454

217.4

56

23.9

136

59.5

216

96.5

296

135.2

376

175.8

456

218.5

58

24.8

138

60.4

218

97.5

298

136.2

378

176.8

458

219.6

60

25.6

140

61.3

220

98.4

300

137.2

380

177.9

460

220.7

62

26.5

142

62.2

222

99.4

302

138.2

382

178.9

462

221.8

64

27.4

144

63.1

224

100.3

304

139.2

384

180.0

464

222.9

66

28.3

146

64.0

226

101.3

306

140.2

386

181.0

466

224.0

68

29.2

148

65.0

228

102.2

308

141.2

388

182.0

468

225.1

2

Dextrose
(dGlucose)

2

2

2

2

2
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70

30.0

150

65.9

230

103.2

310

142.2

390

183.1

470

226.2

72

30.9

152

66.8

232

104.1

312

143.2

392

184.1

472

227.4

74

31.8

154

67.7

234

105.1

314

144.2

394

185.2

474

228.3

76

32.7

156

68.6

236

106.0

316

145.2

396

186.2

476

229.6

78

33.6

158

69.5

238

107.0

318

146.2

398

187.3

478

230.7

80

34.4

160

70.4

240

108.0

320

147.2

400

188.4

480

231.8

82

35.3

162

71.4

242

108.9

322

148.2

402

189.4

482

232.9

84

36.2

164

72.3

244

109.9

324

149.2

404

190.5

484

234.1

86

37.1

166

73.2

246

110.8

326

150.2

406

191.5

486

235.2

88

38.0

168

74.1

248

111.8

328

151.2

408

192.6

488

236.3

Method 1B
SODIUM THIOSULFATE SOLUTION: Transfer 3.9 g of sodium thiosulfate, accurately weighed, to
a 100-mL volumetric flask, dissolve in and dilute with water to volume, and mix.
POTASSIUM IODIDE SOLUTION: Dissolve 42 g of potassium iodide in 100 mL of water.
SODIUM ACETATE SOLUTION: Dissolve 5.74 g of sodium acetate in 10 mL of water.
COPPER SOLUTION: Transfer about 0.3 g of pure electrolytic copper, accurately weighed, to a
250-mL flask, add 5 mL of nitric acid to dissolve the copper, add about 25 mL of water, and boil
to expel red fumes. Add about 5 mL of bromine TS, and boil until the bromine is completely
removed. Cool, add 10 mL of Sodium Acetate Solution followed by 10 mL of Potassium Iodide
Solution, and titrate with Sodium Thiosulfate Solution to a light yellow color. Add enough starch
TS to produce a marked blue color, and continue the titration. As the endpoint nears, add 2 g
of potassium thiocyanate, and stir until completely dissolved. Continue titration until the
precipitate is completely white. One mL of sodium thiosulfate solution is equivalent to about 10
mg of copper. [Note—It is essential that the concentration of Potassium Iodide Solution be
carefully regulated. If the solution contains less than 320 mg of copper at the completion of
titration, add 4.2–5 g of potassium iodide to make a total solution of 100 mL. If greater
amounts of Cu are present, add Potassium Iodide Solution slowly, with constant agitation, from
the buret in amounts proportionately greater.]
PROCEDURE: Wash the precipitated cuprous oxide obtained in General procedure with water,
cover this filter with a watch glass, and dissolve the cuprous oxide with 5 mL of nitric acid
directed under the watch glass with a pipette. Collect the filtrate in a 250-mL flask, wash the
watch glass, and the filter with water. Collect all the washings in the flask. Boil the contents of
the flask to expel red fumes. Add about 5 mL of bromine TS, and boil until the bromine is
completely removed. Cool, and proceed as directed in Copper Solution beginning with “add 10
mL of Sodium Acetate Solution”. From the volume of Sodium Thiosulfate Solution consumed,
obtain the weight of copper, in mg, and multiply the weight of copper by 1.1259 to obtain the
weight, in mg, of cuprous oxide. From Table 2, find the quantity of dextrose, in mg,
corresponding to the weight of cuprous oxide. The content of starch is equivalent to the
weight, in mg, of dextrose obtained times 0.9. Conduct a blank determination, using 50 mL of
alkaline cupric tartrate TS and 50 mL of Malt extract. If the weight of the cuprous oxide so
obtained exceeds 0.5 mg, correct the result of the determination accordingly. [Note—The
alkaline cupric tartrate TS deteriorates on standing, and the quantity of cuprous oxide obtained
in the blank determination increases.]
METHOD 2
The following method is specific for dextrose (glucose), and because of its extreme sensitivity
it may account for differences noted between values obtained from the same specimen.
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Duplicate determinations do not vary more than 2%.
Glucoamylase solution: Prepare a solution of glucoamylase in water containing 30
International Units (IU)/mL. Use glucoamylase obtained preferably from Rhizopus delemar. The
total glucoamylase activity of the test specimen being used should be NLT 150 IU.
Acetate buffer solution: Dissolve 16.4 g of sodium acetate in 100 mL of water, add 12.0 mL of
glacial acetic acid, and mix. The pH of this solution is 4.8.
Phosphate buffer: Dissolve 3.63 g of tris(hydroxymethyl) aminomethane and 5.0 g of
monobasic sodium phosphate in 50.0 mL of water. At 37 , adjust with phosphoric acid to a pH
of 7.0, dilute with water to 100.0 mL, and mix. [Note—The pH of the buffer medium is sensitive
to temperature and should be adjusted to the desired pH at the temperature to be used during
incubation.]
Enzyme solution: Dissolve 30 mg of glucose oxidase (Type II from Aspergillus niger), 3 mg of
peroxidase (Type I from horseradish), and 10 mg of potassium ferrocyanide in 100 mL of
Phosphate buffer. [Note—This mixture can be stored in a refrigerator for up to 10 days.]
18 N sulfuric acid: Add slowly, while stirring, 54 mL of sulfuric acid to 102 mL of water, allow
to cool to 25 , and mix.
Standard solutions: Dissolve an accurately weighed quantity of USP Dextrose RS in water to
obtain a solution containing 1.0 mg of USP Dextrose RS per mL. Quantitatively dilute a known
volume of this solution with water to obtain Standard solutions A, B, C, D, and E, having known
concentrations of 10, 20, 25, 40, and 50 µg/mL of USP Dextrose RS, respectively. [Note—Allow
4 h for complete mutarotation before use.]
Test solutions: Extract about 5 g of finely ground test specimen with five 25-mL portions of
80% alcohol, and filter. Remove all the alcohol from the residue by drying in an air oven at 105
for about 8 h. [Note—Any traces of alcohol remaining in the residue will inhibit glucoamylase.]
Cool, and transfer the flask containing the dried test specimen to a desiccator. Transfer about
1 g, accurately weighed, of the test specimen to a previously tared flask, add 25 mL of water,
and adjust with phosphoric acid to a pH of 5.0–7.0, if necessary. Boil the suspension for about
3 min, transfer the flask to an autoclave, and heat to 135 for 2 h. Remove the flask from the
autoclave, maintain the temperature near 55 , and add 2.5 mL of Acetate buffer solution and
sufficient water to adjust the total weight of the solution to 45 ± 1 g. Immerse the flask in a
water bath maintained at 55 ± 1 , and add 5 mL of Glucoamylase solution. Continuously swirl
the flask for 2 h to effect hydrolysis, pass through filter paper into a 250-mL volumetric flask,
wash quantitatively with water, and collect all the washings in the flask. Dilute the contents of
the flask with water to volume, and mix. Transfer 1 mL of an aliquot containing 20–60 µg of dglucose to each of five test tubes. [Note—To obtain the range of concentration of glucose in
the hydrolysate, quantitatively dilute, if necessary, with water to volume.] Add 2 mL of Enzyme
solution to each of the five test tubes, and place the test tubes in the dark at 37 ± 1 for
exactly 30 min to develop the color. At the end of 30 min, add 2 mL of 18 N sulfuric acid to
each of the test tubes to stop the reaction, and mix.
Control solution: Transfer an accurately weighed quantity of about 0.4 g of starch to a
previously tared flask, and proceed as directed in Test solutions beginning with “add 25 mL of
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water, and adjust the pH with phosphoric acid”.
Procedure: Concomitantly determine the absorbances of the Standard solutions and the Test
solutions at the wavelength of maximum absorbance at about 540 nm, with a suitable
spectrophotometer, using the Control solution as the blank to set the instrument. Plot the
absorbance values of the Standard solutions versus concentration, in µg/mL, of dextrose, and
draw the straight line best fitting the five plotted points. From the graph so obtained,
determine the concentration, C, in µg/mL, of dextrose in each of the Test solutions, calculate
the average concentration, in µg/mL, of the solution under test. The percentage of starch
content in the weight of the test specimen taken is calculated by the formula:
(0.9C/106)(V1)(250/V0)(100/E)(100/W) = 2.25CV1/V0EW
in which E is the weight, in g, of the test specimen taken; V0 is the volume, in mL, of the
aliquot taken from the 250-mL volumetric flask; W is the percentage of dry weight of the test
specimen; and V1 is the volume, in mL, if extra dilution is done (see Note 2 in Test solutions).
[Note—V0 is 1.0 when no extra dilution is done.]
Volatile Oil Determination
Set up a round-bottom, shortneck, 1-L flask in a heating mantle set over a magnetic stirrer.
Insert an egg-shaped stirring bar magnet in the flask, and attach a cold-finger condenser and
an appropriate volatile oil trap of the type illustrated (see Figure 1).
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Figure 1. Traps for volatile oil apparatus.
Coarsely comminute a sufficient quantity of the drug to yield from 1 to 3 mL of volatile oil. Small
seeds, fruits, or broken leaves of herbs ordinarily do not need comminution. Very fine powders
are to be avoided. If this is not possible, it may be necessary to mix them with purified sawdust
or purified sand. Place a suitable quantity of the drug, accurately weighed, in the flask, and fill
it one-half with water. Attach the condenser and the proper separator. Boil the contents of the
flask, using a suitable amount of heat to maintain gentle boiling for 2 h, or until the volatile oil
has been completely separated from the drug and no longer collects in the graduated tube of
the separator.
If a proper quantity of the volatile oil has been obtained in the graduated tube of the
separator, it can be read to tenths of 1 mL, and the volume of volatile oil from each 100 g of
drug can be calculated from the weight of the drug taken. The graduations on the separator
“for oils heavier than water” are so placed that oil remains below the aqueous condensate that
automatically flows back into the flask.
Water Content
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For unground or unpowdered drugs, prepare about 10 g of the Laboratory Sample by cutting,
granulating, or shredding, so that the parts are about 3 mm in thickness. Seeds or fruits smaller
than 3 mm should be cracked. Avoid the use of high-speed mills in preparing the sample, and
exercise care that no appreciable amount of moisture is lost during the preparation and that
the portion taken is representative of the Laboratory Sample. Determine the water content as
directed for Procedure for Articles of Botanical Origin in Water Determination
III (Gravimetric).

921 , Method

TEST FOR AFLATOXINS
[Caution—Aflatoxins are highly dangerous, and extreme care should be exercised in handling
aflatoxin materials.]
Where the individual monograph calls for compliance with the limits for aflatoxins, the limits are
NMT 5 ppb for aflatoxin B1 (AFB1 ) and NMT 20 ppb for the sum of aflatoxins B1 (AFB1 ), B2
(AFB2 ), G1 (AFG1 ), and G2 (AFG2 ). The extent of testing may be determined using a risk-based
approach that considers the likelihood of contamination. The presence of unexpected
contamination with aflatoxins is to be considered in determining compliance. The following
analytical procedures are provided for determining compliance. Unless otherwise specified in the
individual monograph, use Method I. If system suitability fails, use either Method II or Method
III.
Method I
This TLC test is provided to detect the possible presence of AFB1 , AFB2 , AFG1 , and AFG2 in any
material of plant origin.
ZINC ACETATE–ALUMINUM CHLORIDE REAGENT
Dissolve 20 g of zinc acetate and 5 g of aluminum chloride in sufficient water to make 100 mL.
SODIUM CHLORIDE SOLUTION
Dissolve 5 g of sodium chloride in 50 mL of water.
TEST SOLUTION 1
Grind about 200 g of plant material to a fine powder. Transfer about 50 g of the powdered
material, accurately weighed, to a glass-stoppered flask. Add 200 mL of a mixture of methanol
and water (17:3). Shake vigorously by mechanical means for NLT 30 min, and filter. [Note—If
the solution has interfering plant pigments, proceed as directed for Test Solution 2.] Discard
the first 50 mL of the filtrate, and collect the next 40-mL portion. Transfer the filtrate to a
separatory funnel. Add 40 mL of Sodium Chloride Solution and 25 mL of solvent hexane, and
shake for 1 min. Allow the layers to separate, and transfer the lower aqueous layer to a second
separatory funnel. Extract the aqueous layer in the separatory funnel twice, each time with 25
mL of methylene chloride, by shaking for 1 min. Allow the layers to separate each time,
separate the lower organic layer, and collect the combined organic layers in a 125-mL conical
flask. Evaporate the organic solvent on a water bath. Transfer the remaining extract to an
appropriate sample tube, and evaporate to dryness on a water bath. Cool the residue. If
interferences exist in the residue, proceed as directed for Cleanup Procedure in Test Solution 2.
Otherwise, dissolve the residue obtained above in 0.2 mL of a mixture of chloroform and
acetonitrile (9.8: 0.2), and shake by mechanical means if necessary.
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TEST SOLUTION 2
Collect 100 mL of the filtrate from the start of the flow, and transfer to a 250-mL beaker. Add
20 mL of Zinc Acetate–Aluminum Chloride Reagent and 80 mL of water. Stir, and allow to stand
for 5 min. Add 5 g of a suitable filtering aid, such as diatomaceous earth, mix, and filter. Discard
the first 50 mL of the filtrate, and collect the next 80-mL portion. Proceed as directed for Test
Solution 1, beginning with “Transfer the filtrate to a separatory funnel”.
Cleanup procedure: Place a medium-porosity sintered-glass disk or a glass wool plug at the
bottom of a 10-mm × 300-mm chromatographic tube. Prepare a slurry of 2 g of silica gel with a
mixture of ethyl ether and solvent hexane (3:1), pour the slurry into the column, and wash with
5 mL of the same solvent mixture. Allow the absorbent to settle, and add to the top of the
column a layer of 1.5 g of anhydrous sodium sulfate. Dissolve the residue obtained above in 3
mL of methylene chloride, and transfer it to the column. Rinse the flask twice with 1-mL
portions of methylene chloride, transfer the rinses to the column, and elute at a rate NMT 1
mL/min. Add successively to the column 3 mL of solvent hexane, 3 mL of ethyl ether, and 3 mL
of methylene chloride; elute at a rate NMT 3 mL/min; and discard the eluates. Add to the
column 6 mL of a mixture of methylene chloride and acetone (9:1), and elute at a rate NMT 1
mL/min, preferably without the aid of vacuum. Collect this eluate in a small vial, add a boiling
chip if necessary, and evaporate to dryness on a water bath. Dissolve the residue in 0.2 mL of
a mixture of chloroform and acetonitrile (9.8: 0.2), and shake by mechanical means if
necessary.
TEST SOLUTION 3
If interferences still exist in the residue, proceed as directed for Cleanup Procedure with IAC in
Test Solution in Method II.
AFLATOXIN SOLUTION
[Caution—Caution—Aflatoxins are highly toxic. Handle with care.]
Dilute the USP Aflatoxins RS 1:5 with acetonitrile to obtain a solution having a concentration of
0.4 µg/mL each of AFB1 and AFG1 , and 0.1 µg/mL each of AFB2 and AFG2 .
PROCEDURE
Separately apply 2.5, 5, 7.5, and 10 µL of the Aflatoxin Solution and three 10-µL applications of
either Test Solution 1, Test Solution 2, or Test Solution 3 to a suitable thin-layer
chromatographic plate (see Chromatography 621 ) coated with a 0.25-mm layer of
chromatographic silica gel mixture. Superimpose 5 µL of the Aflatoxin Solution on one of the
three 10-µL applications of the Test Solution. Allow the spots to dry, and develop the
chromatogram in an unsaturated chamber containing a solvent system consisting of a mixture
of chloroform, acetone, and isopropyl alcohol (85:10:5) until the solvent front has moved NLT
15 cm from the origin. Remove the plate from the developing chamber, mark the solvent front,
and allow the plate to air-dry. Locate the spots on the plate by examination under UV light at
365 nm.
SYSTEM SUITABILITY
The four applications of the Aflatoxin Solution appear as four clearly separated blue fluorescent
spots. Observe any spot obtained from the Test Solution that coincides in hue and position
with those of the Aflatoxin Solution. Any spot obtained from the Test Solution with the
superimposed Aflatoxin Solution is not less intense than that of the corresponding Aflatoxin
Solution.
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ACCEPTANCE CRITERIA
No spot from any of the other applications of the Test Solution corresponds to any of the spots
obtained from the applications of the Aflatoxin Solution. If any spot of aflatoxins is obtained in
the Test Solution, match the position of each fluorescent spot of the Test Solution with those
of the Aflatoxin Solution to identify the type of aflatoxin present. The intensity of the aflatoxin
spot, if present in the Test Solution, when compared with that of the corresponding aflatoxin in
the Aflatoxin Solution will give an approximate concentration of aflatoxin in the Test Solution.
Where the individual monograph calls for compliance with the limits for aflatoxins, the limits are
NMT 5 ppb for AFB1 and NMT 20 ppb for the sum of AFB1 , AFB2 , AFG1 , and AFG2 , except when
otherwise indicated.
Method II
SODIUM CHLORIDE SOLUTION
See Method I.
PHOSPHATE BUFFERED SALINE SOLUTION
Prepare 10 mM phosphate buffer solution containing 0.138 M sodium chloride and 0.0027 M
potassium chloride in water, and adjust with 2 M sodium hydroxide to a pH of 7.4.1
IMMUNOAFFINITY COLUMN (IAC)
Before conditioning, adjust the IAC to room temperature. For conditioning, apply 10 mL of
Phosphate Buffered Saline Solution onto the column and let it flow through the column by
gravity force at a rate of 2–3 mL/min. Leave 0.5 mL of the Phosphate Buffered Saline Solution
on top of the column until the Test Solution is applied.
TEST SOLUTION
Sample extraction: Transfer about 5 g of a representative powdered sample, accurately
weighed, to a glass-stoppered flask. Add 20 mL of a mixture of methanol and water (17:3).
Shake vigorously by mechanical means for NLT 30 min, and filter. Discard the first 5 mL of the
filtrate, and collect the next 4-mL portion. Transfer the filtrate to a separatory funnel. Add 4
mL of Sodium Chloride Solution and 2.5 mL of hexane, and shake for 1 min. Allow the layers to
separate, and transfer the lower aqueous layer to a second separatory funnel. Extract the
aqueous layer in the separatory funnel twice, each time with 2.5 mL of methylene chloride, by
shaking for 1 min. Allow the layers to separate each time, separate the lower organic layer, and
collect the combined organic layers in a 50-mL conical flask. Evaporate the organic solvent on
a water bath. Transfer the remaining extract to an appropriate sample tube, and evaporate to
dryness on a water bath. Cool the residue. If interferences exist in the residue, proceed as
directed for Cleanup procedure with IAC. Otherwise, dissolve the residue obtained above in 200
µL of acetonitrile, and shake by mechanical means if necessary.
Cleanup procedure with IAC: The residue is dissolved in 5 mL of a mixture of methanol and
water (60:40) and then diluted with 5 mL of water. This extract is applied onto a conditioned
IAC. The IAC is rinsed twice with 10 mL of Phosphate Buffered Saline Solution, and the elution
is performed slowly with 2 mL of methanol. Evaporate the eluate with nitrogen, and dissolve the
residue in 200 µL of acetonitrile.
AFLATOXIN SOLUTION
[Caution—Caution—Aflatoxins are highly toxic. Handle with care.]
Dilute quantitatively the USP Aflatoxins RS 1:50 with acetonitrile to obtain a solution containing
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0.04 µg/mL each of AFB1 and AFG1 , and 0.01 µg/mL each of AFB2 and AFG2 .
ANALYSIS
Separately apply 5, 7.5, and 10 µL of Aflatoxin Solution and three 10-µL applications of the
Test Solution to a suitable HPTLC plate (see Chromatography 621 ) coated with a 200-µm
layer of chromatographic silica gel mixture. Superimpose 5 µL of Aflatoxin Solution on one of the
three 10-µL applications of the Test Solution. Allow the spots to dry, and develop the
chromatogram in a saturated chamber containing a solvent system consisting of a mixture of
chloroform, acetone, and water (140: 20: 0.3) until the solvent front has moved NLT 72 mm
from the origin (80 mm from the lower edge of the plate). Remove the plate from the developing
chamber, mark the solvent front, and allow the plate to air-dry for 5 min. Locate the spots on
the plate by scanning fluorescence density (>400 nm) under UV light at 366 nm. Match the
position of each fluorescent spot of the Test Solution with those of Aflatoxin Solution to
identify the type of aflatoxin present. The concentration of aflatoxins in the Test Solution can
be calculated from the calibration curve obtained from the scan data with Aflatoxin Solution.
SYSTEM SUITABILITY
The four applications of Aflatoxin Solution appear as four clearly separated blue fluorescent
spots. Observe any spot obtained from the Test Solution that coincides in hue and position
with those of Aflatoxin Solution. Any spot obtained from the Test Solution with the
superimposed Aflatoxin Solution is not less intense than that of the corresponding Aflatoxin
Solution. The mean recovery of spiked AFB1 and AFG1 is NLT 70%.
ACCEPTANCE CRITERIA
Where the individual monograph calls for compliance with the limits for aflatoxins, the limits are
NMT 5 ppb for AFB1 and NMT 20 ppb for the sum of AFB1 , AFB2 , AFG1 , and AFG2 , except when
otherwise indicated.
Method III
This test method is provided as an example for the detection of the possible presence of AFB1
and total aflatoxins (AF: sum of AFB1 , AFB2 , AFG1 , and AFG2 ). It has been shown to be
suitable for powdered ginseng and ginger. Its suitability to other articles of botanical origin
must be demonstrated.
0.1 M PHOSPHATE BUFFER SOLUTION
Dissolve 8.69 g of anhydrous disodium phosphate and 4.66 g of anhydrous monosodium
phosphate or 5.36 g of monosodium phosphate monohydrate in 800 mL water, adjust with 2 M
sodium hydroxide to a pH of 7.4, add 10 mL of polysorbate 20, and dilute to 1 L.
PHOSPHATE BUFFERED SALINE SOLUTION
Prepare as directed in Method II.
WORKING AFLATOXIN STANDARD SOLUTIONS
Prepare six solutions in separate 10-mL volumetric flasks according to Table 3. Dilute with
methanol and water (1:1, v/v) to volume. Store in a refrigerator, and equilibrate to room
temperature before use. Prepare the solutions daily.
Table 3. Preparation of Working Aflatoxin Standard Solutions
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USP
Aflatoxins
RS (µL)
0
12.5
25
50
100
200

Final Aflatoxin Concentration of Working
Aflatoxin Standard Solution
(ng/mL)
AFB1
0
0.25
0.5
1
2
4

AFB2
0
0.0625
0.125
0.25
0.5
1

AFG1
0
0.25
0.5
1
2
4

AFG2
0
0.0625
0.125
0.25
0.5
1

S AF
0
0.625
1.25
2.5
5
10

IMMUNOAFFINITY COLUMN (IAC)2
Use an immunoaffinity column that contains monoclonal antibodies cross reactive toward AFB1 ,
AFB2 , AFG1 , and AFG2 . The immunoaffinity columns have a minimum capacity of NLT 100 ng of
total aflatoxin and give a recovery of NLT 80% for AFB1 , AFB2 , AFG1 , and AFG2 when 5 ng of
each AFB1 , AFB2 , AFG1 , and AFG2 is applied in 10 mL of 10% methanol in Phosphate Buffered
Saline Solution (v/v).
TEST SOLUTION
Extraction: Weigh 5 g of a representative test sample in a 50-mL centrifuge tube. Add 1 g of
sodium chloride and 25 mL of a mixture of methanol and 0.5% sodium bicarbonate (700:300).
Mix on a vortex mixer until sample particles and extract solvent are well mixed. Shake at 400
rpm for 10 min. Centrifuge for 10 min at 7000 rpm (g value = 5323 mm/s2) or at a speed that
can result in a firm pellet of residues. Immediately pipette 7 mL into a 50-mL centrifuge tube,
add 28 mL of 0.1 M Phosphate Buffer Solution, mix, and filter through glass microfiber paper.
Collect 25 mL of filtrate (equivalent to 1 g of test sample) into a 25-mL graduated cylinder, and
proceed immediately with IAC chromatography.
IAC cleanup: [Note—For IAC cleanup, columns must be kept at room temperature for at least
15 min before use.] Remove the top cap from the column, and connect it with the reservoir.
Remove the end cap from the column, and attach it to the column manifold (the fit must be
tight). Let the liquid in the column pass through until the liquid is about 2–3 mm above the
column bed. Pass 25 mL of filtrate into the reservoir. Let the filtrate flow through the column by
gravity force. Let the column run dry. To start the flow again easily, remove the column from
the manifold, add about 2 mL of Phosphate Buffered Saline Solution into the column, reattach
the column to the reservoir, and wash the column with an additional 3 mL of Phosphate
Buffered Saline Solution and then with 5 mL of water (the 5 mL of Phosphate Buffered Saline
Solution can be added directly to the column reservoir if other techniques are used to dislodge
the air bubble at the end of the column and to start flow again easily). Let the column run dry,
then force 3 mL of air through the column with a syringe. Elute with 1 mL of methanol, and
collect the analytes in a 3-mL volumetric flask, letting the eluate drip freely. Let the column run
dry. Let stand for 1 min, then elute with an additional 1 mL of methanol, and collect in the
same volumetric flask. Let the column run dry, and force 10 mL of air through the column.
Dilute the eluate with water to volume. Use this as the Test Solution, and perform the analysis
of aflatoxins immediately.
SYSTEM SUITABILITY SOLUTION
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Prepare a spiked sample by adding 5 mL of Working Aflatoxin Standard Solution 5 to a 5-g
sample and repeating the procedure for the Test Solution, using 20 mL instead of 25 mL of the
mixture of methanol and 0.5% sodium bicarbonate (700:300).
CHROMATOGRAPHIC SYSTEM
Flow rate: 0.8 mL/min
Detection: Fluorescence detector set at excitation wavelength (Ex) 362 nm and emission
wavelength (Em) 440 nm
Column: 4.6-mm × 15-cm containing 3-µm packing L1
Mobile phase: Isocratic
For post-column derivatization with PHRED Cell3—Water, methanol, and acetonitrile
(600:250:150)
For post-column derivatization with Kobra Cell4—A solution prepared by mixing 1 L of a mixture
of water, methanol, and acetonitrile (600:250:150); 350 µL of 4 M nitric acid; and 120 mg of
potassium bromide
Post-Column Derivatization (PCD) Systems
PHRED cell—Post-column photochemical derivatization cell
Kobra cell—Electrochemical cell, post-column bromination derivatization cell
ANALYSIS
Post-column derivatization for aflatoxins: Use a UV or Kobra cell. Inject 50 µL of reagent
blank (Working Aflatoxin Standard Solution 1), the Working Aflatoxin Standard Solutions 2–6, or
the Test Solution into the LC column. Identify the aflatoxin peaks in the Test Solution by
comparing the retention times with those of the working standards. The aflatoxins elute in the
order AFG2 , AFG1 , AFB2 , and AFB1 . After passing through the PHRED or Kobra cell, the AFG1
and AFB1 have been derivatized to form AFG2a (derivative of AFG1 ) and AFB2a (derivative of
AFB1 ). [Note—The chemical structures of the derivatives resulting from electrochemical
bromination and photolysis are not the same. The structures of AFB1 and AFG1 photolysis
products have not been established.] The retention times of AFG2 , AFG2a, AFB2 , and AFB2a are
between about 14 and 27 min using the PHRED cell; retention times are shorter using the Kobra
cell. The peaks should be baseline resolved. Construct standard curves for each aflatoxin.
Determine the concentration of each aflatoxin in the Test Solution from the calibration curve.
Aflatoxins calibration curves: Calibration curves are prepared for each of the aflatoxins using
the Working Aflatoxin Standard Solutions containing the four aflatoxins described. These
solutions cover the range of 0.25–4 ng/mL for AFB1 and AFG1 , and the range of 0.0625–1
ng/mL for AFB2 and AFG2 . Make the calibration curves before analysis according to Table 3,
and check the plot for linearity. If the test portion area response is outside (higher) the
calibration range, then the Test Solution should be diluted with a mixture of methanol and
water (1:1, v/v) and reinjected into the LC column.
Quantitation of aflatoxins: Quantitation of aflatoxins is performed by measuring peak areas at
each aflatoxin retention time and comparing them with the corresponding calibration curve.
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SYSTEM SUITABILITY
The mean recovery of spiked AFB1 (2 µg/kg) and the total of aflatoxins (5 µg/kg) is NLT 68%
and 70%, respectively. The relative standard deviation (RSD) is NMT 10% for AFB1 and for the
total of aflatoxins.
CALCULATIONS
Plot the peak area (response, y-axis) of each of the toxin standards against the concentration
(ng/mL, x-axis) and determine the slope (S) and y-intercept (a). Calculate the level of toxin in
the sample by the following formula:
Toxin (µg/kg) = {[(R – a)/S] × V/W} × F
where R is the Test Solution peak area; V is the final volume of the injected Test Solution (mL);
and F is the dilution factor. F = 1 when V = 3 mL. W is 1 g of test sample passed through the
immunoaffinity column. The total of aflatoxins is the sum of AFG2 , AFG1 , AFB2 , and AFB1 .
ACCEPTANCE CRITERIA
Where the individual monograph calls for compliance with the limits for aflatoxins, the limits are
NMT 5 ppb for AFB1 and NMT 20 ppb for the sum of AFB1 , AFB2 , AFG1 , and AFG2 , except when
otherwise indicated.
Change to read:
GENERAL METHOD FOR
2S (USP38)

PESTICIDE RESIDUES
RESIDUE 2S (USP38)
ANALYSIS
Definition
Where used in this Pharmacopeia, the designation “pesticide” applies to any substance or
mixture of substances intended to prevent, destroy, or control any pest, unwanted species of
plants,
fungus, 2S (USP38)
or animals causing harm during or otherwise interfering with the production, processing,
storage, transport, or marketing of pure articles. The designation includes substances intended
for use as growth regulators, defoliants, or desiccants, and any substance applied to crops
before or after harvest to protect the product from deterioration during storage and transport.
Limits
Within the United States, many botanicals are treated as dietary supplements and are subject
to the statutory provisions that govern foods but not drugs in the Federal Food, Drug, and
Cosmetic Act. Limits for pesticides for
in 2S (USP38)
foods are determined by the Environmental Protection Agency (EPA) as indicated in the Code
of Federal Regulations (40 CFR Part 180) or the Federal Register (FR).
In addition, the Food and Drug Administration (FDA) establishes action levels for unavoidable
pesticide residues (21 CFR Part 109 and 21 CFR Part 509). 2S (USP38)
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For pesticide chemicals without EPA-established tolerance levels
or FDA action levels, 2S (USP38)
the limits
residues 2S (USP38)
should be below the detection limit of the specified method. Results less than the EPA
detection limits are considered zero values. The limits contained herein, therefore, are not
applicable in the United States when articles of botanical origins
origin 2S (USP38)
are labeled for food purposes. The limits, however, may be applicable in other countries.
where the presence of pesticide residues is permitted
2S (USP38)

Unless otherwise indicated in the monograph, the article to be examined complies with the
limits indicated
given 2S (USP38)
in Table 4. The limits for suspected pesticides that are not listed in Table 4 must comply with
the regulations of the EPA. For instances in which a pesticide is not listed in Table 4 or in EPA
regulations, calculate the limit by the formula:
Limits (mg/kg) = AM/100B
Limit (mg/kg) = AM/100B

2S (USP38)

where A is the acceptable daily intake (ADI), as published by FAO-WHO, in mg/kg of body
weight; M is body weight, in kg (60 kg); and B is the daily dose of the article, in kg.
If the article is intended for the preparation of extracts, tinctures, or other pharmaceutical
forms of which the preparation method modifies the content of pesticides in the finished
product, calculate the limits by the formula:
Limits (mg/kg) = AME/100B
Limit (mg/kg) = AME/100B

2S (USP38)

where E is the extraction factor of
pesticide in 2S (USP38)
the preparation method, determined experimentally
as the ratio between the original pesticide content in the plant material and the final pesticide
content in the preparation; B is the daily dose of the preparation in kg; 2S (USP38)
and A M, and B
and M 2S (USP38)
are as defined above.
A total or partial exemption from the test may be granted when the complete history (nature
and quantity of the pesticides used, date of each treatment during cultivation and after
harvest) of the treatment of the batch is known and can be checked precisely according to
good agricultural and collection practice (GACP).
Table 4
Substance
Acephate

Limit
(mg/kg)
0.1
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Alachlor
Aldrin and dieldrin (sum of)
Azinphos-ethyl
Azinphos-methyl
Bromide, inorganic
(calculated as bromide ion)
Bromophos-ethyl
Bromophos-methyl
Brompropylate
Bromopropylate 2S (USP38)
Chlordane
(sum of cis-, trans-, and
oxychlordane)
Chlorfenvinphos
Chlorpyriphos-ethyl
Chlorpyriphos-methyl
Chlorthal-dimethyl
Cyfluthrin (sum of)
-Cyhalothrin
Cypermethrin and isomers (sum of)
DDT (sum of o,p¢-DDE,
p,p¢-DDE, o,p¢-DDT,
p,p¢-DDT, o,p¢-TDE,
and p,p¢-TDE)
Deltamethrin
Diazinon
Dichlofluanid
Dichlorvos
Dicofol
Dimethoate and omethoate (sum of)
Dithiocarbamates (expressed as CS2)
Endosulfan (sum of isomers
and endosulfan sulphate)
Endrin
Ethion
Etrimphos
Fenchlorophos (sum of
fenchlorophos and
fenchlorophos-oxon)
Fenitrothion
Fenpropathrin

0.05
0.05
0.1
1
50
0.05
0.05
3

0.05
0.5
0.2
0.1
0.01
0.1
1
1

1
0.5
0.5
0.1
1
0.5
0.1
2
3
0.05
2
0.05

0.1
0.5
0.03
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Fensulfothion
(sum of fensulfothion,
fensulfothion-oxon,
fensulfothion-oxonsulfon
fensulfothion-oxon sulfone,

2S (USP38)

and fensulfothion-sulfon
fensulfothion sulfone) 2S (USP38)
0.05
Fenthion (sum of fenthion,
fenthion-oxon, fenthion-oxon-sulfon
fenthion-oxon sulfone, 2S (USP38)
fenthion-oxon-sulfoxid
fenthion-oxon sulfoxide,

2S (USP38)

fenthion-sulfon
fenthion sulfone, 2S (USP38)
and
fenthion-sulfoxid
fenthion-sulfoxide) 2S (USP38)
Fenvalerate
Flucytrinate
Flucythrinate

0.05
1.5

2S (USP38)

-Fluvalinate
Fonophos
Heptachlor (sum of heptachlor,
cis-heptachlorepoxide, and
trans-heptachlorepoxide)
Hexachlorbenzene
Hexachlorocyclohexane
(sum of isomers -, -, -, and

0.05
0.05
0.05

0.05
0.1
-)

Lindan ( -hexachlorocyclohexane)
Malathion and malaoxon (sum of)
Mecarbam
Methacriphos
Methamidophos
Methidathion
Methoxychlor
Mirex
Monocrotophos
Parathion-ethyl and paraoxon-ethyl
(sum of)
Parathion-methyl and paraoxon-methyl
(sum of)
Pendimethalin

0.3
0.6
1
0.05
0.05
0.05
0.2
0.05
0.01
0.1
0.5
0.2
0.1
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Pentachloranisol
Pentachloranisole

2S (USP38)

Permethrin and isomers (sum of)
Phosalone
Phosmet
Piperonyl butoxide
Pirimiphos-ethyl
Pirimiphos-methyl
(sum of pirimiphos-methyl and
N-desethyl-pirimiphos-methyl
Procymidone
Profenophos
Prothiophos
Pyrethrum (sum of cinerin I,
cinerin II, jasmolin I, jasmolin II,
pyrethrin I, and pyrethrin II)
Quinalphos
Quintozene (sum of quintozene,
pentachloraniline, and methyl
pentachlorphenyl sulfide)
S-421
Tecnazene
Tetradifon
Vinclozolin

0.01
1
0.1
0.05
3
0.05

4
0.1
0.1
0.05

3
0.05

1
0.02
0.05
0.3
0.4

Reagents—Use reagents and solvents that are free from any contaminants, especially
pesticides, that might interfere with the analysis. It is often necessary to use special grade
solvents suitable for pesticide residue analysis or solvents that have recently been redistilled in
an apparatus made entirely of glass. In any case, suitable blank tests must be performed.
Preparation of Apparatus—Clean all equipment, especially glassware, to ensure that it is free
from pesticides. Soak all glassware for a minimum of 16 h in a solution of phosphate-free
detergent, rinse with copious quantities of distilled water, and then wash with acetone,
followed by hexane or heptane.
2S (USP38)

Qualitative and Quantitative Analysis of Pesticide Residues—Use validated analytical
procedures (e.g., FDA Pesticide Analytical Manual (PAM)
[http://www.fda.gov/Food/ScienceResearch/LaboratoryMethods/PesticideAnalysisManualPAM/default.htm],
or other analytical procedures validated in accordance with EU guideline [Note—Document No.
SANCO/10232/2006, http://ec.europa.eu/food/plant/resources/qualcontrol_en.pdf] or Validation
of Compendial Procedures 1225 ) that satisfy the following criteria. The method, especially
with respect to its purification steps, is suitable for the combination of pesticide residue and
substance under test, and is not susceptible to interference from co-extractives. Measure the
limits of detection and quantification for each pesticide matrix combination to be analyzed: the
method is shown to recover between 70% and 110% of each pesticide; the repeatability and
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reproducibility of the method are NLT the appropriate values indicated in Table 5; and the
concentrations of test and reference solutions and the setting of the apparatus are such that
a linear response is obtained from the analytical detector.
Table 5
Concentration Range
of the
Pesticide
Repeatability (RSD)
Reproducibility (RSD)
(mg/kg)
(%)
(%)
0.001–0.01
30
60
>0.01–0.1
20
40
>0.1–1
15
30
>1
10
20
Use analytical procedures validated e.g. in accordance with the latest version of the EU
guideline on analytical quality control and validation procedures for pesticide residue analysis
[Note— Current version Document No. SANCO/12571/2013,
http://ec.europa.eu/food/plant/resources/qualcontrol_en.pdf] or the EPA method validation
principles (OPPTS 860.1340) that satisfy the following criteria. The method, especially with
respect to its purification steps, is suitable for the combination of pesticide residue and
substance under test, and is not susceptible to interference from co-extractives; the limit of
quantification for each pesticide matrix combination to be analyzed is NMT the corresponding
tolerance limit: the method is shown to recover between 70% and 120% of each pesticide with
a repeatability NLT 20 % RSD [Note—lower recoveries may be acceptable in certain cases as
discussed in SANCO/12571/2013]; and the concentrations of test and reference solutions and
the setting of the apparatus are such that a linear response is obtained from the analytical
detector. 2S (USP38)

Delete the following:
TEST FOR PESTICIDES
Unless otherwise specified in the individual monograph, the following methods may be used for
the analysis of pesticides. Depending on the substance being examined, it may be necessary to
modify, sometimes extensively, the procedure described hereafter. Additionally, it may be
necessary to perform another method with another column having a different polarity, another
detection method (e.g., mass spectrometry), or a different method (e.g., immunochemical
method) to confirm the results.
Extraction—[Note—Use the following procedure for the analysis of samples of articles having a
water content of less than 15%. Samples having a higher water content may be dried, provided
that the drying procedure does not significantly affect the pesticide content. ] To 10 g of the
coarsely powdered substance under test add 100 mL of acetone, and allow to stand for 20 min.
Add 1 mL of a solution in toluene containing 1.8 µg of carbophenothion per mL. Mix in a highspeed blender for 3 min. Filter this solution, and wash the residue with two 25-mL portions of
acetone. Combine the filtrate and the washings, and heat, in a rotary evaporator, maintaining
the temperature of the bath below 40 until the solvent has almost completely evaporated. To
the residue add a few mL of toluene, and heat again until the acetone is completely removed.
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Dissolve the residue in 8 mL of toluene. Pass through a membrane filter of 45-µm pore size,
rinse the flask and the filter with toluene, dilute with toluene to 10.0 mL (Solution A), and mix.
Purification—
Organochlorine, Organophosphorus,and Pyrethroid Insecticides—The size-exclusion
chromatograph is equipped with a 7.8-mm × 30-cm stainless steel column containing 5-µm
packing L21. Toluene is used as the mobile phase at a flow rate of about 1 mL/min.
Performance of the Column—Inject 100 µL of a solution in toluene containing, in each mL, 0.5
mg of methyl red and 0.5 mg of oracet blue or equivalent. The column is not suitable unless the
color of the eluate changes from orange to blue at an elution volume of about 10.3 mL. If
necessary, calibrate the column, using a solution in toluene containing suitable concentrations
of the pesticide of interest having the lowest molecular weight (for example, dichlorvos) and
that having the highest molecular weight (for example, deltamethrin). Determine which fraction
of the eluate contains both pesticides.
Purification of the Test Solution—Inject a suitable volume (100 to 500 µL) of Solution A into the
chromatograph. Collect the fraction (Solution B) as determined above under Performance of the
Column. Organophosphorus pesticides elute between 8.8 and 10.9 mL. Organochlorine and
pyrethroid pesticides elute between 8.5 and 10.3 mL.
Organochlorine and Pyrethroid Insecticides—Into a 5-mm × 10-cm chromatographic column,
introduce a piece of fat-free cotton and 0.5 g of silica gel treated as follows. Heat
chromatographic silica gel in an oven at 150 for at least 4 h. Allow to cool, and add dropwise a
quantity of water corresponding to 1.5% of the weight of silica gel used. Shake vigorously until
agglomerates have disappeared, and continue shaking by mechanical means for 2 h. Condition
the column with 1.5 mL of hexane. [Note—Prepacked columns containing about 0.50 g of a
suitable silica gel may also be used, provided they have been previously validated. ]
Concentrate Solution B almost to dryness, with the aid of a stream of helium or oxygen-free
nitrogen, and dilute with toluene to a suitable volume (200 µL to 1 mL, according to the volume
injected in the preparation of Solution B). Quantitatively transfer this solution to the column,
and proceed with the chromatography, using 1.8 mL of toluene as the mobile phase. Collect the
eluate (Solution C).
Quantitative Analysis of Organophosphorus Insecticides—
Test Solution—Concentrate Solution B almost to dryness, with the aid of a stream of helium,
dilute with toluene to 100 µL, and mix.
Standard Solution—Prepare at least three solutions in toluene containing each of the pesticides
of interest and carbophenothion at concentrations suitable for plotting a calibration curve.
Chromatographic System—The gas chromatograph is equipped with an alkali flame-ionization
detector or a flame-photometric detector and a 0.32-mm × 30-m fused silica column coated
with a 0.25-µm layer of phase G1. Hydrogen is used as the carrier gas. Other gases, such as
helium or nitrogen, may also be used. The injection port temperature is maintained at 250 , and
the detector is maintained at 275 . The column temperature is maintained at 80 for 1 min,
then increased to 150 at a rate of 30 /min, maintained at 150 for 3 min, then increased to
280 at a rate of 4 /min, and maintained at this temperature for 1 min. Use carbophenothion as
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the internal standard. [Note—If necessary, use a second internal standard to identify any
possible interference with the peak corresponding to carbophenothion. ] Inject the chosen
volume of each solution, record the chromatograms, and measure the peak responses.
Calculate the content of each pesticide from the peak areas and the concentrations of the
solution.
Quantitative Analysis of Organochlorine and Pyrethroid Insecticides—
Test Solution—Concentrate Solution C almost to dryness, with the aid of a stream of helium or
oxygen-free nitrogen, dilute with toluene to 500 µL, and mix.
Standard Solution—Prepare at least three solutions in toluene containing each of the pesticides
of interest and carbophenothion at concentrations suitable for plotting a calibration curve.
Chromatographic System—The gas chromatograph is equipped with an electron-capture
detector, a device allowing direct on-column cold injection, and a 0.32-mm × 30-m fused silica
column coated with a 0.25-µm layer of phase G1. Hydrogen is used as the carrier gas. Other
gases, such as helium or nitrogen, may also be used. The injection port temperature is
maintained at 275 , and the detector is maintained at 300 . The column temperature is
maintained at 80 for 1 min, then increased to 150 at a rate of 30 /min, maintained at 150
for 3 min, then increased to 280 at a rate of 4 /min, and maintained at this temperature for 1
min. Use carbophenothion as the internal standard. [Note—If necessary, use a second internal
standard to identify any possible interference with the peak corresponding to carbophenothion.
] Inject the chosen volume of each solution, record the chromatograms, and measure the peak
responses. Calculate the content of each pesticide from the peak areas and the concentrations
of the solutions.
2S (USP38)

Add the following:
LIMITS OF ELEMENTAL IMPURITIES
The levels of elemental impurities should be restricted as shown in Table 5 unless otherwise
stated in the individual monograph. Specific monographs may provide different limits for articles
that are typically used in large quantities.
Table 5. Limits of Elemental Impurities
Element
Arsenic (inorganic)a
Cadmium
Lead
Mercury (total)
Methylmercury (as Hg)b

Limits
(µg/g)
2
0.5
5
1
0.2
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a Arsenic may be measured using a nonspeciation procedure under the assumption that all
arsenic contained in the supplement is in the inorganic form. Where the limit is exceeded using
a nonspeciation procedure, compliance with the limit for inorganic arsenic shall be
demonstrated on the basis of a speciation procedure.

b Methylmercury determination is not necessary when the content for total mercury is less
than the limit for methylmercury.

Articles are tested according to the procedures set forth in the general chapter Elemental
Impurities—Procedures

233 . Where speciation is required, the procedures given in the

general chapter Elemental Contaminants in Dietary Supplements

2232

are used for testing.

2S (USP38)

1 A suitable powder mixture is available from Sigma as PBS P-3813.
2 AflaOchraTest column (G1017; Vicam, Watertown, MA, USA) or equivalent. Aflatoxin/OTA immunoaffinity
columns are suitable.
3 PHRED ™ Photochemical Reactor (AURA Industries, New York, NY, USA) or equivalent. Avoid looking at the
UV lamp.
4 Kobra C ell™ (R-Biopharm Inc., Marshall, MI, USA) or equivalent. Set at 100 mA. Do not turn on the current
until the LC pump is operating to avoid overheating the cell membrane.

BRIEFING
565 Botanical Extracts, USP 37 page 258. On the basis of the impending omission of
Heavy Metals

231

as well as comments received, the General Chapter Chemical Analysis

Committee is proposing a revision to delete 231 . Since the compendial monographs for
botanical extracts require the use of plant materials or powdered plant materials that meet the
specifications for elemental impurities, the limits in the botanical extracts are addressed by
limiting their levels in the plant materials and powdered plant materials. Further, general chapter
Elemental Contaminants in Dietary Supplements 2232 provides limits of elemental
contaminants in dosage forms of the botanical extracts. This omission is also scheduled for
December 1, 2015, to align with the date of applicability of Elemental Impurities—Limits

232

and 2232 under the General Notices provision. The addition of a new section dealing with
pesticide residue limits for botanical extracts, tinctures, or other pharmaceutical forms of which
the preparation method modifies the content of pesticides in the finished product. A new
formula for extraction factor is proposed for botanical extracts.
(DS: C. Okunji.)
Correspondence Number—C148591

Comment deadline: November 30, 2014
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BOTANICAL EXTRACTS
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In the extraction practice for articles of botanical origin, the constituents of interest are
completely or partially separated from other components with the aid of water, alcohol,
alcohol-water mixtures, or other suitable solvents. This extraction process involves the removal
of the desired constituents from the plant matter with suitable menstrua, the evaporation of all
or nearly all of the solvent, and the adjustment of the residual fluids, masses, or powders to
the prescribed standards. Suitable inert substances may be added as carriers or diluents to
improve physical characteristics. Suitable antimicrobials and other preservatives may be added
to preserve the integrity. Extracts may be subjected to processes that increase the content of
characterized constituents, decrease the content of unwanted constituents, or both. Extracts
with no added inert substances and no processing beyond the extraction are called native
extracts. In some preparations, the plant matter may be pretreated by inactivation of enzymes
and microbial contaminants, grinding, defatting, or a similar procedure.
Extracts may be defined as preparations with liquid, solid, or semisolid consistency. The
products obtained by extraction are fluidextracts, powdered extracts, semisolid extracts, and
tinctures.
METHODS OF EXTRACTION
Percolation
In the manufacture of extracts, percolation is a commonly used method. The crude material
being extracted is reduced to pieces of suitable size, if necessary, then mixed thoroughly with
a portion of the specified solvent, and allowed to stand for about 15 minutes. The mixture is
transferred to a percolator, sufficient amount of the specified solvent is added to cover the
entire solid mass, and the mixture is allowed to percolate slowly (at a rate of not more than 1
mL per minute for 1000 g of material), the matter to be extracted being always covered with a
layer of solvent. The residue may be pressed, and the obtained fluid is combined with the
percolate. The entire percolates are concentrated, generally by distillation under reduced
pressure, so as to subject the constituents of interest in the article under extraction to as little
heat as possible.
Maceration
Unless otherwise specified, the crude material being extracted is reduced to pieces of suitable
size, mixed thoroughly with the specified extracting solvent, and allowed to stand at room
temperature in a closed container for an appropriate time, with frequent agitation until soluble
matter is dissolved. The mixture is filtered, the insoluble material is washed with the same
solvent used for maceration, and the filtrates are combined and concentrated, usually under
reduced pressure, to the desired consistency.
Change to read:
PREPARATIONS
Fluidextracts
fluidextracts, also known as liquid extracts, are preparations of plant matter, containing alcohol
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as a solvent or as a preservative, or both, and are so made that each mL contains the
extracted constituents of 1 g of the crude material that it represents, unless otherwise
specified in the individual monograph. They may be prepared from suitable extracts and may
contain suitable antimicrobial or other preservatives.
Pharmacopeial fluidextracts are made by percolation, often following a period of maceration.
The required solvent is specified in the individual monograph. The common manufacturing
procedure includes concentration of the more diluted portion of percolate by evaporation or
distillation under vacuum at temperatures below 60 . The time of maceration and the rate of
flow during percolation may be varied to adjust for the quantity and nature of the crude
material under extraction, provided that the composition of the extracted constituents of
interest is not adversely affected.
The rate of flow of the percolate can be slow, moderate, or rapid. With reference to the
extraction of 1000 g of the starting material, at a slow rate, not more than 1 mL of percolate is
produced per minute; at a moderate rate, between 1 and 3 mL per minute is produced; and at
a rapid rate, between 3 and 5 mL per minute is produced. A fluidextract that tends to deposit
sediment may be aged and filtered, or the clear portion may be decanted, provided that the
resulting clarified liquid conforms to the Pharmacopeial standards.
Powdered Extracts
powdered extracts are solid preparations having a powdery consistency obtained by
evaporation of the solvent used for extraction. They may contain suitable added substances
such as excipients, stabilizers, and preservatives. Standardized powdered extracts are adjusted
to the defined content of constituents, using suitable inert materials or a powdered extract of
the plant matter used for preparation. Where applicable, a limit for the solvent used for
extraction is specified in the individual monograph.
Semisolid Extracts
semisolid extracts, also known as soft extracts or pillular extracts, are preparations having
consistencies between those of fluidextracts and those of powdered extracts, and are obtained
by partial evaporation of the solvent, water, alcohol, or hydroalcoholic mixtures being used as
extracting solvents. They may contain suitable antimicrobial or other preservatives. A semisolid
extract and a powdered extract obtained from the same material are interchangeable as drugs
or as supplements, but each has its own advantages.
General Pharmacopeial Requirements
Unless otherwise specified in the individual monographs, Pharmacopeial requirements for the
fluidextracts, powdered extracts, and semisolid extracts are as follows.
Packaging and Storage—Store in tight, light-resistant containers. [Note—See Preservation,
Packaging, Storage, and Labeling under General Notices and Requirements.]
Labeling—Label it to indicate the name of the plant part used; the names of solvents, other
than the hydroalcoholic solvents, used in preparation; the content, in percentage, of active
principles or marker compounds identified in the individual monograph; and the name and
concentration of any added antimicrobial or other preservative. Where active principles are
unknown, the ratio of starting material to final product is stated. For semisolid extracts and

PF 40(5): Sep.-Oct. 2014

91

powdered extracts, the identity and quantity of any added excipient is also indicated. In such
cases the percentage of native extract may also be stated.
Residue on Evaporation—Transfer promptly about 2 mL, accurately measured, of Fluidextract,
about 0.5 g of Powdered Extract, or about 2 g of Semisolid Extract to a suitable tared, roundbottom flask. Evaporate to dryness on a water bath, and dry the residue at 100 to 105 for 3
hours. Allow to cool in a desiccator over phosphorus pentoxide, and determine the weight of
the residue obtained: not less than 95% of Powdered Extract specimen remains as residue; or
not less than 70% of Semisolid Extract specimen remains as residue. [Note—Limits for
Fluidextracts are specified in the individual monographs.]
Residual Solvents—If prepared with solvents other than alcohol, water, or alcohol-water
mixtures, it meets the requirements for Residual Solvents
Impurities: Residual Solvents for related information.]

467 . [Note—See ICH document

Pesticide Residues—Proceed as directed under Articles of Botanical Origin
requirements.
Heavy Metals, Method II

561 : meets the

231 : 20 µg per g.

Pesticide Residues—Botanical extracts, tinctures, or other pharmaceutical forms might
contain pesticide residues at either enriched or reduced levels compared to their native form as
plant materials. Unless otherwise indicated in the monograph, the limits for pesticides in
extracts of botanical articles are calculated by the following formula:
If E

10:

If E > 10:

Limit (mg/kg) = L × E
Limit (mg/kg) = AM/100B

where L is the limit in the original article as listed in Table 4 (see Pesticide Residue Analysis
under Articles of Botanical Origin 561 ), or EPA tolerance or the FDA action level; E is the
plant to extract ratio (i.e. the ratio between the quantity of botanical article used in the
manufacture of the extract and the quantity of the extract obtained); A is the acceptable daily
intake (ADI), as published by FAO-WHO, in mg/kg of body weight; M is body weight, in kg (60
kg); and B is the daily dose of the extract, in kg.
Note—The higher pesticide limits for extracts of botanical ingredients may be justified if the
suggested intake or dose of the extract is reduced by a factor which is higher than E.
A total or partial exemption from the test may be granted when the complete history (nature
and quantity of the pesticides used, date of each treatment during cultivation and after
harvest) of the treatment of the batch is known and can be checked precisely according to
good agricultural and collection practice (GACP). 2S (USP38)

Alcohol Content, Method II 611 (if present): between 90% and 110% of the labeled amount
of C2 H5 OH is found in Fluidextract and Semisolid Extract.
Tinctures
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tinctures are liquid preparations usually prepared by extracting plant materials with alcohol or
hydroalcoholic mixtures. Traditionally, tinctures of potent articles of botanical origin represent
the activity of 10 g of the drug in each 100 mL of tincture, the strength being adjusted
following the test for content of active principles or marker compounds. Most other plant
tinctures represent 20 g of the respective plant material in each 100 mL of tincture.
Different tinctures are not always diluted to obtain the same ratio of starting plant material to
final tincture. This ratio will depend on the requirements prescribed in the specific tests for
content of active principles or marker compounds included in the individual monographs. As
tinctures are being prepared, they are assayed in accordance with these content tests. Using
the values obtained from such assays, the final concentration of a tincture is adjusted by
adding more solvent or by evaporating part of the solvent.
Unless otherwise specified, tinctures are usually prepared from coarse powder or fine cuttings
of plant materials either by a percolation process or a maceration process.
PERCOLATION PROCESS
Carefully mix the ground mixture of ingredients with a sufficient quantity of the prescribed
extracting solvent to render it evenly and distinctly damp, allow it to stand for 15 minutes,
transfer it to a suitable percolator, and pack the mass firmly. Pour on enough of the specified
extracting solvent to saturate the drug, and cover the top of the percolator. When the liquid is
about to drip from the percolator, close the lower orifice, and allow the drug to macerate for 24
hours or for the time specified in the monograph. If the test for content of active principles or
marker compounds is not required in the individual monograph, allow the percolation to proceed
slowly or at the specified rate (for definitions of flow rates, see under Fluidextracts), gradually
adding sufficient quantity of extracting solvent to produce 1000 mL of tincture, and mix. If a
test for content of active principles or marker compounds is required, collect only 950 mL of
percolate, mix, and test a portion of it as directed in the individual monograph. Dilute the
remainder of the percolate with as much of the prescribed extracting solvent as calculation
from the content test indicates is necessary to produce a tincture that conforms to the
requirements, and mix.
MACERATION PROCESS
Macerate the drug with 750 mL of the prescribed extracting solvent in a closed container, and
put in a warm place. Agitate it frequently during 3 days or until the soluble matter is dissolved.
Transfer the mixture to a filter. When most of the liquid has drained, wash the residue on the
filter with a sufficient quantity of the prescribed extracting solvent, combining the filtrates, to
produce 1000 mL of tincture, and mix.
GENERAL PHARMACOPEIAL REQUIREMENTS
Unless otherwise specified in the individual monographs, Pharmacopeial requirements for the
tinctures are as follows.
Packaging and Storage—Store in tight, light-resistant containers, and avoid exposure to
direct sunlight and excessive heat. [Note—See Preservation, Packaging, Storage, and Labeling
under General Notices and Requirements.]
Labeling—Label it to indicate the name of the plant part used for preparation; the name of the
solvent or solvent mixture used for extraction; and the content of the constituents of interest
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and the ratio of starting material to final product.
BRIEFING
580 Vitamin C Assay. It is proposed to add this chapter to serve as the focal point for all
cross-references related to vitamin C analysis in the individual monographs. In addition, the
new HPLC procedures for analysis of vitamin C are proposed. Validation data were acquired
with the Phenomenex Gemini C18, 250- × 4.6-mm, 5-µm brand of L1 column and Agilent
Technologies Zorbax SB-C8 brand of L7 column. The typical retention times for ascorbic acid
are 4.9 and 3.6 min, respectively. The currently official titrimetric procedures in the
individual monographs for multivitamin combinations with Water-Soluble Vitamins in the title
are proposed to be migrated to this general chapter. Revisions to the affected monographs
to add the corresponding cross-references to this new chapter are proposed elsewhere in
this issue of PF.
The affected monographs are:
Oil- and Water-Soluble Vitamins Capsules
Oil- and Water-Soluble Vitamins Oral Solution
Oil- and Water-Soluble Vitamins Tablets
Oil- and Water-Soluble Vitamins with Minerals Capsules
Oil- and Water-Soluble Vitamins with Minerals Oral Solution
Oil- and Water-Soluble Vitamins with Minerals Tablets
Water-Soluble Vitamins Capsules
Water-Soluble Vitamins Tablets
Water-Soluble Vitamins with Minerals Capsules
Water-Soluble Vitamins with Minerals Tablets
(GCCA: N. Davydova.)
Correspondence Number—C143762

Comment deadline: November 30, 2014
Add the following:
580

VITAMIN C ASSAY

INTRODUCTION
The following procedures are provided for analysis of different forms of vitamin C as ascorbic
acid (C6 H8 O6 ), sodium ascorbate (C6 H7 NaO6 ), and calcium ascorbate dihydrate
(C12 H14 CaO12 ·2H2 O) or their mixtures in finished dosage forms, as Capsules, Tablets, or Oral
Solutions.
METHOD I—TRIMETRIC METHOD
• Procedure
Unless specified in the individual monographs, proceed as follows.
Sample solution for Capsules: Weigh NLT 20 Capsules in a tared weighing bottle. Open
the Capsules, without the loss of shell material, and transfer the contents to a 100-mL
beaker. Remove any contents adhering to the empty shells by washing, if necessary, with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
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a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight per
Capsule. Transfer a portion of the Capsule contents, equivalent to 100 mg of ascorbic
acid, to a 200-mL volumetric flask, and add 75 mL of metaphosphoric–acetic acids TS.
Insert a stopper into the flask, and shake by mechanical means for 30 min. Dilute with
water to volume.
Sample solution for Oral Solutions: Transfer a volume of Oral Solution equivalent to 50
mg of ascorbic acid, previously diluted with water if necessary, to a 100-mL volumetric
flask. Add 20 mL of metaphosphoric–acetic acid TS, dilute with water to volume, and mix.
Sample solution for Tablets: Finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent of 100 mg of ascorbic acid, to a 200-mL volumetric flask, and add 75
mL of metaphosphoric–acetic acids TS. Insert a stopper into the flask, and shake by
mechanical means for 30 min. Dilute with water to volume.
Blank: A mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: Standard dichlorophenol–indophenol solution VS
Endpoint detection: Visual
Analysis: Transfer a portion of the Sample solution to a centrifuge tube, and centrifuge
until a clear supernatant is obtained. Transfer a volume of the Sample solution, equivalent
to 2 mg of ascorbic acid into a 50-mL conical flask, and add 5 mL of metaphosphoric–
acetic acids TS. Titrate with Titrant to a rose-pink color that persists for at least 5 s.
Correct for the volume of dichlorophenol–indophenol solution consumed by the Blank.
Calculate the percentage of ascorbic acid (C6 H8 O6 ) in the portion of sample taken:
Result = {[(VS

VB) × F]/W} × 100

Vs= Titrant volume consumed by the Sample solution (m/L)
V=
B Titrant volume consumed by the Blank
F= concentration of Titrant in terms of its equivalent of ascorbic acid (mg/mL)
W= nominal amount of ascorbic acid taken for Analysis (mg)
METHOD II—CHROMATOGRAPHIC METHOD
• Procedure 1
Unless specified in the individual monographs, the Diluent, Standard solutions, and Sample
solutions are prepared as follows.
[Note—Protect samples from air, light, and heat.]
Buffer: 2.04 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 3.0.
Mobile phase: Buffer
Diluent: 0.56 g of edetate disodium dihydrate and 2.04 g of monobasic potassium
phosphate per 1000 mL of water. Adjust with phosphoric acid to a pH of 3.0.
Standard solution: 0.25 mg/mL of USP Ascorbic Acid RS in Diluent
Sample solution for Capsules: Weigh NLT 20 Capsules in a tared weighing bottle. Open
the Capsules, without the loss of shell material, and transfer the contents to a 100-mL
beaker. Remove any contents adhering to the empty shells by washing, if necessary, with
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several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight per
Capsule. Transfer a portion of the Capsule contents, equivalent to about 25 mg of
ascorbic acid, into a 100-mL volumetric flask. Add 60 mL of Diluent, shake mechanically for
15 min, dilute with Diluent to volume, mix well, and pass through a membrane filter of
0.45-µm pore size, discarding the first 4 mL.
Sample solution for Oral Solutions: Dilute an accurately measured volume of Oral
Solution with Diluent to obtain a solution with a concentration of 0.25 mg/mL of ascorbic
acid. Mix carefully.
Sample solution for Tablets: Transfer a portion from NLT 20 finely powdered Tablets,
nominally equivalent to about 25 mg of ascorbic acid, into a 100-mL volumetric flask. Add
60 mL of Diluent, shake mechanically for 15 min, dilute with Diluent to volume, mix well,
and pass through a membrane filter of 0.45-µm pore size, discarding the first 4 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of vitamin C, as ascorbic acid (C6 H8 O6 ), in the portion of sample
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of ascorbic acid from the Sample solution
rS= peak area of ascorbic acid from the Standard solution
C=
S concentration of USP Ascorbic Acid RS in the Standard solution (mg/mL)
C=
U nominal concentration of ascorbic acid in the Sample solution (mg/mL)
• Procedure 2
Unless specified in the individual monographs, the Diluent, Standard solutions, and Sample
solutions are prepared as follows.
[Note—Protect samples from air, light, and heat. All prepared samples must be analyzed within
4 h.]
Buffer: 7.8 g/L of sodium dihydrogen phosphate dihydrate in water. Adjust with phosphoric
acid to a pH of 2.5.
Mobile phase: Buffer and methanol. See Table 1 for gradient.
Table 1
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Time
Buffer Methanol
(min)
(%)
(%)
0
100
0
3
100
0
5
0
100
6
50
50
7
100
0
10
100
0
Diluent: Dissolve 73 g of metaphosphoric acid in 800 mL of water, add 84 mL of glacial
acetic acid, and dilute with water to 1000 mL.
Standard stock solution: 1 mg/mL of USP Ascorbic Acid RS in Diluent. [Note—Sonicate
with intermittent shaking to help dissolve, if necessary. Prepare fresh every time.]
Standard solution: Dilute Standard stock solution with Diluent to obtain a solution
containing 0.05 mg/mL of USP Ascorbic Acid RS.
Sample solution for Capsules: Weigh NLT 20 Capsules in a tared weighing bottle. Open
the Capsules, without the loss of shell material, and transfer the contents to a 100-mL
beaker. Remove any contents adhering to the empty shells by washing, if necessary, with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight per
Capsule. Transfer a portion of the Capsule contents, equivalent to about 25 mg of
ascorbic acid, into a 50-mL centrifuge tube. Add 25.0 mL of Diluent, sonicate for 15 min,
and centrifuge at about 2000 rpm for 5 min. Quantitatively dilute the clear supernatant
with Diluent to obtain a solution containing 0.05 mg/mL of ascorbic acid. Mix and pass
through a membrane filter of 0.45-µm pore size.
Sample solution for Oral Solutions: Dilute an accurately measured volume of Oral
Solution with Diluent to obtain a solution with a concentration of 0.05 mg/mL of ascorbic
acid. Mix carefully.
Sample solution for Tablets: Transfer a portion from NLT 20 ground Tablets, nominally
equivalent to about 25 mg of ascorbic acid, into a 50-mL centrifuge tube. Add 25.0 mL of
Diluent, sonicate for 15 min, and centrifuge at about 2000 rpm for 5 min. Quantitatively
dilute the clear supernatant with Diluent to obtain a solution containing 0.05 mg/mL of
ascorbic acid. Mix and pass through a membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution

PF 40(5): Sep.-Oct. 2014

97

Calculate the percentage of vitamin C, as ascorbic acid (C6 H8 O6 ), in the portion of sample
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of ascorbic acid from the Sample solution
rS= peak area of ascorbic acid from the Standard solution
C=
S concentration of USP Ascorbic Acid RS in the Standard solution (mg/mL)
C=
U nominal concentration of ascorbic acid in the Sample solution (mg/mL)
ADDITIONAL REQUIREMENTS
• USP Reference Standards
USP Ascorbic Acid RS

11

2S (USP38)

BRIEFING
661 Containers—Plastics, USP 37 page 322 and PF 39(5) [Sept.–Oct. 2013]. On the
basis of comments received, the proposed revision that first appeared in PF 39(5) [Sept.–Oct.
2013] was canceled, and a new, revised version is now being proposed. General test chapter
Containers—Plastics

661

is being revised and will be titled Plastic Packaging Systems and

Their Materials of Construction 661 . It will provide the testing rationale for plastic materials
of construction and packaging systems used for the pharmaceutical industry. USP recognizes
that the use of well-characterized materials to construct a packaging system is a primary
means of ensuring that the packaging system is suited for its intended use, because the
properties and characteristics of the materials can be matched to the performance
requirements of the packaging system. A second new general test chapter Plastic Materials of
Construction 661.1
establishing its:
1.
2.
3.
4.
5.

will help determine whether a material is deemed well characterized by

Identity
Biocompatibility (biological reactivity)
General physicochemical properties
Additives
Extractable metals

Plastic packaging systems for pharmaceutical products must be suitable for their intended
uses. That is, the packaging system should adequately protect the pharmaceutical product, be
compatible with the pharmaceutical product, and be composed of materials that are safe for
use. From a chemical perspective, plastic packaging systems used in pharmaceutical
applications should be such that the ingredients of the pharmaceutical product are not
adsorbed onto the surface of the packaging system, are not absorbed into the body of the
packaging system, and do not migrate through the packaging system (compatibility).
Furthermore, the packaging system should not release substances that can accumulate in the
pharmaceutical product in quantities sufficient to affect its stability (which addresses
compatibility) or present a risk of toxicity (which addresses safety). A third general test
chapter, Plastic Packaging Systems for Pharmaceutical Use

661.2 , will provide test methods
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and standards for plastic packaging systems.
A Stimuli article, USP Plastic Packaging General Chapters: An Overview, was published in PF
39(6) [Nov.–Dec. 2013], which discusses the general approach for the new suite of 661
chapters and the rationale for methods and specifications chosen. Also, a new general chapter,
The Evaluation of Plastic Packaging Systems and Their Materials of Construction with Respect
to Their User Safety Impact

1661 , will be proposed in PF 40(6) [Nov.–Dec. 2014]. The

purpose of this chapter is to communicate the key concepts that form the foundation of the
661 chapters and to establish and clarify the application and applicability of this series of
chapters.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCPS: D. Hunt.)
Correspondence Number—C142035

Comment deadline: November 30, 2014
Change to read:
661 CONTAINERS—PLASTICS
PLASTIC PACKAGING SYSTEMS AND THEIR MATERIALS OF CONSTRUCTION

2S (USP38)

INTRODUCTION
It is the purpose of this chapter to provide standards for plastic materials and components
used to package medical articles (pharmaceuticals, biologics, dietary supplements, and
devices). Definitions that apply to this chapter are provided in 659 Packaging and Storage
Requirements. Standards and tests for the functional properties of containers and their
components are provided in general chapter Containers—Performance Testing

671 .

In addition to the standards provided herein, the ingredients added to the polymers, and those
used in the fabrication of the containers, must conform to the requirements in the applicable
sections of the Code of Federal Regulations, Title 21, Indirect Food Additives, or have been
evaluated by the FDA and determined to be acceptable substances for the listed use.
Plastic articles are identified and characterized by IR spectroscopy and differential scanning
calorimetry. Standards are provided in this chapter for the identification and characterization of
the different types of plastic, and the test procedures are provided at the end of the chapter.
The degree of testing is based on whether or not the container has direct contact with the
drug product, and the risk is based on the route of administration.
Plastics are composed of a mixture of homologous polymers, having a range of molecular
weights. Plastics may contain other substances such as residues from the polymerization
process, plasticizers, stabilizers, antioxidants, pigments, and lubricants. These materials meet
the requirements for food contact as provided in the Code of Federal Regulations, Title 21.
Factors such as plastic composition, processing and cleaning procedures, surface treatment,
contacting media, inks, adhesives, absorption and permeability of preservatives, and conditions
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of storage may also affect the suitability of a plastic for a specific use. Extraction tests are
designed to characterize the extracted components and identify possible migrants. The degree
or extent of testing for extractables of the component is dependent on the intended use and
the degree of risk to adversely impact the efficacy of the compendial article (drug, biologic,
dietary supplement, or device). Resin-specific extraction tests are provided in this chapter for
polyethylene, polypropylene, polyethylene terephthalate, and polyethylene terephthalate G.
Test all other plastics as directed for Physicochemical Tests in the section Test Methods.
Conduct the Buffering Capacity test only when the containers are intended to hold a liquid
product.
Plastic components used for products of high risk, such as those intended for inhalation,
parenteral preparation, and ophthalmics are tested using the Biological Tests in the section
Test Methods.
Plastic containers intended for packaging products prepared for parenteral use meet the
requirements for Biological Tests and Physicochemical Tests in the section Test Methods.
Standards are also provided for polyethylene containers used to package dry oral dosage forms
that are not meant for constitution into solution.
POLYETHYLENE CONTAINERS

Scope
The standards and tests provided in this section characterize containers and components,
produced from either low-density polyethylene or high-density polyethylene of either
homopolymer or copolymer resins that are interchangeably suitable for packaging dry oral
dosage forms not meant for constitution into solution. All polyethylene components are subject
to testing by IR spectroscopy and differential scanning calorimetry. Where stability studies
have been performed to establish the expiration date of a particular dosage form in the
appropriate polyethylene container, then any other polyethylene container meeting these
requirements may be similarly used to package such a dosage form, provided that the
appropriate stability programs are expanded to include the alternative container, in order to
ensure that the identity, strength, quality, and purity of the dosage form are maintained
throughout the expiration period.
Background
High-density and low-density polyethylene are long-chain polymers synthesized under
controlled conditions of heat and pressure, with the aid of catalysts from not less than 85.0%
ethylene and not less than 95.0% total olefins. Other olefin ingredients that are most
frequently used are butene, hexene, and propylene. High-density polyethylene and low-density
polyethylene both have an IR absorption spectrum that is distinctive for polyethylene, and each
possesses characteristic thermal properties. High-density polyethylene has a density between
0.941 and 0.965 g per cm3. Low-density polyethylene has a density between 0.850 and 0.940
g per cm3. Other properties that may affect the suitability of polyethylene include modulus of
elasticity, melt index, environmental stress crack resistance, and degree of crystallinity after
molding.
High-Density Polyethylene
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Infrared Spectroscopy—Proceed as directed for Multiple Internal Reflectance in the section
Test Methods. The corrected spectrum of the specimen exhibits major absorption bands only at
the same wavelengths as the spectrum of USP High-Density Polyethylene RS.
Differential Scanning Calorimetry—Proceed as directed for Thermal Analysis in the section
Test Methods. The thermogram of the specimen is similar to the thermogram of USP HighDensity Polyethylene RS, similarly determined, and the temperature of the endotherm (melt) in
the thermogram of the specimen does not differ from that of the USP Reference Standard by
more than 6.0 .
Heavy Metals and Nonvolatile Residue—Prepare extracts of specimens for these tests as
directed for Physicochemical Tests under Test Methods, except that for each 20.0 mL of
Extracting Medium the portion shall be 60 cm2, regardless of thickness.
HEAVY METALS—Containers meet the requirements for Heavy Metals in the section
Physicochemical Tests under Test Methods.
NONVOLATILE RESIDUE—Proceed as directed for Nonvolatile Residue under Physicochemical
Tests, except that the Blank shall be the same solvent used in each of the following test
conditions: the difference between the amounts obtained from the Sample Preparation and the
Blank does not exceed 12.0 mg when water maintained at a temperature of 70 is used as the
Extracting Medium; does not exceed 75.0 mg when alcohol maintained at a temperature of 70
is used as the Extracting Medium; and does not exceed 100.0 mg when hexanes maintained at
a temperature of 50 is used as the Extracting Medium.
Components Used in Contact with Oral Liquids—Proceed as directed for Buffering Capacity
in the section Physicochemical Tests under Test Methods.
Low-Density Polyethylene
Infrared Spectroscopy—Proceed as directed for Multiple Internal Reflectance under Test
Methods. The corrected spectrum of the specimen exhibits major absorption bands only at the
same wavelengths as the spectrum of USP Low-Density Polyethylene RS.
Differential Scanning Calorimetry—Proceed as directed for Thermal Analysis under Test
Methods. The thermogram of the specimen is similar to the thermogram of USP Low-Density
Polyethylene RS, similarly determined, and the temperature of the endotherm (melt) in the
thermogram of the specimen does not differ from that of the USP Reference Standard by more
than 8.0 .
Heavy Metals and Nonvolatile Residue—Prepare extracts of specimens for these tests as
directed for Sample Preparation in the section Physicochemical Tests under Test Methods,
except that for each 20.0 mL of Extracting Medium the portion shall be 60 cm2, regardless of
thickness.
HEAVY METALS—Containers meet the requirements for Heavy Metals in the section
Physicochemical Tests under Test Methods.
NONVOLATILE RESIDUE—Proceed as directed for Nonvolatile Residue in the section
Physicochemical Tests under Test Methods, except that the Blank shall be the same solvent
used in each of the following test conditions: the difference between the amounts obtained
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from the Sample Preparation and the Blank does not exceed 12.0 mg when water maintained at
a temperature of 70 is used as the Extracting Medium; does not exceed 75.0 mg when alcohol
maintained at a temperature of 70 is used as the Extracting Medium; and does not exceed
350.0 mg when hexanes maintained at a temperature of 50 is used as the Extracting Medium.
Components Used in Contact with Oral Liquids—Proceed as directed for Buffering Capacity
in the section Physicochemical Tests under Test Methods.
POLYPROPYLENE CONTAINERS
Scope
The standards and tests provided in this section characterize polypropylene containers,
produced from either homopolymers or copolymers, that are interchangeably suitable for
packaging dry solid and liquid oral dosage forms. Where suitable stability studies have been
performed to establish the expiration date of a particular dosage form in the appropriate
polypropylene container, then any other polypropylene container meeting these requirements
may be similarly used to package such a dosage form, provided that the appropriate stability
programs are expanded to include the alternative container, in order to ensure that the
identity, strength, quality, and purity of the dosage form are maintained throughout the
expiration period.
Background
Propylene polymers are long-chain polymers synthesized from propylene or propylene and other
olefins under controlled conditions of heat and pressure, with the aid of catalysts. Examples of
other olefins most commonly used include ethylene and butene. The propylene polymers, the
ingredients used to manufacture the propylene polymers, and the ingredients used in the
fabrication of the containers conform to the applicable sections of the Code of Federal
Regulations, Title 21.
Factors such as plastic composition, processing and cleaning procedures, contacting media,
inks, adhesives, absorption, adsorption and permeability of preservatives, and conditions of
storage may also affect the suitability of a plastic for a specific use. The suitability of a
specific polypropylene must be established by appropriate testing.
Polypropylene has a distinctive IR spectrum and possesses characteristic thermal properties. It
has a density between 0.880 and 0.913 g per cm3. The permeation properties of molded
polypropylene containers may be altered when reground polymer is incorporated, depending on
the proportion of reground material in the final product. Other properties that may affect the
suitability of polypropylene used in containers for packaging drugs are the following: oxygen
and moisture permeability, modulus of elasticity, melt flow index, environmental stress crack
resistance, and degree of crystallinity after molding. The requirements in this section are to be
met when dry solid and liquid oral dosage forms are to be packaged in a container defined by
this section.
Infrared Spectroscopy—Proceed as directed for Multiple Internal Reflectance under Test
Methods. The corrected spectrum of the specimen exhibits major absorption bands only at the
same wavelengths as the spectrum of the respective USP Homopolymer Polypropylene RS or
copolymer polypropylene standard, similarly determined.
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Differential Scanning Calorimetry—Proceed as directed for Thermal Analysis under Test
Methods. The temperature of the endotherm (melt) in the thermogram does not differ from that
of the USP Reference Standard for homopolymers by more than 6.0 . The temperature of the
endotherm obtained from the thermogram of the copolymer polypropylene specimen does not
differ from that of the copolymer polypropylene standard by more than 12.0 .
Heavy Metals and Nonvolatile Residue—Prepare extracts of specimens for these tests as
directed for Sample Preparation in the section Physicochemical Tests under Test Methods,
except that for each 20 mL of Extracting Medium the portion shall be 60 cm2, regardless of
thickness.
HEAVY METALS—Containers meet the requirements for Heavy Metals in the section
Physicochemical Tests under Test Methods.
NONVOLATILE RESIDUE—Proceed as directed for Nonvolatile Residue in the section
Physicochemical Tests under Test Methods, except that the Blank shall be the same solvent
used in each of the following test conditions: the difference between the amounts obtained
from the Sample Preparation and the Blank does not exceed 10.0 mg when water maintained at
a temperature of 70 is used as the Extracting Medium; does not exceed 60.0 mg when alcohol
maintained at a temperature of 70 is used as the Extracting Medium; and does not exceed
225.0 mg when hexanes maintained at a temperature of 50 is used as the Extracting Medium.
Containers meet these requirements for Nonvolatile Residue for all of the above extracting
media. [Note—Hexanes and alcohol are flammable. When evaporating these solvents, use a
current of air with the water bath; when drying the residue, use an explosion-proof oven. ]
Components Used in Contact with Oral Liquids—Proceed as directed for Buffering Capacity
in the section Physicochemical Tests under Test Methods.
POLYETHYLENE TEREPHTHALATE BOTTLES AND POLYETHYLENE TEREPHTHALATE G
CONTAINERS
Scope
The standards and tests provided in this section characterize polyethylene terephthalate (PET)
and polyethylene terephthalate G (PETG) bottles that are interchangeably suitable for
packaging liquid oral dosage forms. Where stability studies have been performed to establish
the expiration date of a particular liquid oral dosage form in a bottle meeting the requirements
set forth herein for either PET or PETG bottles, any other PET or PETG bottle meeting these
requirements may be similarly used to package such a dosage form, provided that the
appropriate stability programs are expanded to include the alternative bottle in order to ensure
that the identity, strength, quality, and purity of the dosage form are maintained throughout
the expiration period. The suitability of a specific PET or PETG bottle for use in the dispensing
of a particular pharmaceutical liquid oral dosage form must be established by appropriate
testing.
Background
PET resins are long-chain crystalline polymers prepared by the condensation of ethylene glycol
with dimethyl terephthalate or terephthalic acid. PET copolymer resins are prepared in a similar
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way, except that they may also contain a small amount of either isophthalic acid (not more
than 3 mole percent) or 1,4-cyclohexanedimethanol (not more than 5 mole percent).
Polymerization is conducted under controlled conditions of heat and vacuum, with the aid of
catalysts and stabilizers.
PET copolymer resins have physical and spectral properties similar to PET and for practical
purposes are treated as PET. The tests and specifications provided in this section to
characterize PET resins and bottles apply also to PET copolymer resins and to bottles
fabricated from them.
PET and PET copolymer resins generally exhibit a large degree of order in their molecular
structure. As a result, they exhibit characteristic composition-dependent thermal behavior,
including a glass transition temperature of about 76 and a melting temperature of about 250 .
These resins have a distinctive IR absorption spectrum that allows them to be distinguished
from other plastic materials (e.g., polycarbonate, polystyrene, polyethylene, and PETG resins).
PET and PET copolymer resins have a density between 1.3 and 1.4 g per cm3 and a minimum
intrinsic viscosity of 0.7 dL per g, which corresponds to a number average molecular weight of
about 23,000 Da.
PETG resins are high molecular weight polymers prepared by the condensation of ethylene
glycol with dimethyl terephthalate or terephthalic acid and 15 to 34 mole percent of 1,4cyclohexanedimethanol. PETG resins are clear, amorphous polymers, having a glass transition
temperature of about 81 and no crystalline melting point, as determined by differential
scanning calorimetry. PETG resins have a distinctive IR absorption spectrum that allows them to
be distinguished from other plastic materials, including PET. PETG resins have a density of
approximately 1.27 g per cm3 and a minimum intrinsic viscosity of 0.65 dL per g, which
corresponds to a number average molecular weight of about 16,000 Da.
PET and PETG resins, and other ingredients used in the fabrication of these bottles, conform to
the requirements in the applicable sections of the Code of Federal Regulations, Title 21,
regarding use in contact with food and alcoholic beverages. PET and PETG resins do not
contain any plasticizers, processing aids, or antioxidants. Colorants, if used in the manufacture
of PET and PETG bottles, do not migrate into the contained liquid.
Infrared Spectroscopy—Proceed as directed under Multiple Internal Reflectance in the
section Test Methods. The corrected spectrum of the specimen exhibits major absorption bands
only at the same wavelengths as the spectrum of USP Polyethylene Terephthalate RS, or USP
Polyethylene Terephthalate G RS, similarly determined.
Differential Scanning Calorimetry—Proceed as directed under Thermal Analysis in the
section Test Methods. For polyethylene terephthalate, the thermogram of the specimen is
similar to the thermogram of USP Polyethylene Terephthalate RS, similarly determined: the
melting point (T m) of the specimen does not differ from that of the USP Reference Standard by
more than 9.0 , and the glass transition temperature (T g) of the specimen does not differ from
that of the USP Reference Standard by more than 4.0 . For polyethylene terephthalate G, the
thermogram of the specimen is similar to the thermogram of USP Polyethylene Terephthalate G
RS, similarly determined: the glass transition temperature (T g) of the specimen does not differ
from that of the USP Reference Standard by more than 6.0 .
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Colorant Extraction—Select three test bottles. Cut a relatively flat portion from the side wall
of one bottle, and trim it as necessary to fit the sample holder of the spectrophotometer.
Obtain the visible spectrum of the side wall by scanning the portion of the visible spectrum from
350 to 700 nm. Determine, to the nearest 2 nm, the wavelength of maximum absorbance. Fill
the remaining two test bottles, using 50% alcohol for PET bottles and 25% alcohol for PETG
bottles. Fit the bottles with impervious seals, such as aluminum foil, and apply closures. Fill a
glass bottle having the same capacity as that of the test bottles with the corresponding
solvent, fit the bottle with an impervious seal, such as aluminum foil, and apply a closure.
Incubate the test bottles and the glass bottle at 49 for 10 days. Remove the bottles, and
allow them to equilibrate to room temperature. Concomitantly determine the absorbances of the
test solutions in 5-cm cells at the wavelength of maximum absorbance (see Spectrophotometry
and Light–Scattering 851 ), using the corresponding solvent from the glass bottle as the
blank. The absorbance values so obtained are less than 0.01 for both test solutions.
Heavy Metals, Total Terephthaloyl Moieties, and Ethylene Glycol—
EXTRACTING MEDIA—
Purified Water—(see monograph).
50 Percent Alcohol—Dilute 125 mL of alcohol with water to 238 mL, and mix.
25 Percent Alcohol—Dilute 125 mL of 50 Percent Alcohol with water to 250 mL, and mix.
n-Heptane.
GENERAL PROCEDURE—[Note—Use an Extracting Medium of 50 Percent Alcohol for PET bottles
and 25 Percent Alcohol for PETG bottles. ] For each Extracting Medium, fill a sufficient number
of test bottles to 90% of their nominal capacity to obtain not less than 30 mL. Fill a
corresponding number of glass bottles with Purified Water, a corresponding number of glass
bottles with 50 Percent Alcohol or 25 Percent Alcohol, and a corresponding number of glass
bottles with n-Heptane for use as Extracting Media blanks. Fit the bottles with impervious
seals, such as aluminum foil, and apply closures. Incubate the test bottles and the glass
bottles at 49 for 10 days. Remove the test bottles with the Extracting Media samples and the
glass bottles with the Extracting Media blanks, and store them at room temperature. Do not
transfer the Extracting Media samples to alternative storage vessels.
HEAVY METALS—Pipet 20 mL of the Purified Water extract of the test bottles, filtered if
necessary, into one of two matched 50-mL color-comparison tubes, and retain the remaining
Purified Water extract in the test bottles for use in the test for Ethylene Glycol. Adjust the
extract with 1 N acetic acid or 6 N ammonium hydroxide to a pH between 3.0 and 4.0, using
short-range pH paper as an external indicator. Dilute with water to about 35 mL, and mix.
Into the second color-comparison tube, pipet 2 mL of freshly prepared (on day of use)
Standard Lead Solution (see Heavy Metals 231 ), and add 20 mL of Purified Water. Adjust
with 1 N acetic acid or 6 N ammonium hydroxide to a pH between 3.0 and 4.0, using shortrange pH paper as an external indicator. Dilute with water to about 35 mL, and mix.
To each tube add 1.2 mL of thioacetamide–glycerin base TS and 2 mL of pH 3.5 Acetate Buffer
(see Heavy Metals 231 ), dilute with water to 50 mL, and mix: any color produced within 10
minutes in the tube containing the Purified Water extract of the test bottles does not exceed
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that in the tube containing the Standard Lead Solution, both tubes being viewed downward
over a white surface (1 ppm in extract).
TOTAL TEREPHTHALOYL MOIETIES—Determine the absorbance of the 50 Percent Alcohol or 25
Percent Alcohol extract in a 1-cm cell at the wavelength of maximum absorbance at about 244
nm (see Spectrophotometry and Light–Scattering 851 ), using as the blank the
corresponding Extracting Medium blank: the absorbance of the extract does not exceed 0.150,
corresponding to not more than 1 ppm of total terephthaloyl moieties.
Determine the absorbance of the n-Heptane extract in a 1-cm cell at the wavelength of
maximum absorbance at about 240 nm (see Spectrophotometry and Light-Scattering 851 ),
using as the blank the n-Heptane Extracting Medium: the absorbance of the extract does not
exceed 0.150, corresponding to not more than 1 ppm of total terephthaloyl moieties.
ETHYLENE GLYCOL—
Periodic Acid Solution—Dissolve 125 mg of periodic acid in 10 mL of water.
Dilute Sulfuric Acid—To 50 mL of water add slowly and with constant stirring 50 mL of sulfuric
acid, and allow to cool to room temperature.
Sodium Bisulfite Solution—Dissolve 0.1 g of sodium bisulfite in 10 mL of water. Use this solution
within 7 days.
Disodium Chromotropate Solution—Dissolve 100 mg of disodium chromotropate in 100 mL of
sulfuric acid. Protect this solution from light, and use within 7 days.
Standard Solution—Dissolve an accurately weighed quantity of ethylene glycol in water, and
dilute quantitatively, and stepwise if necessary, to obtain a solution having a known
concentration of about 1 µg per mL.
Test Solution—Use the Purified Water extract.
Procedure—Transfer 1.0 mL of the Standard Solution to a 10-mL volumetric flask. Transfer 1.0
mL of the Test Solution to a second 10-mL volumetric flask. Transfer 1.0 mL of the Purified
Water Extracting Medium to a third 10-mL volumetric flask. To each of the three flasks, add
100 µL of Periodic Acid Solution, swirl to mix, and allow to stand for 60 minutes. Add 1.0 mL of
Sodium Bisulfite Solution to each flask, and mix. Add 100 µL of Disodium Chromotropate
Solution to each flask, and mix. [Note—All solutions should be analyzed within 1 hour after
addition of the Disodium Chromotropate Solution. ] Cautiously add 6 mL of sulfuric acid to each
flask, mix, and allow the solutions to cool to room temperature. [Caution–Dilution of sulfuric
acid produces substantial heat and can cause the solution to boil. Perform this addition
carefully. Sulfur dioxide gas will be evolved. Use of a fume hood is recommended.] Dilute each
solution with Dilute Sulfuric Acid to volume, and mix. Concomitantly determine the absorbances
of the solutions from the Standard Solution and the Test Solution in 1-cm cells at the
wavelength of maximum absorbance at about 575 nm (see Spectrophotometry and LightScattering 851 ), using as the blank the solution from the Purified Water Extracting Medium:
the absorbance of the solution from the Test Solution does not exceed that of the solution
from the Standard Solution, corresponding to not more than 1 ppm of ethylene glycol.
TEST METHODS
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Multiple Internal Reflectance
Apparatus—Use an IR spectrophotometer capable of correcting for the blank spectrum and
equipped with a multiple internal reflectance accessory and a KRS-5 internal reflection plate.1 A
KRS-5 crystal 2-mm thick having an angle of incidence of 45 provides a sufficient number of
reflections.
Specimen Preparation—Cut two flat sections representative of the average wall thickness of
the container, and trim them as necessary to obtain segments that are convenient for
mounting in the multiple internal reflectance accessory. Taking care to avoid scratching the
surfaces, wipe the specimens with dry paper or, if necessary, clean them with a soft cloth
dampened with methanol, and permit them to dry. Securely mount the specimens on both sides
of the KRS-5 internal reflection plate, ensuring adequate surface contact. Prior to mounting the
specimens on the plate, they may be compressed to thin uniform films by exposing them to
temperatures of about 177 under high pressures (15,000 psi or more).
General Procedure—Place the mounted specimen sections within the multiple internal
reflectance accessory, and place the assembly in the specimen beam of the IR
spectrophotometer. Adjust the specimen position and mirrors within the accessory to permit
maximum light transmission of the unattenuated reference beam. (For a double-beam
instrument, upon completing the adjustments in the accessory, attenuate the reference beam
to permit full-scale deflection during the scanning of the specimen.) Determine the IR spectrum
from 3500 to 600 cm–1 for polyethylene and polypropylene and from 4000 to 400 cm–1 for PET
and PETG.
Thermal Analysis
General Procedure—Cut a section weighing about 12 mg, and place it in the test specimen
pan. [Note—Intimate contact between the pan and the thermocouple is essential for
reproducible results. ] Determine the thermogram under nitrogen, using the heating and cooling
conditions as specified for the resin type and using equipment capable of performing the
determinations as specified under Thermal Analysis

891 .

For Polyethylene—Determine the thermogram under nitrogen at temperatures between 40
and 200 at a heating rate between 2 and 10 per minute followed by cooling at a rate
between 2 and 10 per minute to 40 .
For Polypropylene—Determine the thermogram under nitrogen at temperatures ranging from
ambient to 30 above the melting point. Maintain the temperature for 10 minutes, then cool to
50 below the peak crystallization temperature at a rate of 10 to 20 per minute.
For Polyethylene Terephthalate—Heat the specimen from room temperature to 280 at a
heating rate of about 20 per minute. Hold the specimen at 280 for 1 minute. Quickly cool the
specimen to room temperature, and reheat it to 280 at a heating rate of about 5 per minute.
For Polyethylene Terephthalate G—Heat the specimen from room temperature to 120 at a
heating rate of about 20 per minute. Hold the specimen at 120 for 1 minute. Quickly cool the
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specimen to room temperature, and reheat it to 120 at a heating rate of about 10 per
minute.
Biological Tests
The in vitro biological tests are performed according to the procedures set forth under
Biological Reactivity Test, In Vitro 87 . Components that meet the requirements of the in
vitro tests are not required to undergo further testing. No plastic class designation is assigned
to these materials. Materials that do not meet the requirements of the in vitro tests are not
suitable for containers for drug products.
If a plastic class designation is needed for plastics and other polymers that meet the
requirements under Biological Reactivity Test, In Vitro

87 , perform the appropriate in vivo

test specified for Classification of Plastics under Biological Reactivity Test, In Vivo

88 .

Physicochemical Tests
The following tests, designed to determine physical and chemical properties of plastics and
their extracts, are based on the extraction of the plastic material, and it is essential that the
designated amount of the plastic be used. Also, the specified surface area must be available for
extraction at the designated temperature.
Testing Parameters—
Extracting Medium—Unless otherwise directed in a specific test below, use Purified Water (see
monograph) as the Extracting Medium, maintained at a temperature of 70 during the
extraction of the Sample Preparation.
Blank—Use Purified Water where a blank is specified in the tests that follow.
Apparatus—Use a water bath and the Extraction Containers as described under Biological
Reactivity Tests, In Vivo

88 . Proceed as directed in the first paragraph of Preparation of

Apparatus under Biological Reactivity Tests, In Vivo
equipment need not be sterile. ]

88 . [Note—The containers and

Sample Preparation—From a homogeneous plastic specimen, use a portion, for each 20.0 mL of
Extracting Medium, equivalent to 120 cm2 total surface area (both sides combined), and
subdivide into strips approximately 3 mm in width and as near to 5 cm in length as is practical.
Transfer the subdivided sample to a glass-stoppered, 250-mL graduated cylinder of Type I
glass, and add about 150 mL of Purified Water. Agitate for about 30 seconds, drain off and
discard the liquid, and repeat with a second washing.
Sample Preparation Extract—Transfer the prepared Sample Preparation to a suitable extraction
flask, and add the required amount of Extracting Medium. Extract by heating in a water bath at
the temperature specified for the Extracting Medium for 24 hours. Cool, but not below 20 .
Pipet 20 mL of the prepared extract into a suitable container. [Note—Use this portion in the
test for Buffering Capacity. ] Immediately decant the remaining extract into a suitably cleansed
container, and seal.
Nonvolatile Residue—Transfer, in suitable portions, 50.0 mL of the Sample Preparation
Extract to a suitable, tared crucible (preferably a fused-silica crucible that has been acid-
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cleaned), and evaporate the volatile matter on a steam bath. Similarly evaporate 50.0 mL of
the Blank in a second crucible. [Note—If an oily residue is expected, inspect the crucible
repeatedly during the evaporation and drying period, and reduce the amount of heat if the oil
tends to creep along the walls of the crucible. ] Dry at 105 for 1 hour: the difference between
the amounts obtained from the Sample Preparation Extract and the Blank does not exceed 15
mg.
Residue on Ignition 281 —[Note—It is not necessary to perform this test when the
Nonvolatile Residue test result does not exceed 5 mg. ] Proceed with the residues obtained
from the Sample Preparation Extract and from the Blank in the test for Nonvolatile Residue
above, using, if necessary, additional sulfuric acid but adding the same amount of sulfuric acid
to each crucible: the difference between the amounts of residue on ignition obtained from the
Sample Preparation Extract and the Blank does not exceed 5 mg.
Heavy Metals—Pipet 20 mL of the Sample Preparation Extract, filtered if necessary, into one
of two matched 50-mL color-comparison tubes. Adjust with 1 N acetic acid or 6 N ammonium
hydroxide to a pH between 3.0 and 4.0, using short-range pH paper as an external indicator,
dilute with water to about 35 mL, and mix.
Into the second color-comparison tube pipet 2 mL of Standard Lead Solution (see Heavy Metals
231 ), and add 20 mL of the Blank. Adjust with 1 N acetic acid or 6 N ammonium hydroxide
to a pH between 3.0 and 4.0, using short-range pH paper as an external indicator, dilute with
water to about 35 mL, and mix. To each tube add 1.2 mL of thioacetamide–glycerin base TS
and 2 mL of pH 3.5 Acetate Buffer (see Heavy Metals 231 ), dilute with water to 50 mL, and
mix: any brown color produced within 10 minutes in the tube containing the Sample Preparation
Extract does not exceed that in the tube containing the Standard Lead Solution, both tubes
being viewed downward over a white surface (1 ppm in extract).
Buffering Capacity—Titrate the previously collected 20-mL portion of the Sample Preparation
Extract potentiometrically to a pH of 7.0, using either 0.010 N hydrochloric acid or 0.010 N
sodium hydroxide, as required. Treat a 20.0-mL portion of the Blank similarly: if the same titrant
was required for both the Sample Preparation Extract and the Blank, the difference between
the two volumes is not greater than 10.0 mL; and if acid was required for either the Sample
Preparation Extract or the Blank and alkali for the other, the total of the two volumes required
is not greater than 10.0 mL.

INTRODUCTION
Systems constructed from plastic materials and components are used to package therapeutic
products (pharmaceuticals, biologics, dietary supplements and devices). Such systems and
their associated materials and components of construction are considered and defined in
Packaging and Storage Requirements 659 . The plastics used in packaging systems are
composed of homologous polymers with a range of molecular weights and contain additives
such as antioxidants, stabilizers, lubricants, plasticizers, colorants, and others. The nature and
amount of additives in the plastics used for packaging systems are dictated by the type of
polymer, the polymer's use, and the process used to convert the polymer into components,
containers, or packaging systems.
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Therapeutic products come into direct contact with packaging systems and their plastic
materials of construction as the product is manufactured, stored, and administered. Such
contact may result in an interaction between the therapeutic products and the packaging
systems and its materials or components of construction. These interactions must be such that
the suitability for use (including its safety and efficacy) of the therapeutic product and the
packaging systems is not adversely affected by the interaction. Obtaining such a necessary
and desirable outcome is facilitated by the use of well-characterized plastic materials of
construction in components, containers, and packaging systems and by the appropriate testing
of packaging systems.
SCOPE
Establishing the suitability of plastic packaging systems for therapeutic products involves
multiple tests and testing procedures, as briefly outlined below:
Material screening: Characterization of a packaging system's materials of construction
to evaluate ingredients as probable extractables and tentative leachables. Such a
characterization facilitates the identification of materials that are suitable for use in
packaging systems.
Controlled extraction (simulation) study: Worst-case controlled extraction (simulation)
study to determine the extent to which extractables may become probable leachables
(for additional information, see Assessment of Extractables Associated with
Pharmaceutical Packaging/Delivery Systems 1663 ).
Product assessment: Actual-case measurement of confirmed leachables (for additional
information, see Assessment of Drug Product Leachables Associated with
Pharmaceutical Packaging/Delivery Systems

1664 ).

The process of manufacturing a packaged therapeutic product is complex. Considering the
packaging system specifically, packaging systems typically consist of components that are
individually manufactured from plastic materials of construction. These individual plastic
materials of construction are initially generated from reagents that are reacted to produce a
base polymer, which is then compounded with various additives to produce a base resin.
Individual base resins are combined with additional additives and processing aids to form a
plastic material of construction. Testing of these plastic materials of construction to establish
that they are well characterized and suitable for use in packaging systems is within the scope
of this series of chapters and is addressed in Plastic Materials of Construction

661.1 .

Individual plastic materials of construction are combined to form components of the packaging
system. The packaging system is completed by assembling its various components into its final
form. Testing of packaging systems to establish that they are suited for their intended uses is
within the scope of this series of chapters and is addressed in Plastic Packaging Systems for
Pharmaceutical Use

661.2 .

Assembled packaging systems are filled to contain the therapeutic product by various means
and at various points in the packaging system manufacturing process, thereby generating the
packaged therapeutic product. Testing of packaged therapeutic products to establish that they
are suited for their intended uses is addressed in compendial monographs relevant to the
specific therapeutic product and falls outside of the scope of this series of chapters.
2S (USP38)
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1 The multiple internal reflectance accessory and KRS-5 plate are available from several sources, including
Beckman Instruments, Inc., 2500 Harbor Blvd., Fullerton, C A 92634, and from Perkin Elmer C orp., Main Ave.,
Norwalk, C T 06856.

BRIEFING
661.1 Plastic Materials of Construction, PF 39(5) [Sept.–Oct. 2013]. On the basis of
comments received, the proposed chapter that first appeared in PF 39(5) [Sept.–Oct. 2013]
has been canceled and is replaced with this new version. Containers—Plastics

661

is being

revised and will be titled Plastic Packaging Systems and Their Materials of Construction 661 .
It will provide the testing rationale for plastic materials of construction and packaging systems
used for the pharmaceutical industry. USP recognizes that the use of well-characterized
materials to construct a packaging system is a primary means of ensuring that the packaging
system is suited for its intended use because the properties and characteristics of the
materials can be matched to the performance requirements of the packaging system. This new
general test chapter will help determine whether a material is deemed well characterized by
establishing its:
1.
2.
3.
4.
5.

Identity
Biocompatibility (biological reactivity)
General physicochemical properties
Additives
Extractable metals

Plastic packaging systems for pharmaceutical products must be suitable for their intended
uses. That is, the packaging system should adequately protect the pharmaceutical product, be
compatible with the pharmaceutical product, and be composed of materials that are safe for
use. From a chemical perspective, plastic packaging systems used in pharmaceutical
applications should be such that the ingredients of the pharmaceutical product are not
adsorbed onto the surface of the packaging system, are not absorbed into the body of the
packaging system, and do not migrate through the packaging system (compatibility).
Furthermore, the packaging system should not release substances that can accumulate in the
pharmaceutical product in quantities sufficient to affect its stability (which addresses
compatibility) or present a risk of toxicity (which addresses safety). A third general test
chapter, Plastic Packaging Systems for Pharmaceutical Use
and standards for plastic packaging systems.

661.2 , will provide test methods

The Stimuli article entitled, “USP Plastic Packaging General Chapters: An Overview”, was
published in PF 39(6) [Nov.–Dec. 2013] and discusses the general approach for the new suite
of 661 chapters and the rationale for methods and specifications chosen. Also, a new
general information chapter, The Evaluation of Plastic Packaging Systems and Their Materials of
Construction with Respect to Their User Safety Impact

1661 , will be proposed in PF 40(6)

[Nov.–Dec. 2014] to communicate the key concepts that form the foundation of the
chapters and to establish and clarify their application and applicability.
(GCPS: D. Hunt.)

661
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Correspondence Number—C140441

Comment deadline: November 30, 2014
Add the following:
661.1

PLASTIC MATERIALS OF CONSTRUCTION
INTRODUCTION

The use of well-characterized materials to construct packaging systems is a primary means of
ensuring that the packaging system is suited for its intended use. Materials are characterized
so that their properties and characteristics can be matched to the performance requirements of
the packaging system, thus facilitating the intentional selection of appropriate materials. For
the purposes of this chapter, a plastic material of construction is deemed to be wellcharacterized for its intended use if the following characteristics have been adequately
established: its identity, biocompatibility (biological reactivity), general physicochemical
properties, and composition (i.e., additives and extractable metals likely to be present).
Establishing the potential safety effect of a material of construction cannot rely on a single
testing strategy, because a single testing strategy cannot cover all of the material's attributes
that have a potential safety impact. Thus, the chemical testing prescribed in the chapter is
orthogonal in that the Physicochemical Tests sections provide a general overview of extracted
substances, the Extractable Metals sections address potential sources of elemental impurities;
and the information on plastic additives tests addresses potential organic extractables.
Because chemical testing alone may not be adequate to establish a material's suitability for
use, chemical testing is augmented by the orthogonal approach of establishing biological
reactivity.
SCOPE
The purpose of this chapter is to provide test methods and specifications for plastic materials
of construction used in packaging systems. This chapter solely applies to individual plastic
materials and should not be applied to packaging systems or components consisting of multiple
individual plastic materials. The testing and qualification of plastic packaging systems and
components for pharmaceutical use are covered in Plastic Packaging Systems for
Pharmaceutical Use 661.2 .
This chapter contains tests, methods, and specifications for the following materials:
polyethylene, polyolefins, polypropylene, polyethylene terephthalate, polyethylene
terephthalate G, and polyvinyl chloride. Other plastic materials of construction can be used in
packaging systems if their suitability for use has been established by testing that is consistent
with the general procedures and specifications provided in this chapter for the abovementioned materials. Alternatively, individual plastic materials of construction are deemed to be
well characterized and appropriate for use if they are used in a packaging system that meets
the requirements in 661.2 or if the packaging system has been deemed appropriate for
pharmaceutical use by the appropriate regulatory authority. Such a conclusion is only valid for
the specific packaging system that meets the requirements of

661.2

and cannot be

PF 40(5): Sep.-Oct. 2014

112

extended to other packaging systems using the same material (or materials) of construction. If
the same material of construction is used in another packaging system, then its suitability for
use in that packaging system must be established.
Given the wide variety of materials and packaging systems available, and the potential for new
developments in materials and packaging systems, it is possible that plastic packaging systems
could be constructed from materials that are not specifically addressed in this chapter.
Materials of construction that are not specifically addressed in this chapter are termed
“unaddressed materials”. For an unaddressed material to be deemed compliant with this
chapter, it must be characterized in ways that are comparable to those used for the materials
specified in this chapter. Specifically, the unaddressed material of construction must be
identified by appropriate methodology and tested for biocompatibility, physicochemical
properties, additives, and relevant extracted metals.
Furthermore, specifications must be established for unaddressed materials, and such
specifications should be consistent with the specifications for materials addressed in this
chapter. For example, unaddressed materials whose aqueous extracts are tested for their total
organic carbon (TOC) levels shall have specifications for TOC that are consistent with the TOC
specifications for materials addressed in this chapter. Alternatively, unaddressed materials may,
in justified circumstances, comply with other specifications, subject to approval by an
appropriate regulatory authority.
The test methods in this chapter are appropriate for their purpose, as evidenced by their
longstanding use, and thus they reflect acceptable practices. However, other methods and
procedures may be equally suitable. Therefore, alternative test methods and procedures can be
used but must be suitable, validated, and equivalent to or better than the compendial methods.
Table 1 provides guidance on the appropriate application of the chemical tests and biological
reactivity tests to individual dosage forms.
Dosage Forms

Oral Tablets, Oral
Hard and Soft Gelatin
Capsules, Oral
Powders, and Topical
Powders

Table 1. Guidelines for Application of Tests
Biological Reactivity Tests
Chemical Tests
Perform Biological Reactivity
Tests, In Vitro 87
Components that meet the
requirements of these tests do
not need to undergo testing as
described in Biological
Reactivity Tests, In Vivo 88
Materials that do not meet the
requirements of the in vitro
tests are not suitable for these
dosage forms

Perform Identification,
Physicochemical,
Extractable Metals, and
Plastic Additives tests as
directed for these dosage
forms
Materials that do not
meet these requirements
are not suitable for
packaging for these
dosage forms
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Perform Biological Reactivity
Tests, In Vitro 87
Perform Biological Reactivity
Tests, In Vivo 88 to obtain
the appropriate Classification
of Plastics
Materials that do not meet the
requirements of the in vivo or
the in vitro tests are not
suitable for containers for
these dosage forms

Perform Identification,
Physicochemical,
Extractable Metals, and
Plastic Additives tests as
directed for these dosage
forms
Materials that do not
meet these requirements
are not suitable for
containers for these
dosage forms

All other dosage
forms
SPECIFICATIONS
Polyethylene
IDENTIFICATION
Low-density polyethylene
Infrared spectrophotometry—Determine the infrared spectrum from 3800 cm 1 to 650 cm 1
(2.6–15 µm). The specimen exhibits an absorption spectrum that is substantially equivalent to
that of the USP Low-Density Polyethylene Reference Standard, and which may exhibit maxima
for relevant absorption bands, such as those at the following wavenumbers: 2920 cm 1, 2850
cm 1, 1465 cm 1, 1375 cm 1, 1170 cm 1, 730 cm 1, and 720 cm 1. Substantial, as
opposed to exact, equivalence allows for minor spectral differences arising from the natural
compositional and/or physical variation among polymers of this class. Substantial equivalence is
achieved when all differences between the sample and Reference Standard spectra can be
explained in the context of such natural compositional and/or physical variations.
Differential scanning calorimetry—The thermogram of the specimen is similar to the thermogram
of USP Low-Density Polyethylene RS, and the temperature of endotherm (melt) obtained from
the thermogram of the specimen does not differ from that of the Reference Standard by more
than 8.0 .
High-density polyethylene
Infrared spectrophotometry—Determine the infrared spectrum from 3800 cm 1 to 650 cm 1
(2.6–15 µm). The specimen exhibits an absorption spectrum that is substantially equivalent to
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that of USP High-Density Polyethylene RS, and which may exhibit maxima for relevant
absorption bands, such as those at the following wavenumbers: 2920 cm 1, 2850 cm 1, 1465
cm 1, 1375 cm 1, 1170 cm 1, 730 cm 1, and 720 cm 1. Substantial, as opposed to exact,
equivalence allows for minor spectral differences arising from the natural compositional and/or
physical variation among polymers of this class. Substantial equivalence is achieved when all
differences between the sample and Reference Standard spectra can be explained in the
context of such natural compositional and/or physical variations.
Differential scanning calorimetry—The thermogram of the specimen is similar to the thermogram
of USP High-Density Polyethylene RS, and the temperature of endotherm (melt) obtained from
the thermogram of the specimen does not differ from that of the Reference Standard by more
than 6.0 .
PHYSIOCHEMICAL TESTS
Absorbance: Maximum absorbance is 0.2.
Acidity or alkalinity: NMT 1.5 mL of 0.01 N sodium hydroxide is required to change the color of
the indicator to blue. NMT 1.0 mL of 0.01 N hydrochloric acid is required to reach the beginning
of the color change of the indicator from yellow to orange.
Total organic carbon: The difference between the sample and blank TOC concentrations is
NMT 5 mg/L.
EXTRACTABLE METALS
Aluminum: Solution S3 (see Table 2) contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Chromium: Solution S3 contains NMT 0.02 mg/L (ppm), corresponding to 0.05 µg/g.
Titanium: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Vanadium: Solution S3 contains NMT 0.04 mg/L (ppm), corresponding to 0.1 µg/g.
Zinc: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Zirconium: Solution S3 contains NMT 0.04 mg/L (ppm), corresponding to 1 µg/g.
Test results for additional relevant extractable metals are reported.
PLASTIC ADDITIVES, PHENOLIC ANTIOXIDANTS, NONPHENOLIC ANTIOXIDANTS, AMIDES, AND
STEARATES
The test results from these analyses are reported.
Polyolefins
IDENTIFICATION
Infrared spectrophotometry: Determine the infrared spectrum from 3800 cm 1 to 650 cm 1
(2.6–15 µm). The specimen exhibits an absorption spectrum that is substantially equivalent to
that of USP Cyclic Olefin Polymer RS or USP Cyclic Olefin Copolymer RS, and which may exhibit
maxima for relevant absorption bands, such as those at the following wavenumbers: 2920 cm
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1,

2850 cm 1, 1475 cm 1, 1380 cm 1, 1170 cm 1, 735 cm 1, and 720 cm 1. Substantial, as
opposed to exact, equivalence allows for minor spectral differences arising from the natural
compositional and/or physical variation among polymers of this class. Substantial equivalence is
achieved when all differences between the sample and Reference Standard spectra can be
explained in the context of such natural compositional and/or physical variations.
Differential scanning calorimetry: The thermogram of the specimen is similar to the
thermogram of the USP Cyclic Olefin Polymer RS or USP Cyclic Olefin Copolymer RS, and the
temperature of endotherm (melt) obtained from the thermogram of the specimen does not differ
from that of the Reference Standard by more than 8.0 .
PHYSIOCHEMICAL TESTS
Absorbance: Maximum absorbance is 0.2.
Acidity or alkalinity: NMT 1.5 mL of 0.01 N sodium hydroxide is required to change the color of
the indicator to blue. NMT 1.0 mL of 0.01 N hydrochloric acid is required to reach the beginning
of the color change of the indicator from yellow to orange.
Total organic carbon: The difference between the sample and blank TOC concentrations is
NMT 5 mg/L.
EXTRACTABLE METALS
Aluminum: Solution S3 (see Table 2) contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Titanium: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Zinc: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Test results for additional relevant extractable metals are reported.
Polypropylene
IDENTIFICATION
Infrared spectrophotometry: Determine the infrared spectrum from 3800 cm 1 to 650 cm 1
(2.6–15 µm). The specimen exhibits an absorption spectrum that is substantially equivalent to
that of the USP Homopolymer Polypropylene RS, and which may exhibit maxima for relevant
absorption bands, such as those at the following wavenumbers: 1375 cm 1, 1170 cm 1, 995
cm 1, and 970 cm 1. Substantial, as opposed to exact, equivalence allows for minor spectral
differences arising from the natural compositional and/or physical variation among polymers of
this class. Substantial equivalence is achieved when all differences between the sample and
Reference Standard spectra can be explained in the context of such natural compositional
and/or physical variations.
Differential scanning calorimetry: The temperature of the endotherm (melt) in the
thermogram does not differ from that of the USP Homopolymer Polypropylene RS by more than
12.0 .
PHYSIOCHEMICAL TESTS
Absorbance: Maximum absorbance is 0.2.
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Acidity or alkalinity: NMT 1.5 mL of 0.01 N sodium hydroxide is required to change the color of
the indicator to blue. NMT 1.0 mL of 0.01 N hydrochloric acid is required to reach the beginning
of the color change of the indicator from yellow to orange.
Total organic carbon: The difference between the sample and blank TOC concentrations is
NMT 5 mg/L.
EXTRACTABLE METALS
Aluminum: Solution S3 (see Table 2) contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Chromium: Solution S3 contains NMT 0.02 mg/L (ppm), corresponding to 0.05 µg/g.
Titanium: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Vanadium: Solution S3 contains NMT 0.04 mg/L (ppm), corresponding to 0.1 µg/g.
Zinc: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Test results for additional relevant extractable metals are reported.
Polyethylene Terephthalate and Polyethylene Terephthalate G
IDENTIFICATION
Infrared spectrophotometry: Determine the infrared spectrum from 3800 cm 1 to 650 cm 1
(2.6–15 µm). The specimen exhibits an absorption spectrum that is substantially equivalent to
that of USP Polyethylene Terephthalate RS or USP Polyethylene Terephthalate G RS, and which
may exhibit maxima for relevant absorption bands, such as those at the following
wavenumbers: 1725 cm 1, 1410 cm 1, 1265 cm 1, 1120 cm 1, 1020 cm 1, 875 cm 1, and
725 cm 1. Substantial, as opposed to exact, equivalence allows for minor spectral differences
arising from the natural compositional and/or physical variation among polymers of this class.
Substantial equivalence is achieved when all differences between the sample and Reference
Standard spectra can be explained in the context of such natural compositional and/or physical
variations.
Differential scanning calorimetry
Polyethylene terephthalate—The thermogram of the specimen is similar to the thermogram of
USP Polyethylene Terephthalate RS. The melting point (T m) obtained from the thermogram of
the specimen does not differ from that of the Reference Standard by more than 9.0 , and the
glass transition temperature (T g ) obtained from the thermogram of the specimen does not
differ from that of the Reference Standard by more than 4.0 .
Polyethylene terephthalate G—The thermogram of the specimen is similar to the thermogram of
USP Polyethylene Terephthalate G RS. The glass transition temperature (T g) obtained from the
thermogram of the specimen does not differ from that of the Reference Standard by more than
6.0 .
PHYSIOCHEMICAL TESTS
Absorbance: Maximum absorbance is 0.2 for Solution S1 and 0.05 for Solution S5. For colored
polyethylene terephthalate, maximum absorbance between 400 and 800 nm is 0.05 for Solution
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S1.
Acidity or alkalinity: NMT 0.5 mL of 0.01 N sodium hydroxide is required to change the color of
the indicator to blue. NMT 0.5 mL of 0.01 N hydrochloric acid is required to reach the beginning
of the color change of the indicator from yellow to orange.
Total organic carbon: The difference between the sample and blank TOC concentrations is
NMT 5 mg/L.
EXTRACTABLE METALS
Aluminum: Solution S3 (see Table 2) contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Antimony: Solution S4 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Barium: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Cobalt: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Germanium: Solution S4 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Manganese: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Titanium: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 0.1 µg/g.
Zinc: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.
Test results for additional relevant extractable metals are reported.
Polyvinyl Chloride
IDENTIFICATION
Infrared spectrophotometry: Determine the infrared spectrum from 3800 cm 1 to 600 cm 1
(2.6–16 µm). The specimen exhibits an absorption spectrum that is substantially equivalent to
that of the USP Polyvinyl Chloride RS, and which may exhibit maxima for relevant absorption
bands, such as those at the following wavenumbers: 2975 cm 1, 2910 cm 1, 2865 cm 1,
1430 cm 1, 1330 cm 1, 1255 cm 1, 690 cm 1, and 615 cm 1. Substantial, as opposed to
exact, equivalence allows for minor spectral differences arising from the natural compositional
and/or physical variation among polymers of this class. Substantial equivalence is achieved
when all differences between the sample and Reference Standard spectra can be explained in
the context of such natural compositional and/or physical variations.
Differential scanning calorimetry: The thermogram of the specimen is similar to the
thermogram of USP Polyvinyl Chloride RS, and the temperature of endotherm (melt) obtained
from the thermogram of the specimen does not differ from that of the Reference Standard by
more than 8.0 . Note that the results of the differential scanning calorimetry (DSC) analysis are
strongly dependent on the amount of plasticizer in the test article.
PHYSIOCHEMICAL TESTS
Absorbance: NMT 0.25 for Solution S1. For nonplasticized polyvinyl chloride materials only:
NMT 0.2 for Solution S6 for tin-stabilized materials or NMT 0.4 for Solution S6 for other
materials.
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Acidity or alkalinity: NMT 1.5 mL of 0.01 N sodium hydroxide is required to change the color of
the indicator to blue. NMT 1.0 mL of 0.01 N hydrochloric acid is required to reach the beginning
of the color change of the indicator from yellow to orange.
Total organic carbon: The difference between the sample and blank TOC concentrations is
NMT 5 mg/L.
EXTRACTABLE METALS
Barium: Solution S3 (see Table 2) contains NMT 0.25 mg/L (ppm), corresponding to 5 µg/g.
Cadmium: Solution S3 contains NMT 0.03 mg/L (ppm), corresponding to 0.6 µg/g.
Calcium: Solution S3 contains NMT 35 mg/L (ppm), corresponding to 0.07 weight %.
Tin: Solution S3 contains NMT 1 mg/L (ppm), corresponding to 20 µg/g.
Zinc: Solution S3 contains NMT 100 mg/L (ppm), corresponding to 0.2 weight %.
Test results for additional relevant extractable metals are reported.
PLASTIC ADDITIVES
Di(2-ethylhexyl)phthalate: Residue is NMT 40 mg.
N¢ N¢ ¢ -Diacylethylenediamines: Residue is NMT 20 mg.
Epoxidized soya oil: The difference between the masses of both residues is NMT 10 mg.
Epoxidized linseed oil: The difference between the masses of both residues is NMT 10 mg.
Vinyl chloride: NMT 1 ppm
TEST METHODS
Identification
The identification testing described in this chapter is required for all materials of construction
used in packaging systems. The identification test should be accomplished by using the
procedures specified in this chapter (infrared spectrophotometry and thermal analysis). If these
procedures are not applicable for a particular material, then an alternative procedure can be
used.
Specifications must be established for materials that are not specified in this chapter, and such
specifications should be consistent with the specifications established for materials that are
specified in this chapter. For example, a DSC specification for a material that is not currently
listed in this chapter should be consistent, in language and in rigor, with a DSC specification for
a material that is listed in this chapter (e.g., melt index agreement between sample and
reference material).
The identities of materials of construction only need to be established by one test procedure.
Infrared Spectrophotometry
Refer to Spectrophotometry and Light-Scattering

851 .

Apparatus: Use an infrared spectrophotometer capable of correcting for the blank spectrum
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and able to measure in transmission mode or equipped with an internal reflectance accessory
and an appropriate internal reflectance plate.
Sample preparation
Transmission mode—Prepare a specimen of appropriate thickness (polyethylene about 250 µm;
polypropylene about 100 µm) without visible defects (cracks or holes). The specimens can be
compressed to form a thin, uniform film by exposure to elevated temperatures and pressures
(2000 psi or more). The temperatures at which the thin films are generated represent a tradeoff between producing a melt (which dictates the lowest temperature necessary) and
degrading the sample (which dictates the highest temperature allowed). Ultimately, the
temperatures that are used are appropriate if the film produced is conducive to the IR analysis.
Internal reflectance mode—Prepare a flat section, and trim it as necessary to obtain a
segment that is convenient for mounting in the internal reflectance accessory. Taking care to
avoid scratching the surfaces, wipe the specimen with dry paper or, if necessary, a soft cloth
dampened with methanol, and permit the surfaces to dry. Before mounting the specimen on the
plate, compress it to form a thin, uniform film by exposure to elevated temperatures under high
pressure (2000 psi or more). Then securely mount the specimen on the internal reflection plate,
ensuring adequate surface contact.
Procedure: Place the mounted specimen sections in the sample compartment of the infrared
spectrophotometer or the internal reflectance accessory, and place the assembly in the
specimen beam of the infrared spectrophotometer. For internal reflectance, adjust the
specimen position and mirrors within the accessory to permit maximum light transmission of the
unattenuated reference beam. (For a double-beam instrument, attenuate the reference beam
after completing the adjustment in the accessory to permit full-scale deflection during the
scanning of the specimen.)
Thermal Analysis
Refer to Thermal Analysis

891 .

Sample preparation: Place about 12 mg of sample in the test specimen pan. [Note—Intimate
contact between the pan and the thermocouple is essential for obtaining reproducible results.]
Determine the thermogram under nitrogen, using heating/cooling conditions specified for the
polymer type and using equipment capable of performing the determinations as described in
891 . Thermograms are obtained for the test materials and their associated USP Reference
Standards.
Procedure
Polyethylene—Determine the thermogram under nitrogen at temperatures between 40 and 200
at a heating range between 2 and 10 /min, followed by cooling, at a rate between 2 and 10
/min, to 40 .
Polyethylene terephthalate—Heat the specimen from room temperature to 280 at a heating
rate of about 20 /min. Hold the specimen at 280 for 1 min. Quickly cool the specimen to room
temperature, and reheat it to 280 at a heating rate of 5 /min.
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Polyethylene terephthalate G—Heat the specimen from room temperature to 120 at a heating
rate of about 20 /min. Hold the specimen at 120 for 1 min. Quickly cool the specimen to room
temperature, and reheat it to 120 at a heating rate of 10 /min.
Polyolefin—Determine the thermogram under nitrogen at temperatures ranging from ambient to
30 above the melting point. Maintain the temperature for 10 min, then cool to 50 below the
peak crystallization temperature at a rate of 10 to 20 /min.
Polypropylene—Determine the thermogram under nitrogen at temperatures ranging from ambient
to 30 above the melting point. Maintain the temperature for 10 min, then cool to 50 below
the peak crystallization temperature at a rate of 10 to 20 /min.
Polyvinyl chloride—Heat the specimen from 20 to 120 at a heating rate of about 10 /min.
Quickly cool the specimen to room temperature.
Other materials—Specimens shall be heated and cooled in a manner that is appropriate for the
test material and that facilitates the generation of a useable thermogram.
Extractions
Physicochemical testing of the plastic material requires that it be extracted or dissolved.
Different tests are facilitated by various extraction methods. Table 2 describes the extracts
that are generated and the tests that are performed on those extracts. Subsequent
discussions address methods for producing the extracts. Note that these extracts may be used
for tests other than the physicochemical tests.
Table 2. Extractions Performed for Various Chemical Tests
Tests Performed on Plastic Using the Specified
Extracting Solution

Extraction

Extracting
Solution

S1

Water

S2

Toluene

S3

Acid

S4
S5

Alkali
Alcohol

Polyethylene,
Polyolefin, and
Polypropylene

Polyethylene
Terephthalate
and
Polyethylene
Terephthalate
G
Absorbance
Acidity/alkalinity
Total organic
carbon

Absorbance
Acidity/alkalinity
Total organic carbon
Phenolic antioxidants,
nonphenolic antioxidants,
amides, and stearatesb
N/A

Polyvinyl
Chloride
Absorbancea
Acidity/alkalinity
Total organic
carbon

N/A
Extractable
Extractable
metals: Al, Cr,
Extractable metals: Al, Cr, metals: Al, Cr, Ti, Ti, V, Zn, and
Ti, V,Zn, and Zrc
V, Zn, and Zrc
Zrc
Extractable
N/A
metals: Sb and Ge N/A
N/A
Absorbance
N/A

PF 40(5): Sep.-Oct. 2014

121

S6
Tetrahydrofuran N/A
N/A
a For both plasticized and nonplasticized polyvinyl chloride.

Absorbanced

b Although this extract is suitable for use with these specific ingredient methods, such an
extract could be useful for other tests designed to establish a material's composition.
c Extractable metals are listed in the appropriate sections of Chapter 3.1 of the European
Pharmacopoeia.
d For nonplasticized polyvinyl chloride only.
WATER EXTRACTION, SOLUTION S1
Polyethylene, polyolefins, and polypropylene: Place 25 g of the test material in a
borosilicate glass flask with a ground-glass neck. Add 500 mL of Purified Water, and boil under
reflux conditions for 5 h. Allow to cool, and filter the extracting solution through a sinteredglass filter, producing Solution S1. Use Solution S1 within 4 h of preparation.
Polyethylene terephthalate and polyethylene terephthalate G: Place 10 g of the test
material in a borosilicate glass flask with a ground-glass neck. Add 200 mL of Purified Water,
and heat at 50 for 5 h. Allow to cool, and decant the solution, which is designated Solution
S1. Use Solution S1 within 4 h of preparation.
Polyvinyl chloride—Place 25 g of the test material into a borosilicate glass flask. Add 500 mL of
Purified Water, cover the flask's neck with aluminum foil or a borosilicate beaker, and heat in an
autoclave at 121 ± 2 for 20 min. Allow the solution to cool and the solids to settle, then
decant the solution, which is designated Solution S1.
TOLUENE EXTRACTION, SOLUTION S2
Polyethylene, polyolefins, and polypropylene: Place 2.0 g of the test material in a 250-mL
borosilicate glass flask with a ground-glass neck. Add 80 mL of toluene and boil under a reflux
condenser for 1.5 h, stirring constantly. Allow to cool to 60 and add, with continued stirring,
120 mL of methanol. Pass the resulting solution through a sintered-glass filter. Rinse the flask
and the filter with 25 mL of a mixture of 40 mL of toluene and 60 mL of methanol, add the
rinsings to the filtrate, and dilute to 250 mL with the same mixture of solvents to produce
Solution S2. Prepare a blank solution.
ACID EXTRACTION, SOLUTION S3
Polyethylene, polyolefins, and polypropylene: Place 100 g of the test material in a
borosilicate glass flask with a ground-glass neck. Add 250 mL of 0.1 N hydrochloric acid and boil
under a reflux condenser for 1 h with constant stirring. Allow to cool, and decant the solution,
which is designated S3.
Polyethylene terephthalate and polyethylene terephthalate G: Place 20 g of the test
material in a borosilicate glass flask with a ground-glass neck. Add 50 mL of 0.1 N hydrochloric
acid, and heat at 50 for 5 h. Allow to cool, and decant the solution, producing Solution S3.
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Use Solution S3 within 4 h of preparation.
Polyvinyl chloride: Place 5 g in a borosilicate glass flask with a ground-glass neck. Add 100 mL
of 0.1 N hydrochloric acid, and boil under a reflux condenser for 1 h with constant stirring.
Allow to cool and the solids to settle, then decant the solution, which is designated Solution
S3.
ALKALI EXTRACTION, SOLUTION S4
Polyethylene terephthalate and polyethylene terephthalate G: Place 20 g of test material
in a borosilicate glass flask with a ground-glass neck. Add 50 mL of 0.01 N sodium hydroxide,
and heat at 50 for 5 h. Allow to cool and the solids to settle, then decant the solution,
producing Solution S4. Use Solution S4 within 4 h of preparation.
ALCOHOL EXTRACTION, SOLUTION S5
Polyethylene terephthalate and polyethylene terephthalate G: Place 10 g of the test
material in a borosilicate glass flask with a ground-glass neck. Add 100 mL of alcohol, absolute,
and heat at 50 for 5 h. Allow to cool and the solids to settle, then decant the solution,
producing Solution S5. Use Solution S5 within 4 h of preparation.
TETRAHYDROFURAN DISSOLUTION, SOLUTION S6
Polyvinyl chloride, nonplasticized materials only—Dissolve 5 g of the test material in 80 mL of
tetrahydrofuran and dilute to 100 mL with the same solvent. Filter if necessary (the solution
may remain opalescent). To 20 mL of the filtrate add, dropwise, 70 mL of alcohol 96% with
gentle shaking. Cool in ice for 1 h. Filter or centrifuge. Wash the residue with alcohol 96%, add
washings to the filtrate or centrifugation liquid, and dilute with alcohol 96% to 100 mL to
produce the alcohol sample.
Extraction Tests
ABSORBANCE
Refer to Spectrophotometry and Light-Scattering

851 .

Polyethylene, polyolefins, and polypropylene: Determine the spectrum between 220 and
340 nm in Solution S1.
Polyethylene terephthalate and polyethylene terephthalate G: Determine the spectrum
between 220 and 340 nm in Solution S1. For colored polyethylene terephthalate, determine the
spectrum between 400 and 800 nm in Solution S1. For colored and noncolored polyethylene
terephthalate, determine the spectrum between 400 and 800 nm in Solution S5.
Polyvinyl chloride: Evaporate 100 mL of Solution S1 to dryness. Dissolve the resulting residue
in 5 mL of hexane to produce the hexane sample. Pass the hexane sample, if necessary,
through a filter previously rinsed with hexane. Determine the spectrum between 250 and 310
nm in the hexane sample. Additionally, for nonplasticized polyvinyl chloride materials only,
determine the spectrum between 250 and 330 nm in the alcohol sample associated with
Solution S6.
ACIDITY OR ALKALINITY
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BRP indicator solution: 1.0 mg/mL of bromophenol blue, 0.2 mg/mL of methyl red, and 0.2
mg/mL of phenolphthalein in alcohol. Filter the resulting solution.
Methyl orange solution: Dissolve 100 mg of methyl orange in 80 mL of Purified Water, and
dilute with alcohol R to 100 mL. Test for sensitivity: Add 0.1 mL of Methyl orange solution to
100 mL of carbon dioxide-free Purified Water. NMT 0.1 mL of 1 N hydrochloric acid is required to
change the color from yellow to red.
Polyethylene, polyolefins, and polypropylene: To 100 mL of Solution S1 add 0.15 mL of BRP
indicator solution. Determine the titration volume of 0.01 N sodium hydroxide required to
change the color of the indicator to blue. To a separate, 100-mL portion of Solution S1 add 0.2
mL of Methyl orange solution. Determine the titration volume of 0.01 N hydrochloric acid
required to reach the beginning of the color change of the indicator from yellow to orange.
Polyethylene terephthalate and polyethylene terephthalate G: To 50 mL of Solution S1
add 0.15 mL of BRP indicator solution. Determine the titration volume of 0.01 N sodium
hydroxide required to change the color of the indicator to blue. To a separate 50 mL of Solution
S1 add 0.2 mL of Methyl orange solution. Determine the titration volume of 0.01 N hydrochloric
acid required to reach the beginning of the color change of the indicator from yellow to orange.
Polyvinyl chloride: To 100 mL of Solution S1 add 0.15 mL of BRP indicator solution. Determine
the titration volume of 0.01 N sodium hydroxide required to change the color of the indicator to
blue. To 100 mL of Solution S1 add 0.2 mL of Methyl orange solution. Determine the titration
volume of 0.01 N hydrochloric acid required to reach the beginning of the color change of the
indicator from yellow to orange.
TOTAL ORGANIC CARBON
The TOC content of Solution S1 is measured according to the general methodologies outlined in
Total Organic Carbon 643 . However, although 643 is designed for the testing of highpurity water with low TOC values, material extracts may have TOC values that are higher than
those of purified water because of extracted organic substances. Thus, the method used to
perform the TOC analyses should have a limit of detection of 0.2 mg/L (ppm) and should have a
demonstrated linear dynamic range from 0.2 to 20 mg/L (which encompasses the TOC limit). A
linear range with a higher upper concentration can be used if linearity is established. If sample
extracts exceed this upper linear range, they must be diluted appropriately for analysis.
Extractable Metals
The Extractable Metals testing described in this chapter is required for all plastic materials of
construction used in packaging systems, regardless of whether the material is specified in this
chapter. Specifically, all materials must be tested for those extractable metals listed in Table 2
and any other metals that are relevant in the sense that their presence in the test material is
known or can be reasonably anticipated.
PROCEDURE FOR EXTRACTION
Plastic materials used in packaging systems for medical articles do not dissolve under the
conditions of use. Rather, substances derived from packaging systems accumulate in the
packaged articles by the process of leaching (extraction). Thus, the appropriate and relevant
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sample-preparation process for assessing metals in a packaging system's materials of
construction is extraction, as opposed to complete digestion, of the plastic material. Solution
S3 (acidic extraction) and Solution S4 (alkaline extraction) prepared for Physicochemical Tests
(Table 2) are the material extracts that are tested for extractable metals.
PROCEDURE FOR EXTRACT ANALYSIS
Instrumentation and methods are those specified in Elemental Impurities—Procedures 233
and include an inductively coupled plasma–atomic emission spectrometer and an inductively
coupled plasma–mass spectrometer (see

851 ), as directed.

Plastic Additives
POLYETHYLENE, POLYOLEFINS, AND POLYPROPYLENE
These tests should be carried out in whole or in part as required due to the stated composition
of the material.
• PHENOLIC ANTIOXIDANTS
Solvent mixture: Acetonitrile and tetrahydrofuran (50:50, v/v)
Test solution S7: Evaporate 50 mL of Solution S2 to dryness under a vacuum at 45 . Dissolve
the resulting residue with 5.0 mL of the Solvent mixture to produce Test solution S7. Prepare a
blank solution from the blank solution corresponding to Solution S2.
Test solution S8: Evaporate 50 mL of Solution S2 to dryness under a vacuum at 45 . Dissolve
the residue with 5.0 mL of methylene chloride to produce Test Solution S8. Prepare a blank
solution from the blank solution corresponding to Solution S2.
Test solution S9 (polyolefins only): Evaporate 50 mL of Solution S2 to dryness under a
vacuum at 45 . Dissolve the residue in 5.0 mL of a mixture of equal volumes of acetonitrile and
a 10 g/L solution of tert-butyl hydroperoxide in tetrahydrofuran. Close the flask and allow to
stand for 1 h. The resulting solution is Test Solution S9. Prepare a blank solution using the blank
of Solution S2.
Reference solutions
Of the following reference solutions, prepare only those that are necessary for the analysis of
the phenolic antioxidants stated in the composition of the substance to be examined.
Reference solution A: 0.1 mg/mL of USP Butylated Hydroxytoluene RS and 0.24 mg/mL of USP
Plastic Additive 01 RS prepared in the Solvent mixture
Reference solution B: 0.24 mg/mL of USP Plastic Additive 03 RS and 0.24 mg/mL of USP
Plastic Additive 03 RS prepared in the Solvent mixture
Reference solution C: 0.24 mg/mL of USP Plastic Additive 04 RS and 0.24 mg/mL of USP
Plastic Additive 05 RS prepared in methylene chloride
Reference solution D: 0.1 mg/mL of USP Butylated Hydroxytoluene RS prepared in the Solvent
mixture
Reference solution E: 0.24 mg/mL of USP Plastic Additive 01 RS prepared in the Solvent
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mixture
Reference solution F: 0.24 mg/mL of USP Plastic Additive 06 RS prepared in the Solvent
mixture
Reference solution G: 0.24 mg/mL of USP Plastic Additive 02 RS prepared in the Solvent
mixture
Reference solution H: 0.24 mg/mL of USP Plastic Additive 03 RS prepared in the Solvent
mixture
Reference solution I: 0.24 mg/mL of USP Plastic Additive 04 RS prepared in methylene chloride
Reference solution J: 0.24 mg/mL of USP Plastic Additive 05 RS prepared in methylene chloride
Reference solution K: Dissolve 20.0 mg of USP Plastic Additive 17 RS in 10.0 mL of a mixture
of equal volumes of acetonitrile and a 10-g/L solution of tert-butylhydroperoxide in
tetrahydrofuran. Close the flask and allow to stand for 1 h. Dilute 2.0 mL of the solution to 50.0
mL with the Solvent mixture to produce Reference solution K.
Test A: If the substance to be examined contains additive butylated hydroxytoluene and/or
additive ethylene bis[3,3-bis[3-(1,1-dimethylethyl)-4-hydroxyphenyl]butanoate]
Chromatographic system
(See Chromatography

621 , Liquid Chromatography.)

Column: 4.6-mm × 25-cm; 5-µm packing L1
Mobile phase: Acetonitrile and Purified Water (70:30, v/v)
Flow rate: 2 mL/min
Injection volume: 20 µL of Test solution S7, corresponding blank solution, Reference solution
A, and Reference solution D, Reference solution E, or both
Detector: UV 280 nm
Run time: 30 min
System suitability
Resolution: Minimum 8.0 between the additive butylated hydroxytoluene and additive ethylene
bis[3,3-bis[3-(1,1-dimethylethyl)-4-hydroxyphenyl]butanoate] peaks, Reference solution A
Test solution S7 shows only peaks caused by antioxidants stated in the composition and minor
peaks that also correspond to the blank solution.
Analysis: The peak areas of Test Solution S7 are less than the corresponding peak areas of
Reference solution D or Reference solution E.
Test B: If the substance to be examined contains one or more of the following antioxidants:
pentaerythrityl tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)proprionate; 2,2¢,2¢¢,6,6¢,6¢¢hexa-tert-butyl-4,4¢,4¢¢-[(2,4,6-trimethyl-1,3,5-benzene-triyl)trismethylene]triphenol;
octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)proprionate; tris(2,4-di-tert-butylphenyl)
phosphate; 1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-s-triazine-2,4,6(1H,3H,5H)-trione
Chromatographic system: Carry out the test as described in Test A with the following
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modifications.
Mobile phase: Acetonitrile, tetrohydrofuran, and Purified Water (60:30:10, v/v/v)
Flow rate: 1.5 mL/min
Injection volume: 20 µL of Test solution S7, corresponding blank solution, Reference solution
B, and any Reference solutions of the antioxidants listed above that are stated in the
composition
Detector: UV 280 nm
System suitability
Resolution: Minimum 2.0 between the additive pentaerythrityl tetrakis[3-(3,5-di-tert-butyl-4hydroxyphenyl)proprionate and additive 2,2¢,2¢¢,6,6¢,6¢¢-hexa-tert-butyl-4,4¢,4¢¢-[(2,4,6trimethyl-1,3,5-benzene-triyl)trismethylene]triphenol peaks, Reference solution B
Test solution S7 shows only peaks caused by antioxidants stated in the composition and minor
peaks that also correspond to the blank solution.
Analysis: The peak areas of Test Solution S7 are less than the corresponding areas of the
Reference solutions of the antioxidants that are listed above and that are stated in the
composition.
Test C: If the substance to be examined contains additive octadecyl-3-(3,5-di-tert-butyl-4hydroxyphenyl)proprionate and/or additive tris(2,4-di-tert-butylphenyl) phosphite
Chromatographic system: Carry out the test as described in Test A with the following
modifications.
Mobile phase: Methanol, 2-propanol, and Purified Water (55:45:5, v/v/v)
Flow rate: 1.5 mL/min
Injection volume: 20 µL of Test solution S8, corresponding blank solution, Reference solution
C, and either Reference solution I or Reference solution J
Detector: UV 280 nm
System suitability
Resolution: Minimum 2.0 between the additive octadecyl-3-(3,5-di-tert-butyl-4hydroxyphenyl)proprionate and additive tris(2,4-di-tert-butylphenyl) phosphite peaks,
Reference solution C
Test solution S8 shows only peaks due to antioxidants stated in the composition and minor
peaks that also correspond to the blank solution.
Analysis: The peak areas of Test Solution S8 are less than the corresponding peak areas of
Reference solution I or Reference solution J.
Test D: If the substance to be examined contains any of the mixture of seven products
corresponding to reaction products of di-tert-butyl phosphonite (polyolefins only)
Chromatographic system: Carry out the test as described in Test A with the following
modifications.
Column: 4.6-mm × 25-cm; 5-µm packing L1
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Mobile phase: Acetonitrile and tetrahydrofuran (80:20, v/v)
Flow rate: 1.5 mL/min
Detector: Spectrophotometer 270 nm
Injection volume: 20 µL of Test solution S9, corresponding blank solution, and Reference
solution K
System suitability
Resolution: Minimum 6.0 between the two principal peaks (approximate retention times of 3.5
and 5.8 min), of Reference solution K
Test solution S9 shows only peaks due to antioxidants stated in the composition and minor
peaks that also correspond to the blank solution.
Analysis: The peak areas of Test solution 9 are less than the corresponding peak areas of
Reference solution K.
• NONPHENOLIC ANTIOXIDANTS
Methylene chloride, acidified: To 100 mL of methylene chloride add 10 mL of hydrochloric
acid, shake, allow to stand, and separate the two layers. Use the lower layer.
Test solution S10: Evaporate 100 mL of Solution S2 to dryness under a vacuum at 45 .
Dissolve the resulting residue with 2 mL of Methylene chloride, acidified.
Reference solution L: 6.0 mg/mL of USP Plastic Additive 07 RS prepared in methylene chloride.
Dilute 2 mL of the solution with Methylene chloride, acidified to 10 mL.
Reference solution M: 6.0 mg/mL of USP Plastic Additive 08 RS prepared in methylene
chloride. Dilute 2 mL of the solution with Methylene chloride, acidified to 10 mL.
Reference solution N: 6.0 mg/mL of USP Plastic Additive 09 RS prepared in methylene chloride.
Dilute 2 mL of the solution with Methylene chloride, acidified to 10 mL.
Reference solution O: 6.0 mg/mL of USP Plastic Additive 10 RS prepared in methylene chloride.
Dilute 2 mL of the solution with Methylene chloride, acidified to 10 mL.
Reference solution P: 6.0 mg/mL of USP Plastic Additive 10 RS, and 6.0 mg/mL of USP Plastic
Additive 10 RS prepared in methylene chloride. Dilute 2 mL of the solution with Methylene
chloride, acidified to 10 mL.
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Plate: TLC silica gel GF 254
Mobile phase A: Hexane
Mobile phase B: Methylene chloride
Application: 20 µL of Test solution S10, reference solution (o) and the reference solutions
corresponding to all of the phenolic and nonphenolic antioxidants expected to be present in the
test material.
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Development A: Over a path of 18 cm with mobile phase A; dry in air
Development B: Over a path of 17 cm with mobile phase B; dry in air
Detector: UV 254 nm; spray with alcoholic iodine solution and examine after 10–15 min
System suitability
Resolution: The chromatogram shows two clearly separated spots, Reference solution P.
Analysis: Any spots in the chromatogram of Test solution S10 are not more intense than the
spots in the same positions in the chromatograms of the Reference solutions.
• COPOLYMER OF DIMETHYL SUCCINATE AND (4-HYDROXY-2,2,6,6-TETRAMETHYLPIPERIDIN-4OL) (POLYOLEFINS ONLY)
Solvent mixture: Hexane and anhydrous ethanol (89:11, v/v)
Test solution S11: Evaporate 25 mL of Solution S2 to dryness under a vacuum at 45 . Dissolve
the residue with 10 mL of toluene and 10 mL of a 10-g/L solution of tetrabutylammonium
hydroxide in a mixture of 35 volumes of toluene and 65 volumes of anhydrous ethanol. Boil
under a reflux condenser for 3 h. Allow to cool, and filter if necessary, to produce Test solution
S11.
Reference solution Q: 6.0 mg/mL of USP Plastic Additive 11 RS prepared in toluene. Add 1 mL
of this solution to 25 mL of the blank solution corresponding to Solution S2, and evaporate to
dryness under a vacuum at 45 . Prepare a blank solution from the blank solution corresponding
to Solution S2. Dissolve the residue with 10 mL of toluene and 10 mL of a 10-g/L solution of
tetrabutylammonium hydroxide in a mixture of 35 volumes of toluene and 65 volumes of
anhydrous ethanol. Boil under a reflux condenser for 3 h. Allow to cool, and filter if necessary.
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Column: 4.6-mm × 25-cm; 5-µm packing L1
Mobile phase: Hexane and anhydrous ethanol (89:11, v/v)
Flow rate: 2 mL/min
Injection volume: 20 µL of Test solution S11, the corresponding blank solution, and Reference
solution Q
Detector: UV 227
System suitability
Resolution: Minimum 7 between the peaks of the diol component and the diluents of Reference
solution Q.
Analysis: The peak area of the diol component in Test solution S11 is less than the
corresponding peak areas of Reference solution Q.
• AMIDES AND STEARATES
Test solution: Use Solution S10 described in Nonphenolic Antioxidants.
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Reference solution R: 2.0 mg/mL of USP Stearic Acid RS prepared in methylene chloride
Reference solution S: 2.0 mg/mL of USP Plastic Additive 12 RS prepared in methylene chloride
Reference solution T: 2.0 mg/mL of USP Plastic Additive 13 RS prepared in methylene chloride
Test A
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Plate: TLC silica gel GF 254
Mobile phase: Dehydrated trimethylpentane and alcohol (75:25, v/v)
Application: 10 µL of Test solution S10 and Reference solution Q
Development: Over a path of 10 cm with Mobile phase; dry in air
Detector: Spray with a 2-g/L solution of 2,6-dichlorophenol-indophenol sodium in dehydrated
alcohol and heat in an oven at 120 for a few minutes to intensify the spots.
Analysis: Any spot corresponding to additive stearic acid in Test solution S10 is identical in
position (RF about 0.5) but is not more intense than the spot in the same position in Reference
solution R.
Test B
Mobile phase A: Hexane
Mobile phase B: Methylene chloride and methanol (95:5, v/v)
Application: 10 µL of Test solution S10 and Reference solution S and Reference solution T
Development A: Over a path of 13 cm with Mobile phase A; dry in air
Development B: Over a path of 10 cm with Mobile phase B; dry in air
Detector: Spray with a 40-g/L solution of phosphomolybdic acid in alcohol, dehydrated, and
heat in an oven at 120 until spots appear.
Analysis: Any spots corresponding to additives oleamide or erucamide in Test solution S10 are
identical in position (RF about 0.2) but are not more intense than the corresponding spots in
Reference solution S and Reference solution T.
POLYVINYL CHLORIDE AND VINYL CHLORIDE
• POLYVINYL CHLORIDE
Additives are di(2-ethylhexyl) phthalate, N¢N¢¢-diacylethylenediamines, epoxidized soya oil, and
epoxidized linseed oil.
Solution A1: Add 2.0 g of the test material to 200 mL of peroxide-free ether and heat under a
reflux condenser for 8 h. Separate the resulting residue B and extraction solution A by filtration.
Evaporate extraction solution A to dryness under reduced pressure in a water bath at 30 ,
producing residue C. Dissolve residue C in 10 mL of toluene to produce Solution A1.
Precipitate B2: Dissolve residue B in 60 mL of ethylene chloride heating on a water bath under
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a reflux condenser, producing solution D. Filter the resulting solution D. Add the filtered solution
D dropwise and with vigorous shaking to 600 mL of heptanes heated almost to boiling. Separate
by hot filtration the coagulum B1 and the organic solution E. Allow solution E to cool; separate
the precipitate B2 that forms upon cooling, and pass through a tared sintered-glass filter (pore
size of 16-40 µm).
Reference solutions: 0.1 mg/mL solutions of USP Plastic Additive 14 RS, USP Plastic Additive
15 RS, and USP Plastic Additive 16 RS, respectively, in toluene
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Plate: TLC silica gel GF 254 (1-mm thick)
Method: Apply 0.5 mL of Solution A1 to the plate as a 30-mm × 3-mm band. Apply 5 µL of
each Reference solution to the plate. Develop the plate over a path of 15 cm using toluene.
Dry the plate carefully.
Additive di(2-ethylhexyl) phthalate: UV 254 nm; locate the zone corresponding to additive
di(2-ethylhexyl) phthalate (Rf about 0.4). Remove the area of silica gel corresponding to this
zone, mix with 40 mL of ethyl ether, and shake for 1 min. Filter, rinse filter with two quantities
each of 10 mL of ethyl ether, add the rinsings to the filtrate, and evaporate to dryness. Weigh
the resulting residue.
Additives epoxidized soya oil and epoxidized linseed oil: Expose the plate to iodine vapor
for 5 min. Examine the chromatogram, and locate the band corresponding to additives
epoxidized soya oil and epoxidized linseed oil (Rf = 0). Remove the area of silica gel
corresponding to this band. Similarly, remove a corresponding area of silica gel as a blank
reference. Separately mix both samples with separate 40-mL portions of methanol, shaking for
15 min. Filter, rinse the filter with two quantities of 10 mL of methanol, add the rinsings to the
filtrate, and evaporate to dryness. Weigh the resulting residue.
Additive N,N¢ -diacylethylenediamines: Wash precipitate B2 with alcohol, absolute. Dry to
constant mass over diphosphorus pentoxide, and weigh the filter.
• VINYL CHLORIDE
Additives are di(2-ethylhexyl) phthalate, N¢N¢¢-diacylethylenediamines, epoxidized soya oil, and
epoxidized linseed oil.
Internal standard solution: Using a microsyringe, inject 10 µL of ethyl ether into 20.0 mL of
N,N-dimethylacetamide, immersing the tip of the needle in the solvent. Immediately before use,
dilute the solution to 1000 times its volume with N,N-dimethylacetamide.
Test solution: Place 1.0 g of the test material in a 50-mL vial, and add 10.0 mL of the Internal
standard solution. Close the vial, and secure with a stopper. Shake, avoiding contact between
the stopper and the liquid. Place the vial in a water bath at 60 ± 1 for 2 h.
Vinyl chloride primary solution: [Note—Prepare under a ventilated hood.] Place 50.0 mL of
N,N-dimethylacetamide in a 50-mL vial, stopper the vial, secure the stopper, and weigh to the
nearest 0.1 mg. Fill a 50-mL polyethylene or polypropylene syringe with gaseous vinyl chloride,
allow the gas to remain in contact with the syringe for about 3 min, empty the syringe, and fill
again with 50 mL of gaseous vinyl chloride. Fit a hypodermic needle to the syringe, and reduce
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the volume of gas in the syringe from 50 to 25 mL. Inject the remaining 25 mL of vinyl chloride
slowly into the vial, shaking gently and avoiding contact between the liquid and the needle.
Weigh the vial again; the increase in mass is about 60 mg (1 µL of the solution obtained
contains about 1.2 µg of vinyl chloride). Allow to stand for 2 h. Store the primary solution in a
refrigerator.
Vinyl chloride standard solution: To 1 volume of the Vinyl chloride primary solution add 3
volumes of N,N-dimethylacetamide.
Reference solutions: Place 10.0 mL of the Internal standard solution in each of six 50-mL
vials. Close the vials, and secure the stoppers. Inject 1 , 2 , 3 , 5 , and 10 µL, respectively, of
the Vinyl chloride standard solution into five of the vials. The six solutions thus obtained
contain, respectively, 0 , 0.3 , 0.6 , 0.9 , 1.5 , and 3 µg of vinyl chloride. Shake, avoiding
contact between the stopper and the liquid. Place the vials in a water bath at 60 ± 1 for 2 h.
Chromatographic system
(See Chromatography

621 , Gas Chromatography.)

Column: Stainless steel 3-m × 3-mm packed with silanized diatomaceous earth for gas
chromatography impregnated with 5% m/m of dimethylstearylamide and 5% m/m of
polyethylene glycol 400
Gas carrier: Nitrogen for chromatography
Flow rate: 30 mL/min
Temperatures
Column: 45
Injection port: 100
Detector: 150
Analysis
Sample: Inject 1 mL of the head space of each vial containing the Test solution and the
Reference solutions. Calculate the amount of vinyl chloride in the Test solution by comparing
the test result of the Test solution with the test results of the Reference solutions. Calculate
the amount of vinyl chloride in the test material by dividing the amount of vinyl chloride in the
Test solution by 1.0 g, producing a result in µg/g or ppm.
• USP Reference Standards

11

USP Butylated Hydroxytoluene RS
USP Cyclic Olefin Polymer RS
USP High-Density Polyethylene RS
USP Homopolymer Polypropylene RS
USP Low-Density Polyethylene RS
USP Plastic Additive 01 RS
Ethylene bis[3,3-bis[3-(1,1-dimethylethyl)-4-hydroxyphenyl]butanoate].
USP Plastic Additive 02 RS
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Pentaerythrityl tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate].
USP Plastic Additive 03 RS
2,2¢,2¢¢,6,6¢,6¢¢-Hexa-tert-butyl-4,4¢,4¢¢-[(2,4,6-trimethyl-1,3,5benzenetriyl)trismethylene]triphenol.
USP Plastic Additive 04 RS
Octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate.
USP Plastic Additive 05 RS
Tris(2,4-di-tert-butylphenyl) phosphate.
USP Plastic Additive 06 RS
1,3,5-Tris(3,5-di-tert-butyl-4-hydroxybenzyl)-s-triazine-2,4,6(1H,3H,5H)-trione.
USP Plastic Additive 07 RS
2,2¢-Bis(octadecyloxy)-5,5¢-spirobi[1,3,2-dioxaphosphinane].
USP Plastic Additive 08 RS
Dioctadecyl disulfide.
USP Plastic Additive 09 RS
Didodecyl 3,3¢-thiodipropionate.
USP Plastic Additive 10 RS
Dioctadecyl 3,3¢-thiodipropionate.
USP Plastic Additive 11 RS
Copolymer of dimethyl succinate and (4-hydroxy-2,2,6,6-tetramethylpiperidin-1-yl)ethanol.
USP Plastic Additive 12 RS
Oleamide.
USP Plastic Additive 13 RS
Erucamide.
USP Plastic Additive 14 RS
Di(2-ethylhexyl) phthalate.
USP Plastic Additive 15 RS
Epoxidized soya oil.
USP Plastic Additive 16 RS
Epoxidized linseed oil.
USP Plastic Additive 17 RS
Di-tert-butyl phosphonite reaction product.
USP Polyethylene Terephthalate RS
USP Polyethylene Terephthalate G RS
USP Polyvinyl Chloride RS
USP Stearic Acid RS
2S (USP38)

BRIEFING
661.2 Plastic Packaging Systems for Pharmaceutical Use, PF 39(5) [Sept.–Oct.
2013]. On the basis of comments received, the proposed new chapter that first appeared in PF
39(5) [Sept.–Oct. 2013] has been canceled and is replaced with this new version. Containers—
Plastics

661

is being revised and will be titled Plastic Packaging Systems and Their Materials

of Construction 661 . It will provide the testing rationale for plastic materials of construction
and packaging systems used for the pharmaceutical industry. USP recognizes that the use of
well-characterized materials to construct a packaging system is a primary means of ensuring
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that the packaging system is suited for its intended use, because the properties and
characteristics of the materials can be matched to the performance requirements of the
packaging system. A new general chapter, Plastic Materials of Construction

661.1 , will help

determine whether a material is deemed well characterized. See the Briefing under 661.1
more information. This chapter provides test methods and standards for plastic packaging
systems.

for

The Stimuli article, entitled “USP Plastic Packaging General Chapters: An Overview”, was
published in PF 39(6) [Nov.–Dec. 2013] and discusses the general approach for the new suite
of 661 chapters and the rationale for methods and specifications chosen. Also, a new
general information chapter, The Evaluation of Plastic Packaging Systems and Their Materials of
Construction with Respect to Their User Safety Impact

1661 , will be proposed in PF 40(6)

[Nov.–Dec. 2014] to communicate the key concepts that form the foundation of the
chapters and to establish and clarify their application and applicability.

661

(GCPS: D. Hunt.)
Correspondence Number—C140442

Comment deadline: November 30, 2014
Add the following:
661.2

PLASTIC PACKAGING SYSTEMS FOR PHARMACEUTICAL USE
INTRODUCTION

A plastic packaging system, as defined in Packaging and Storage Requirements 659 ,
contains or is intended to contain a medical article such as a pharmaceutical drug product and
is composed wholly or in substantial portion of plastic materials. As such, a packaging system
provides the means for manufacturing, distributing, and storing these articles and products, and
potentially for administering a drug product. The plastic packaging system refers to the sum of
packaging components that together contain the pharmaceutical product, including closures.
This sum of packaging components includes: 1) primary packaging components, which are
those that directly contact the pharmaceutical product at some time during the product's
manufacturing, distribution, storage, or use; and 2) secondary packaging components, which
are those that may interact with the pharmaceutical product during the product's
manufacturing, distribution, storage, and use, although the component does not directly
contact the pharmaceutical product.
SCOPE
Plastic packaging systems for pharmaceutical use include bags, bottles, vials, cartridges, dry
powder and metered-dose inhalers, nebulizers, prefillable syringes, blisters, pouches, and
bottles or closures for capsules and tablets. Plastic materials that are commonly used in
packaging systems include polyethylene, polypropylene, polyolefins, polyethylene terephthalate,
polyethylene terephthalate G, and polyvinyl chloride, among others.
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Plastic packaging systems for pharmaceutical use must be suitable for their intended use. That
is, the packaging system should adequately protect the pharmaceutical product, be compatible
with the pharmaceutical product, and be composed of materials that are safe for use with the
pharmaceutical product. Additionally, if the packaging system has a performance feature in
addition to containing the product, the container should perform properly.
From a chemical perspective, a plastic packaging system used in pharmaceutical applications
should be compatible with the drug product, meaning that the ingredients of the
pharmaceutical product are not adsorbed on the surface of the packaging system, are not
absorbed into the body of the packaging system, and do not migrate through the packaging
system. In addition, the packaging system should not release substances that accumulate in
the pharmaceutical product in quantities sufficient to affect its stability. Note that these
suitability-for-use aspects related to packaging system compatibility are outside the scope of
this chapter.
Additionally, the packaging system should not release substances that accumulate in the
pharmaceutical product in quantities that present a risk of toxicity, thereby adversely affecting
user safety or product quality. It is this aspect of suitability for use that is the focus of this
chapter.
The applicant who secures and owns the regulatory approval of a packaging system or
packaged drug product is responsible for establishing that the product's packaging system
meets these expectations, and thus is suited for its intended use, by ensuring that the
packaging system itself and/or the packaged pharmaceutical product have been appropriately
tested and that the test results have been appropriately evaluated. A packaging system is
chemically suited for its intended use with respect to safety if:
The packaging system is constructed from well-characterized materials that have been
intentionally chosen for use as established by testing according to Plastic Materials of
Construction 661.1 .
The packaging system's general physicochemical properties have been established.
The packaging system's biocompatibility (biological reactivity) has been appropriately
established.
The packaging system has been established to be safe by means of the appropriate
chemical testing, such as extractables or leachables profiling, and toxicological
assessment of the test data. This combination of chemical testing and toxicological
assessment is termed “chemical safety assessment”.
This chapter applies solely to packaging systems and should not be applied to materials from
which packaging systems are constructed. The testing and qualification of materials of
construction used in packaging systems are addressed in 661.1 .
The test methods and specifications contained within this chapter have been developed for
general application to plastic packaging systems. In view of the wide variety of materials of
construction and packaging systems available, and recognizing possible new developments in
materials and packaging systems, the publication of a test method and specification does not
exclude the use, in justified circumstances, of packaging systems that have been tested with
different methods or that comply with other specifications, subject to approval by the
appropriate regulatory authority.
TEST METHODS
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Biological Reactivity
In vitro biological tests are performed on the packaging systems according to the test
procedures described in Biological Reactivity Tests, In Vitro 87 . Packaging systems that
meet the requirements of the in vitro tests are not required to undergo any further in vivo
testing. In addition, the in vivo testing described in Biological Reactivity Tests, In Vivo 88 is
not required for packaging systems used with certain dosage forms (oral and topical products).
Packaging systems that do not meet the requirements of the biological reactivity tests ( 87
and 88 , if appropriate) are not suitable as packaging systems for pharmaceutical use. If a
plastic class designation (classes I–VI) is needed, analysts should perform the appropriate in
vivo tests specified by 88 . Information about the appropriate plastic class that should be
selected is provided in The Biocompatibility of Materials Used in Drug Containers, Medical
Devices, and Implants

1031 .
Physiochemical Tests
WATER EXTRACTION

Solution C1: Fill the packaging system to its nominal capacity with Purified Water and close it,
if possible, using the normal means of closure. Otherwise, close with an inert closure. Heat in
an autoclave until 121 ± 2 is reached (typically in 20–30 min), and maintain at this
temperature for 30 min. If heating at 121 leads to the deterioration of the container, heat at
100 ± 2 for 2 h or at 70 ± 2 for 24 ± 2 h. Cool the filled bag and empty its contents. The
emptied contents are Solution C1. Use Solution C1 within 4 h of preparation. Prepare a blank by
heating Purified Water in a borosilicate glass flask closed with aluminum foil; heat the flask at
the same temperature and for the same length of time as used for the preparation of Solution
C1.
Absorbance: Determine the spectrum of Solution C1 between 230 and 360 nm, using the
Solution C1 blank as the compensation liquid.
Acidity or alkalinity: Conduct the test for Acidity or alkalinity only when packaging systems
are intended to hold a liquid product or a product that is dissolved in its container before use.
To a volume of Solution C1 corresponding to 4% of the nominal capacity, add 0.1 mL of
phenolphthalein TS; note the solution's color. Add 0.4 mL of 0.01 N sodium hydroxide; note the
solution's color. Add 0.8 mL of 0.01 N hydrochloric acid and 0.1 mL of methyl red TS 2; note
the solution's color.
Methyl red TS 2—Test for sensitivity: Add 0.1 mL of methyl red solution to 100 mL of carbon
dioxide-free Purified Water and 0.05 mL of 0.02 N hydrochloric acid. NMT 0.1 mL of 0.02 N
hydrochloric acid is required to change the color from red to yellow.
TOTAL ORGANIC CARBON
Refer to Total Organic Carbon

643 .

The total organic carbon (TOC) content of Solution C1 is measured according to
However,

643

643 .

is designed for testing high-purity water that has low TOC values. Because of
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extracted organic substances, material extracts may have TOC values that are much higher
than those of Purified Water. Thus, the TOC analyses performed have a limit of detection of 0.2
mg/L (ppm) and have a demonstrated linear dynamic range of 0.2–20 mg/L (which encompasses
the TOC limit). A linear range with a higher upper concentration can be used if linearity is
established. If sample extracts exceed this upper linear range, then they should be diluted
appropriately for analysis.
TOTAL TEREPHTHALOYL MOIETIES IN POLYETHYLENE TEREPHTHALATE AND POLYETHYLENE
TEREPHTHALATE G PACKAGING SYSTEMS
Preparations
Polyethylene terephthalate extracting media—50% alcohol (dilute 125 mL of alcohol,
dehydrated R with Purified Water to 238 mL, and mix), hexane, and Purified Water. For each
extracting medium, fill a sufficient number of test packaging systems to 90% of their nominal
capacity to obtain NLT 30 mL. Fill a corresponding number of glass bottles with each extracting
medium for use as blanks. Fit the bottles with impervious seals such as aluminum foil and apply
closures. Incubate the test packaging systems and the glass bottles at 49 for 10 days.
Remove the test systems and glass bottles, and store at room temperature. Do not transfer
the extracting medium samples to alternative storage vessels.
Polyethylene terephthalate G extracting media—25% alcohol (dilute 125 mL of 50% alcohol with
Purified Water to 250 mL, and mix), hexane, and Purified Water. Proceed as directed for
Polyethylene terephthalate extracting media.
Procedure: Determine the absorbance of the 50% alcohol or 25% alcohol extracts in a 1-cm
cell at the wavelength of maximum absorbance at about 244 nm (see Spectrophotometry and
Light-Scattering 851 ). For the blank, use the corresponding extracting medium blank.
Determine the absorbance of the n-heptane extract in a 1-cm cell at the wavelength of
maximum absorbance at about 240 nm (see
extracting medium.

851 ). For the blank, use the n-heptane

ETHYLENE GLYCOL IN POLYETHYLENE TEREPHTHALATE AND POLYETHYLENE TEREPHTHALATE G
PACKAGING SYSTEMS
Preparations
Periodic acid solution: Dissolve 125 mg of periodic acid in 10 mL of Purified Water.
Dilute sulfuric acid: To 50 mL of water slowly add and with constant stirring 50 mL of sulfuric
acid, and allow to cool to room temperature.
Sodium bisulfite solution: Dissolve 0.1 g of sodium bisulfite in 10 mL of water. Use this
solution within 7 days.
Disodium chromotropate solution: Dissolve 100 mg of chromotropic acid, disodium salt R in
100 mL of sulfuric acid. Protect this solution from light, and use within 7 days.
Standard solution: Dissolve an accurately weighed quantity of ethylene glycol in Purified
Water, and dilute quantitatively and stepwise if necessary to obtain a solution having a known
concentration of about 1 µg/mL.
Sample solution: Use the Purified Water extract from Total Terephthaloyl Moieties in
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Polyethylene Terephthalate and Polyethylene Terephthalate G Packaging Systems.
Procedure: Transfer 1.0 mL of the Standard solution to a 10-mL volumetric flask. Transfer 1.0
mL of the Sample solution to a second 10-mL volumetric flask. Transfer 1.0 mL of the Purified
Water extracting medium to a third 10-mL volumetric flask to serve as the method blank. To
each of the three flasks, add 100 µL of Periodic acid solution, swirl to mix, and allow to stand
for 60 min. Add 1.0 mL of Sodium bisulfite solution to each flask, and mix. Add 100 µL of
Disodium chromotropate solution to each flask, and mix. [Note—All solutions should be
analyzed within 1 h after addition of the Disodium chromotropate solution.] Cautiously add 6
mL of sulfuric acid to each flask, mix, and allow the solutions to cool to room temperature.
[Caution—Dilution of sulfuric acid produces substantial heat and can cause the solution to boil.
Perform this addition carefully. Sulfur dioxide gas will be evolved. Use of a fume hood is
recommended.]
Dilute each solution with Dilute sulfuric acid to volume, and mix. Concomitantly determine the
absorbances of the solutions from the Standard solution and the Sample solution in 1-cm cells
at the wavelength of maximum absorbance at about 575 nm (see
from the Purified Water extracting medium as the method blank.

851 ), using the solution

Chemical Safety Assessment
The safety of the packaging system must be established on the basis of relevant and
appropriate chemical testing of: 1) the packaging system, 2) its materials of construction, or 3)
the packaged drug product. Appropriate chemical testing of materials of construction is
specified in 661.1 and may include the demonstration of conformance with 21 CFR Indirect
Food Additives regulations. With regard to the testing of the packaging system and the
packaged drug product, an appropriate and rigorous chemical safety assessment would include
extractables testing of the packaging system and leachables testing of the packaged drug
product. It is expected that the design of the extractables and leachables study would be
based on sound and justifiable scientific principles, and that the studies themselves would be
consistent with: 1) the nature of both the packaging system and packaged drug product, 2)
the clinical use of the packaged drug product, and 3) the perceived safety risk associated with
the packaging system and dosage form. Although no dosage form is excluded from this testing
requirement, it is anticipated that the nature and degree of testing would be dosage formdependent. In view of the considerable diversity of packaging systems, dosage forms, and
packaged drug products, it is not possible to provide specific test conditions for performing
extractables and leachables studies. Nevertheless, general essential principles and
demonstrated best-practices recommendations for extractable and leachable studies can be
found in Assessment of Extractables Associated with Pharmaceutical Packaging/Delivery
Systems

1663

and Assessment of Drug Product Leachables Associated with Pharmaceutical

Packaging/Delivery Systems 1664 , respectively. These chapters may serve as helpful
resources for designing and justifying rigorous and appropriate studies.
Alternative testing strategies for chemical safety assessment may be appropriate in justified
circumstances, subject to agreement by an appropriate regulatory authority.
SPECIFICATIONS
Biological Reactivity
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Test results are consistent with the relevant chapters (

87

or

88 ).

Physiochemical Tests
Appearance of solution: Solution C1 is clear and colorless.
Absorbance: NMT 0.20
Acidity or alkalinity: The solution is colorless after the addition of phenolphthalein solution,
pink after the addition of 0.01 N sodium hydroxide, and orange-red or red after the addition of
0.01 N hydrochloric acid and 0.1 mL of methyl red solution.
Total organic content: The difference in TOC concentrations between Solution C1 and a
suitable blank is NMT 8 mg/L.
Ethylene glycol in polyethylene terephthalate and polyethylene terephthalate G
packaging systems: The absorbance of the solution from the Sample solution does not
exceed that of the solution from the Standard solution, corresponding to NMT 1 ppm of
ethylene glycol.
Total terephthaloyl moieties in polyethylene terephthalate and polyethylene
terephthalate G packaging systems: The absorbance of the 50% alcohol, 25% alcohol, and
n-heptane extracts does not exceed 0.150, corresponding to NMT 1 ppm of total terephthaloyl
moieties.
Chemical Safety Assessment
The data and information obtained in the Chemical Safety Assessment must be interpreted in
the context of establishing the patient safety risk associated with the use of the packaging
system and the administration of the packaged drug product. Most typically, such an
interpretation of the chemical data involves the toxicological safety assessment of extractables
and leachables data, supported, as appropriate, by other relevant testing. In this
circumstance, the toxicological safety assessment should be performed for each individual,
relevant member of the packaging system's extractables profile (or each member of the
contained product's leachables profile, as appropriate) to demonstrate that the user safety risk
associated with each individual leachable (or extractable as a worst-case leachable) is
acceptable and that the probable safety risk posed by all leachables (or extractables as worstcase leachables), considered individually, is within acceptable parameters. The term “relevant
extractable or leachable” refers to those extractables that are present in a packaging system
and those leachables that are present in a packaged drug product at levels sufficiently high
that they have been deemed to have a potential safety impact, based, for example, on a
comparison of the levels of extractables or leachables with a recognized and well-established
safety alert threshold.
For leachables that are also elemental impurities, note that limits for elemental impurities in
marketed pharmaceutical drug products (but not specifically packaging systems) can be found
in Elemental Impurities—Limits 232 .
Alternative chemical safety assessment specifications may be appropriate in justified
circumstances, subject to agreement by an appropriate regulatory authority. 2S (USP38)
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BRIEFING
1025 Pancreatin. This new general information chapter discusses considerations in the
manufacture and characterization of pancreatin as the active ingredient for pancreatin and
pancrelipase finished drug products. The USP monographs on pancreatin and pancrelipase
products are undergoing major modernizations to be published in the near future. This chapter
will support these key modernizations by reviewing some of the safety and quality
considerations that are beyond the scope of the monographs, such as the testing and control
of adventitious agents, and descriptions of the enzymatic components of pancreatin other than
the major enzymes amylase, lipase, and protease.
(BIO1: E. Chang.)
Correspondence Number—C130336
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10. Appendix 2: Literature Bibliography
1. INTRODUCTION
Pancreatin is a pancreatic enzyme preparation containing amylase, protease, and lipase
enzymes isolated from the pancreas gland of the hog, Sus scrofa L. var. domesticus Gray
(Fam. Suidae). The pancreas is a secretory organ that plays a crucial role in the digestive
process by producing bicarbonate to neutralize the acidic environment in the duodenum,
hormones to regulate various catabolic functions, and a variety of digestive enzymes to
degrade food in the small intestine. Pancreatin and pancreatin-containing medicinal products
are used to aid digestion and absorption of food (carbohydrates, fat, and proteins) in patients
with exocrine pancreatic insufficiency (EPI) caused by cystic fibrosis, chronic pancreatitis, and
other conditions that might cause a deficiency in the secretion of pancreatic enzymes.
Pancreatic enzyme products (PEPs) of porcine origin have been marketed in the United States
for the treatment of EPI before the enactment of the Federal Food, Drug, and Cosmetic Act of
1938. Supplemental pancreatic enzymes are available in prescription and non-prescription
forms. Since 2004, the U.S. Food and Drug Administration (FDA) has required that all pancreatic
enzyme drug products marketed in the United States obtain FDA approval via a New Drug
Application (NDA). Although over-the-counter pancreatic enzyme products are available
without a prescription, they are classified as dietary supplements rather than drugs. Pancreatin
and pancrelipase share similar functions and indications; however, pancrelipase, which is
available only as a prescription drug, contains more of the active lipase enzyme and also more
purified pancreatic extract than pancreatin does.
This chapter describes best practices related to the sourcing and manufacturing of pancreatin
raw materials used in both pancreatin and pancrelipase drug products; these best practices
help to ensure the safety and efficacy of the drug products made from this active
pharmaceutical ingredient (API). A list of applicable regulatory guidance documents is provided
in Appendix 1: Regulatory Bibliography.
2. PANCREAS COLLECTION AND PANCREATIN PRODUCTION
The animal-sourced raw material (pancreas glands) intended for pharmaceutical processing is a
by-product of meat production and is collected in slaughterhouses that are approved by the
national competent authority and inspected by the relevant veterinary authority. The animals
from which pancreatin is derived must fulfill the requirements for the health of animals suitable
for human consumption.
An example of a typical manufacturing process is summarized in the description and flow chart
(Figure 1) below.
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Figure 1. Flow chart showing the steps in the manufacturing process for pancreatin.
The pancreatic glands should be kept frozen to prevent a loss of enzymatic activity during
holding and transport. After the manufacturer accepts the frozen materials, the pancreatin is
extracted and purified under conditions that reduce microbiological load and other potential
impurities. To accomplish this, the frozen pancreatic glands are macerated into fine slurry and
treated with activators to convert the inactive pancreatic enzyme precursors (zymogens) into
active enzymes. The activation is carried out under controlled conditions; factors such as time,
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temperature, ionic strength, or concentration are controlled as defined by each manufacturer's
process. Once the activation is complete, the activation step is stopped by the addition of
solvents such as acetone, isopropyl alcohol, or other enzyme-compatible solvents. After
separation from insoluble matter (where applicable), the mixture is combined with solvent to
precipitate the pancreatin. The supernatant is separated, and the solid residue is washed with
solvent. Finally, the pancreatin is dried at appropriate temperature and vacuum. The biological
activity may be adjusted and/or stabilized by adding suitable fillers, such as lactose; sucrose
containing not more than 3.25% starch; pancreatin of lower digestive power; microcrystalline
cellulose; maltodextrin; or sodium chloride.
3. QUALITY CONTROL
Each lot of pancreatin is subject to appropriate quality control testing. Quality control testing
needs to address the requirements of the applicable monograph, as well as other identified
quality parameters. Such tests should include appearance, identification, purity, and activity of
the pancreatin. Process- and product-related impurities, such as residual solvents from
extraction and precipitation and fat, should be considered.
Water is critical for enzyme activity and stability, and thus the limit of water content should be
specified and monitored by appropriate analytical methods such as loss on drying (LOD) (see
chapter 731 Loss on Drying). The activity assays are applied to confirm that pancreatin
meets predefined limits for activity levels of lipase, amylase, and proteases, which are
considered critical quality attributes.
Because pancreatin is of biological origin, quality control includes microbial testing as well as
testing for the absence of certain adventitious agents that are pathogenic to humans.
4. LABELING
Product should be labeled in conformance to monograph and regulatory requirements but also
should conform to customer requirements as applicable. The label contains information such as
the name and address of the manufacturer, manufacturing date, retesting date, expiration
date, lot number, storage conditions and specific precautions (e.g., “protect from moisture”),
and a statement indicating the intended use.
5. CERTIFICATION AND DOCUMENTATION
The product must be accompanied by required certificates and documentation, as applicable.
This documentation should include a certificate of analysis (COA) or other certificate
documenting conformance to monograph requirements and quality control test results; a
certificate of origin indicating the animal species; and certifications related to adventitious
agents, including, where applicable, Transmissible Spongiform Encephalopathies/Bovine
Spongiform Encephalopathy statements. Other pertinent and required information, such as
retest or expiration date, storage, and packaging recommendations, should also be included as
applicable.
The manufacturer/supplier should also be able to provide documentation for regulatory purposes
containing the following information:
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Information on the regulatory agency's approval/license number and the full address of
the pancreatin manufacturing site.
A statement that the animal-sourced raw materials intended for pharmaceutical
processing were collected and delivered under oversight of the responsible/competent
authorities.
A list of the countries of origin of the collected raw materials.
A statement that during transportation, the pancreas glands can be identified for animal
by-products intended for pharmaceutical purposes by appropriate documentation
according to the corresponding legal regulations (such as animal health certificates from
official veterinarians or a technical trade documentation).
A statement that the pancreas glands are collected in approved slaughterhouses, and
the animals from which pancreas glands are collected have undergone inspection in
compliance with the current applicable legislation and were declared as suitable for
human consumption, or no visible signs of diseases transmittable to humans or animals
were detected at the time of slaughter.
6. TESTING AND CONTROL OF ADVENTITIOUS INFECTIOUS AGENTS
6.1 Overview
Although there have been no reports documenting any infectious illness subsequent to the use
of pancreatin-derived medicinal products, there is a theoretical risk of porcine pathogen
transmission from pancreatin.
The safety of porcine-derived PEPs should be enhanced by implementation of multiple
complementary and/or overlapping strategies for adventitious agent containment, clearance,
and control. Manufacturers should take an ongoing, risk-based approach to enhancing the
safety of these products with regard to adventitious agents that includes incorporation of risk
assessment, risk mitigation, and process materials management strategies. Testing should be
included, when appropriate, to provide maximum possible assurance of a sufficiently low risk of
harm that is significantly outweighed by the therapeutic benefits and concurrent assurance of
availability of the drug to patients.
6.2 Risk Assessment Strategies
The FDA's “Guidance for Industry: Exocrine Pancreatic Insufficiency Drug Products” encourages
a risk-based approach to the potential for viral contamination of pancreatic enzyme products,
in agreement with ICH Q5A(R1) and chapter 1050 Viral Safety Evaluation of Biotechnology
Products Derived from Cell Lines of Human or Animal Origin. The adventitious-agent risk profile
of biological products in general is contingent upon a variety of factors including the origin of
the biological, the type of raw materials used, manufacturing processes, and the route of
administration. As sourcing and manufacturing may vary between manufacturers, each
manufacturer should establish and implement an individual, full adventitious-agent risk
assessment.
Although the scope of ICH Q5A(R1) covers the viral safety evaluation of biotechnology
products derived from cell lines of human and animal origin, the principles and risk assessment
approaches can provide the basis for a risk evaluation strategy for the pancreatin products.
Applying the principles of ICH Q5A(R1), the risk minimization strategy to protect patients
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against inadvertent adventitious agent exposure should reflect a combination of three
components:
1. Sourcing: Use of diligent sourcing to limit adventitious agents' access to the
manufacturing process. Because pancreatin material is a by-product of the meat
industry, it is important to ensure that pancreatin API is produced only from animals
suitable for human consumption.
2. Clearance: Incorporation of robust clearance steps into the manufacturing process.
The efficacy of these strategies depends on the adventitious agents' resistance to the
type of physical and chemical inactivation used.
3. Testing: The control and testing of adventitious agents at suitable stages of the
manufacturing process to provide assurance that any remaining load of potentially
harmful adventitious agent is at sufficiently low levels. This is accomplished by using
suitable screening assays against a relevant test virus panel. In this part of the risk
assessment, the potential of porcine viruses to pose a risk to humans should be taken
into account.
To identify the potential adventitious agents that might be present in a pancreatin preparation,
manufacturers should identify adventitious agents that are present in the pig and assess the
probability of their presence in the starting materials and API. Chapters

61

Microbiological

Examination of Nonsterile Products: Microbial Enumeration Tests and 62 Microbiological
Examination of Nonsterile Products: Tests for Specified Microorganisms address testing for
specific microbiological contamination, as defined in the relevant pancreatin-related product
monographs. Additionally, manufacturers should specifically evaluate the potential presence of
porcine viruses. In this evaluation, the manufacturing steps capable of removing or inactivating
viruses should be identified, and the efficiency of the process for removing and/or inactivating
viruses should be demonstrated by viral validation studies that follow applicable guidelines.
Once a list of critical viruses potentially present in the starting material and/or in the API is
established, manufacturers will decide on the appropriate process stages for viral testing and
the level of viral testing to be performed on a batch-to-batch basis. Tests for specific viruses
should be developed and validated, and acceptance criteria should be established and used in
making accept/reject decisions about pancreatin API batches.
The potential zoonotic or non-zoonotic character of the virus should be taken into account
when setting acceptance criteria.
6.3 Identification of Relevant Virus Panel Test
The risk assessment strategy described above requires the identification of potential viral
contaminants of porcine-derived starting materials. Table 1 gives an overview of enveloped and
non-enveloped viruses known to be present in pigs that may present a contamination risk when
using pigs deemed fit for human consumption as source animals. The risk assessment should
address at least the viruses listed; however, depending on the origin of animals and the
manufacturing process capability, the list may be adapted, and additional viruses may be
considered (see the example in Figure 2). Manufacturers should implement systems to identify
emergence of potentially relevant new viruses.
Table 1. Hazard Identification: Viruses Known to be Present in Pigs
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Enveloped Viruses
Classical swine fever virus
African swine fever virus (ASFV)
Influenza virus
West Nile virus (WNV)
Vesicular stomatitis virus (VSV)
Eastern equine encephalitis virus (EEEV)
Rabies virus (RABV)
Porcine reproductive and respiratory syndrome virus
(PRRSV)
Transmissible gastroenteritis virus (TGEV)
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Non-Enveloped Viruses
Encephalomyocarditis virus (EMCV)
Swine vesicular disease virus (SVDV)
Foot and mouth disease virus (FMDV)
Reoviruses (REO)
Swine hepatitis E virus (swHEV)
Porcine rotaviruses (pRotaV)
Porcine enteroviruses (PEVs)
Porcine parvoviruses (PPV)
Porcine circovirus types 1 and 2
(PCV1/2)

Pseudorabies virus (SuHV-1)
Nipah virus
Porcine endogenous retroviruses (PERVs)
6.4 Virus Clearance by Manufacturing Process Steps
Demonstration of viral clearance is a critical component of ensuring the overall safety of
pancreatin-derived products. The objective of virus-clearance evaluation studies is not only to
evaluate the ability of the manufacturing process to clear known viral contaminants and to
estimate quantitatively the overall level of virus reduction obtained by the manufacturing
process but also to estimate the capability of the manufacturing process steps to clear viruses
in general. Viral clearance studies for the manufacturing process of pancreatin should be
performed in accordance with the applicable, current guideline, ICH Q5A(R1).
Current pancreatin production processes are considered to be effective for inactivating
enveloped viruses, following the results of virus clearance studies. However, non-enveloped
viruses are more resistant to physico-chemical inactivation, making their inactivation more
variable. Examples of viruses that are classified as having a high viral resistance toward
treatment and that show moderate to limited inactivation include PPV and PCV1/2 (see Figure
2).

PF 40(5): Sep.-Oct. 2014

146

Figure 2. Example of a risk-assessment approach to virus identification for the test panel.
6.5 Viral Testing
A testing strategy is needed when the ability of the process to remove or inactivate a specific
virus to appropriate levels has not been demonstrated. The potential zoonotic or non-zoonotic
character of the virus should be taken into account when setting acceptance criteria, in terms
of both assay sensitivity and specification limit setting. API batches that test positive for
zoonotic viruses should be rejected. As a part of quality control, viral testing should be
performed on each lot of API. The tests used should allow exclusion of any detectable load of
potentially harmful levels of adventitious agent. The 9 CFR describes testing requirements for
porcine biological products including live virus vaccines and antibody products but does not
specifically address pancreatin. Applying the principles of 9 CFR, assays to detect porcine
viruses can, for example, be based on cell culture monitoring for cytopathogenic effects for an
appropriate incubation time, hemadsorption testing, virus-specific staining techniques, or
appropriate combinations thereof (also see chapter

1237

Virology Test Methods). In

PF 40(5): Sep.-Oct. 2014

147

addition to the technologies and viruses covered by 9 CFR, new molecular biology-based
technologies may be used, and other viruses with zoonotic potential that are identified may
require testing. Examples of specific viruses not covered by the current virus testing guide may
include swHEV.
The definition of the test virus panel, selection of the appropriate process stage, suitability of
the test method, and test method sensitivity should be justified by the manufacturer. All tests
for specific viruses should be developed and validated in compliance with current guidance, for
example, chapters 1225 Validation of Compendial Procedures and 1033 Biological Assay
Validation, as applicable, and acceptance criteria should be established and used for
accept/reject decisions of pancreatin API batches.
7. CHARACTERIZATION OF PANCREATIN
7.1 Description and Physico-Chemical Properties
Pancreatin is a slightly brownish -o-tan amorphous powder with a raw meat odor and taste.
Pancreatin is partly soluble in water, forming a weak turbid solution, and insoluble in alcohol and
ether. The following conditions may degrade pancreatin: mineral acids, alkali hydroxides,
oxidizing agents, many metallic salts, and high humidity and temperatures. Pancreatincontaining solutions should be filtered with caution, due to potential retention of the lipase and
proteases on the filter. The enzymatic activity reaches a maximum in neutral-to-weakly alkaline
solutions. The activity decreases quickly in acidic or strong alkaline solutions. The same applies
to boiling of pancreatin-containing aqueous solutions. In non-enteric-coated formulations,
exposing the product at a pH of 4.5 or less is not recommended, because a nearly complete
loss of lipolytic activity has been observed.
Because pancreatin is of biological origin, other components are present in addition to
enzymatically active proteins. These other components include proteins, amino acids, peptides,
nucleic acids and fragments thereof, tissue components, fat, and inorganic substances. These
components may have an impact on the quality of the final material.
7.2 Protein and Enzyme Contents
Pancreatin contains different digestive enzymes, most of which are produced and stored as
zymogens (inactive precursors) in the pancreatic acinar cells. Under physiological conditions,
pancreatic zymogens are transformed into active enzymes once the pancreatic secretion
reaches the upper small intestine. An intestinal protease, enterokinase, triggers the activation
process by cleaving the zymogen of trypsin, which further activates the other proteases.
During the production process, the enzymes present in pancreatin are activated by trypsin.
(see Figure 1).
Table 2 summarizes some of the important characteristics of the main pancreatic enzymes
found in pancreatin.
Table 2. Characteristics of Known Enzymes Present in Porcine Pancreatin

Name

E.C.
Number

UniProtKB/
Swiss-Prot
Accession
Number

Substrates

Produced
as a
Precursor

Molecular
Mass
(kDa)

Sequence
Length

Isoelectric
Point
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Trypsin

3.4.21.4

P00761.1

Proteins

Yes

Chymotrypsin

3.4.21.1

G1A RD6_PIG Proteins

Yes

Elastase

3.4.21.36 P00772.1

Proteins

Yes

Carboxypeptidase A 1

3.4.17.1

P09954

Proteins

Yes

Carboxypeptidase B

3.4.17.2

P09955.5

Proteins

Yes

Kallikrein, glandular

3.4.21.35 P00752.4

Proteins

Yes

3.1.1.3

P00591.2

Triglycerides,
diglycerides

P02703.3

No enzyme
activity,
cofactor of
pancreatic
lipase

Yes

P00592

Phospholipids

Yes

Triacylglycerol lipase

Colipase

Phospholipase A 2

3.1.1.4

No

Cholesterol
esters, vitamin
Cholesterol esterase,
esters,
also named carboxyl ester
Complete
monoglycerides,
lipase (CEL), carboxyl
amino acid
phospholipids,
ester hydrolase (CEH) or
sequence still galactolipids,
bile-salt stimulated lipase 3.1.1.13, unknown in
some activity on
(BSSL)
3.1.1.1
pig
triglycerides
No

-A mylase

3.2.1.1

P00690.3

Polysaccharides No

23.8
(zymogen),
23.5
(activated)
29.1
(zymogen),
25.6
(activated)

25.9
(activated)
34.7
(activated)
34.7
(activated)

25–28 kDa
50.1 (two
glycosylation
isoforms,
lipases A
and B)
10.3
(porcine
procolipase
A ), 10.1
(porcine
procolipase
B)
14.7
(zymogen),
14
(activated)
Inconsistent
values in the
literature
ranging from
65 to 98
kDa.
While
proteolytic
forms have
been
identified,
the exact
mass is
still
unknown.

55.3

231 a.a.
(zymogen),
223 a.a.
(activated)
268 a.a.
(zymogen),
221 a.a.
(activated)
250 a.a.
(zymogen),
240 a.a.
(activated)
308 a.a.
(activated)
305 a.a.
(activated)
246 a.a.
(zymogen),
239 a.a.
(activated)

450 a.a.
(mature)

9.3
(zymogen),
10.5
(activated)

8.7

8.5
Not known
6.0

4.2–4.3

4.9 (lipase
A ), 5.0
(lipase B)

93 a.a.
(procolipase
A ), 95 a.a.
(procolipase
B)
Not known
146 a.a.
(zymogen),
123 a.a.
(activated) 4.4–4.5

Complete
amino acid
composition
still
unknown
in pig
4.2–4.8
5.95
(amylase I),
496 a.a.
5.45
(mature)
(amylase II)

7.2.1 PANCREATIC PROTEASES
Proteases are enzymes that digest proteins into smaller peptide fragments and amino acids by
hydrolyzing the peptide bonds. Pancreatin contains five major proteases: trypsin, elastase,
chymotrypsin, carboxypeptidase A1, and carboxypeptidase B. Trypsin, chymotrypsin, and
elastase are classified as both serine proteases and endopeptidases because they cleave
peptide bonds at the C-terminal side of an amino acid and also have a catalytically important
serine residue in their active sites. Carboxypeptidases catalyze hydrolysis of the amino acids
from the C-terminal end position in polypeptides and thus are classified as exopeptidases.
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Carboxypeptidases sequentially release residues from the C-terminus of proteins and peptides
with a well-defined specificity.
Trypsin acts specifically on the C-terminal side of the positively charged amino acid residues
lysine and arginine. Trypsinogen is secreted by the pancreas as an inactive precursor and
discharged into the duodenum where enterokinase converts trypsinogen to active trypsin.
Enterokinase is secreted in the duodenum by cells of the duodenal mucosa. Enterokinase
removes a terminal octapeptide from trypsinogen and yields a polypeptide chain of active
trypsin cross-linked by six disulfide bridges. Trypsin contains one high-affinity calcium binding
site that is required for enzyme stability.
Chymotrypsin acts preferentially on the C-terminal side of tyrosine, phenylalanine, and
tryptophan residues. It is secreted as an inactive zymogen, chymotrypsinogen, which
undergoes proteolytic processing by trypsin to form the active enzyme. Chymotrypsin binds one
calcium ion per molecule.
Elastase acts on small, neutral amino acid residues, such as glycine and alanine, but also
hydrolyses amides and esters and is distinctive in that it acts upon elastin. Elastase is
produced as a zymogen and the activated form contains four disulfide bridges. Elastase binds
one calcium ion per molecule.
Carboxypeptidase A1 is an exopeptidase hydrolyzing the peptide bond adjacent to the Cterminal end of a polypeptide chain, thus releasing the C-terminal amino acid. It cleaves
aromatic and bulky aliphatic amino acid residues and shows little or no action with aspartic
acid, glutamic acid, arginine, lysine, and proline amino acid residues. It contains one zinc ion
per molecule. The zinc ion is essential for activity; if removed during dialysis it must be
replaced. Thus, carboxypeptidase A1 is also classified as a metalloprotease.
Carboxypeptidase B catalyzes the hydrolysis of the basic amino acids lysine, arginine, and
ornithine from the C-terminal end of a polypeptide chain. It may also have a function in the
further degradation of products of tryptic digestion. The enzyme binds one zinc ion per
molecule, which is a necessary functional part of the enzyme for activity, and thus
carboxypeptidase B is also classified as a metalloprotease.
7.2.2 PANCREATIC LIPASE AND COLIPASE
Pancreatic lipase (PL, also known as triacylglycerol acyl hydrolase) is a glycoprotein and
produced directly as an active enzyme by the pancreas. Two glycosylation isoforms of PL,
lipase A and lipase B, are present in pancreatin. These two isoforms have identical amino acid
compositions but differ slightly in their glycosylation patterns, with lipase A is more acidic than
lipase B. PL is a water-soluble enzyme that acts on insoluble lipid substrates, triglycerides, at
the lipid–water interface. Its activity is dependent on the substrate-specific surface accessible
to the enzyme, and it increases with the state of emulsification of the lipids. PL preferentially
hydrolyzes ester bonds at the C-1 and C-3 positions of triglycerides and exhibits a broad
spectrum of fatty acid chain length specificity. Therefore, PL is active against a wide variety of
the triglycerides that are typically present in the diet. It also acts on diglycerides, but its
activity on monoglycerides is very weak. It mainly converts triglycerides into monoglycerides
and free fatty acids; the more polar lipolysis products are absorbed in the small intestine. In
the presence of various amphiphiles such as bile salts at micellar concentrations, the PL
adsorption at the lipid–water interface can be hindered, thus decreasing lipolytic activity.
A small protein cofactor also produced by the pancreas, colipase, helps PL to anchor to
interfaces in the presence of competitive amphiphiles, and thus restores PL activity. Colipase is
also produced by the pancreas as a precursor, procolipase. Procolipase is activated by trypsin.
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7.2.3 PANCREATIC PHOSPHOLIPASE A2
Phospholipase A2 (also known as type IB secretory PLA2) is a heat-stable, water-soluble
enzyme that catalyzes the calcium-dependent hydrolysis of the 2-acyl groups in 3-snphosphoglycerides. It is produced as a precursor that is activated by trypsin.
7.2.4 PANCREATIC AMYLASE
Porcine pancreatic -amylase (1,4- -d-glucan glucanohydrolase) catalyzes the hydrolysis of
internal 1,4- -d glucosidic linkages in polysaccharides containing three or more 1,4- -linked dglucose units to yield a mixture of dextrins, maltose, and glucose. Amylase exists in two forms
(I and II) that have similar enzymatic properties but that differ in their isoelectric points. Both
molecular forms of amylase are glycoproteins that contain fucose, galactose, mannose, and
different contents of glucosamine. Both amylases consist of a single polypeptide chain with four
disulfide bridges and contain a tightly bound calcium ion.
8. ENZYME ACTIVITY MEASUREMENTS
Although pancreatin contains a variety of enzymes, it is usually characterized by measuring the
activities of the three main enzyme classes, lipase, protease, and amylase.
8.1 Lipase Activity
The lipase activity of pancreatin on triglycerides with long-chain fatty acids is mainly due to PL,
which requires the presence of its specific cofactor, colipase, to act on triglyceride emulsions in
the presence of bile salts that are competitors for lipase adsorption at the surface of lipid
droplets. Colipase and lipase form an active complex with a 1-to-1 stoichiometry. Commercial
preparations of pancreatin usually contain colipase; however, it is recommended to check that
the API manufacturing process provides enough colipase for the lipase activity. This control
should be part of a proper characterization to be performed during process validation of the
API.
Besides PL, pancreatin also contains pancreatic carboxyl ester lipase (CEL), which hydrolyzes
several lipid substrates. CEL activity on triglycerides is usually considered very low, compared
with that of PL, and its contribution to pancreatin lipase activity is negligible, as measured by
the USP Lipase assay.
The lipase assay described in the USP Pancreatin monograph is based on the enzyme's rate of
digestion of olive oil emulsified with acacia (also known as gum arabic). The activity of the test
sample is calculated by comparing it to a standard preparation of enzyme with known activity.
Olive oil contains triglycerides with long-chain fatty acids that are representative of dietary
triglycerides. Lipase activity is measured on the basis of the titration of the free fatty acids
released from olive oil upon lipolysis by the lipase present in pancreatin. This titration by sodium
hydroxide is performed at a constant pH of 9.0 by pH- or potentiostatic titration, at which
long-chain fatty acids are totally ionized. It is worth noting that this pH value does not
correspond to physiological conditions (the mean pH of the small intestine contents is close to
6.0 during a meal), but it allows measurement of optimum lipase activity in vitro. Because the
USP lipase assay solution contains USP Bile Salts Reference Standard (RS), the detection of
enzyme activity requires that both lipase and colipase are present in pancreatin. One USP Unit
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of lipase is defined as the amount of enzyme that, under the defined conditions with the
defined substrate, liberates 1 µmole of fatty acid per minute.
Other lipase assays are available for monitoring lipase activity in pancreatin. When using lipase
assays with non-natural substrates, such as tributyrin, it is recommended to confirm that the
pancreatin sample tested is also active on long-chain triglycerides, particularly using the USP
lipase assay with olive oil–acacia emulsion.
8.2 Protease Activity
The proteolytic activity of pancreatin on polypeptides and proteins is due to the inherent
enzymes trypsin, chymotrypsin, elastase, carboxypeptidase A1, and carboxypeptidase B. The
two major pancreatic proteases are trypsin and chymotrypsin, and along with elastase, these
endopeptidases generate small polypeptides from larger proteins. The further action of the
exopeptidases carboxypeptidase A1 and B leads to single amino acids during digestion.
The USP spectrophotometric assay for protease activity from pancreatin is based on the
enzyme's rate of digestion of casein under test conditions. The activity of the test sample is
calculated by comparing it to a standard preparation of enzyme with known activity. Casein is
composed of (s1) and (s2)-caseins, -casein, and -casein, which are phosphorylated on
serine residues and lack disulfide bridges. The conformation of casein is similar to that of
denatured globular proteins with little or no tertiary structure. It is recommended that users
evaluate suppliers of the casein substrate for consistency of dispersion.
The hydrolysis of casein by pancreatic proteases generates single amino acids and small
peptides, and their release can be quantified by measuring their absorption at 280 nm. Before
this measurement, non-hydrolyzed proteins and large peptides have to be separated by a
selective precipitation with trichloroacetic acid, followed by filtration. The filtrate is then used
for the spectrophotometric assay of protease activity, using tyrosine as a calibrant. One USP
Unit of protease activity is contained in the amount of pancreatin that hydrolyzes casein at an
initial rate such that the amount of peptides liberated per minute and not precipitated by
trichloroacetic acid gives the same absorbance at 280 nm as 15 nmol of tyrosine.
Other assays are available for monitoring the activity of individual and total proteases in
pancreatin, and the unit assignments are specific for each substrate. N-Acetyl-L-tyrosine ethyl
ester is commonly used for both titrimetric and spectrophotometric ( =237 nm) assays of
chymotrypsin activity. Similarly,N-benzoyl-L-arginine ethyl ester is commonly used for both
titrimetric and spectrophotometric ( =253 nm) assays of trypsin activity. In both cases, the
titrimetric assay is based on ester hydrolysis by proteases and the release of acid groups,
whereas the spectrophotometric assay is based on the chromogenic properties of these acids.
Toluene-sulfonyl-L-arginine methyl ester is another chromogenic substrate ( =247 nm) used
for measuring trypsin activity. These substrates are, however, not proteins, and the assays
involve the cleavage of a carboxylic ester bond instead of a peptide bond.
Other assays using chromogenic peptides as substrates have been developed for improving
specificity and sensitivity. More specific and sensitive protease assays have been developed
using short synthetic peptide substrates (3–5 amino acid residues) with a chromogenic group
(4-nitroaniline) coupled to the C-terminal end by an amide bond. The chromogenic group is
specifically removed by proteases and is measured photometrically. The change in the
absorbance at 405 nm is directly proportional to the protease activity. Specific substrates are
commercially available for trypsin (carbobenzoxy-valyl-glycyl-arginine-4-nitril-anilide acetate)
and chymotrypsin (methyl-O-succinoyl-arginyl-prolyl-tyrosine-4-nitril-anilide chlorhydrate).
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Fluorescein isothiocyanate (FITC)-labeled casein is also used as a general protease substrate.
The assay is based on the quenching of the fluorescein label bound to casein. When FITCcasein is digested into smaller peptides by proteases, fluorescence at 530 nm (excitation at
485 nm) is increased and can be measured to determine protease activity.
8.3 Amylase Activity
The glycolytic activity of pancreatin is due to -type amylases. Such enzymes catalyze the
hydrolysis on internal -1,4-glucan links in polysaccharides containing three or more -1,4linked d-glucose units, yielding a mixture of maltose and glucose. The two major isoforms (I and
II) of porcine amylases have identical enzymatic properties. In the last decades, several
methods have been developed for assaying amylase activity; many of these are based on the
detection of starch hydrolysis, as this polymer is the natural amylase substrate. Starch
consists of two types of molecules, amylose (usually 20%–30%) and amylopectin (usually 70%–
80%). Both polymers result from the assembly of glucose units connected via -1,4-glucan
links; in addition, in amylopectin, about 1 residue in every 20 or so, is also linked -(1®6),
forming branch-points.
The USP Amylase assay in the Pancreatin monograph is based on the enzyme's rate of digestion
of starch, and the activity of the test sample is calculated by comparing it to a standard
preparation of enzyme with known activity. Starch is hydrolyzed by amylase; the reducing
groups resulting from the hydrolysis react with iodine in alkaline solution; and the excess iodine
is titrated with thiosulphate. One USP Unit of amylase activity is defined as the amount of
pancreatin that decomposes starch at an initial rate such that 0.16 µEq of glycosidic linkage is
hydrolyzed per minute under the conditions of the assay.
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BRIEFING
1041 Biologics, USP 37 page 618. The text contained in the current chapter has been
official since 1983. After review by the General Chapters Biological Analysis Expert Committee,
it is proposed to revise this general chapter to update pertinent definitions and references and

PF 40(5): Sep.-Oct. 2014

154

to explain compendial requirements and perspectives pertaining to this class of products and
future monographs. Chapter
monographs1.
Injections

1041

is cross-referenced in the following general chapters and

1

Pyrogen Test

151

Radioactivity

821

Virology Test Methods 1237
Albumin Human
Antithrombin III Human
BCG Vaccine
Factor IX Complex
Immune Globulin
Rho (D) Immune Globulin
Hepatitis B Immune Globulin
Iodinated I 125 Albumin Injection
Iodinated I 131 Albumin Injection
Iodinated I 131 Albumin Aggregated Injection
Pertussis Immune Globulin
Plasma Protein Fraction
Rabies Immune Globulin
Technetium Tc 99m Albumin Injection
Technetium Tc 99m Albumin Aggregated Injection
Technetium Tc 99m Albumin Colloid Injection
Technetium Tc 99m Red Blood Cells Injection
Tetanus Immune Globulin
Vaccinia Immune Globulin
Varicella-Zoster Immune Globulin
General Notices, 5.50.10 Units of Potency (Biological)
These citations will remain as written when the revised chapter text becomes official.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCBA: M. Kibbey.)
Correspondence Number—C135857

Comment deadline: November 30, 2014
1041

BIOLOGICS

Change to read:
Products such as antitoxins, antivenins, blood, blood derivatives, immune serums, immunologic
diagnostic aids, toxoids, vaccines, and related articles that are produced under license in
accordance with the terms of the federal Public Health Service Act (58 Stat. 682) approved
July 1, 1944, as amended, have long been known as “biologics.” However, in Table III, Part F,
of the Act, the term “biological products” is applied to the group of licensed products as a
whole. For Pharmacopeial purposes, the term “biologics” refers to those products that must be
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licensed under the Act and comply with Food and Drug Regulations—Code of Federal
Regulations, Title 21 Parts 600-680, pertaining to federal control of these products (other than
certain diagnostic aids), as administered by the Center for Biologics Evaluation and Research or,
in the case of the relevant diagnostic aids, by the Center for Devices and Radiological Health of
the federal Food and Drug Administration.
Each lot of a licensed biologic is approved for distribution when it has been determined that the
lot meets the specific control requirements for that product as set forth by the Office.
Licensing includes approval of a specific series of production steps and in-process control tests
as well as end-product specifications that must be met on a lot-by-lot basis. These can be
altered only upon approval by the Center for Biologics Evaluation and Research and with the
support of appropriate data demonstrating that the change will yield a final product having
equal or superior safety, purity, potency, and efficacy. No lot of any licensed biological product
is to be distributed by the manufacturer prior to the completion of the specified tests.
Provisions generally applicable to biologic products include tests for potency, general safety,
sterility, purity, water (residual moisture), pyrogens, identity, and constituent materials
(Sections 610.10 to 610.15 and see Safety Tests—Biologicals under Biological Reactivity Tests,
In Vivo

88 , Sterility Tests

71 , Water Determination

921 , and Pyrogen Test

151 ,

as well as Bacterial Endotoxins Test 85 ). Constituent materials include ingredients,
preservatives, diluents and adjuvants (which generally should meet compendial standards),
extraneous protein in cell-culture produced vaccines (which, if other than serum-originating, is
excluded) and antibiotics other than penicillin added to the production substrate of viral
vaccines (for which compendial monographs on antibiotics and antibiotic substances are
available). Additional specific safety tests are also required to be performed on live vaccines
and certain other items. Where standard preparations are made available by the Center for
Biologics Evaluation and Research (Section 610.20), such preparations are specified for
comparison in potency or virulence testing. The U.S. Opacity Standard is used in estimating the
bacterial concentration of certain bacterial vaccines and/or evaluating challenge cultures used
in tests of them. (See also Units of Potency in the General Notices.)
The Pharmacopeial monographs conform to the Food and Drug Regulations in covering those
aspects of identity, quality, purity, potency, and packaging and storage that are of particular
interest to pharmacists and physicians responsible for the purchase, storage, and use of
biologics. Revisions of the federal requirements affecting the USP monographs will be made the
subjects of USP Supplements as promptly as practicable.
Vehicles and Added Substances—Vehicles and added substances suitable for biologics are
those named in the Food and Drug Regulations.
Containers for Injections—Containers for biologics intended to be administered by injection
meet the requirements for Containers for Injections under Injections

1 .

Container Content—The volumes in containers of biologics intended to be administered by
injection meet the requirements for Container Content under Injections

1 .

Labeling—Biologics intended to be administered by injection comply with the requirements for
Labeling under Injections 1 . In addition, the label on the final container for each biologic
states the following: the title or proper name (the name under which the product is licensed
under the Public Health Service Act); the name, address, and license number of the
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manufacturer; the lot number; the expiration date; and the recommended individual dose for
multiple-dose containers. The package label includes all of the above, with the addition of the
following: the preservative used and its amount; the number of containers, if more than one;
the amount of product in the container; the recommended storage temperature; a statement,
if necessary, that freezing is to be avoided; and such other information as the Food and Drug
regulations may require.
Packaging and Storage—The labeling gives the recommended storage temperature (see
General Notices). Precautions should be taken where products labeled to be stored at a
temperature between 2 and 8 are stored in a refrigerator, in order to assure that they will
not be frozen. Diluents packaged with biologics should not be frozen. Some products (as
defined in Section 600.15) are to be maintained during shipment at specified temperatures.
Expiration Date—For compendial articles the expiration date identifies the time during which
the article may be expected to meet the requirements of the Pharmacopeial monograph,
provided it is kept under the prescribed storage conditions. This date limits the time during
which the product may be dispensed or used (see General Notices, page 1). However, for
biological products, the stated date on each lot determines the dating period, which begins on
the date of manufacture (Section 610.50) and beyond which the product cannot be expected
beyond reasonable doubt to yield its specific results and to retain the required safety, purity,
and potency (Section 300.3 (1) and (m)). Such a dating period may comprise an in-house
storage period during which it is permitted to be held under prescribed conditions in the
manufacturer's storage, followed by a period after issue therefrom. The individual monographs
usually indicate both the latter period and (in parentheses) the permissible in-house storage
period. If the product is held in the manufacturer's storage for a longer period than that
indicated (in parentheses), the expiration date is set so as to reduce the dating period after
issue from the manufacturer's storage by a corresponding amount.
Biologics are a subset of drugs and as such are subject to many of the same compendial quality
requirements as are any drugs. With few exceptions, because biological products, or simply
“biologics”, are made from or with the aid of living organisms or by recombinant technology,
there are aspects in which biologics have unique attributes compared to chemical drugs, as is
reflected in a number of USP–NF general chapters developed specifically for application to
biologics. This general chapter addresses the specific requirements for biologics and
applicability of specific general chapters and provisions in General Notices of particular
relevance to biologic monographs. Because of their structural complexity, sensitivity to
environmental conditions, risk of adventitious agents, and the importance of stringent
manufacturing controls from starting materials through to final product, many articles in this
class of drug products may be subject to specific regulatory controls. This chapter does not
address the landscape of legal and regulatory requirements for marketing approval or lot release
of biologics in the United States or other jurisdictions. Note, however, that regardless of the
approval route used to gain market access in the U.S., whether by a Biologics License
Application (BLA) under the PHS Act [section 351 (a) BLA, or 351(k) biosimilar] or under the
Federal Food, Drug, and Cosmetic Act [e.g., FDCA section 505 New Drug Application (NDA)], all
drugs, including biologics, are subject to the full array of regulatory requirements in the FDCA,
including the adulteration and misbranding provisions (FDCA 501 and 502) that provide a role in
law for specific compendial quality standards in USP–NF, specifically the means by which
particular drugs, including biologics, are recognized in the compendium (naming and identity), as
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well as standards for strength, quality, purity, packaging, and labeling.
Recombinant DNA technology, modern cell culture techniques, advances in manufacturing
equipment, and highly effective purification methods have improved the control and
reproducibility of manufacturing operations for many biologics. Some relevant biologics USP
chapters include: Cellular and Tissue-Based Products

1046 , Gene Therapy Products

1047

, Vaccines for Human Use—General Considerations 1235 , and Human Plasma 1180 .
Although it is theoretically possible to develop public standards for a macromolecular article, it
is not possible to develop specific standards that incorporate all prospective methods of
production. The compendial perspective is to develop public standards that can be applied to a
final product without detailed knowledge of the production process but which help ensure
product safety, identity, strength, quality, and purity.
Compendial testing for identity, purity, and activity generally requires the use of USP Reference
Standards. It will be necessary to consider what USP Reference Standards might be required
and how relevant they might be to the method of production as it relates to a final product's
characteristics. Such decisions will be made on a product-by-product basis. Favorable
consideration will be given to the use of USP Reference Standards that are representative of
the specific products that have undergone clinical testing and are fully characterized.
Provisions generally applicable to biologic products (21 CFR 610 Subpart B) include tests for
potency (Section 610.10), general safety [Sections 610.11, 601.2(c), and see Safety Tests—
Biologicals under Biological Reactivity Tests, In Vivo
Sterility Tests

88 ], sterility (Section 610.12 and

71 ), purity (Section 610.13), water [residual moisture when applicable (i.e.

lyophilized products); see Section 610.13 and Water Determination

921 ], pyrogens (Section

610.13, Pyrogen Test 151 , and Bacterial Endotoxins Test 85 ), identity (Section 610.14),
and constituent materials (Section 610.15). Where the potency of a biologic product cannot be
defined by physical or chemical means, it is often expressed in units defined relative to an
established standard [see General Notices 5.50.10 Units of Potency (Biological)]. Constituent
materials include ingredients, preservatives, diluents and adjuvants (which generally should
meet compendial standards), extraneous host cell proteins, and antibiotics added to the
production substrate of viral vaccines (for which compendial monographs on antibiotics and
antibiotic substances are available). Additional specific safety tests are also required to be
performed on live vaccines and certain other items. The pharmacopeial monographs cover those
aspects of identity, quality, purity, potency, and packaging and storage that are of particular
interest to pharmaceutical scientists, pharmacists, and physicians responsible for the purchase,
testing, storage, and use of biologics. Revisions of the federal requirements affecting the USP
monographs will be made the subjects of USP Supplements or Revision Bulletins as promptly as
practicable.
INJECTABLES
Biologic products intended to be administered by injection that have USP monograph standards
that cite general chapter Injections 1 must comply with those specified requirements. In
addition, the label on the final container for each biologic states the following: the title or
proper name (the name under which the product is licensed under the Public Health Service
Act); the name, address, and license number of the manufacturer; the lot number; the
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expiration date; and the recommended individual dose for multiple-dose containers. The
package label includes all of the above, with the addition of the following: the preservative and
its amount if used; the number of containers, if more than one; the amount of product in the
container; the recommended storage temperature; a statement, if necessary, that freezing is
to be avoided; and such other information as the relevant Food and Drug statute and
regulations may require.
PACKAGING AND STORAGE
The labeling gives the recommended storage temperature (see General Notices). Precautions
should be taken where products labeled to be stored at a temperature between 2 and 8 are
stored in a refrigerator, to assure that they will not be frozen. Diluents packaged with biologics
should not be frozen. Some products (as defined in Section 600.15) are to be maintained during
shipment at specified temperatures.
EXPIRATION DATE
For compendial articles the expiration date identifies the time during which the article may be
expected to meet the requirements of the pharmacopeial monograph, provided it is kept under
the prescribed storage conditions. This date limits the time during which the product may be
dispensed or used (see General Notices, page 1). However, for biological products, the stated
date on each lot determines the dating period, which begins on the date of manufacture (see
Section 610.50) and beyond which the product cannot be expected beyond reasonable doubt
to yield its specific results and to retain the required safety, purity, and potency [see Section
600.3 (l) and (m)]. Such a dating period may comprise an in-house storage period during which
it is permitted to be held under prescribed conditions in the manufacturer's storage, followed by
a period after issue. The individual monographs usually indicate both the latter period and (in
parentheses) the permissible in-house storage period. If the product is held in the
manufacturer's storage for a longer period than that indicated (in parentheses), the expiration
date is set so as to reduce the dating period after issue from the manufacturer's storage by a
corresponding amount.
TESTING
Testing for identity, purity, and activity of a biologic. Analytical procedures—chemical, physical,
microbiological, and immunological—will be included in the specific product monographs and
updated from time to time to reflect advances in test methods. In biologic manufacturing and
quality control, it is frequently necessary to use a combination of final product and validated
in-process testing and process validation to ensure the removal of undesired real or potential
impurities to the levels suggested by regulatory agencies. Biotechnology-derived products
generally require a detailed characterization of the production organism (cell), a complete
assessment of the means of cell growth/propagation, and explicit analysis of the final product
recovery process.
2S (USP38)
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1 This listing of chapters and monographs that contain cross-references to this chapter represents an
exhaustive search of USP compendial content. This list is intended to serve as a helpful resource and a notice
of newly updated documentary standards for USP stakeholders. This list should not be construed as a final and
complete list, as it is possible that additional related monographs and/or chapters could be identified. USP
welcomes comments on any potentially incorrect or missing cross-references.

BRIEFING
1045 Biotechnology-Derived Articles, USP 37 page 626. After review by the General
Chapters Biological Analysis Expert Committee, it is proposed to omit general chapter
Biotechnology-Derived Articles 1045 . The current chapter content has become dated and
the technical approaches covered are now addressed in other general chapters. However,
there is information within the current chapter that is useful, including general definitions of
biotechnology-derived articles, the use of compendial standards for these products, and
general statements on quality control. Thus, the text covering these topics will be placed in a
forthcoming revision of general chapter Biologics
following general chapters:

1041 . Chapter

1045

is cited in the

Growth Factors And Cytokines Used In Cell Therapy Manufacturing
Subvisible Particulate Matter in Therapeutic Protein Injections

787

Ancillary Materials For Cell, Gene, And Tissue-Engineered Products
Excipient Performance

92
1043

1059

Citations to the chapter will be removed when the chapter is officially omitted.
(GCBA: M. Kibbey.)
Correspondence Number—C141965

Comment deadline: November 30, 2014
Delete the following:
1045

BIOTECHNOLOGY-DERIVED ARTICLES

Macromolecular substances can be obtained by a number of methods including extraction from
natural sources, modification of naturally occurring protein, mammalian cell culture in vitro,
mammalian cell culture in vivo, production by microorganisms, and chemical syntheses. From a
compendial perspective, macromolecular articles derived from biotechnology processes—or more
specifically from recombinant-DNA (rDNA) technology, hybridoma technology, and transformed
continuous cell lines—are those articles for which official names have been established. These
articles have official public standards for identity, strength (potency), quality, and purity.
Advances in genetics and the applications of genetic engineering have made the production of
new and existing macromolecular articles technologically and economically feasible.
The technologies involved in producing a protein by biotechnological processes have been
widely documented and general guidelines have been established by the federal government.
The products of biotechnology may be regulated as drugs, biologics, or diagnostics, depending
on their source, composition, and intended use. The novel approaches permitted by
biotechnology can make it difficult to apply classic definitions of these categories and FDA has
advised manufacturers to seek clarification in the early stages of development for how a
product will be regulated when classification is not obvious.1 The overall regulatory scheme for

PF 40(5): Sep.-Oct. 2014

160

biotechnology-derived products is the same as for products in the same category produced by
traditional manufacturing methods, with the addition of specific requirements suited to the
biotechnology-derived product. The general requirements are described primarily in the
applicable parts of the Code of Federal Regulations, Title 21. NIH has published a guideline for
rDNA research that is mandatory for both public and private NIH-supported research. This
guideline has wide acceptance and voluntary compliance is common by institutions and
corporations not specifically governed by it.2 Laboratory safety practices, particularly
protection from potentially infectious materials, are a concern.3 Producing macromolecular
articles by biotechnological processes involves initially the cloning of a specific gene in the
laboratory, or the construction of a synthetic gene, with subsequent insertion into a host cell
and subcloning in a microorganism or cell culture; then a process development on a pilot scale
to optimize yield and quality; and finally large-scale fermentation or cell culture processes. The
next step, which is the most relevant to the development of compendial monographs, is the
purification of the macromolecular proteins. This is followed by animal testing, clinical testing,
regulatory approval, and marketing.
Development of relevant public standards for these macromolecular articles is generally closely
linked to the processing technology used and the physicochemical and biological characteristics
of a specific drug. Characterizations of these articles to ensure safety, purity, and activity
should incorporate classical techniques as well as methods specific to the technology. There is
always the possibility that these articles may cause some untoward effects in patients using
them due to immunological sensitization as a result of a single (or multiple) molecular
modification. Such a possibility requires precise characterization of these substances. Although
it is theoretically possible to develop public standards for a macromolecular article, it is not
possible to develop specific standards that incorporate all prospective methods of production.
The compendial perspective is to develop public standards that can be applied to a final
product without comprehensive knowledge of production details but which can ensure
maintenance of safety, identity, strength, quality, and purity.
Testing for identity, purity, and activity generally requires the use of USP Reference Standards.
It will be necessary to consider what USP Reference Standards might be required and how
relevant they might be to the method of production as it relates to a final product's
characteristics. Such decisions will be made on a product-by-product basis. Favorable
consideration will be given to the use of USP Reference Standards that are representative of
the specific products that have undergone clinical testing and are fully characterized.
Although early adoption in USP of general methods of analysis of macromolecular drugs could be
conducive to early standardization of methods, the technology and analytical procedures are
evolving very rapidly. Analytical procedures—chemical, physical, microbiological, and
immunological—will be included in the specific product monographs.
SCOPE OF BIOTECHNOLOGY IN THE DEVELOPMENT OF PHARMACOPEIAL ARTICLES
Definition of Biotechnology—Historical Perspective
In its broadest definition, biotechnology refers to the use of living organisms, including isolated
mammalian cells, in the production of products having beneficial use. This definition would place
alcohol, antibiotic production, and dairy processing, for example, within the scope of
biotechnology. However, the current interest in biotechnology is primarily a result of two major
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advances. The first advance was the development of rDNA technology, which allowed the
genes of one species to be transplanted into another species. Thus, gene coding for the
expression of a desired protein (usually human) could be inserted into a host prokaryotic or
eukaryotic cell in such a manner that the host cell would then express usable quantities of the
desired protein. The second major advance was the development of techniques for producing
large quantities of monoclonal antibodies (i.e., antibodies arising from a single lymphocyte).
Biotechnology within the pharmaceutical industry generally refers either to the production of
protein products using rDNA techniques or to the production of monoclonal antibodies. Other
technologies, such as transgenic animals and plants, gene therapy, and antisense DNA, may
have potential implications for the pharmaceutical industry in the future but are not within the
scope of this chapter.
rDNA Technology
The major steps in the application of rDNA technology for production of a desired protein are
outlined in this section. The critical first step is identification of the protein that is to be
produced, followed by the isolation of the gene of interest (i.e., the DNA sequence coding for
the desired protein). Once this gene is isolated and fully characterized, it is inserted into a
suitable vector such as a plasmid, which is an extrachromosomal segment of DNA usually found
in certain bacteria. The plasmid is then inserted into the host cell. Clones of the transformed
host cell line are isolated, and those that produce the protein of interest in the desired
quantities are preserved under suitable conditions as a cell bank. As manufacturing needs arise,
the cloned cells can be scaled up in a fermentation or cell culture process to produce the
protein product.
Although the rDNA process is more fully described elsewhere in this chapter, the following
important points should be recognized. The vector (plasmid) generally contains a selectable
marker that can be used to identify cells that contain this gene. This is in addition to the gene
coding for the protein of interest and the regulatory nucleotide sequences necessary for
plasmid replication and messenger RNA (mRNA) transcription (the first step in protein
synthesis). Selection of the desired cells is simplified because only properly transformed cells
containing the selectable marker gene will survive under the growth conditions used to identify
and propagate the transformed cells. Typically, the bacterial and eukaryotic selectable markers
may include both antibiotic resistance or genes that complement an auxotrophic host mutation.
There are numerous examples of both types of markers in each system.
Significant differences exist in the rDNA production process between prokaryotic and eukaryotic
cells. In general, bacterial cells express greater concentrations of protein product and require
relatively simple media components. However, prokaryotic cells do not perform many important
post-translational modifications such as glycosylation and, historically, it was not possible to
express large proteins in E. coli. These limitations necessitate the use of eukaryotic cells in
many cases. The production differences between eukaryotic and prokaryotic host cells have
significant impacts that are reflected in the requirements for process validation, purification,
and analytical methodology. These requirements are addressed later in this chapter.
Monoclonal Antibodies
Antibodies are proteins produced by differentiated B lymphocytes. Each lymphocyte produces
an antibody of defined specificity (i.e., the antibody molecule recognizes a specific site or
epitope on the antigen). Antibodies that are produced in immunized animals are formed from
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many different clones of B lymphocytes; hence, the name polyclonal antibodies. Because the
harvest of blood from these animals, by definition, results in polyclonal antibody mixtures, the
antisera have multiple epitope recognition sites with a wide variety of binding constants
(avidity) and therefore vary from lot to lot. Antibodies that are produced by immortalized cell
lines (hybridomas) derived from single B cells are referred to as monoclonal antibodies. The
harvest of these cultures leads to an antibody of specific epitope recognition with a
homogeneous binding constant.
B lymphocytes have a finite life span in culture and have to be immortalized to enable
continuous monoclonal antibody production. At present, the most common procedure is through
chemically-induced fusion of a mouse spleen cell with a mouse myeloma cell. The resultant
mouse-mouse hybridoma cell inherits from the myeloma cell the ability to replicate continuously
in culture and inherits from the spleen cell the ability to produce the desired monoclonal
antibody. Cell banks of the hybridoma cell line can be used to produce a continuous supply of
the monoclonal antibody, either in vivo (i.e., by injection into mice and subsequent collection of
the ascites fluid), or in vitro (i.e., by conventional cell culture techniques). It should be
mentioned that recent advances in molecular genetics have led to the development of
transfectomas and E. coli- and bacteriophage-based production schemes that may offer
advantages for future production of monoclonal antibodies.
Process validation, purification, and analytical considerations for monoclonal antibodies are
conceptually similar to those for rDNA products. This is because both types of products are
proteins and therefore require similar handling and assay procedures. Because monoclonal
antibodies are the products of immortalized cell lines, there is concern that potential viral
nucleic acid contaminants be effectively excluded or inactivated by the manufacturing
processes, just as for recombinant products of continuous cell lines.
Commercial applications of monoclonal antibodies include both diagnostic and therapeutic uses.
In some cases, the monoclonal antibody is coupled to another substance (e.g., an oncolytic
agent, radionuclide, toxin), with the resultant antibody conjugate being the final product of
interest. In this case, both the antibody intermediate and the final product require extensive
process development and analytical characterization.
For the purposes of this chapter, the scope of biotechnology will be confined to rDNA and
monoclonal antibody pharmaceutical products.
CHARACTERISTIC PRODUCTION PROCESSES
The major difference between biotechnology-derived products and other pharmaceutical
products is the means of production used to generate the product. Biotechnology makes use of
genetically modified living organisms to produce protein or peptidyl products. This statement is
true for both rDNA-derived products as well as monoclonal antibody products. Biotechnologyderived products are therefore readily differentiated from proteins or peptides that have been
obtained by isolation from natural source materials such as plasma, serum, or tissue, or by
chemical synthesis.
Biotechnology-derived products are not significantly different from other protein
pharmaceuticals after the protein purification process. Thus, the basic requirements for process
validation, environmental control, aseptic manufacturing, and quality control/quality assurance
systems are fundamentally the same for all pharmaceutical products. However, the complexity
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of these systems is often greater for biotechnology-derived products because the production
of such bio-molecules generally requires highly developed cell propagation processes,
complicated purification methods, and analytical control to ensure their homogeneity, lot-to-lot
consistency, and safety.
This section describes in some detail only those significant factors that are unique to the
processing of biotechnology-derived products. This includes descriptions of the various
biological production systems now in use, and a discussion of purification issues.
rDNA Production
rDNA products are presently produced in prokaryotic (bacteria) or eukaryotic systems (e.g.,
yeast, mammalian cell culture). The choice of the production organism is generally a direct
function of the molecular complexity of the protein that is to be produced as well as the
economics and efficiency of the fermentation or cell culture process. The earliest
biotechnology-derived products were produced in E. coli based on the high degree of
understanding of its molecular biology. Within the last few years, however, the use of largescale eukaryotic cell culture has become relatively commonplace.
PROKARYOTIC (BACTERIAL) PRODUCTION
Bacterial production of biotechnology-derived products offers a number of distinct advantages
as well as certain disadvantages. As previously stated, the biology of bacteria is quite well
understood and the safe and effective use of E. coli as the host organism for production has
been well documented. Thus, the expression of a new protein in E. coli, if possible, is often
easier to accomplish than in other, more theoretically suitable, expression systems. This may be
offset, however, by the fact that E. coli produces proteins usually in a chemically reduced
state. For proper folding, such proteins require the production of intramolecular disulfide bonds
by oxidation. A second disadvantage is that all E. coli proteins begin their sequence with an Nformyl methionine residue that may not always be removed by E. coli proteolytic systems, thus
possibly yielding a methionyl derivative of the desired natural protein. A third disadvantage of
expression in E. coli is the potential for product degradation because of trace protease
impurities. A fourth disadvantage is the requirement for endotoxin removal during purification.
These limitations aside, the ease of use of E. coli and their generally high-expression yields for
most proteins often have resulted in the continued preferential use of these bacteria, where
feasible.
As previously described, the key element in rDNA technology is the recombinant plasmid, which
contains the gene that codes for the protein of interest. Plasmids are simple and small circular
extrachromosomal segments of bacterial DNA that are isolated from a bacterium and are selfreplicating. The basic technology involves the specific enzymatic cleavage of a plasmid using
endonucleases followed by the insertion of a new piece of DNA that contains the gene of
interest. The resultant recombinant plasmid is considered the key raw material of rDNA
technology. The recombinant plasmid is introduced into the host organism through a process
called transformation, where it passes on its new genetic information and results in the
production of the protein product. The large-scale growth of recombinant organisms can be
conducted in commercial fermenters at scales in excess of 100,000 L, making these types of
production systems extremely economical. There are, however, a number of issues that
complicate E. coli fermentation systems. In some cases, the expressed protein product may
cause cellular toxicity, and/or be extremely difficult to recover or purify because it may be
sequestered into bacterial inclusion bodies as large semisoluble aggregates. Recent advances in
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E. coli molecular biology have led to the ability to express proteins into the periplasmic space,
allowing for the removal of unwanted N-terminal methionine groups and leading to more readily
purified proteins.
EUKARYOTIC (MAMMALIAN CELL AND YEAST) PRODUCTION
The development of eukaryotic cell culture for the production of vaccines has long been
established in the pharmaceutical industry and an extensive database has been developed to
ensure the suitability of such protein products in humans. The extension of this technology to
rDNA products was primarily a response to the limitations in the use of E. coli. Particularly with
respect to large proteins or glycoproteins, eukaryotic cell expression is an attractive alternative
to a bacterial system because eukaryotic cells can secrete proteins that are properly folded
and identical in primary, secondary, and tertiary structure to the natural human protein.
Concerns about the economics of this production system orginally hindered its development.
Recent advances, however, in improved expression levels, in large-scale cell culture using
Chinese Hamster Ovary (CHO) cells, and in the formulation of more highly defined growth media
have combined to dramatically improve the economic feasibility of eukaryotic cell substrates.
The number of cell passages required for cloning, selection, amplification, and cell banking prior
to production generally necessitates the use of immortal cell lines because nonimmortalized
strains (i.e., diploid cultures) cannot be propagated long enough to provide an economically
useful time in the production stage. Initial questions regarding the safety of such immortal cell
lines were based on concerns over potential oncogenes and potential viral and retroviral
contamination. These concerns have been minimized by the exhaustive analysis and
characterization of master cell banks for adventitious (accidentally introduced) agents, by
effective process validation studies, and by the safety data gathered to date for products
produced by this method. The resultant thoroughly characterized master cell bank is used for
full-scale production. Other eukaryotic cell lines, such as those derived from insect cells, may
be useful in achieving many of the conformational and post-translational advantages that have
been described for mammalian cell culture.
The use of yeast strains such as Saccharomyces cerevisiae for production has been
extensively explored. The production of proteins in yeast offers many theoretical advantages
over E. coli while raising certain new concerns. Like E. coli, yeast can maintain stable plasmids
extrachromosomally; however, unlike E. coli, yeast possesses the ability to produce
glycoproteins.
MONOCLONAL ANTIBODY PRODUCTION
Monoclonal antibodies can be produced in two major ways, depending on whether they are of
human or murine (mouse) origin. For antibodies of murine origin, appropriate lymphocytes are
selected from the spleens of previously inoculated mice or rats. The cell is then fused with a
transformed cell line such as a myeloma cell line, producing a hybridoma cell. The hybridoma
cells are then clonally selected and used to produce the monoclonal antibody products. For
antibodies of human origin, human B lymphocytes can be clonally selected for the hapten
binding specificity of their product antibodies; these selected cells can then be immortalized by
infection with a virus. The resultant fused or transformed cell can proliferate indefinitely in a
bioreactor/cell culture environment or can be injected into mice from whose ascites fluid the
protein can be obtained. Antibody is produced as directed by the chromosomal information that
resides in the cell or was acquired during fusion and is secreted into the medium from which it
can be readily purified. The hybridoma cells must be thoroughly analyzed and characterized in

PF 40(5): Sep.-Oct. 2014

165

the same general way as an rDNA cell bank. The resultant cell bank is used for production of
product either by large-scale cell culture or by harvesting ascites fluid from mice inoculated
with transformed cells.
Control of Fermentation and Cell Culture Processes
Because the production process using a living system is the fundamental cornerstone of
biotechnology, the issues that relate directly to the control of biotechnology processes need to
be examined. Concerns over the production of proteins in bacteria, for example, primarily
involve systems for ensuring genetic stability, consistent product yield, and evidence of the
lack of contamination by adventitious organisms. These same concerns apply to large-scale
eukaryotic cell culture, where, as stated above, there are also significant issues relating to the
use of immortalized cell lines such as the putative presence of oncogenic DNA/RNA and
impurities from media proteins.
FERMENTATIONS (BACTERIA AND YEAST)
A considerable amount of knowledge has been obtained for the production of recombinant
proteins in bacteria and yeast; therefore, the major fermentation issues typically are resolved
by the demonstration of consistency in fermentation conditions. Fermentations with bacteria
and yeast usually are performed over short, well-defined time periods to monitor and control
growth rate and product expression conditions. The presence of contaminating foreign
organisms may be detected by effects on growth rate, culture purity, fatty acid profile, etc.,
and is cause for termination of the fermentation. The genetic stability of the production plasmid
for bacteria may be addressed by isolation and nucleotide sequence analysis or by DNA
restriction mapping. These results may be confirmed by peptide mapping of the expressed
protein for each product lot manufactured. It is very important to optimize the fermentation
conditions so that the amount of proteolytic processing of the target protein that may occur
can be either limited or avoided completely. Proteolytic processing is often a problem in E. coli
fermentations and may lead to recovery difficulties and low product yields. Finally, the
conformation of the protein and its effects on potency must be addressed by the fermentation
process.
EUKARYOTIC CELL CULTURES
The origin of large-scale cell culture techniques for the production of biotechnology-derived
products can be traced back to the vaccine industry. Developments such as large-scale cell
suspension cultures using recombinant organisms that secrete the desired protein into the
media have had a significant impact on biotechnology. Large glycosylated proteins in quantities
sufficient for the marketplace can now be produced. The use of eukaryotic cell cultures,
however, is complicated by issues such as genetic stability, protein folding, and culture
conditions, including cell viability and growth rates. For example, the genetic stability of cell
cultures cannot be addressed as readily as E. coli fermentations by techniques such as plasmid
sequence analysis because the gene that codes for the product is incorporated into the cell
genome and is not easily recovered. One alternative is peptide mapping of the expressed
protein, which requires a resolution and sensitivity adequate to detect subtle mutations.
The absence of adventitious organisms in cell cultures is critical. In addition to demonstrating
that bacteria, yeast, and molds are not present in cell cultures, the manufacturer must provide
for each culture evidence that mycoplasmas and adventitious viruses are not present. It is
important to recognize that certain hybridomas used for monoclonal antibody production may
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contain endogenous retroviruses. However, it must be demonstrated that any viruses present
in the culture are removed from the final product. This requires the development of suitable
analytical techniques to ensure the absence of contamination by mycoplasmas or human and
animal adventitious viruses.
The degree and type of glycosylation may be important in the design of cell culture conditions
for the production of glycosylated proteins. The degree of glycosylation present may affect the
half-life of the product in vivo as well as its potency and antigenicity. Although the
glycosylation status of a cell culture product is difficult to determine, it can be verified to be
consistent if the culture conditions are highly reproducible.
Process for Recovery and Purification
The recovery of protein products obtained from either fermentation or cell culture is generally
based on efficient protein separation techniques such as those listed in Table 1. The recovery
process begins with isolation of the desired protein from the fermentation or cell culture
medium, often in a very impure form. The advantage of cell culture and yeast-derived products
is that many of these proteins are secreted directly into the medium, thus requiring only cell
separation to obtain a significant purification. For E. coli-derived products, lysis of the bacteria
is often necessary to recover the desired protein. It is important in each case to achieve rapid
purification of the desired protein because proteases released by the lysed organisms may
cleave the desired product. Such trace proteases are a major concern in the purification of
biotechnology-derived products because they can be very difficult to remove, may complicate
the recovery process, and can significantly affect final product stability.
Table 1. Chromatographic Purification Methods Used for
Biotechnology-derived Products
Chromatofocusing
Reversed-phase chromatography
Hydrophobic interaction chromatography
Charge-transfer chromatography
Size-exclusion chromatography (molecular sizing)
Ion-exchange chromatography
Anion
Cation
Affinity chromatography
Chemical
Monoclonal antibodies
Cellular receptors
Dye/Ligand
Metal chelate
The recovery process is usually designed to purify the final product to a high level. The purity
requirement for a product depends on many factors, although chronic use products may be
required to have much higher purity than those intended for single-use purposes. Biotechnology
products contain certain impurities that the recovery processes are specifically designed to
eliminate or minimize. These impurities include trace amounts of DNA, growth factors, residual
host proteins, endotoxins, and residual cellular proteins from the media. The most common
impurities of concern and suitable assay methods to detect them are presented in Table 2.
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Table 2. Potential Impurities and Contaminants in Biotechnology-derived Products
Impurities or
Detection Method
Contaminants
Impurities
Endotoxin
Bacterial Endotoxins Test 85 , Pyrogen Test 151
Host cell proteins
Other protein
impurities (media)
DNA
Protein mutants
Formyl methionine
Oxidized methionines

SDS-PAGEa, Immunoassays
SDS-PAGE, HPLCb, Immunoassays

DNA hybridization, UV spectrophotometry, Protein binding
Peptide mapping, HPLC, IEF c, MSd
Peptide mapping, HPLC, MS
Peptide mapping, amino acid analysis, HPLC, Edman degradation
analysis, MS
Proteolytic Cleavage IEF, SDS-PAGE (reduced), HPLC, Edman degradation analysis
Aggregated proteins SDS-PAGE, HPSECe
Deamidation
IEF, HPLC, MS, Edman degradation analysis
Monoclonal
SDS-PAGE, immunoassays
antibodies
Amino acid
Amino acid analysis, peptide mapping, MS, Edman degradation analysis
substitutions
Contaminants
Microbial (bacteria,
yeast, fungi)

Microbial Enumeration Tests 61 , Tests for Specified
Microorganisms 62 , Sterility Tests 71 , microbiological testing
Mycoplasma
Modified 21 CFR Methodf , DNAF g
Viruses (endogenous CPEh and HAdi (exogenous virus only), reverse transcriptase activity,
and adventitious)
MAPj
a Sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
b High-performance liquid chromatography.
c Isoelectric focusing.
d Mass spectrometry.
e High-performance size-exclusion chromatography.
f Draft guidelines relating to Code of Federal Regulations, Title 21.
g DNA-binding fluorochrome.
h Cytopathic effect.
i Hemadsorption.
j Murine antibody production.
Chromatofocusing and reversed-phase chromatography are purification methods that use
chemicals, either in the stationary (bonded) phase or in the mobile phase, that may become
impurities in the final product. As in any new technology, the burden of validation (i.e.,
demonstrating removal of potentially harmful chemicals) is incumbent on the manufacturer.
Validation is necessary when isolating end product monoclonal antibodies or using a technique
that contains a monoclonal antibody purification step. The process must demonstrate removal
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of leaching antibody or antibody fragments. It is necessary to ensure the absence of
adventitious agents such as viruses and mycoplasmas in the cell line that is the source of the
monoclonal antibodies. The main concern is the possibility of contamination of the product with
an antigenic substance whose administration could be detrimental to patients. Continuous
monitoring of the process is necessary to avoid or limit such contamination. The problem of
antigenicity related to the active as well as host proteins is one that is unique to
biotechnology-derived products in contrast to traditional pharmaceuticals. Manufacturing
methods that use certain solvents should be monitored if these solvents are able to cause
chemical rearrangements that could alter the antigenic profile of the drug substance. The
manufacturer is also obligated to produce evidence regarding performance consistency of novel
chromatographic columns. Considerations for single-use products such as vaccines may differ
because they are not administered continuously and, in this case, antigenicity is desirable. On
the other hand, validating the removal of ligand or extraneous protein contamination is
necessary. Unlike drugs derived from natural sources, manufacturers of biotechnology-derived
products have been required to provide validation of the removal of nucleic acids during
purification. Vaccines may again be different in this regard because of the accumulated clinical
history on these products.
QUALITY CONTROL
In general, quality control systems for biotechnology-derived products are very similar to those
quality control systems routinely employed for traditional pharmaceutical products in such areas
as raw material testing and release, manufacturing and process control documentation, and
aseptic processing. Quality control systems of biotechnology-derived products incorporate
some of the same philosophies applied to the analysis of low molecular weight pharmaceutical
products. These include the use of chemical reference standards and validated methods to
evaluate a broad spectrum of known and/or potential product impurities and potential
breakdown products. The quality control systems for biotechnology-derived products are
generally analogous to those established for traditional biologicals with respect to determining
product sterility, product safety in experimental animals, and product potency. For example,
refer to Injections
Endotoxins Test

1 , pH

791 , Particulate Matter in Injections

85 , and Impurities in Official Articles

788 , Bacterial

1086 .

The fundamental difference between quality control systems for biotechnology-derived
products and traditional pharmaceuticals is in the types of methods that are used to determine
product identity, consistency, purity, and impurity profiling. Furthermore, in biotechnology
quality control, it is frequently necessary to use a combination of final product and validated
in-process testing and process validation to ensure the removal of undesired real or potential
impurities to the levels suggested by regulatory agencies. Biotechnology-derived products
generally require a detailed characterization of the production organism (cell), a complete
assessment of the means of cell growth/propagation, and explicit analysis of the final product
recovery process.
The complexity of the quality control systems for biotechnology-derived products is related to
both the size and structural characteristics of the product and manufacturing process. In
general, the quality control systems required for products produced in prokaryotic cells are less
complex than the systems required for products produced in eukaryotic cells. The quality
control systems for prokaryotic production organisms usually entail documentation of the origin
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of the producer strain and encompass traditional testing for adventitious organisms, karyology,
phenotyping, and antibiotic resistance. In addition, newer techniques such as DNA restriction
mapping, DNA sequence analysis, and routine monitoring that may include measurement of
mRNA and/or plasmid DNA levels may be useful. The quality control of the master cell bank and
working cell bank for eukaryotic production organisms generally includes testing for adventitious
organisms, karyology, identity, and stability monitoring. All eukaryotic cell lines (except yeast)
are generally tested for the presence of retroviruses, retroviral activity markers, and
tumorigenicity, although many of these tests may be of limited value.
PRODUCT FORMULATION
The products of biotechnology are proteins and peptides that are relatively unstable molecules
compared to most organic pharmaceuticals. Most biotechnology processes involve the transfer
of proteins from one stabilizing or solubilizing buffer to another during the purification process.
Ultimately, the protein is exchanged into its final solution dosage form where long-term stability
is achieved. In addition, these products often require lyophilization to achieve long-term
stability because of the potential for degradation by a variety of mechanisms, including
deamidation, aggregation, oxidation, and possible proteolysis by trace levels of host cell
proteases. The final dosage form of the protein usually contains stabilizing compounds that
result in the optimal pH and solution conditions necessary for long-term product stability and/or
the desired properties for administration of the product (tonicity). These compounds include
proteins, polyhydric alcohols, amino acids, carbohydrates, bulking agents, inorganic salts, and
nonionic surfactants. In addition, these excipients may be required for stable lyophilized cake
formation. There are special requirements for lyophilized products, such as the control of
moisture levels, that generally are defined in the individual USP monograph and that may be
important to product stability. Significantly, the assessment of protein stability usually requires
the use of multiple analytical methods, each of which may be used to assess a specific mode of
protein degradation. Many of these assays are described in the following section. The use of
accelerated stability studies to predict the shelf life of protein formulations is often complicated
by the effects of temperature on protein conformation, resulting in non-Arrhenius behavior.
Thus, reliance on real-time, recommended storage condition stability studies is often required
for establishing the expiration dating of biotechnology-derived products.
ANALYTICAL METHODOLOGY
The analysis of biotechnology-derived products relies heavily on the use of sophisticated
analytical methods for demonstrating the structural identity and homogeneity of proteins and
for evaluating the shelf life or stability of these products. This section discusses accuracy,
precision, informational content, and general applicability of the most commonly used methods.
Some methods, such as host cell impurity assays and residual DNA procedures, may be both
highly process- and product-specific and thus should be included in the individual monographs.
Reference Standard Considerations
The use of suitable reference standards and/or reference materials is extremely important in
the analysis of biotechnology-derived products. These standards may be either natural
materials or proteins produced by genetic engineering. Many biotechnology-derived products
require the availability of accurately characterized reference standards from internationally
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recognized sources such as the USP (see USP Reference Standards 11 ), WHO, NIH, and
FDA. Currently, reference standards with defined activity units are available from these sources
for some biologicals. These standards are used by the manufacturers in testing or to calibrate
secondary standards using many of the assays described in this section. The potency value of
the reference standard is obtained through collaborative studies that, when statistically
evaluated, are used to determine the ultimate potency value assigned to the reference
standard. The secondary standard can be used to determine the labeled amount of drug
substance or potency defined on a product label. Thus, reference standards/reference
materials for biotechnology-derived products that are used for the analytical purposes
described in specific USP monographs will be approved and made available from USP. Ideally,
these reference standards should be in use worldwide and should always be calibrated against
the U.S. standard that is deposited by the manufacturer at FDA for those products licensed by
FDA. This ensures the accurate and consistent determination of the activity, strength, and
purity of these products. Because of a number of issues unique to biotechnology-derived
products, such as process and product specificity, separate reference standards for similar
products may be required. In addition, thorough development and recalibration of reference
standards to replace depleted or expired standards will be conducted by USP to ensure that
the label claims of the drug products do not change. One caveat in the assignment of the
potency of the primary standard through collaborative studies is that units of activity so
defined are only meaningful when compared in a single assay that is both suitably accurate and
well described. Attempts to compare activity values from even subtly different assays can be
expected to yield widely varying results.
Typical Methodology
There are a number of specific analytical methods that pertain to biotechnology-derived
products. Many of the assays and tests described may be performed in different ways and,
because some of these may be product specific as well, there is a need for clear guidelines on
the application of specific methods to particular situations. See the chapters Design and
Analysis of Biological Assays 111 and Validation of Compendial Procedures
general information on methodology.

1225

for some

PROTEIN CONTENT
Protein content assays are used to quantitatively determine the amount of protein in a given
biotechnology-derived product. The determination of protein content is often one of the most
difficult measurements that needs to be made and often requires independent confirmation by
alternate methods. Where applicable, methods such as UV spectrophotometry with a valid
absorptivity and Kjeldahl nitrogen analysis can be used to determine absolute amounts of
protein independent of reference standards. However, methods such as Lowry protein, biuret,
and quantitative amino acid analysis, which require reference standards, also yield accurate
values. Protein content assays are among the most important of all the methods used for these
products because the results of other types of assays, such as potency, are also dependent
on them.
There are several assays for the determination of protein content that are commonly used.
These assays may be used at different points in the production process of a given
biotechnology-derived product. For highly pure proteins, the simplest protein content method is
based on the determination of the UV absorbance of a protein solution by spectrophotometry.
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The absorbance at the absorption maximum is determined and the protein concentration is
calculated with the use of an empirically determined absorptivity. This technique is applicable
to proteins containing the aromatic amino acid residues tryptophan, tyrosine, and/or
phenylalanine. The absorption wavelength often used is 280 nm. The extinction coefficient, or
molar absorptivity, should be determined in the same solvent that is used for the sample to be
measured. If necessary, the product may be diluted prior to analysis to obtain solutions with
absorbance values in the linear range of detection. Higher molecular weight aggregates and
particulates may give rise to light-scattering effects, which provide artificially high absorbance
values. Excipient components that have significant absorbance at 280 nm will also interfere
with this test. UV spectrophotometry is unique among the protein content methods in that it is
an absolute measure of concentration of a specific protein requiring no calibration with
standards.
A commonly used general protein content method is the Lowry assay. This is based on the
biuret reaction of proteins with copper (II) in a basic solution and the Folin-Ciocalteu
phosphomolybdic-phosphotungstic acid reduction to heteropolymolybdenum blue by the coppercatalyzed oxidation of the aromatic amino acids tyrosine, tryptophan, and phenylalanine in the
protein. The reaction products are blue and are quantitated spectrophotometrically in the
visible region between 540 and 560 nm. This reaction is linear at microgram protein levels. The
assay, however, is prone to interferences from a number of substances such as alcohols,
sugars, and detergents. In some cases, interfering substances or product may be removed prior
to analysis, e.g., by precipitation. Also, the preparation of controls containing interfering
substances that are in the drug product may correct for their presence. Although bovine serum
albumin historically has been used to prepare the standard curve, different proteins are known
to react with differing intensity, so that a reference material of the same product should be
used for calibration. The bicinchoninic acid (BCA) assay is a useful alternative to the Lowry
assay because it is less sensitive to interfering substances. The working reagent is a BCAcopper (II) solution. The copper (II) complex is reduced to copper (I) in the presence of
protein, and the purple color may be quantitated spectrophotometrically at approximately 560
nm.
Other colorimetric assays can also be used. The Bradford method, for example, employs the
binding of the dye Coomassie Brilliant Blue to the protein in an acidic environment. The
concentration of the protein in solution is then determined by comparing the absorbance at 595
nm with a standard curve of a reference material.
Fluorescent methods used are normally based on either fluorescamine or o-phthaldialdehyde
(OPA). The main advantage of these assays is increased sensitivity. Another advantage is their
use with hydrophobic proteins. Fluorescamine and OPA react with primary amines both at the
N-terminus of the polypeptide and with amino acid side chains, such as lysine.
The Kjeldahl nitrogen method, Nitrogen Determination 461 , provides an accurate and
precise determination of protein concentration and is often used in the determination of UV
protein absorptivities. The assay is performed in two stages. The sample is first decomposed
with sulfuric acid to produce ammonium sulfate, carbon dioxide, and water. The decomposition
is performed at the boiling point of sulfuric acid in long-necked, pear-shaped flasks. These
flasks serve to condense water vapor and prevent the loss of material. Depending on the
efficiency of decomposition, various salts such as potassium sulfate may be added to increase
the boiling point of the sulfuric acid solution. Oxidizing agents such as perchloric acid or
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potassium permanganate have also been used to improve the decomposition. The second stage
of the assay involves the direct determination of ammonia. In most macrodeterminations,
ammonia is steam distilled from the mixture after basification with sodium hydroxide. The
ammonia can typically be quantitatively distilled out of the mixture in 5 to 20 minutes and
absorbed quantitatively into a standardized acidic solution of known volume and normality. The
excess acid is then back-titrated with standardized base. For crude determinations of protein,
the ammonia value (and therefore the nitrogen content), is multiplied by a factor of 6.25 mg of
protein per mg of nitrogen, which corresponds to a nitrogen content of 16%. The protein value
so obtained is generally valid for most proteins. If a more accurate value is required, as for an
absorptivity determination, then the conversion factor must be calculated for the nitrogen
content of the individual pure protein from the known amino acid composition. For glycoproteins
that contain amino sugars, the calculated value is biased high unless a correction is applied.
Amino acid analysis is used in the determination of the appropriate absorptivity of the protein
and may also be used quantitatively for the determination of protein content. This procedure,
although more complicated than those described above, can also yield accurate results.
AMINO ACID ANALYSIS
Amino acid analysis is a classical protein chemistry method for the determination of the amino
acid composition of proteins and peptides. The method consists of the complete hydrolysis of a
protein or peptide to its component amino acids, which are then chromatographically separated
and quantitated. Amino acid analysis, therefore, can be used to determine both the amino acid
composition of a product (i.e., identity) and the total amount of protein present. The method
has some inherent difficulties, such as complete or partial destruction of some amino acids,
that can be circumvented by appropriate analytical methodology. The amino acid tryptophan is
destroyed by 6 N hydrochloric acid hydrolysis and thus requires the use of alternate hydrolysis
conditions. The amino acids serine and threonine may be partially destroyed, whereas peptide
bonds between bulky hydrophobic residues such as valine and isoleucine may be more resistant
to hydrolysis, in both cases yielding values lower than actual. Accordingly, analysis of timecourse hydrolysis samples may be used to compensate for these factors. Cysteine and
methionine may require preoxidation to cysteic acid and methionine sulfone, respectively, for
accurate quantitation. Each specific protein may require a procedure of optimized hydrolysis
conditions for its amino acid analysis to obtain the optimal results.
Amino acid analysis is performed in two stages. The first stage involves the hydrolysis of the
protein into its component amino acids. This hydrolysis is normally performed with 6 N
hydrochloric acid at about 110 for 24 hours. Some proteins may require longer or more
stringent hydrolysis conditions. The second stage is the separation and quantitation of the
individual amino acids by some form of chromatography that can be performed with either
precolumn or postcolumn derivatization. A number of precolumn derivative procedures are
available, such as with OPA, phenylisothiocyanate (PITC), and fluorenylmethoxycarbonyl
(FMOC). These derivatives are then separated by reversed-phase (RP) high-performance liquid
chromatography (HPLC) and quantitated following UV or fluorescence detection. Postcolumn
derivative methods involve separation of the component amino acids by high-performance ionexchange chromatography (HPIEC) followed by postcolumn reaction with a chromophore, such
as ninhydrin, and quantitation following UV/visible detection. All of these methods are suitable
for performing amino acid analyses and each has its inherent advantages and disadvantages.
OPA derivatives are very simple to prepare and are sensitive, requiring only a small amount of
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sample, but they are unstable and have to be chromatographed immediately upon preparation.
Phenylthiocarbamyl (PTC) derivatives, on the other hand, are relatively more stable.
Postcolumn derivatization with ninhydrin is often performed in the low-pressure mode and has
the advantage of stability of the amino acid hydrolysate. Its disadvantage is the need for dual
detection at 440 and 570 nm and for post-column apparatus.
PROTEIN SEQUENCING
Protein sequencing is useful in the control of quality of protein biologicals because it can
provide primary structure information, i.e., amino terminal and/or carboxy terminal structure.
For rDNA-derived biologicals, this methodology has the additional purpose of confirming the
complementary DNA (cDNA)-predicted amino acid sequence, protein homogeneity, and the
potential extent of proteolytic clips. For monoclonal antibodies, this technique is used for
determining protein homogeneity. Protein sequencing is divided into amino-terminal and
carboxy-terminal sequencing applications and procedures.
Amino-Terminal Sequencing—Amino-terminal sequence analysis is a classical protein
chemistry technique that yields significant information about primary structure (sequence),
homogeneity, and the presence of known or unknown cleavages in the polypeptide. N-terminal
sequence analysis is performed with a number of commercially available automatic peptide
sequencers. The method is based on the coupling reaction of the amino terminal residue of a
protein or peptide with PITC. The resulting PTC-amino acid derivative is cleaved from the
protein by a perfluoridated organic acid (generally trifluoroacetic or heptafluorobutyric acid),
which exposes the adjacent amino acid. This next amino acid serves as a new N-terminus and
is derivatized in the subsequent coupling and cleavage cycle. This process is repeated until an
appropriate number, normally 8 to 10, of the amino acids are removed. The modified amino acid
residue resulting from the cleavage cycle (anilinothiazolinone [ATZ]) is generally converted in
the presence of acid and heat to a phenylthiohydantoin-amino acid (PTH-AA). The PTH-AA may
then be determined following RP-HPLC analysis. Any intrachain cleavages as well as
heterogeneity of the N-termini (e.g., N-terminal methionine) on the polypeptide will also be
sequenced at the same time. These result in smaller peaks in the chromatogram and may
enable both the relative quantitation of the amount of the N-termini and the identification of
the location of the cleavage site on the polypeptide. This procedure for protein sequence
analysis may also be performed manually. The limitations of the PITC sequencing method are
that the method is only semiquantitative (i.e., the amount of the N-termini can only be
estimated) and the PTH derivatives of serine and threonine may be severely degraded, making
their determination difficult. Cysteine residues in order to be determined, must first be modified,
for example by alkylation. In addition, the amino acids glycine and proline are slow to rearrange,
resulting in minor difficulty in their determination.
Carboxy-Terminal Sequencing—Sequencing of the protein from the carboxy terminus also
yields valuable primary structure information as well as possible C-terminal cleavages. The
sequential degradation of a protein from the C-terminus can be performed by either chemical or
enzymatic methods. The reaction of hydrazine, ammonium thiocyanate, or cyanogen bromide
with a protein can be used to sequentially degrade the protein at or near the C-terminus. The
ammonium thiocyanate reaction has been extended for use on proteins coupled to solid
supports. The C-terminal amino acids can be sequentially cleaved enzymatically with
exopeptidases such as carboxypeptidases. Limitations of the carboxypeptidase approach are
the potential contamination with endopeptidase and the inherent difficulty and unpredictable
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nature of the sequencing. Mass spectrometry can be used either directly on protein digests or
in conjunction with HPLC peptide mapping to identify the C-terminus of the protein. However,
these methods are only semiquantitative.
PEPTIDE MAPPING BY HPLC
For pharmaceutical proteins, peptide mapping has two primary purposes: it is a highly specific
identity method and, in the case of biotechnology-derived products, may serve as a
confirmation of genetic stability. Peptide mapping is used to compare the protein structure of a
specific lot of material to that of a suitable reference material/reference standard or to those
structures of previous lots to confirm correctness of the primary structure and to confirm lotto-lot consistency of primary structure (within the limits of this technique). The amino- and
carboxy-terminal peptides and carbohydrate-containing peptides often can be separated and
identified. The latter are valuable in the peptide maps of glycosylated proteins such as
monoclonal antibodies. Peptide mapping may be used to determine the presence of single or
multiple incorrect amino acids that may result from such events as a single point mutation or
mistranslation of the cDNA sequence.
The procedure involves the selective fragmentation of the protein into discrete peptides that
are resolved by some chromatographic technique. The fragmentation is accomplished with
endoproteases, such as trypsin, chymotrypsin, thermolysin, or V8 protease, or by selective
chemical degradation with cyanogen bromide, which cleaves at specific sites on the molecule.
Selection of the appropriate endoprotease to be used is directed by the primary sequence of
the protein. Trypsin cleaves on the C-terminal side of the basic residues lysine and arginine;
chymotrypsin cleaves after the aromatic residues phenylalanine, tyrosine, and tryptophan;
thermolysin cleaves after the hydrophobic residues leucine, isoleucine, and valine; V8 protease
cleaves after the acidic residues glutamic acid and aspartic acid; and cyanogen bromide
cleaves at methionyl residues. Other enzymes, such as clostripain (arginine) and
endoproteinase lys-C (lysine), and chemical methods, such as 2-nitro-5-thiocyanobenzoic acid
(cysteine), may also be used. Each of these methods has its own set of advantages and
disadvantages. One common disadvantage to all these techniques is that nonspecific cleavages
occur to some degree. It is important that the peptides generated from the digestion are large
enough to provide structural information about the protein, and yet small enough to allow their
analysis and separation by a technique such as RP-HPLC. For this reason and the fact that
cleavage with this enzyme is almost quantitative, trypsin is the enzyme with the most general
applicability for most proteins. For large proteins of greater than 60,000 daltons (about 520
amino acids), cleavage with trypsin may result in too many fragments, so another endoprotease
may be chosen. l-TPCK (tosyl-l-phenylalanine chloromethyl ketone)-treated trypsin normally is
used because TPCK inhibits the action of chymotrypsin, a contaminant present in many trypsin
preparations. Although reaction with cyanogen bromide cleaves at methionyl residues, proteins
do not contain many of these residues. As a result, relatively few peptides are obtained and
these may be too large or hydrophobic for HPLC separation.
Once the digestion is complete, the peptides are generally separated by either RP-HPLC and/or
HPIEC. Selection of the appropriate column is empirically based and will vary for different
proteins. For RP-HPLC, both 100- and 300- pore size supports work well, and the selection
of the silica support may be an important criterion for optimal separation. For the smaller
peptides generated by these digestions, C8 and C18 stationary phases generally have been
found to be more efficient than C4 supports. The most common solvents used for reversed-
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phase separations are water and acetonitrile containing a constant ( 0.1%) amount of
trifluoroacetic acid. Buffered mobile phases containing phosphate also offer excellent selectivity
depending on the pH. Screening the effect of pH in the 3.0 to 5.0 range causes a shift of
peptides containing the acidic residues, glutamic acid and aspartic acid. For ion-exchange
separations, less information is available, but both silica and polymeric supports with both weak
and strong ion-exchange stationary support can be used successfully. Because many of the
peptides are somewhat hydrophobic, the addition of small amounts of organic solvents in the
mobile phase, such as 5% to 10% methanol or acetonitrile, may be necessary. A potential
disadvantage of HPIEC analysis of peptide mixtures is that sometimes neutral peptides or
peptides that have the same charge as the support may not be retained on the column and
thus may not be separated or identified by this method.
IMMUNOASSAYS
Immunoassays are used either as active drug substance methods to identify and quantitate the
protein of interest or as impurity profile methods to detect and quantitate known host cell
protein impurities. Because these protein impurities may represent a large number of potential
impurities at trace levels rather than a single impurity, the immunoassays must be sensitive and
selective to detect as many of these impurities as possible. Immunoassays that can measure
these impurities to very low levels have been developed for E. coli proteins (ECPs) and CHO
proteins. Immunoassays additionally may serve as potency assays for monoclonal antibodies
using an appropriate antigen.
Immunoassays consist of a large group of assays that depend on specific high-affinity
antibody:antigen interactions. These assays include the radioimmunoassays (RIAs) and the
enzyme-linked immunosorbent assays (ELISAs). RIAs are performed in a liquid or solid phase
using an unlabeled antibody directed against the radiolabeled protein of interest. The principle
of the RIA is that the inhibition of binding of labeled antigen to unlabeled antibody by samples is
compared to the inhibition by known standards, thus allowing quantitation of the protein of
interest.
Immunoradiometric assays (IRMAs) or sandwich RIAs employ two antibody preparations that are
used to sandwich the protein of interest. The first antibody is unlabeled and is directed against
the protein, and the second antibody is radiolabeled and may be directed against the protein or
the first antibody. The entire antibody:antigen complex is isolated and the amount of
radioactivity, and, therefore, the protein of interest, is determined. The development of an RIA
or IRMA for a biotechnology-derived product requires careful attention to production of the
antisera, preparation of the labeled tracer, preparation of a suitable reference standard, and
methods for the separation of free antigen from bound antigen.
The most commonly used ELISA format of trace impurity analysis is the sandwich ELISA that
utilizes two antibody preparations like the IRMA, but without radiolabeling. The first antibody is
unlabeled and the second antibody has an enzyme such as horseradish peroxidase (HRP) or
alkaline phosphatase attached. Basically, the ELISA method consists of applying a layer of
purified antibodies to the host cell proteins onto microtitration plates, followed by the protein
product. The enzyme antibody conjugate is added and allowed to bind to the antibody-bound
host cell proteins. An appropriate substrate is added for color development, which is analyzed
with a spectrophotometric plate reader. Such a multiantigen ELISA requires a representative
reference standard preparation of appropriate host cell protein impurities to serve as the
immunogen for preparation of the antibodies used for the assay. This reference standard
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preparation is usually prepared from a manufacturing production run yielding all of the expected
host cell proteins except the product protein. The total absence of the product protein is
necessary in this preparation to avoid the production of antibodies to the product itself when
the reference standard is used as an immunogen. Because of varying affinities of polyclonal
antibodies to multiantigen preparations, the absolute accuracy of the multiantigen methods and
the ability to detect every potential antigen cannot be guaranteed.
ELECTROPHORESIS
Electrophoretic assays are among the most common and powerful of the assays used to
evaluate protein purity and homogeneity. They are valuable not only for the initial evaluation
and release of biotechnology-derived products but also as stability-indicating methods for
detecting molecular or chemical changes in the molecule as a result of denaturation,
aggregation, oxidation, deamidation, etc. The use of these methods is facilitated by their
simplicity and their requirement of only microgram quantities of sample. The two types of
electrophoretic assays most often used for biotechnology-derived products are sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and isoelectric focusing (IEF).
The SDS-PAGE method separates proteins primarily by their molecular weight because, in the
presence of the anionic detergent SDS, a net negatively charged protein SDS complex is
formed. The sample is first denatured in the detergent, which disrupts the noncovalent
intramolecular and intermolecular bonds that hold proteins together, and then it is
electrophoresed through a polyacrylamide gel support. Protein migration through the gel is
proportional to size so that smaller proteins migrate faster through the gel than larger ones.
Samples are often electrophoresed under both reduced and nonreduced conditions to determine
if impurities of the same molecular weight or if intramolecular proteolytic cleavages of the
protein of interest are present. Although nonreducing SDS-PAGE is commonly used to estimate
the state of aggregation and/or oligomerization of the protein of interest, this method will only
permit observation of aggregates or oligomers that are stable in the presence of SDS and the
conditions used for sample preparation and electrophoresis. Proteins consisting of multiple
chains held together by disulfide bonds are broken down and separated into their individual
polypeptide chains. Sample detection following electrophoresis can be quantitative with
densitometric analysis of Coomassie Brilliant Blue stain or qualitative, but with increased
sensitivity in the nanogram range, with silver stain. Silver stain SDS-PAGE may also be
performed quantitatively under suitable conditions. With proper validation, Coomassie Brilliant
Blue staining and densitometry may also be used to give quantitative determination of
polypeptides in the nanogram range. SDS-PAGE coupled with Coomassie Brilliant Blue stain is
used to quantitatively determine the purity of the sample with regard to dimer and larger
covalent aggregates and fragments. When the method is combined with the silver stain
technique, an assessment of low/trace levels of a new impurity can be made by directly
comparing the electrophoresed sample to the electrophoresed reference material or standard
under reduced and nonreduced conditions. Generally, silver staining is used qualitatively
because of potential major variations in binding of silver from protein to protein, and relatively
inconsistent background on a routine basis. An estimation of the quantity of an impurity can be
obtained by electrophoresis of a known amount of an internal standard such as bovine serum
albumin or lesser dilutions of the protein of interest on other lanes of the same gel. The SDSPAGE separation of a protein can be combined with an immunological method such as
immunoblotting. The resulting Western blot is used to determine the identity of an
electrophoretic band (i.e., product related or host cell protein impurity). After electrophoresis,
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the separated proteins are transferred onto a nitrocellulose or polyvinylidene difluoride (PVDF)
membrane and reacted with the antibody of interest. Visualization of the complex is done with
an enzymatically or radiolabeled antibody.
The IEF method separates proteins on the basis of their charge in an electrical field. The
charges on a protein originate from various sources within its amino acid composition, such as
protonated amino groups, unprotonated carboxyl groups, deprotonated sulfhydryl groups or
tyrosine residues, oxidized cysteine residues, and deamidated residues. However, for each
protein there is a pH at which the protein is isoelectric and these charges cancel each other,
with the net charge being effectively zero. IEF is performed in the native state in a support of
loose-pore polyacrylamide or agarose gel containing ampholytes (amphoteric low molecular
weight ions) that set up a pH gradient because of their migration within the support matrix
when an electrical field is applied. Simultaneously, in the presence of the electrical field,
positively charged proteins migrate towards the cathode and negatively charged proteins
migrate towards the anode. Migration stops when each protein reaches the pH value in the
support gradient where its net charge is zero. This is the apparent pI or isoelectric point of the
protein. Because the migration of a protein is dependent on its amino acid composition, altered
forms of the protein and other proteins will migrate to different points on the support. IEF gels
may be stained for protein visualization with either Coomassie Brilliant Blue or silver stains. IEF
is employed as an identity tool or to ensure the homogeneity of a protein (e.g., monoclonal
antibodies) as demonstrated by a banding pattern with the correct pI range. The method can
also be used to evaluate the stability of a biological product. Protein deamidation (i.e.,
glutamine or asparagine residue deamidation) over time leading to the production of a new
carboxylic acid group results in molecules with a more acidic pI. IEF can provide information on
the state of glycosylation of glycoproteins such as monoclonal antibodies, which may appear as
many bands because of changes in the apparent charge on the protein molecule as a result of
the sialic acid residues. IEF gel patterns are usually more complicated to interpret than those of
SDS-PAGE and interpretation may require many assumptions or subjective judgment.
High-performance capillary electrophoresis (HPCE), which offers the potential advantages of
very high protein resolution, is being thoroughly investigated because of recent advances in the
technology.
CHROMATOGRAPHIC METHODS
Chromatographic methods have long been used in the determination of the purity of small
organic molecules and proteins such as insulin (see Chromatography 621 ) and in the
determination of the active ingredient and/or excipient concentration of pharmaceutical
products. Chromatographic methods are also very effective in the determination of the purity of
recombinant pharmaceuticals. However, the chromatography of proteins is far more difficult
because of multiple modes of interaction with the chromatographic support as a result of the
size and/or shape, charge, and hydrophobicity of the proteins. The most common
chromatographic methods used to profile recombinant proteins are RP-HPLC, HPIEC, sizeexclusion chromatography (HPSEC), and hydrophobic interaction chromatography (HIC). These
methods involve the separation of proteins and are used to determine the purity of drug
substances as well as the levels of known impurities or degradation products. A complication
with all column chromatographic methods is determining the mass balance between column load
and column eluate. Nevertheless, HPLC techniques are valuable for determining the purity and
strength of protein pharmaceuticals.
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The most common RP-HPLC analyses are performed on columns containing a C4 or C8
stationary phase on a silica-based or polymeric support. C18 stationary phases are also used
but more often with smaller peptides in an application such as peptide mapping. Supports with
pore sizes of at least 300 are preferred for proteins of molecular weight greater than about
10,000. For most RP-HPLC analyses, the proteins are eluted with aqueous acetonitrile gradients
and the trifluoroacetic acid is kept constant at 0.1%. Other buffers such as phosphate or
tris(hydroxymethyl)aminomethane (Tris) are also used, where the pH may be adjusted for
added selectivity to achieve optimal separations.
HPIEC is an important method for purity determination. These separations are based on
changes in the charge of the molecule and are useful for identifying and quantitating in protein
pharmaceuticals common impurities such as oxidized (primarily oxidized methionine) and
deamidated forms (glutamine and asparagine) and clipped or truncated forms. Both strong and
weak ion-exchange stationary phases on either silica or polymeric supports can be used.
Cation-exchange chromatography may be performed on sulfopropyl-type resins and are
effective in distinguishing oxidation and deamidation products. Proteins are typically loaded
onto a column equilibrated with water or a weak buffer, and eluted with a salt gradient, such
as 0 to 1 M sodium chloride.
HPSEC is a technique that may provide information on the levels of aggregation and
fragmentation in a protein pharmaceutical. Depending on the information needed, the mobile
phase may be native, containing an aqueous buffer such as 100 mM phosphate, pH 7, or it may
be denaturing, containing a low level of a chaotrope or detergent such as 0.1% SDS. The
analyses are performed isocratically, with detection typically between 210 and 220 nm
depending on the buffer used. Detection at 280 nm may also be used but is less sensitive.
Classical size-exclusion chromatography was performed on soft polymeric supports such as
cross-linked dextrans, polyacrylamide, or agarose. These, however, are better suited for lowpressure applications. As a result, a number of supports with increased mechanical strength
have been developed. Commercially available silica-based and cross-linked agarose supports are
now commonly used. HPSEC is also useful for the determination of clipped forms of proteins.
Clipped chains often remain attached through the disulfide bonds of cysteine residues.
Treatment of the sample with a reducing agent such as dithiothreitol or mercaptoethanol will
cleave the disulfide bond and separate the chains. The clipped chains may then be resolved
from unclipped forms by HPSEC.
HIC provides separation of proteins based on differences in their hydrophobicity under mild
adsorption and elution conditions that generally prevent denaturation and subsequent loss of
biological activity. A stationary phase that is weakly hydrophobic is used with a buffered
aqueous mobile phase and an initial high-salt concentration to adsorb the protein, which is then
selectively eluted using a decreasing salt gradient. Interactions occur between nonpolar amino
acid residues that are exposed on the surface of the protein and hydrophobic groups that are
present on the chromatographic matrix. A number of silica-based and polymeric supports
combined with weakly hydrophobic ligands, such as polyethers, phenyl ethers, or short alkyl
chains, have been developed for use in HIC. This technique can be used in the analysis,
purification, and characterization of more labile hydrophobic proteins. Protein retention and
selectivity can be modified by control of variables such as salt type and concentration, pH and
selective-ion effects, temperature and gradient design, as well as by careful selection of the
stationary phase.
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QUANTITATIVE ASSAYS
Biomimetic assays (assays that mimic the biological effect of the product) are of major
significance in the discussion of assays for biotechnology-derived products. These assays
measure the activity of the product and ensure that it is efficacious. Essentially, there are
three major types of quantitative assays: animal model assays, cell culture-based assays and
in-vitro (physicochemical) assays. Each of these assays has application in the control of
biological products. Regardless of the type of quantitative assay employed, it is desirable and,
in some cases, necessary, to use a biomimetic assay.
Animal Model Assays—Biomimetic assays in animal models have been developed for routine
use. Although these assays have a relatively long history of use, they have several major
disadvantages such as the large number of animals and appropriate animal facilities and
handlers required, the high cost of analysis, the long analysis time (i.e., several days to
weeks), and poor reproducibility of results. They are, however, in use mainly because a cell
culture-based or in-vitro assay has not been developed and demonstrated to be of equal or
greater value. An example of such an assay is that used for the determination of the activity of
human growth hormone (somatrem and somatropin). The potency of human growth hormone is
determined with a rat weight gain bioassay. Hypophysectomized female rats are monitored for
weight gain over an 11-day period after daily injections with human growth hormone. The
relative potency of the test sample is obtained by statistical comparison of the activity of the
sample to that of a reference material/reference standard. Animal models can be used as
bioidentity tests if and when appropriate in-vitro biological and/or physicochemical assays are
developed for the measurement of potency of products.
Cell Culture-Based Bioassays—This group of assays is comparatively easier to perform, gives
results faster (1 to 3 days), and is considerably less expensive and less wasteful of resources
than the animal model assays. Cell culture-based bioassays provide information on the effect of
the biological product in a living system, but they are imprecise as a consequence of the
variances of living cells but not as imprecise as an animal model assay. However, they can be
automated and therefore can be repeated sufficiently to provide relatively reproducible and
accurate results. An example of this type of assay is the measurement of antiviral activity of
human -interferon in a human diploid foreskin cell line or in a human lung carcinoma cell line
(A549). This assay is performed in microtitration plates by incubation of cells with -interferon
and subsequent challenge with encephalomyocarditis virus. The cells that survive are detected
by dye binding and the dilution of -interferon where 50% protection of the monolayer occurs
is calculated.
In Vitro (Physicochemical) Assays—This group of assays does not rely on a living model, but
is usually based on the chemical action of a biological product. These methods are
comparatively simple, fast, precise, and accurate. The activity of tissue-type plasminogen
activator (alteplase), for example, can be determined with an in vitro clot lysis assay that can
be automated and can provide the required results within hours. A synthetic fibrin clot is
formed in the presence of plasminogen as a result of the action of the enzyme thrombin on
fibrinogen. When alteplase is added, the plasminogen is converted to the active enzyme
plasmin, which then lyses the synthetic clot. The assay endpoint is followed
spectrophotometrically or visually by noting the release of entrapped air bubbles. Another
advantage of this type of assay, because of its precision and accuracy, is that it can be used
to provide reliable estimates of the stability of the product. Examples of antibody:antigen and
protein:ligand (receptor)-based in-vitro bioassays have also been developed for specific
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applications. These types of assays offer many advantages in their application to determine the
potency of monoclonal antibodies or other highly ligand-specific proteins whose reactivity
includes a binding step.
DNA DETERMINATION
Residual host cell DNA is a potential process-specific impurity in a biotechnology-derived
product. The residual DNA is unique for each product because it is dependent on the host
organism and the process recovery procedure used to manufacture the product. Although
adverse health effects have not been reported from biologicals because of their DNA content,
regulatory agencies have requested manufacturers to ensure that the DNA level in
biotechnology-derived products is reduced to low levels.
The technique of DNA hybridization (dot blot analysis) is the most sensitive, routine DNA assay
available to determine the DNA content of products. It is valuable as a purification process
assay to demonstrate that a low level of DNA has been attained early in the manufacturing
process. The method relies on the hybridization of cellular DNA from the sample with either
specific 32P-labeled or chemically modified DNA probes obtained from the DNA of the host cell.
The analysis is performed by first isolating any residual DNA in the sample by a procedure that
may include hydrolysis of the protein, chromatography, organic extractions, and alcohol
precipitation. The isolated DNA is denatured and then applied to a nitrocellulose or nylon
membrane along with a set of serially-diluted host DNA standards. Positive and negative DNA
controls are also applied and the membrane may be baked at approximately 80 or placed under
UV light to complete binding of the DNA to the membrane. A DNA probe is then prepared either
by nick translation, random primer synthesis, or chemical modification of a DNA extract of the
host cell. The DNA probe is purified and thermally denatured at 95 . It is then added to the
baked or UV-treated membrane and allowed to hybridize with the DNA of the samples at
approximately 42 in the presence of formamide or at higher temperatures without formamide
for 24 to 48 hours. The membrane is subsequently placed between two X-ray films and exposed
to produce an autoradiograph or is developed by immunochemical means using an enzyme
conjugate/substrate system similar to ELISA and/or Western blot. The DNA of the sample is
estimated by visual comparison of the dot intensity of the sample to those of the diluted DNA
standards. The autoradiogram can also be scanned by optical densitometry. The sensitivity of
the assay, i.e., 10 to 250 pg, is determined by the limit of visual detection above background
of the serially-diluted DNA standards.
Other methods for DNA determination have been developed using biosensor technology. This
methodology currently determines total DNA/nucleic acid impurities rather than specific host
cell DNA. This technology may become quite valuable in the future, especially when more
specific DNA binding methods are developed. Finally, the recently developed polymerase chain
reaction (PCR) technology, which involves DNA amplification, may prove useful in detection and
identification of contaminant DNA. Quantitative use of this technology, however, will require
further development.
CARBOHYDRATE DETERMINATION
One of the possible post-translational modifications that occurs on proteins is the covalent
attachment of oligosaccharide chains. Glycosylation is a characteristic of recombinant proteins
that are expressed from eukaryotic cell lines. Although the polypeptide chain of a glycoprotein
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is synthesized under the direct control of the genetic code, oligosaccharides are not primary
gene products, but are synthesized by enzymes known as glycosyltransferases. This synthesis
results in microheterogeneity of the carbohydrate chains. Also, glycosylation is cell-line
dependent, so glycoproteins with identical polypeptide chains made in different cell lines may
have considerably different carbohydrate structures. The sugars commonly found in
glycoproteins include neutral sugars (d-galactose, d-mannose, and l-fucose), amino sugars (Nacetylglucosamine and N-acetylgalactosamine), and the acidic sugar, sialic acid.
Two main approaches can be taken to determine the sugars covalently attached to the
glycoprotein. Both are based on the understanding that microheterogeneity is a common
phenomenon among glycoproteins, and that the information represents either average
composition or representative structures.
The first approach is the determination of the composition of sugars in a glycoprotein, which
can be performed by several methods. Neutral sugars and sialic acid may be determined by
simple colorimetric tests. Total neutral sugars can be determined following reaction with phenol
and sulfuric acid and measuring the absorbance of the solution at about 490 nm compared to a
standard curve. Following mild acid hydrolysis and periodate oxidation, free sialic acid content
can be determined with thiobarbituric acid and the absorbance of the solution at about 550 nm
compared to a standard curve. Individual neutral sugars can be determined following acid
hydrolysis by several methods. Underivatized, they can be separated by HPIEC at high pH and
quantitated by pulsed amperometric detection. They may also be converted to the alditol
peracetates with acetic anhydride or to the aldononitrile acetates with hydroxylamine
hydrochloride and pyridine prior to peracetylation, and the derivatives separated by gas
chromatography.
The second approach in determining the carbohydrate composition is to release and separate
individual oligosaccharide structures covalently attached to the glycoprotein. This requires an
understanding of the types of structures attached. The attachment of sugars to proteins can
occur in two major ways: through an O-glycosidic bond involving the hydroxyl group of serine,
threonine, or modified amino acids such as hydroxylysine or hydroxyproline, or through the Nglycosidic bond of asparagine. O-linked oligosaccharides can be released from the protein
following beta-elimination under alkaline conditions and reduction of the reducing end sugar
with sodium borohydride. N-linked oligosaccharides can be released chemically by hydrazinolysis
or enzymatically by one of a variety of specific glycosidases, such as endo H, endo F, or
peptido-N-glycanase. The oligosaccharides can then be separated by HPIEC at high pH and
quantitated with pulsed amperometric detection. This results in an oligosaccharide or
carbohydrate map analogous to the peptide map for the protein.
ADVENTITIOUS AND ENDOGENOUS AGENT DETECTION
Specific assays pertaining to biotechnology focus on the detection of bacteria, fungi,
mycoplasma, and viruses. These reflect the possible contaminants that may occur in both
bacterial fermentation and mammalian cell culture. Control is exerted in a variety of ways
including characterization of the master seed bank and the working cell banks to ensure
freedom from these contaminants, evaluation of raw materials, the design and operation of
closed manufacturing systems, testing of production lots, and validation of specific
manufacturing processes to ensure that contaminants would be inactivated or removed if
present.
Freedom of final sterile dosage forms from bacteria and fungi is usually evaluated by tests for
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sterility as described in Sterility Tests 71 . Mycoplasma assays are performed by standard
cultivation methods employing aerobic and anaerobic incubation of solid medium in plates and
semisolid broth in tubes and must comply with the code of federal regulations (21 CFR 610.12).
In addition, noncultivable mycoplasma are detected microscopically by using the Hoechst
bisbenzimide staining method.
Various methods that are used for the detection of adventitious virus contamination in cell lines
include inoculation of indicator cell lines selected for their ability to support the replication of a
broad range of viruses and monitoring these for markers of virus infection such as
cytopathology, hemadsorption, hemagglutination, and immunofluorescence; inoculation of intact
animals and monitoring for illness and death; inoculation of animals and, after four weeks,
collection and evaluation of serum for antibodies to specific viruses of concern; and specific
immunologic assays or genetic probes for some viruses of concern that cannot be detected by
the other methods listed.
The expression of endogenous retrovirus genes is highly variable among different mammalian
cells and cell lines. The unpredictable nature of their expression and the diversity of their
biochemical and biological properties preclude the use of a single test and instead require an
integrated testing strategy. Test methods generally used include transmission electron
microscopy of cells from the master seed bank and ultracentrifuged pellets of cell-free, cell
culture harvests; various assays for infectious retroviruses that use retrovirus-susceptible
indicator cell lines; reverse transcriptase activity; and induction of retroviruses in cells of the
master cell bank with chemicals known to induce retroviruses. In addition to classical virological
methods, newer techniques such as molecular probe hybridization are also beginning to be used
for these evaluations. 2S (USP38)

1 A series of documents entitled Points to Consider are available from the Director, FDA C enter for Biologics
Evaluation and Research, HFB-1, 8800 Rockville Pike, Bethesda, MD 20892.
2 This guideline was originally published in the Federal Register, Guidelines for Research Involving
Recombinant DNA Molecules 1986; 51 (88): 16957-16985. C opies may be obtained from the Office of
Recombinant DNA Activities, 12441 Parklawn Drive, Suite 58, Rockville, MD 20852.
3 A comprehensive guideline, Biosafety in Microbiological and Biomedical Laboratories, is available from the
Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402, stock #107-040000508-3.

BRIEFING
1059 Excipient Performance, USP 37 page 752. Since the implementation of general
chapters Elemental Impurities—Limits

232

and Elemental Impurities—Procedures

will include removal of all references to Heavy Metals

231

233

from monographs and general

chapters in the USP–NF, it is proposed to replace all references to 231 in this chapter. For
additional details, see Key Issues on www.usp.org. Interested parties are encouraged to
comment.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCPA: R. Lafaver.)
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EXCIPIENT PERFORMANCE

Change to read:
INTRODUCTION
Excipients are used in virtually all drug products and are essential for product manufacturing
and performance. Thus, the successful manufacture of a robust product requires the use of
well-defined excipients and manufacturing processes that consistently yield a quality product.
Excipients used in drug products typically are manufactured and supplied in compliance with
compendial standards. However, the effects of excipient properties on the critical quality
attributes (CQAs) of a drug product are unique for each formulation and process and may
depend on properties of excipients that are not evaluated in USP or NF monographs. The
effects of variations in excipient material attributes depend on the role of an excipient in a
formulation and the CQAs of the drug product. This general chapter provides a framework for
applying Quality by Design (QBD) principles to excipient quality and performance.
An excipient may be used in different ways or for different purposes in a formulation and may
therefore require different material attributes to achieve the desired performance. Excipient
functional categories are broad, qualitative, and descriptive terms for the purpose an excipient
serves in a formulation. A list of excipients grouped by functional category is included in NF
under Front Matter, Excipients, which summarizes some of the more common purposes that
excipients serve in drug products. Also important are the material attributes of the ingredients
that must be identified and controlled to ensure the excipient performs its intended function in
a drug product. A critical material attribute (CMA) is a physical, chemical, biological, or
microbiological property of a material that must be within an appropriate limit, range, or
distribution to ensure that drug product CQAs are maintained throughout the product life cycle.
Most, but not all, CMAs become tests in a compendial monograph. In some applications,
excipient suppliers and users will need to identify and control material attributes in addition to
monograph specifications. Identification of CMAs requires a thorough understanding of drug
product CQAs; the manufacturing process(es); and the physical, chemical, biological, or
microbiological properties of each ingredient. Manufacturers should anticipate lot-to-lot and
supplier-to-supplier variability in excipient properties and should have in place appropriate
control measures to ensure that CMAs are maintained within the required limits. Prior
knowledge, experimental designs, and risk-assessment tools can be used to prioritize and
identify CMAs of excipients as well as critical process parameters. A CMA of an excipient may
not be related to the major component of the excipient because, for example, the presence of
minor components (e.g., peroxides, heavy metals
elemental impurities, 2S (USP38)
or microbiological content) may affect product stability or quality. Good product development
practices, which at times are termed QBD principles, require understanding excipient CMAs that
contribute to consistent performance and are the foundation of a control strategy that
accommodates excipient variability, consistently achieving final product CQAs.
This informational general chapter provides an overview of the key functional categories of
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excipients and tests or procedures that can be used to monitor and control CMAs.1
In this chapter, the functional categories have been organized by their most typical use in
common pharmaceutical dosage forms. However, functional categories can apply to multiple
dosage forms. The association of a functional category with a particular dosage form does not
limit the use of an excipient to a single type of dosage form or delivery system. Each functional
category includes a general description; the mechanisms by which excipients achieve their
function; physical properties common to these excipients; chemical properties; and a list of USP
general chapters that can be useful in the development of specific tests, procedures, and
acceptance criteria to ensure that CMAs are adequately monitored and controlled. Because of
the complex nature and interplay of formulation ingredients, processing, and dosage form
performance requirements, the information provided in this chapter should not be viewed as
either restrictive or completely comprehensive.
Change to read:
TABLETS AND CAPSULES
Functional Category: Diluent
DESCRIPTION
Diluents are components that are incorporated into tablet or capsule dosage forms to increase
dosage form volume or weight. Sometimes referred to as fillers, diluents often compose a large
portion of the dosage form, and the quantity and type of diluent selected often depend on its
physical and chemical properties. Thus, successful and robust manufacturing and dosage form
performance depend on the measurement and control of the CMAs.
FUNCTIONAL MECHANISM
Among the most important functional roles diluents play is their ability to impart desirable
manufacturing properties (e.g., powder flow, tablet compaction strength, wet or dry granule
formation, or homogeneity) and performance (e.g., content uniformity, disintegration,
dissolution, tablet integrity, friability, or physical and chemical stability). Some diluents (e.g.,
microcrystalline cellulose) occasionally are referred to as “dry binders” because of the high
degree of tablet strength they impart to the final compressed tablet.
PHYSICAL PROPERTIES
The primary physical properties relevant to tablet/capsule diluents are those that can have a
direct effect on diluent and formulation performance. These include: 1) particle size and size
distribution, 2) particle shape, 3) bulk/tapped/true density, 4) specific surface area, 5)
crystallinity, 6) moisture content, 7) powder flow, 8) solubility, 9) crystal form, and 10)
compaction properties for tablet dosage forms.
CHEMICAL PROPERTIES
Tablet diluents comprise a large and diverse group of materials that include inorganics (e.g.,
dibasic calcium phosphate or calcium carbonate), single-component organic materials (e.g.,
lactose monohydrate or mannitol), and multicomponent (e.g., silicified microcrystalline cellulose
or sugar spheres), or complex organics (e.g., microcrystalline cellulose or starch). They may be
soluble or insoluble in water, and they may be neutral, acidic, or alkaline in nature. These
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chemical properties can have a positive or negative effect on the drug substance physical or
chemical stability and on performance. Appropriate selection of excipients with desirable
physical and chemical properties can enhance the physical and chemical stability as well as the
performance of the drug substance and dosage form. The detailed composition of an excipient
may be important because excipient function could be influenced by the presence of minor
concomitant components that are essential for proper performance. Pharmaceutical scientists
may find it necessary to control the presence of undesirable components (e.g., heavy metals
elemental impurities 2S (USP38)
or peroxides) to ensure adequate dosage form stability and performance.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in diluent functions: Light
Diffraction Measurement of Particle Size
616 , Crystallinity
Solution Calorimetry
Microscopy
Fineness

429 , Bulk Density and Tapped Density of Powders

695 , Characterization of Crystalline Solids by Microcalorimetry and
696 , Density of Solids

699 , Loss on Drying

731 , Optical

776 , Particle Size Distribution Estimation by Analytical Sieving

811 , Specific Surface Area

846 , Water Determination

786 , Powder

921 , and Powder Flow

1174 .
Functional Category: Wet Binder
DESCRIPTION
Tablet and capsule binders are incorporated into formulations to facilitate the agglomeration of
powder into granules during mixing with a granulating fluid such as water, hydroalcoholic
mixtures, or other solvents. The binder may be either dissolved or dispersed in the granulation
liquid or blended in a dry state, and other components and the granulation liquid may be added
separately during agitation. Following evaporation of the granulation liquid, binders typically
produce dry granules that achieve the desired properties such as granule size, size distribution,
shape, content, mass, and active content. Wet granulation facilitates the further processing of
the granules by improving one or more of the granule properties such as flow, handling,
strength, resistance to segregation, dustiness, appearance, solubility, compaction, or drug
release.
FUNCTIONAL MECHANISM
Binders are soluble or partially soluble in the granulating solvent or, as in the case of native
starches, can be made soluble. Concentrated binder solutions also have adhesive properties.
Upon addition of liquid, binders typically facilitate the production of moist granules
(agglomerates) by altering interparticle adhesion. They also may modify interfacial properties,
viscosity, or other properties. During drying they may produce solid bridges that yield improved
residual dry granule strength.
PHYSICAL PROPERTIES
Dispersion or dissolution of a binder in the granulation liquid depends on its physical properties:
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depending on the application, then surface tension, particle size, size distribution, solubility,
and viscosity are among the important properties. Homogeneous incorporation of a binder into a
dry blend also depends on its physical properties such as particle size, shape, and size
distribution. Viscosity often is an important property to consider for binders: for polymers,
viscosity is influenced by the nature of the polymer structure, molecular weight, and molecular
weight distribution. Polymeric binders may form gels.
CHEMICAL PROPERTIES
Tablet and capsule binders can be categorized as: 1) natural polymers, 2) synthetic polymers,
or 3) sugars. The chemical nature of polymers—including polymeric structure, monomer
properties and sequence, functional groups, degree of substitution, and cross-linking—
influences the complex interactions that can occur during granulation. Natural polymers in
particular may exhibit greater variation in their properties because of variations in their sources
and therefore their composition.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in binder functions: Bulk
Density and Tapped Density of Powders
Density of Solids
Analytical Sieving
Methods

699 , Loss on Drying

616 , Chromatography

695 ,

731 , Particle Size Distribution Estimation by

786 , Specific Surface Area

911 , and Powder Flow

621 , Crystallinity

846 , Viscosity—Capillary Viscometer

1174 .

Functional Category: Disintegrant
DESCRIPTION
Disintegrants are functional components that are added to formulations to promote rapid
disintegration into smaller units and to allow a drug substance to dissolve more rapidly.
Disintegrants are natural, synthetic, or chemically modified natural polymeric substances. When
disintegrants come in contact with water or stomach or intestinal fluid, they function by
absorbing liquid and start to swell, dissolve, or form gels. This causes the tablet structure to
rupture and disintegrate, producing increased surfaces for enhanced dissolution of the drug
substance.
FUNCTIONAL MECHANISM(S)
The ability to interact strongly with water is essential to the disintegrant function. Three major
mechanisms describe the function of the various disintegrants: volume increase by swelling,
deformation, and capillary action (wicking). In tablet formulations, the function of disintegrants
is best described as a combination of two or more of these effects. The onset and degree of
the locally achieved actions depend on various parameters of a disintegrant, such as its
chemical nature and its particle size distribution and particle shape, as well as some important
tablet parameters such as hardness and porosity.
PHYSICAL PROPERTIES
The primary physical properties relevant to a disintegrant are those that describe the product's
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particle structure as a dry powder or its structure when in contact with water. These
properties may include: 1) particle size distribution; 2) water absorption rate; 3) swelling ratio
or swelling index; and 4) the characterization of the resulting product, whether it is still a
particulate or a gel is formed.
CHEMICAL PROPERTIES
Polymers used as disintegrants are either nonionic or anionic with counterions such as sodium,
calcium, or potassium. Nonionic polymers are natural or physically modified polysaccharides
such as starches, celluloses, pullulan, or cross-linked polyvinylpyrrolidone. The anionic polymers
mainly are chemically modified starches, cellulose products, or low-cross-linked polyacrylates.
These chemical properties should be considered in the case of ionic polymers. Disintegration
performance is affected by pH changes in the gastrointestinal tract or by complex formation
with ionic drug substances.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in disintegrant functions:
Light Diffraction Measurement of Particle Size
Distribution Estimation by Analytical Sieving

429 , Optical Microscopy
786 , and Powder Flow

776 , Particle Size

1174 .

Functional Category: Lubricant
DESCRIPTION
Lubricants typically are used to reduce the frictional forces between particles and between
particles and metal-contact surfaces of manufacturing equipment such as tablet punches and
dies used in the manufacture of solid dosage forms. Liquid lubricants may be absorbed into the
granule matrix before compaction. Liquid lubricants also can be used to reduce metal–metal
friction on manufacturing equipment.
FUNCTIONAL MECHANISM
Boundary lubricants function by adhering to solid surfaces (granules and machine parts) and by
reducing the particle–particle friction or the particle–metal friction. The orientation of the
adherent lubricant particles is influenced by the properties of the substrate surface. For optimal
performance, the boundary lubricant particles should be composed of small, plate-like crystals
or stacks of plate-like crystals. Fluid film lubricants melt under pressure and thereby create a
thin fluid film around particles and on the surface of punches and dies in tablet presses, which
helps to reduce friction. Fluid film lubricants resolidify after the pressure is removed. Liquid
lubricants are released from the granules under pressure and create a fluid film. They do not
resolidify when the pressure is removed but are reabsorbed or redistributed through the tablet
matrix over the course of time.
PHYSICAL PROPERTIES
The physical properties that are important for the function of boundary lubricants include
particle size, surface area, hydration state, and polymorphic form. Purity (e.g.,
stearate:palmitate ratio) and moisture content also may be important. The physical properties
of possible importance for fluid film lubricants are particle size and solid state/thermal behavior.
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Purity also may be important.
CHEMICAL PROPERTIES
Lubricants can be classified as boundary lubricants, fluid film lubricants, or liquid lubricants.
Boundary lubricants are salts of long-chain fatty acids (e.g., magnesium stearate) or fatty acid
esters (e.g., sodium stearyl fumarate) with a polar head and fatty acid tail. Fluid film lubricants
are solid fats (e.g., hydrogenated vegetable oil, type 1), glycerides (glyceryl behenate and
distearate), or fatty acids (e.g., stearic acid) that melt when subjected to pressure. Liquid
lubricants are liquid materials that are released from granules under pressure.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in lubricant functions:
Light Diffraction Measurement of Particle Size

429 , Crystallinity

Crystalline Solids by Microcalorimetry and Solution Calorimetry
Optical Microscopy

695 , Characterization of

696 , Loss on Drying

776 , Particle Size Distribution Estimation by Analytical Sieving

731 ,
786 ,

Specific Surface Area 846 , Thermal Analysis 891 , Water Determination 921 , and
Characterization of Crystalline and Partially Crystalline Solids by X-Ray Powder Diffraction
(XRPD)

941 .
OTHER INFORMATION

Certain lubricants, particularly those used in effervescent dosage forms, do not fall into the
chemical categories defined above. These materials are used in special situations, and they are
not suitable for universal application. Talc is an inorganic material that may have some lubricant
properties. It is generally used in combination with fluid film lubricants to reduce sticking to
punches and dies.
Functional Category: Glidant and/or Anticaking Agent
DESCRIPTION
Glidants and anticaking agents are used to promote powder flow and to reduce the caking or
clumping that can occur when powders are stored in bulk. In addition, glidants and anticaking
agents reduce the incidence of bridging during the emptying of powder hoppers and during
powder processing.
FUNCTIONAL MECHANISM
Glidants are thought to work by a combination of adsorption onto the surface of larger particles
and reduction of particle–particle adhesive and cohesive forces, thus allowing particles to move
more easily relative to one another. In addition, glidants may be dispersed among larger
particles and thus may reduce friction between these particles. Anticaking agents may absorb
free moisture that otherwise would allow the development of particle–particle bridges that are
implicated in caking phenomena.
PHYSICAL PROPERTIES
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Primary physical properties of potential importance for glidants and anticaking agents are
particle size, particle size distribution, and surface area. They may be slightly hygroscopic.
CHEMICAL PROPERTIES
Glidants and anticaking agents typically are finely divided inorganic materials. Typically they are
insoluble in water. Some of these materials are complex.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in glidant or anticaking
agent functions: Light Diffraction Measurement of Particle Size
Particle Size Distribution Estimation by Analytical Sieving
and Water Determination

429 , Loss on Drying

731 ,

786 , Specific Surface Area

846 ,

921 .
Functional Category: Coloring Agent
DESCRIPTION

Coloring agents are incorporated into dosage forms to produce a distinctive appearance that
may serve to differentiate a product from others that have a similar physical appearance or, in
some instances, to protect photolabile components of the dosage form. These substances are
subdivided into dyes (water-soluble substances), lakes (insoluble forms of a dye that result
from its irreversible adsorption onto a hydrous metal oxide), inorganic pigments (substances
such as titanium dioxide or iron oxides), and natural colorants (colored compounds not
considered dyes per se, such as riboflavin). Coloring agents are subject to federal regulations,
and consequently the current regulatory status of a given substance must be determined
before its use.
The Federal Food, Drug, and Cosmetic Act defines three categories of coloring agents:
FD&C colors: those certifiable for use in coloring foods, drugs, and cosmetics
D&C colors: dyes and pigments considered safe in drugs and cosmetics when in contact
with mucous membranes or when ingested
Ext. D&C colors: colorants that, because of their oral toxicity, are not certifiable for use
in ingestible products but are considered safe for use in externally applied products.
FUNCTIONAL MECHANISM
Water-soluble dyes usually are dissolved in a granulating fluid for use, although they also may
be adsorbed onto carriers such as starch, lactose, or sugar from aqueous or alcoholic solutions.
These latter products often are dried and used as formulation ingredients. Because of their
insoluble character, lakes almost always are blended with other dry excipients during
formulation. For this reason, direct-compression tablets often are colored with lakes.
PHYSICAL PROPERTIES
Particle size and size distribution of dyes and lakes can influence product processing times
(blending and dissolution), color intensity, and uniformity of appearance. A coloring agent
should be physically nonreactive with other excipients and the drug substances.
CHEMICAL PROPERTIES
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The most important properties of a coloring agent are its depth of color and resistance to
fading over time. Substances can be graded on their efficiency in reflecting desired colors of
visible light, as well as on their molar absorptivities at characteristic wavelengths. A coloring
agent should be chemically nonreactive with other excipients and the drug substances. The
quality of a coloring agent ordinarily is measured by a determination of its strength,
performance, or assay. The impurity profile is established by measurements of insoluble matter,
inorganic salt content, metal content, and organic impurities.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected coloring agent
functions: Light Diffraction Measurement of Particle Size

429

and Color—Instrumental

Measurement 1061 . Instrumental methods should be used to determine the absolute color
of a coloring agent.
OTHER INFORMATION
Coloring agents are subject to federal regulations, and consequently the current regulatory
status of a given substance must be determined before it is used.
Functional Category: Capsule Shell
DESCRIPTION
The word “capsule” is derived from the Latin capsula, which means a small container. Among
other benefits, capsules enable pharmaceutical powders and liquids to be formulated for dosing
accuracy, as well as ease of transportation. The capsule material should be compatible with all
other ingredients in the drug product. Hard capsules typically consist of two parts: both are
cylindrical, and one part is slightly longer than the other and is called the body. The cap fits
closely on the body to enclose the capsule. In contrast, the soft capsule is a one-piece unit
that may be seamed along an axis or may be seamless. The capsule material may be derived
from hydrolysis of collagen that originates from porcine, bovine, or fish sources, or it can be of
nonanimal origin, e.g., cellulosic or polysaccharide chemical entities. The capsule shell also
contains other additives such as plasticizers, colorants, and preservatives. In some cases,
capsule shells are sterilized to prevent microbial growth. The capsule shell is an integral part of
the formulation, and therefore robust manufacturing and formulation performance depends on
the measurement and control of CMAs. Capsules can be used to administer drugs by oral,
rectal, vaginal, or inhalation routes.
FUNCTIONAL MECHANISM
Capsules can enclose solid, semisolid, or liquid formulations. Capsules have a variety of
benefits: masking unpleasant taste, facilitating blinding in clinical studies, promoting ease of
swallowing, and presenting a unique appearance. Conventional capsule shells should dissolve
rapidly at 37 in biological fluids such as gastric and intestinal media. However, the solubility
properties of the shell can be modified (e.g., with enteric and controlled-release polymers) to
control the release of the capsule contents.
PHYSICAL PROPERTIES
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The primary physical properties relevant to the capsule shell are those that can have a direct
effect on product performance: 1) moisture content, 2) gas permeability, 3) stability on
storage, 4) disintegration, 5) compactness, and 6) brittleness. The moisture content varies
with the type of capsule. Hard gelatin capsules typically contain 13%–16% water compared to
hypromellose (hydroxypropyl methylcellulose or HPMC) capsules that typically contain 4%–7%
water content. Moisture content has an important effect on capsule brittleness. Soft gelatin
capsules contain 5%–15% water. Equilibrium water content also may be crucial to dosage form
stability because water migration can take place between the shell and capsule contents. Gas
permeability may be important and generally is greater for HPMC capsules than for gelatin
capsules because of the presence of open structures in the former. Unlike HPMC capsules,
which do not cross-link, gelatin capsules have the potential to cross-link due to environmental
and chemical exposure. Gelatin capsules may undergo cross-linking upon storage at elevated
temperature and humidity [e.g., 40 (75% RH)]. Gelatin shell material is also well known to
cross-link due to exposure to aldehydes, ketones, and certain dyes in shell formulations. Thus,
presence of these materials in excipients should be considered for gelatin encapsulated
products. Cross-linking slows in vitro dissolution and often necessitates introduction of enzymes
in the test medium. Gelatin capsules should disintegrate within 15 min when exposed to 0.5%
hydrochloric acid at 36 –38 but not below 30 . HPMC capsules can disintegrate below 30 .
CHEMICAL PROPERTIES
Gelatin is a commercial protein derived from the native protein, collagen. The product is
obtained by partial hydrolysis of collagen derived from skin, white connective tissue, and bones
of animals. Type A gelatin is derived by acid treatment, and Type B gelatin is derived from base
treatment. The common sources of commercial gelatin are pigskin, cattle hide, cattle bone, cod
skin, and tilapia skin. The gelatin capsule shell also typically contains coloring agents,
plasticizers such as polyhydric alcohols, natural gums and sugars, and preservatives such as
sodium metabisulfite and esters of p-hydroxybenzoic acid. The more commonly used nongelatin
capsules today are made from HPMC. Different capsule types contain different moisture levels
and may thus influence drug product stability. The detailed composition of an excipient may be
important because the shell function can be influenced by small amounts of impurities in the
excipients (e.g., peroxides in oils or aldehydes in lactose and starches) that can cause capsule
cross-linking. The presence in capsule shells of undesirable materials, such as metals, odorants,
water-insoluble substances, and sulfur dioxide, should be evaluated to ensure stability and
performance.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected capsule shell
functions: Microbiological Examination of Nonsterile Products: Microbial Enumeration Tests
, Microbiological Examination of Nonsterile Products: Tests for Specified Microorganisms
, Arsenic

61
62

211 , Heavy Metals 231

Elemental Impurities—Limits
Residue on Ignition

232

and Elemental Impurities—Procedures 233 ,

281 , Disintegration

701 , Dissolution

2S (USP38)

711 , Water Determination

PF 40(5): Sep.-Oct. 2014

192

921 , Color—Instrumental Measurement

1061 , and Gel Strength of Gelatin

1081 .

Functional Category: Coating Agent
DESCRIPTION
Oral tablets may be coated using compression coating, sugar coating, or film coating.
Compression coating (effectively making a tablet within a tablet) typically uses the same
ingredients as a conventional tablet and thus is outside the scope of this section. The term
“sugar coating” refers to a process and does not require that sucrose be part of the
formulation. Oral capsules can be coated using film-coating procedures. Reasons for coating
pharmaceutical dosage forms include masking unpleasant tastes or odors, improving ingestion
and appearance, protecting active ingredients from the environment, and modifying the release
of the active ingredient (e.g., controlled-release or gastrointestinal targeting). Materials used
as coating agents differ depending on the coating process used. Sugar coating was the original
coating process. However, today for technical and economic reasons, sugar coating largely has
been replaced by film coating. Sugar coating is a complex process that typically involves the
application of several different coats including a seal coat, key coat, subcoat, smoothing coat,
color coat, and polishing coat. The coating solutions or suspensions are slowly poured or
otherwise applied in aliquots onto a bed of tablets in a slowly rotating pan. The coating process
typically takes an extended period (potentially several days) and results in a substantial
increase in tablet weight. In contrast, film coating generally is a simpler process in which
coating solution or suspension is sprayed onto tablets either in a rotating pan or in a fluid-bed
apparatus and results in only a modest increase in capsule or tablet weight. The materials used
in both sugar coating and film coating include natural, semisynthetic, and synthetic materials.
These may be solutions, suspensions, or colloidal dispersions (latexes or pseudolatexes) that
can be applied as either aqueous or nonaqueous systems. In addition, waxes and lipids can be
applied as coatings in the molten state without the use of solvents. They also can be applied in
the solid state as a polishing coat on top of sugar coating or film coating.
FUNCTIONAL MECHANISM
The seal coat is used to seal the surface of the tablet cores to prevent water in the coating
solutions or suspensions from causing the tablet cores to disintegrate during coating. The seal
coat typically is a polymer (e.g., shellac) that is insoluble in water and is applied as a thin coat
from a solution in a nonaqueous solvent. The key component of the majority of sugar-coating
solutions or suspensions is a solute, typically sucrose, that is highly soluble in water and forms
a sticky, viscous solution (a syrup) at very high concentration. Other materials can be
dissolved or suspended in the solution, depending on the stage during the coating process. As
the coating dries, the dissolved coating material adheres to the surface of the tablets. The
coating solution or suspension typically is applied in incremental steps, followed by drying, until
the requisite coating has been achieved. The key coat is composed of another thin coat that is
designed to adhere to the seal-coated cores to provide a base for the subcoat so the latter
can adhere to the tablet surface. The subcoat typically contains a high concentration of
suspended solids and is designed to increase the weight of the tablets comparatively quickly.
The smoothing coat is designed to provide a smooth surface, and the color coat provides the
final color if required. Finally, the tablets may be transferred to a polishing pan and polished
using a mixture of waxes to provide a high-gloss finish.
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FUNCTIONAL MECHANISM—FILM COATING
Film-coating agents are composed of film-forming materials (see Functional Category: Filmforming Agent) that impart desirable pharmaceutical properties such as appearance and patient
acceptance (e.g., taste masking and ease of swallowing). Film-coating agents also can serve
other functional purposes such as providing a barrier against undesirable chemical reactions or
untimely release of a drug from its components. After ingestion, the film coating may dissolve
by processes such as hydration, solubilization, or disintegration, depending on the nature of the
material used. Enteric coatings are insoluble in acidic (low pH) media but dissolve readily in
neutral pH conditions. However, most common film-coating polymers do not have pH-specific
solubility. The thickness of the film may vary by application and the nature of the coating
agents. In the coating process, the polymer chains spread out on the core surface and
coalesce into a continuous film as the solvent evaporates. Polymer solutions or dispersions with
a low viscosity and high pigment-binding capacity reduce the coating time and facilitate
relatively simple and cost-effective manufacturing. Plastic polymers, waxes, and lipid-based
coatings can be applied without solvents by melting and atomization. When molten fluid
droplets strike the surface of the fluidized drug particles, they spread and resolidify to form film
layers. Therefore, film coating materials generally have the ability to form a complete and
stable film around the substrate. The film coating typically is applied uniformly and is carefully
dried to ensure that a consistent product is produced. Suitable plasticizers may be required to
lower the minimum film-forming temperature of the polymer, and formulators should consider
their potential effect on drug release.
PHYSICAL PROPERTIES
Sugar coating is a lengthy, complex process. The physical properties of the seal-coating
polymer and solution are important. The physical properties of the syrup component in the
subsequent layers and any dissolved or suspended solids also are important, and coating
agents must be sufficiently stable during use.
Film coating is a complex process, and the characteristics of the film-forming polymer are
important. The particle size of colloidal dispersions varies with their composition and
manufacture (latex, pseudolatex, or redispersed powder) and can have an effect on film
formation. The surface tension of coating preparations can influence the spray pattern in the
manufacturing process. The film should possess sufficient elasticity and mechanical strength to
withstand the stresses during coating and packaging operations. For coatings that are applied
in a molten state without solvents (plastic polymers, waxes, and lipid-based coatings), melting
range and melt viscosity are the primary properties that formulators must consider.
CHEMICAL PROPERTIES
Coating components can be of natural, semisynthetic, or synthetic origin and also can be
available in different chemical grades. They comprise a diverse variety of different chemical
materials. Formulators must consider the nature of the material and its intended use when they
identify and quantitate chemical CMAs to ensure consistent performance.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected coating agent
functions: Fats and Fixed Oils

401 , Light Diffraction Measurement of Particle Size

429 ,
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711 , Tensile Strength

Viscometer Methods

881 , Thermal Analysis

911 , Rotational Rheometer Methods

891 , Viscosity—Capillary
912 , and Rolling Ball

Viscometer Method 913 . In addition, the general chapters listed under Functional Category:
Film-forming Agent (below) also may be appropriate for the evaluation of film-coating polymers.
ADDITIONAL INFORMATION
Additives often are included in a coating formulation. Fillers (e.g., sugar alcohols,
microcrystalline cellulose, calcium carbonate, and kaolin) may be added to increase the solids
content of the coating agent without increasing viscosity. Stearic acid can be used to improve
the protective function/moisture barrier of a coating. Coloring agents (e.g., titanium dioxide and
iron oxides) may be added to modify appearance.
Functional Category: Plasticizer
DESCRIPTION
A plasticizer is a low molecular weight substance that, when added to another material—usually
a polymer—makes the latter flexible, resilient, and easier to handle. Plasticizers are key
components that determine the physical properties of polymeric pharmaceutical systems such
as tablet film coatings and capsule shells.
FUNCTIONAL MECHANISM
Plasticizers function by increasing the intermolecular and intramolecular mobility of the
macromolecules that comprise polymeric materials. They achieve this by interfering with the
normal intermolecular and intramolecular bonding mechanisms in such systems. The most
effective plasticizers exert their effect at low concentrations, typically less than 5% w/w.
Plasticizers commonly are added to film coatings (aqueous and nonaqueous systems) and
capsule shells (hard and soft varieties) to improve their workability and mechanical ruggedness.
Without the addition of plasticizers, such materials can split or fracture prematurely.
Plasticizers also are added to semisolid pharmaceutical preparations, such as creams and
ointments, to enhance their rheological properties.
PHYSICAL PROPERTIES
The most common plasticizers are low molecular weight (<500 Da) solids or liquids. They
typically have low melting points (<100 ) and can be volatile (i.e., exert an appreciable vapor
pressure) at ambient temperature. Plasticizers can reduce the glass transition temperature (T g)
of the system to which they are added.
CHEMICAL PROPERTIES
Many modern plasticizers are synthetic esters such as citrates and phthalates. Traditional
pharmaceutical plasticizers include oils, sugars, and their derivatives.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected excipient
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functions: Residual Solvents
831 , Specific Gravity

467 , Melting Range or Temperature

841 , Thermal Analysis

741 , Refractive Index

891 , and Water Determination

921 .

OTHER INFORMATION
The choice of an appropriate plasticizer often is guided by reference to its solubility parameter,
which is related to its cohesive energy density. Solubility parameter values for many common
materials are tabulated in standard reference texts. To ensure maximum effectiveness, the
solubility parameter of the plasticizer and the polymeric system being plasticized should be
matched as closely as possible.
Functional Category: Film-forming Agent
DESCRIPTION
Film-forming agents typically are polymers that can be used to prepare polymer films to coat
tablets or capsules for oral administration, to modify appearance, to modify drug release, or to
serve other purposes such as melt-in-the-mouth formulations. Polymeric materials used as filmforming agents can be derived from natural, semisynthetic, or synthetic sources, and they can
be supplied as powders, granules, pre-prepared solutions, or colloidal dispersions. Colloidal
dispersions may contain other components such as plasticizers, surface-active agents,
preservatives, or stabilizers. Film-forming agents can be applied as colloidal dispersions (latexes
or pseudolatexes) or as aqueous, hydroalcoholic, or nonaqueous polymeric solutions.
FUNCTIONAL MECHANISM
Film-forming agents typically are composed of polymeric materials that possess the ability to
form films after solvent evaporation from a solution of the polymer or from the continuous
phase of a colloidal dispersion. Thus, the polymer alone must be a solid at ambient temperature
and humidity. Some polymers can form films without the inclusion of added components, but
other polymers may require the use of additional components such as plasticizers.
PHYSICAL PROPERTIES
Many polymeric film-forming agents are available in a variety of physical grades that typically
are based on the nominal viscosity of the particular grade. The physical properties of the
polymer usually are those of a solid, and many polymers are available as powders and granules.
In addition to the normal properties of bulk powders and granules, other important physical
properties of a polymeric film-forming agent are the molecular weight distribution, which is
linked to the nominal viscosity of the grade, and the glass transition temperature (T g). If the
film-forming agent is provided as a pre-prepared solution or dispersion, the viscosity of the
solution or dispersion can affect performance and should be monitored.
CHEMICAL PROPERTIES
Film-forming agents comprise a diverse group of materials, including natural, semisynthetic, and
synthetic materials as discussed above. They may have ionizable functional groups that impart
pH-dependent properties and also can be available in different chemical grades (e.g., with
different degrees of chemical substitution). Pharmacopeial monographs often describe classes
of polymeric materials that allow a considerable range of composition. Formulators should
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consider these factors when they identify critical material attributes and establish
specifications to ensure consistent performance.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected film-forming
agent functions: Fats and Fixed Oils

401 , Light Diffraction Measurement of Particle Size

429 , Bulk Density and Tapped Density of Powders
of Solids

699 , Dissolution

881 , Thermal Analysis
Rheometer Methods
Procedures

711 , Optical Microscopy

776 , pH

912 , Rolling Ball Viscometer Method

1097 , Near-Infrared Spectroscopy

621 , Density

791 , Tensile Strength

891 , Viscosity—Capillary Viscometer Methods

Pharmaceutical Dosage Forms
Microscopy

616 , Chromatography

911 , Rotational

913 , Bulk Powder Sampling

1119 , Raman Spectroscopy

1151 , Powder Flow

1120 ,

1174 , and Scanning Electron

1181 .
Functional Category: Flavor and Fragrance
DESCRIPTION

A flavor is a single chemical entity or a blend of chemicals of natural or synthetic origin that
has the ability to elicit a taste or aroma (i.e., fragrance) response when orally consumed or
smelled. The primary purpose of flavor that is added to a pharmaceutical preparation is to
provide all or part of the taste and aroma of the product taken into the mouth. Flavors
commonly are used in pharmaceutical oral disintegrating tablets, oral solutions, and oral
suspensions to mask objectionable drug taste and to make the formulation more palatable, thus
promoting patient compliance.
FUNCTIONAL MECHANISM
Chemicals dissolved in saliva excite chemoreceptors on taste buds that reside primarily on the
tongue and thus arouse taste perception. Dissolution also releases volatile chemicals that reach
the olfactory receptors, triggering aroma perception. The total of taste and odor responses
constitutes flavor. Humans can distinguish among five components of taste: sourness,
saltiness, sweetness, bitterness, umami (savory), and a wide range of specific odors. Flavor
enhancers and taste modifiers can be used to modify the sweetness profile of a sweetening
agent or to mask off-flavors. For example, organic acids, such as aspartic and glutamic acids,
are known to reduce bitterness.
PHYSICAL PROPERTIES
Taste perception depends on physicochemical, physiological, and psychological factors.
Physical properties such as particle size, solubility, humectancy, texture, and color all influence
the senses. In addition to flavor, the sensory attributes of sight (e.g., appealing color), sound
(e.g., crunch of a chewable tablet), and mouth feel (e.g., viscous, slimy, chalky, cloying, or
watery) also contribute to and influence the overall sensory experience.
CHEMICAL PROPERTIES
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Chemicals that provide one of the five basic tastes possess a wide variety of structures,
functional groups, and molecular weights. Chemicals used to flavor pharmaceuticals by
providing both odor and taste tend to have low molecular weights (<250 Da) and polar
functional groups such as esters, ketones, aldehydes, amines, or alcohols. To increase the
stability of the flavor(s) in a solid dosage form and to minimize flavor–drug interactions,
formulators can add flavors in an encapsulated or spray-dried form.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in flavor functions: Light
Diffraction Measurement of Particle Size
Temperature
Rotation
Index

651 , Loss on Drying

429 , Chromatography

621 , Congealing

731 , Melting Range or Temperature

781 , Particle Size Distribution Estimation by Analytical Sieving

831 , and Specific Gravity

741 , Optical

786 , Refractive

841 .

Functional Category: Release-modifying Agents
Release-modifying agents are used to control drug release in extended-release formulations
(also referred to as prolonged-release or controlled-release formulations). Sustained-release
and enteric coating agents are included under Functional Category: Coating Agent.
DESCRIPTION
Release-modifying agents change a medicinal product's drug-release pattern to achieve the
desired drug plasma profile for a given time. The majority of release-modifying agents are
polymers that differ in solubility, ease of erosion, rate of swelling, or sensitivity to the biological
environment in which they are placed. These polymers have been used to fabricate matrix- or
membrane-based drug delivery systems for oral, parenteral, transdermal, and other routes of
administration. Matrix controlled-release drug delivery systems can be classified as hydrophilic
eroding matrices, hydrophilic noneroding matrices, or hydrophobic matrices. In membrane
controlled-release drug delivery systems, the drug reservoir is coated by a rate-controlling
polymeric membrane that may consist of a blend of polymers to control release. Such devices
may take the form of tablets, capsules, microspheres, vesicles, fibers, patches, and others. In
addition to polymers, certain lipid-based excipients also can be used as release-modifying
agents in hydrophobic matrix devices and other types of modified-release systems. Typically,
these lipid-based materials are fats and waxes or related materials with melting ranges above
45 .
FUNCTIONAL MECHANISM
Upon contact with a biological fluid, release-controlling polymers may undergo a variety of
physical changes such as swelling, gelling, dissolution, or erosion, each of which can be
triggered by simple aqueous exposure or can be modulated by pH, osmotic stress, or
interactions with bile or other intestinal contents. In addition to physical changes, polymers
may undergo chemical degradation by acids, bases, enzymes, water, heat, and others. Any or
all of these mechanisms may act in concert to control the rate at which the drug is released
from the delivery system.
For hydrophilic matrices in which drug diffusion dominates release rate, the rate of drug release
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depends on the properties of the polymer gel and the nature of the continuous phase in the
interstices of the gel influences the dissolution and diffusion rates of the drug. In the case of
eroding matrices, the gel erodes because of the mechanical action of the gastrointestinal tract
as the water uptake increases, and the gel becomes more dilute, thus reducing the diffusion
distance or releasing drug particles that subsequently dissolve. Hydrophobic matrix-forming
materials are not soluble. Drug release from such systems is governed by drug diffusion through
the tortuous pores that remain as soluble components dissolve.
Membrane-based drug delivery systems include polymer-coated tablets, capsules, and
microspheres. Drug-release mechanisms from such systems are complex and depend on
physicochemical characteristics of the drug and polymers or lipids used as well as biological
factors in the case of biocompatible and biodegradable systems. Most commonly, drug release
from such systems is governed by drug diffusion through the hydrated rate-controlling
membrane.
Other modified-release systems for parenteral use include solid lipid nanoparticles and
liposomes. The release mechanisms for these systems often involve a complicated interplay
with biological processes such as potential clearance through the reticulo-endothelial system,
targeted delivery, and cellular uptake.
Osmotic pump devices are a special case of membrane delivery systems. The rate-controlling
polymer is insoluble and semipermeable—i.e., it will allow water but not drug molecules—to
diffuse through the membrane. Release is controlled by the osmotic pressure of the core
components and the viscosity of the resulting solution or suspension. The drug, either in
solution or as a suspension, is forced out of a hole in the membrane, which is typically drilled by
a laser during product manufacture.
PHYSICAL PROPERTIES
The physical properties of the release-controlling excipient depend on the chemical type:
hydrophilic polymer, hydrophobic polymer, semipermeable polymer blends, or lipid, wax, or
biodegradable polymer (which can be hydrophilic or hydrophobic).
Hydrophilic polymers gel in contact with water or aqueous media. Because they should provide
resistance to the mechanical action of the gastrointestinal tract during passage, they typically
are higher molecular weight grades of the polymers. At the concentrations typically used during
in vivo release, these high molecular weight polymers often do not exhibit Newtonian properties
except in very dilute solution (if they are soluble). Formulators should monitor the kinetic and
viscoelastic properties of the gels formed in the release medium.
Hydrophobic polymers are insoluble in water, and their solution properties are determined in
nonaqueous solutions. The polymers used in the preparation of semipermeable membranes in
osmotic pump devices also are insoluble in water, and similarly their solution properties are
determined in nonaqueous solutions. Similarly, hydrophobic lipid-based materials are insoluble in
water.
CHEMICAL PROPERTIES
Release-controlling agents have many different types and origins and are available in a range of
grades that reflect the considerable variation in their chemical structures and properties.
Formulators must consider these variables during any chemical investigation and when they
consider the effects of chemical structure on excipient performance. Properties of interest may
include chemical composition for copolymers and cellulosic derivatives, degree of ionization,
molecular weight, degree of cross-linking, or, for lipids, fatty acid composition. Residual
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impurities from the manufacturing process, e.g., monomers, initiators, quenching agents,
peroxides, and aldehydes, may affect drug substance stability and should be monitored.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected functions of
release-modifying agents: Fats and Fixed Oils
Size

429 , Crystallinity

and Solution Calorimetry
Temperature

401 , Light Diffraction Measurement of Particle

695 , Characterization of Crystalline Solids by Microcalorimetry
696 , Dissolution

711 , Loss on Drying

741 , Nuclear Magnetic Resonance

761 , Optical Microscopy

Particle Size Distribution Estimation by Analytical Sieving
Spectrophotometry and Light-Scattering
, Rolling Ball Viscometer Method

911 , Rotational Rheometer Methods

913 , Water Determination

1174 , and Scanning Electron Microscopy

846 ,

881 , Thermal Analysis
912

921 , Characterization of

Crystalline and Partially Crystalline Solids by X-Ray Powder Diffraction (XRPD)
Flow

776 ,

786 , Specific Surface Area

851 , Tensile Strength

891 , Viscosity—Capillary Viscometer Methods

731 , Melting Range or

941 , Powder

1181 .

ADDITIONAL INFORMATION
Some release-modifying agents may include additives such as an antioxidant or an anticaking
agent.
Change to read:
ORAL LIQUIDS
Functional Category: pH Modifier (Acidifying/Alkalizing/Buffering Agent)
DESCRIPTION
The hydrogen ion concentration, [H+], in an aqueous solution is expressed as pH =

log(H+).

The pH of pure water is 7 at 25 . An aqueous solution is acidic at pH <7 and alkaline at pH >7.
An acid can be added to acidify a solution. Similarly, a base can be used to alkalize a solution.
A buffer is a weak acid (or base) and its salt. When a buffer is present in a solution, the
addition of small quantities of strong acid or base leads to only a small change in solution pH.
Buffer capacity is influenced by salt/acid (or base/salt) ratio and total concentration of acid (or
base) and salt. The pH of pharmaceutical solutions typically is controlled using
acidifying/alkalizing and buffering agents to: 1) maintain a pH close to that of relevant body
fluid to avoid irritation, 2) improve drug stability where it is found to be pH dependent, 3)
control equilibrium solubility of weak acids or bases, and 4) maintain a consistent ionization
state of molecules during chemical analysis, e.g., high-performance liquid chromatography.
FUNCTIONAL MECHANISM
The ionization equilibria of weak bases, weak acids, and water are the key to the functions of
acidifying, alkalizing, and buffering agents. The autoprotolytic reaction of water can be
expressed as:
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H2 O + H2 O

H3 O+ + OH

The autoprotolysis constant (or ion product) of water is Kw = 1 × 10 14 at 25 and varies
significantly with temperature. Because the concentrations of hydrogen and hydroxyl ions in
pure water are equal, each has the value of approximately 1 × 10 7 mol/L, leading to the
neutral pH of 7 at 25 . When an acid, base, or salt of a weak acid (or base) is added, the
ionization equilibrium of water is shifted so that [H+][OH ] remains constant, thus resulting in
a solution pH that is different from 7.
PHYSICAL PROPERTIES
pH modifiers typically are dissolved in liquid dosage forms. Physical properties may be important
and should be considered because they may influence processing requirements (e.g., particle
size may influence mixing time required to dissolve a pH modifier).
CHEMICAL PROPERTIES
Buffers and pH modifiers influence solution pH, buffer capacity, osmolality, osmolarity, and
water conductivity. When used in chemical analysis, buffers must be chemically compatible with
the reagents and test substance. Buffers used in physiological systems should not interfere
with the pharmacological activity of the medicament or the normal function of the organism.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected pH-modifier or
buffering-agent functions: Water Conductivity
pH

645 , Osmolality and Osmolarity

785 , and

791 .
Functional Category: Wetting and/or Solubilizing Agent
DESCRIPTION

Solubilizers can be used to dissolve otherwise insoluble molecules. They function by facilitating
spontaneous phase transfer to yield a thermodynamically stable solution. A number of
solubilizers are available commercially. Acceptable solubilizers for pharmaceutical applications
have been fully evaluated in animals for safety and toxicology. Wetting agents increase the
spreading and penetrating properties of a liquid by lowering its surface tension.
FUNCTIONAL MECHANISM
Wetting and solubilizing agents comprise a variety of different chemical structures or classes.
Some solubilizers have unique chemical structures. For example, a hydrophilic moiety may be
tethered with a hydrophobic moiety to yield distinct micelle shapes and morphologies in water,
thus facilitating solubilization. The mechanism of solubilization often is associated with a
favorable interaction of the insoluble agent and the interior core of the solubilizer assembly
(e.g., micelles). In other cases, unique hydrophobic sites that are capable of forming inclusion
complexes are present. Other types of solubilizers use a range of polymeric chains that interact
with hydrophobic molecules to increase solubility by dissolving the insoluble agent into the
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polymeric chains.
PHYSICAL PROPERTIES
Wetting and solubilizing agents are typically solid, liquid, or waxy materials. Their physical
properties depend on their chemical structures. The physical properties and performance of the
wetting agents and solubilizers, however, depend on the surface-active properties of the
solubilizers and on the hydrophilic–lipophilic balance (HLB). Materials with lower HLB values
behave as emulsifiers, whereas those with higher HLB values typically behave as solubilizing
agents. For example, the commonly used wetting and solubilizing agent sodium lauryl sulfate
(HLB 40) is hydrophilic and highly water soluble and, upon dispersion in water, spontaneously
reduces surface tension and forms micelles that function to solubilize lipophilic materials.
The unique hydrophilicity and hydrophobicity properties of solubilizers can be characterized by
their chemical structures, aggregate numbers, or critical micelle concentrations (CMCs). The
CMC value is unique to an individual solubilizer that bears hydrophilic, lipophilic, and/or
hydrophobic chains. CMC is a measure of the concentration at which the surface-active
molecules aggregate. These molecular aggregates can solubilize the solute by incorporating
part into the hydrophobic interior. Such interactions with the insoluble molecule further stabilize
the molecules in the entire assemblies without precipitation.
CHEMICAL PROPERTIES
The chemical and surface-active properties depend on the structures of the solubilizers.
Because of the complex nature of solute–solvent–solubilizer interactions, pharmaceutical
scientists must carefully consider, identify, and control the CMAs of solubilizers.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected solubilizing
agent functions: Fats and Fixed Oils
429 , pH

791 , Specific Gravity

and Light-Scattering
Methods

401 , Light Diffraction Measurement of Particle Size
841 , Specific Surface Area

851 , Thermal Analysis

911 , Rotational Rheometer Methods

, and Scanning Electron Microscopy

846 , Spectrophotometry

891 , Viscosity—Capillary Viscometer
912 , Rolling Ball Viscometer Method

913

1181 .

Functional Category: Antimicrobial Preservative
DESCRIPTION
Antimicrobial preservatives are used to kill or prevent growth of bacteria, yeast, and mold in
the dosage form.
FUNCTIONAL MECHANISM
Preservatives work by a variety of mechanisms to control microbes. Most work at the cell
membrane, causing membrane damage and cell leakage. Other modes of action include
transport inhibition, protein precipitation, and proton-conducting uncoupling. Some
preservatives are bactericidal (kill bacteria or yeast and mold); some are bacteriostatic (inhibit
growth of microorganisms); and others are sporicidal (kill spores). Several of the preservatives
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can act synergistically (e.g., combinations of parabens).
PHYSICAL PROPERTIES
Antimicrobials generally are soluble in water at concentration ranges at which they are
effective. The vapor pressure of these agents is important, especially if the dosage form is
intended for lyophilization or spray drying. Several of these agents are flammable.
Understanding an excipient's partition coefficient is important because partitioning of a
preservative into an oil phase can diminish the preservative's concentration in the aqueous
phase, which in turn can reduce its value as a preservative.
CHEMICAL PROPERTIES
Phenolic preservatives can undergo oxidation and color formation. Incompatibilities of
preservatives (cationic and anionic mixtures, adsorption to tubes or filters, or binding to
surfactants and proteins) should be taken into account during product development.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected antimicrobial
functions: Injections

1 , Antimicrobial Effectiveness Testing

Examination of Nonsterile Products: Microbial Enumeration Tests

51 , Microbiological
61 , Microbiological

Examination of Nonsterile Products: Tests for Specified Microorganisms
Antimicrobial Agents—Content

62 , and

341 .
OTHER INFORMATION

Safety and labeling requirements regarding the use of antimicrobial preservatives should be
considered.
Functional Category: Chelating and/or Complexing Agents
DESCRIPTION
Chelating agents form soluble complex molecules with certain metal ions (e.g., copper, iron,
manganese, lead, and calcium) and essentially remove the ions from solution to minimize or
eliminate their ability to react with other elements and/or to precipitate. The agents are used in
pharmaceuticals (oral, parenteral, and topical formulations), cosmetics, and foods to sequester
ions from solution and to form stable complexes. Chelating agents also are referred to as
chelants, chelators, or sequestering agents.
Complexing agents form soluble complex molecules (e.g., inclusion complexes) with other
solutes (e.g., drug substances) and can influence physical and chemical properties such as
solubility and stability.
FUNCTIONAL MECHANISM
Chelating agents are used to sequester undesirable metal ions from solution. The chemical
structure of chelating agents allows them to act as a “claw” to associate with the metal atom
by forming a heterocyclic ring structure. Complexing agents function similarly but
mechanistically and do not (by definition) require a two-point claw structure because they can
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associate via one or more binding sites. All chelating agents are complexing agents, but not all
complexing agents are chelating agents. Chelating agents are used as antioxidant synergists,
antimicrobial synergists, and water softeners. By sequestering metal ions from solution,
chelating agents reduce the propensity for oxidative reactions. Chelating agents also have the
ability to enhance antimicrobial effectiveness by forming a metal-ion–deficient environment that
otherwise could feed microbial growth.
Complexing agents generally form soluble complex molecules with solutes (e.g., drug molecules)
that can influence physical, chemical, and drug delivery properties. Complexing agents that
form inclusion complexes typically contain a hydrophobic cavity into which a drug substance
can enter and an outer, more hydrophilic region.
PHYSICAL PROPERTIES
Chelating and complexing agents generally are soluble in water and typically are dissolved in
liquid dosage forms. Physical properties may be important and should be considered because
they may influence processing requirements (e.g., particle size may influence mixing time
required to dissolve). Chelating and complexing agents exhibit different degrees of
hygroscopicity. Because chelating agents are used in low levels, particle size distribution can
be important to enable acceptable dosage form content uniformity.
CHEMICAL PROPERTIES
Chelating agents complex with metal ions via any combination of ionic and covalent bonds.
Dilute aqueous solutions may be neutral, acidic, or alkaline. Edetic acid and its salts are
incompatible with strong oxidizers, strong bases, and polyvalent metal ions (e.g., copper and
nickel). Specific agents are selected for a formulation based on their solubility, affinity for the
target metal ion, and stability. Edetate salts are more soluble than the free acid. Unlike other
edetate salts and the free acid, edetate calcium disodium does not sequester calcium and
therefore is preferred to prevent hypocalcemia. It is also preferred to chelate heavy
2S (USP38)

metals with the release of calcium ions. Alternatively, disodium edetate can be used to treat
hypercalcemia. Edetic acid will decarboxylate if heated above 150 .
Complexing agents generally form molecular complexes with drug substances that are
dependent on complexing agent physical and chemical properties. The ability of a solute to form
an inclusion complex is dependent on complexing agent molecular weight, chemical structure,
and the dimensions of the hydrophobic cavity.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected chelating and
complexing functions: Antimicrobial Effectiveness Testing
Nonsterile Products: Microbial Enumeration Tests
Elemental Impurities—Limits
Iron

241 , Lead

232

61 , Heavy Metals 231

and Elemental Impurities—Procedures 233 ,

251 , Antimicrobial Agents—Content

Measurement of Particle Size

51 , Microbiological Examination of

429 , Loss on Drying

2S (USP38)

341 , Light Diffraction

731 , pH

791 , Water Determination
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921 , Biotechnology-Derived Articles

1045 , and Cellular and Tissue-Based Products

1046 .
Functional Category: Antioxidant
DESCRIPTION
This category applies to antioxidants used as in vitro stabilizers of pharmaceutical preparations
to mitigate oxidative processes. Antioxidants used for their biological activity in vivo may be
regarded as active ingredients with therapeutic effects and are not discussed. Antioxidants
delay the onset of and/or significantly reduce the rate of complex oxidative reactions that
could otherwise have a detrimental effect on the drug substance. Antioxidants also can be
considered for protecting nonactive components such as unsaturated oils, pegylated lipids,
flavors, and essential oils. Thus, antioxidants preserve the overall integrity of the dosage form
against oxidative stress. Antioxidants are most effective when incorporated in the formula to
prevent or delay the onset of chain reactions and to inhibit free radicals and hydroperoxides
from engaging in the cascading processes described above. Effective application of antioxidants
and evaluation of their efficacy necessitate an understanding of oxidative mechanisms and the
nature of the byproducts they generate. Autoxidation is initiated when oxygen reacts with a
substrate to form highly reactive species known as free radicals (RH ® R·). After “initiation” the
free radicals in the presence of oxygen can trigger chain reactions (R·+ O2 ® ROO·and ROO·+
RH ® R·+ ROOH) to form peroxy radicals, hydroperoxides, and new alkyl radicals that can
initiate and then propagate their own chain reactions. The cascading reactions during the
propagation phase can be accelerated by heat, light, and metal catalysts. In the presence of
trace amounts of metal catalysts (Cu+, Cu2+, Fe2+, and Fe3+), hydroperoxides (ROOH) readily
decompose to RO· and ROO·and subsequently can trigger reactions with the API and/or the
excipients (e.g., hydrocarbons) to form hydroxyl acids, keto acids, and aldehydes that can
have further undesirable effects. Note that hydroperoxides are not solely the reaction products
of oxidative mechanisms within a formulation. Residual amounts of hydroperoxides also can be
found in commonly used excipients like polyethylene glycols, polyvinlypyrrolidone, and
polysorbates. The initiation phase generally is slow and has a limited effect on the quality of
the finished product. The propagation phase, in contrast, involves rapid, irreversible
degradation of chemical species.
FUNCTIONAL MECHANISM
Antioxidants can be grouped by their mode of action. Phenolic antioxidants that block free
radical chain reactions also are known as true or primary antioxidants. This group consists of
monohydroxy or polyhydroxy phenol compounds with ring substitutions. They have very low
activation energy to donate hydrogen atom(s) in exchange for the radical electrons that are
rapidly delocalized by free radicals. By accepting the radical electrons, they stabilize free
radicals. The reaction yields antioxidant free radicals that also can react with lipid free radicals
to form other stable compounds. Thus, they can block oxidative chain reactions both in the
initiation and propagation stages. Because of their solubility behavior, phenolic antioxidants are
most effective in protecting oils and oil-soluble actives against oxidative stress. Reducing
agents generally are water-soluble antioxidants (e.g., l-ascorbic acid) with lower redox
potential than the drug or the excipient they are protecting. They delay the onset and the rate
of oxidative reactions by sacrificially reacting with oxygen and other reactive species. The
oxygen-scavenging potential of the reducing agents may be sensitive to pH and also can be
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negatively affected in the presence of trace metals
elements. 2S (USP38)
Chelating agents bind with free metals (Cu+, Cu2+, Fe2+, and Fe3+) that may be present in
trace amounts in the formulation. The newly formed complex ions are nonreactive. Chelating
agents therefore remove the capacity of the metal catalysts to participate in oxidative
reactions that occur during the propagation stage.
The utility of antioxidants can be maximized by synergistic use of one or two primary
antioxidants along with reducing and chelating agents. The combined effect often is greater
than the sum of the individual effects of each antioxidant (synergistic effect).
PHYSICAL PROPERTIES
Solubility of the antioxidant should be greatest in the formulation phase (oily, aqueous, or
emulsion interface), where the drug substance is most soluble. The temperature at which the
antioxidant decomposes is critical for autoclaved preparations, where loss of antioxidant
activity may occur. Stability of the antioxidant also must be considered and may be a function
of pH and processing conditions. Metal ions may react with propyl gallate to form colored
complexes. At alkaline pH, certain proteins and sodium salts may bring about discoloration of
tert-butylhydroquinone.
CHEMICAL PROPERTIES
Activation energy, oxidation–reduction potential, and stability at different formulation (e.g., pH)
and processing (e.g., heat) conditions are important chemical properties. If the dosage form's
expected shelf life depends on the antioxidant's function, the concentration must be factored
in and periodically assessed to ensure that a sufficient amount of antioxidant remains
throughout the product shelf life.
GENERAL CHAPTERS
The following general chapters may be useful for assessing selected excipient antioxidant
functions: Iron
Temperature

241 , Chromatography

621 , Crystallinity

741 , Specific Surface Area

695 , Melting Range or

846 , and Water Determination

921 .

Functional Category: Sweetening Agent
DESCRIPTION
Sweetening agents are used to sweeten oral dosage forms and to mask unpleasant flavors. See
Functional Category: Flavor and Fragrance for more details.
FUNCTIONAL METABOLISM
Sweetening agents bind to receptors on the tongue that are responsible for the sensation of
sweetness. The longer the sweetener molecule remains attached to the receptor, the sweeter
the substance is perceived to be. The standard for sweetness is sucrose.
PHYSICAL PROPERTIES
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The primary physical properties relevant to sweeteners relate to their compatibility with the
other ingredients in the formulation (e.g., acidic ingredients), processing conditions (e.g.,
heating), particle size and distribution, moisture content, isomerism, sweetness, and tastemasking capability. These properties may be formulation dependent.
CHEMICAL PROPERTIES
Sweeteners can be divided into three main groups: sugars (which have a ring structure), sugar
alcohols (sugars that do not have a ring structure), and artificial sweeteners. All sweeteners
are water soluble. The stability of many sweeteners is affected by pH and other ingredients in
the formulation. Some sweeteners may catalyze the degradation of some active ingredients,
especially in liquids and in cases in which the manufacturing processes involve heating.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected sweetening
functions: Light Diffraction Measurement of Particle Size

429 , Loss on Drying

Melting Range or Temperature

781 , and Water Determination

741 , Optical Rotation

731 ,

921 .
OTHER INFORMATION
Products that contain aspartame must include a warning on the label stating that the product
contains phenylalanine. Sugar alcohols have a glycemic index well below that of glucose.
However, sorbitol is slowly metabolized to fructose and glucose, which raises blood sugar
levels. Sugar alcohols in quantities generally greater than 20 g/day act as an osmotic laxative,
especially when they are contained in a liquid formulation. Preservative systems should be
carefully chosen to avoid incompatibility with the sweetener, and some sweeteners are
incompatible with certain preservatives.
SEMISOLIDS, TOPICALS, AND SUPPOSITORIES
Functional Category: Suppository Base
DESCRIPTION
Suppository bases are used in the manufacture of suppositories (for rectal administration) and
pessaries (for vaginal administration). They can be hydrophobic or hydrophilic.
FUNCTIONAL MECHANISM
Suppositories should melt at just below body temperature (37 ), thereby allowing the drug to
be released either by erosion and partition if the drug is dissolved in the base or by erosion and
dissolution if the drug is suspended in the base. Hard fat suppository bases melt at
approximately body temperature. Hydrophilic suppository bases also melt at body temperature
and typically also dissolve or disperse in aqueous media. Thus, release takes place via a
combination of erosion and dissolution.
PHYSICAL PROPERTIES
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The important physical characteristic of suppository bases is melting range. In general,
suppository bases melt between 27 and 45 . However, individual bases usually have a much
narrower melting range within these temperature boundaries, typically 2 –3 . The choice of a
particular melting range is dictated by the influence of the other formulation components on the
melting range of the final product.
CHEMICAL PROPERTIES
Hard fat suppository bases are mixtures of semisynthetic triglyceride esters of longer-chain
fatty acids. They may contain varying proportions of mono- and diglycerides and also may
contain ethoxylated fatty acids. They are available in many different grades that are
differentiated by melting range, hydroxyl number, acid value, iodine value, solidification range,
and saponification number.
Hydrophilic suppository bases are mixtures of hydrophilic semisolid materials that in combination
are solid at room temperature and yet release the drug by melting, erosion, and dissolution
when administered to the patient. Hydrophilic suppository bases have much higher levels of
hydroxyl groups or other hydrophilic groups than do hard fat suppository bases. Polyethylene
glycols that show appropriate melting behavior are examples of hydrophilic suppository bases.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected suppository
base functions: Fats and Fixed Oils
Temperature

401 , Congealing Temperature

741 , and Pharmaceutical Dosage Forms

651 , Melting Range or

1151 .

OTHER INFORMATION
Some materials included in suppositories based on hard fats have much higher melting ranges.
These materials typically are microcrystalline waxes that help stabilize molten suspension
formulations. Suppositories also can be manufactured from glycerinated gelatin.
Functional Category: Suspending and/or Viscosity-increasing Agents
DESCRIPTION
Suspending and viscosity-increasing agents are used in pharmaceutical formulations to stabilize
dispersal systems (e.g., suspensions or emulsions), to reduce the rate of solute or particulate
transport, or to decrease the fluidity of liquid formulations.
FUNCTIONAL MECHANISMS
A number of mechanisms contribute to the dispersion stabilization or viscosity-increasing effect
of these agents. The most common is the increase in viscosity—because of the entrapment of
solvent by macromolecular chains or clay platelets—and the disruption of laminar flow. Other
mechanisms include gel formation via a three-dimensional network of excipient molecules or
particles throughout the solvent continuum and steric stabilization wherein the macromolecular
or mineral component in the dispersion medium adsorbs to the surfaces of particles or droplets
of the dispersed phase. The latter two mechanisms increase formulation stability by immobilizing
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the dispersed phase.
PHYSICAL PROPERTIES
Each of the mechanisms—increased viscosity, gel formation, or steric stabilization—is a
manifestation of the rheological character of the excipient. Because of the molecular weights
and sizes of these excipients, the rheological profiles of their dispersions are non-Newtonian.
Dispersions of these excipients display viscoelastic properties. The molecular weight distribution
and polydispersity of the macromolecular excipients in this category are important criteria for
their characterization.
CHEMICAL PROPERTIES
The majority of the suspending and viscosity-increasing agents are: 1) hydrophilic
carbohydrate macromolecules (acacia, agar, alginic acid, carboxymethylcellulose, carrageenans,
dextrin, gellan gum, guar gum, hydroxyethyl cellulose, hydroxypropyl cellulose, hypromellose,
maltodextrin, methylcellulose, pectin, propylene glycol alginate, sodium alginate, starch,
tragacanth, and xanthan gum); and 2) noncarbohydrate hydrophilic macromolecules, including
gelatin, povidone carbomers, polyethylene oxide, and polyvinyl alcohol. Minerals (e.g.,
attapulgite, bentonite, magnesium aluminum silicate, and silicon dioxide) comprise the secondlargest group of suspending and viscosity-increasing agents. Aluminum monostearate is the one
non-macromolecular, nonmineral excipient in this functional category. It consists chiefly of
variable proportions of aluminum monostearate and aluminum monopalmitate.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected viscosityincreasing functions: Viscosity—Capillary Viscometer Methods
Methods

912 , and Rolling Ball Viscometer Method

911 , Rotational Rheometer

913 .

Functional Category: Ointment Base
DESCRIPTION
An ointment is a viscous semisolid preparation used topically on a variety of body surfaces. An
ointment base is the major component of an ointment and controls its physical properties.
FUNCTIONAL MECHANISM
Ointment bases serve as vehicles for topical application of medicinal substances and also as
emollients and protective agents for skin.
PHYSICAL PROPERTIES
Ointment bases are liquids with a relatively high viscosity so that solids can be suspended as a
stable mixture.
Ointment bases are classified as: 1) oleaginous ointment bases that are anhydrous, do not
absorb water readily, are insoluble in water, and are not removable by water (e.g., petrolatum);
2) absorption ointment bases that are anhydrous and absorb some water but are insoluble in
water and are not water removable (e.g., lanolin); 3) emulsion ointment bases that are water-
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in-oil or oil-in-water emulsions and are hydrous, absorb water, and are insoluble in water (e.g.,
creams of water, oils, waxes, or paraffins); and 4) water-soluble ointment bases that are
anhydrous and absorb water and are soluble in water and are water removable (e.g.,
polyethylene glycol).
CHEMICAL PROPERTIES
Ointment bases are selected to be inert and chemically stable.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected ointment base
functions: Congealing Temperature
Rotational Rheometer Methods

651 , Viscosity—Capillary Viscometer Methods

912 , and Rolling Ball Viscometer Method

911 ,

913 .

Functional Category: Stiffening Agent
DESCRIPTION
A stiffening agent is an agent or a mixture of agents that increases the viscosity or hardness of
a preparation, especially in ointments and creams.
FUNCTIONAL MECHANISM
In general, stiffening agents are high melting point solids that increase the melting point of
ointments or increase the consistency or body of creams. Stiffening agents can be either
hydrophobic (e.g., hard fat or paraffin) or hydrophilic (e.g., polyethylene glycol, high molecular
weight).
PHYSICAL PROPERTIES
The primary physical property relevant to stiffening agents is their high melting point or melting
range. Typical melting ranges for stiffening agents range from 43 to 47 (cetyl esters wax), 53
to 57 (glyceryl distearate), 69 to 74 (glyceryl behenate), and 85 to 88 (castor oil,
hydrogenated).
CHEMICAL PROPERTIES
Stiffening agents comprise a diverse group of materials that include glycerides of saturated
fatty acids, solid aliphatic alcohols, esters of saturated fatty alcohols and saturated fatty
acids, saturated hydrocarbons, blends of fatty alcohols and a polyoxyethylene derivative of a
fatty acid ester of sorbitan, and higher ethylene glycol polymers.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected stiffeningagent functions: Congealing Temperature
Viscosity—Capillary Viscometer Methods
Rolling Ball Viscometer Method

913 .

651 , Melting Range or Temperature
911 , Rotational Rheometer Methods

741 ,
912 , and
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OTHER INFORMATION
Some of the materials included as stiffening agents increase the water-holding capacity of
ointments (e.g., petrolatum) or function as co-emulsifiers in creams. Examples include stearyl
alcohol and cetyl alcohol.
Functional Category: Emollient
DESCRIPTION
Emollients are excipients used in topical preparations to impart lubrication, spreading ease,
texture, and softening of the skin and to counter the potentially drying/irritating effect of
surfactants on the skin.
FUNCTIONAL MECHANISM
Emollients help form a protective film and maintain the barrier function of the epidermis. Their
efficacy may be described by three mechanisms of action: protection against the delipidizing
and drying effects of surfactants, humectancy due to occlusion (by providing a layer of oil on
the surface of the skin, emollients slow water loss and thus increase the moisture-retention
capacity of the stratum corneum), and lubricity, adding slip or glide to the preparation.
PHYSICAL PROPERTIES
Emollients impart one or more of the following attributes to a pharmaceutical preparation:
spreading capacity, pleasant feel to the touch, softness of the skin, and indirect moisturization
of the skin by preventing transepidermal water loss.
CHEMICAL PROPERTIES
Emollients are either oils or are derived from components of oils as esters of fatty acids.
Depending on the nature of its fatty acid ester, an emollient may be liquid, semisolid, or solid at
room temperature. Generally, the higher the molecular weight of the fatty acid moiety (carbon
chain length) the richer the feel and softness of the touch. Fluidity generally is imparted by
shorter chain length and higher degree of unsaturation in the fatty acid moiety. The degree of
branching of ester bonds also influences the emollient properties.
GENERAL CHAPTER
The following general chapter may be useful in ensuring consistency in selected emollient
functions: Fats and Fixed Oils

401 .
PARENTERALS

Functional Category: Pharmaceutical Water
DESCRIPTION
Water is used as a solvent, vehicle, diluent, or filler for many drug products, especially those
supplied in liquid form. These may include injectable drugs, ophthalmic drugs, inhalation
solutions, and others. Water also is a vehicle for buffers and antimicrobial agents and is a
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volume expander for infusion solutions.
USP includes monographs for eight grades of pharmaceutical waters. Water for Injection is
intended for use in the preparation of parenteral solutions. Where used for the preparation of
parenteral solutions subject to final sterilization, use suitable means to minimize microbial
growth, or first render the Sterile Water for Injection and, thereafter, protect it from microbial
contamination. For parenteral solutions that are prepared under aseptic conditions and are not
sterilized by appropriate filtration or in the final container, first render the Sterile Water for
Injection and, thereafter, protect it from microbial contamination. Do not use Purified Water in
preparations intended for parenteral administration. Where used for sterile dosage forms other
than for parenteral administration, process the article to meet the requirements under Sterility
Tests 71 , or first render the Sterile Purified Water and, thereafter, protect it from microbial
contamination. USP also contains references to other types of water, such as distilled water,
deionized water, and others according to specific use as summarized in general information
chapter Water for Pharmaceutical Purposes

1231 .

FUNCTIONAL MECHANISM
A solvent is able to dissolve materials because it is able to disrupt the intermolecular attractive
forces and to allow the individual molecules to become dispersed throughout the bulk solvent.
Water is a favored solvent and vehicle in the majority of applications because it is easy to
handle, safe, and inexpensive.
PHYSICAL PROPERTIES
Water is liquid at normal temperature and pressure. It forms ice at the freezing temperatures of
0 or lower, and it vaporizes at a normal boiling temperature of 100 , depending on atmospheric
pressure. Vaporized water in the form of steam is used for sterilization purposes because the
latent heat of steam is significantly higher than that of boiling water.
CHEMICAL PROPERTIES
Water in its pure form is neutral in pH and has very low conductivity and total organic carbon
(TOC). However, pH, conductivity, and TOC are affected by storage conditions and exposure
to gases in the air. Exposure to atmospheric carbon dioxide lowers water's pH. Storage in
plastic containers may increase the TOC content of water over time. Water stored in glass
containers may result in an increase in pH and conductivity over time.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected
pharmaceutical water functions: Injections
Organic Carbon

643 , Water Conductivity

1 , Bacterial Endotoxins Test

85 , Total

645 , Water for Hemodialysis Applications

1230 , and Water for Pharmaceutical Purposes

1231 .

Functional Category: Bulking Agent
DESCRIPTION
Bulking agents used in lyophilized pharmaceuticals, also referred to as freeze-dried products,
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include various saccharides, sugar alcohols, amino acids, and polymers. The primary function of
bulking agents is to provide a pharmaceutically elegant freeze-dried cake with noncollapsible
structural integrity that will reconstitute rapidly before administration. In addition, bulking
agents are selected to prevent product loss caused by blow-out during freeze drying, to
facilitate efficient drying, and to provide a physically and chemically stable formulation matrix.
Complementary combinations of bulking agents, e.g., mannitol and a polymer, frequently are
used to improve performance.
FUNCTIONAL MECHANISM
A bulking agent that readily crystallizes during lyophilization helps maintain the structural
integrity of the cake formed during primary drying, thereby preventing macroscopic collapse and
maintaining pharmaceutical elegance. Microscopic collapse of amorphous components in the
formulation can still occur (with some potentially undesirable results) but does not result in
macroscopic collapse or “meltback” if the bulking agent's properties and concentration are
adequate. The bulking agent also should possess a high eutectic melting temperature with ice
to permit relatively high primary drying temperatures with commensurate rapid and efficient
drying and subsequent rapid reconstitution upon usage. Functional cake-forming excipients,
such as mannitol, frequently are used because they crystallize during freezing, thereby allowing
efficient drying and the formation of a structurally robust and stable cake. Amino acids and
cosolvents also have been used to achieve this effect. Most biopolymer active ingredients
remain amorphous upon freeze-drying, and bulking agents such as disaccharides can function
as lyoprotectants by helping to maintain a stable amorphous phase during freezing and drying
to prevent denaturation. Solubility enhancement of an insoluble crystalline active ingredient
sometimes is achieved with the use of a biopolymer that enhances solubility or prevents
crystallization during lyophilization or subsequent reconstitution. Bulking agents also are
selected on the basis of biocompatibility, buffering capability, and tonicity-modifying properties.
Lyoprotectant properties of bulking agents (i.e., those that protect the drug substance during
lyophilization) typically are achieved by the formation of a highly viscous glassy phase that
includes the biopolymer drug substance in combination with low molecular weight amorphous
saccharides such as sucrose, trehalose, or certain amino acids. A typical approach for protein
pharmaceutical formulation is to combine a sugar alcohol that readily crystallizes and an
amorphous diluent. This mixture acts as a lyoprotectant.
PHYSICAL PROPERTIES
Bulking agents are dissolved in aqueous solution before lyophilization. Therefore, chemical purity
and the absence of bioburden and pyrogenic materials are essential properties of the excipient.
However, the physical form and particle properties of the excipient generally are not relevant to
the final properties of the lyophilized formulation. The solubilization process and the drying
process can be facilitated by the use of volatile cosolvents such as ethanol or tertiary butyl
alcohol.
The physical properties that are essential to product performance during and after lyophilization
include the glass transition temperature (T g) of the amorphous frozen concentrate before
drying, the glass transition temperature of the final dried formulation cake, and the eutectic
melting temperature of the crystalline bulking agent with ice. The glass transition temperature
(T g) of the formulation depends on the glass transition temperatures of the individual
components, concentrations, and interactions. Although approximations can be made based on
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reported transition temperatures for individual components, current practice includes the
measurement of formulation glass transition temperatures by thermal analysis or freeze-drying
microscopy.
The physical states of the bulking agent during and after lyophilization are important physical
properties. Both formulation composition and processing parameters play roles in determining
whether the bulking agent is amorphous or takes a specific crystalline form. Rate of freezing,
drying temperatures, and annealing are among the important process parameters used to
control the physical state of the formulation and its components. Moisture retention and
adsorption after lyophilization also can contribute to formulation instability and poor
reconstitution.
CHEMICAL PROPERTIES
Reactivity of the bulking agent with other formulation components, especially the active
ingredient, may be critical. Reducing sugars are well known to react with aromatic and aliphatic
amines. Glycols may contain trace peroxide levels that can initiate oxidative degradation. The
ability of saccharides and polyhydric alcohols to form hydrogen bonds to biopolymers may play
a role in their lyoprotection effects.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selecting bulking agent
functions: Injections

1 ; Crystallinity

695 ; Characterization of Crystalline Solids by

Microcalorimetry and Solution Calorimetry
Derived Articles

696 , Thermal Analysis

891 , Biotechnology-

1045 , Product Formulation; Pharmaceutical Dosage Forms

Water–Solid Interactions in Pharmaceutical Systems

1151 ; and

1241 .

Functional Category: Tonicity Agent
DESCRIPTION
To avoid crenation or hemolysis of red blood cells and to mitigate pain and discomfort if
solutions are injected or introduced into the eyes and nose, solutions should be made isotonic.
This requires that the effective osmotic pressure of solutions for injection must be
approximately the same as that of blood. When drug products are prepared for administration
to membranes, such as eyes or nasal or vaginal tissues, solutions should be made isotonic with
respect to these tissues.
FUNCTIONAL MECHANISM
Tonicity is equal to the sum of the concentrations of the solutes that have the capacity to
exert an osmotic force across a membrane and thus reflects overall osmolality. Tonicity applies
to the impermeant solutes within a solvent—in contrast to osmolarity, which takes into account
both permeant and impermeant solutes. For example, urea is a permeant solute, meaning that it
can pass through the cell membrane freely and is not factored when determining the tonicity of
a solution. In contrast, sodium chloride is impermeant and cannot pass through a membrane
without the help of a concentration gradient and, therefore, contributes to a solution's tonicity.
PHYSICAL PROPERTIES
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Solutions of sodium chloride, dextrose, and Lactated Ringer's are common examples of
pharmaceutical preparations that contain tonicity agents. Not all solutes contribute to the
tonicity, which in general depends only on the number of solute particles present in a solution,
not the kinds of solute particles. For example, mole for mole, sodium chloride solutions display a
higher osmotic pressure than glucose solutions of the same molar concentration. This is
because when glucose dissolves, it remains one particle, but when sodium chloride dissolves, it
becomes two particles: Na+ and Cl . Several methods are available to calculate tonicity.
CHEMICAL PROPERTIES
Tonicity agents may be present as ionic or nonionic types. Examples of ionic tonicity agents are
alkali metal or earth metal halides such as calcium chloride (CaCl2 ), potassium bromide (KBr),
potassium chloride (KCl), lithium chloride (LiCl), sodium iodide (NaI), sodium bromide (NaBr) or
sodium chloride (NaCl), sodium sulfate (Na2 SO4 ), or boric acid. Nonionic tonicity agents include
glycerol, sorbitol, mannitol, propylene glycol, or dextrose. Sodium or potassium chloride and
dextrose commonly are added to adjust tonicity.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected tonicity agent
functions: Injections

1 ; Osmolality and Osmolarity

785 ; Biotechnology-Derived Articles

1045 , Product Formulation; and Pharmaceutical Calculations in Prescription Compounding
1160 .
AEROSOLS
Functional Category: Propellant
DESCRIPTION
Propellants are compounds that are gaseous under ambient conditions. They are used in
pharmaceuticals (nasal sprays and respiratory and topical formulations), cosmetics, and foods
to provide force to expel contents from a container.
FUNCTIONAL MECHANISM
Propellant substances are low boiling point liquids or compressed gases that are relatively inert
toward active ingredients and excipients. They can be characterized by three properties:
whether they form a liquid phase at ambient temperatures and useful pressures, their solubility
and/or miscibility in the rest of the formulation, and their flammability. Their performance is
judged by their ability to provide adequate and predictable pressure throughout the usage life
of the product.
Propellants that have both a liquid and gas phase in the product provide consistent pressures
as long as there is a liquid phase present—the pressure in the headspace is maintained by the
equilibrium between the two phases. In contrast, the pressure provided by propellants that
have no liquid phase may change relatively rapidly as the contents of the container are
expelled. As the headspace becomes larger, the pressure within the container falls
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proportionately. Propellants that have no liquid phase but have significant pressure-dependent
solubility in the rest of the formulation have performance characteristics between those of the
other two systems. In such cases, as the headspace increases the propellant comes out of
solution to help to maintain the pressure of the system.
In metered-dose inhalers, the propellant has a liquid phase that is an integral part of the
dispensed pharmaceutical product. Actuating the metering valve dispenses a defined volume of
the liquid contents. The propellant spontaneously boils and provides atomizing and propulsive
force. A predictable change in active concentration occurs from the beginning to the end of
the container life cycle as the liquid phase of the propellant vaporizes to reestablish the
equilibrium pressure of the system as the headspace increases.
PHYSICAL PROPERTIES
Propellants have boiling points well below ambient temperatures. A propellant's density for
disperse systems and its solubility properties may be significant considerations when one
selects a propellant. Apaflurane and norflurane have liquid-phase densities that are greater
than that of water. Hydrocarbon propellants (butane, isobutane, and propane) and dimethyl
ether have liquid-phase densities that are less than that of water.
CHEMICAL PROPERTIES
Propellants typically are stable materials. The hydrocarbon propellants (butane, isobutene, and
propane) and dimethyl ether are all flammable materials. Apaflurane, carbon dioxide, nitrogen,
and norflurane are nonflammable. Nitrous oxide is not flammable but supports combustion.
Chlorofluorocarbon propellants are considered to be ozone-depleting substances. Their use in
foods, drugs, devices, or cosmetics is regulated by 21 CFR 2.125. Albuterol metered-dose
inhalers formulated with chlorofluorocarbon propellants have not been available in the United
States since January 1, 2009.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected propellant
functions: Inhalation and Nasal Drug Products: Aerosols, Sprays, and Powders—Performance
Quality Tests

601 , Chromatography

621 , and Water Determination

921 .

Change to read:
DRY POWDER INHALERS
Dry powder inhalers (DPIs) commonly contain few functional excipients. For example, DPIs may
contain a carrier and may use a capsule shell. Other useful excipients include glidants to
improve flow during manufacture of the active carrier mix. A discussion of the use of a lubricant
can be found in the tablet or capsule sections above in addition to the carrier properties
discussed below.
Functional Category: Carrier
DESCRIPTION
Carriers are used to help deposit the active ingredient in the lung and may have a secondary

PF 40(5): Sep.-Oct. 2014

216

role in diluting the active to ensure that dosages can be properly metered.
FUNCTIONAL MECHANISM
The carriers are used to promote drug deposition into the lungs for better penetration or
absorption in the appropriate lung location. In addition, the carrier is used to decrease the
concentration of the active so the latter is adequately dosed in a uniform manner.
PHYSICAL PROPERTIES
The physical properties of carriers include appropriate morphology, hydration state, flowability,
surface energy, and particle size distribution.
CHEMICAL PROPERTIES
Carriers must have suitable purity, including low microbial content and no extraneous proteins
or impurities, to avoid interactions with the patient's immune system.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected carrier
functions: Microbiological Examination of Nonsterile Products: Microbial Enumeration Tests
, Microbiological Examination of Nonsterile Products: Tests for Specified Microorganisms

61
62

, Heavy Metals 231
Elemental Impurities—Limits

232

and Elemental Impurities—Procedures 233 ,

2S (USP38)

Light Diffraction Measurement of Particle Size 429 , Nitrogen Determination 461 ,
Inhalation and Nasal Drug Products: Aerosols, Sprays, and Powders—Performance Quality Tests
601 , Bulk Density and Tapped Density of Powders

616 , Crystallinity

695 ,

Characterization of Crystalline Solids by Microcalorimetry and Solution Calorimetry
Density of Solids

699 , Loss on Drying

731 , Optical Microscopy

Distribution Estimation by Analytical Sieving

786 , Powder Fineness

696 ,

776 , Particle Size
811 ,

Spectrophotometry and Light-Scattering 851 , Water Determination 921 ,
Characterization of Crystalline and Partially Crystalline Solids by X-Ray Powder Diffraction
(XRPD)

941 , and Powder Flow

1174 .

Functional Category: DPI Capsule Shells
DESCRIPTION
Capsule shells sometimes are used in DPIs. The capsule shell is used to contain the dosage
amount and safeguard the inhalable powder in a DPI.
FUNCTIONAL MECHANISM
The use of capsule shell may speed pharmaceutical development because it does not require a
complex device and can use premeasured drug substance or formulation. A capsule shell must
not fragment into inhalable portions and should remain intact after the shell breaks to expose
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the powder for inhalation.
PHYSICAL PROPERTIES
Capsule shell composition generally is dictated by the drug substance's moisture content,
brittleness, and electrostatic interactions with the inhalable powder.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected DPI capsule
shell functions: Microbiological Examination of Nonsterile Products: Microbial Enumeration Tests
61 , Microbiological Examination of Nonsterile Products: Tests for Specified Microorganisms
62 , Arsenic

211 , Heavy Metals

Elemental Impurities—Limits
Residue on Ignition

232

and Elemental Impurities—Procedures 233 ,

2S (USP38)

281 , Inhalation and Nasal Drug Products: Aerosols, Sprays, and Powders

—Performance Quality Tests
731 , Optical Microscopy

601 , Disintegration

905 , Water Determination

1061 , Gel Strength of Gelatin

Pharmaceutical Systems

701 , Dissolution

711 , Loss on Drying

776 , Particle Size Distribution Estimation by Analytical Sieving

786 , Uniformity of Dosage Units
Measurement

231

921 , Color—Instrumental

1081 , and Water–Solid Interactions in

1241 .
OPHTHALMIC PREPARATIONS

Functional Category: Antimicrobial Preservatives
DESCRIPTION
The preservative system acts as a safeguard to kill or inhibit the growth of microorganisms that
may be inadvertently introduced in the product after the manufacturing process either during
storage or use.
FUNCTIONAL MECHANISM
Antimicrobial preservatives work by a number of mechanisms. Quaternary ammonium compounds
affect microbial cell membranes via charge interactions with phospholipids, leading to disruption
of the cell membrane. Parabens also disrupt cell membrane integrity. Alcohols such as
chlorbutanol and benzyl alcohol work via lipid (membrane) solvation and protein denaturation.
N-[3-(Dimethylamino)propyl]tetradecanamide has greater antimicrobial effectiveness toward
fungi and protozoa than do quaternary ammonium compounds. Similar to quaternary ammonium
compounds, it disrupts plasma membrane integrity. Sorbic acid works by reduction of the
sulfhydryl groups of proteins. Hypochlorite is a strong oxidizing agent. Reactions of chloramines
with the amine groups of proteins can cause changes in conformation and thus loss of protein
activity. Chlorine released by these reactions can react with cellular constituents, such as
proteins and lipid. Polyaminopropyl biguanide accumulates in the cell membrane, blocking the
entry of nutrients.
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PHYSICAL PROPERTIES
To serve as an ophthalmic antimicrobial preservative, a compound should be at least sparingly
soluble in water, thus providing an appreciable range of usable concentrations.
CHEMICAL PROPERTIES
A preservative must be compatible with the active and inactive ingredients of the finished
product. For example, quaternary ammonium compounds are incompatible with anionic
surfactants. Benzyl alcohol is incompatible with oxidizing agents. Chlorbutanol is incompatible
with some nonionic surfactants. Compatibility between compounds varies with the pH of the
formula. The preservative should be stable in solution at the formulation pH, usually from 5 to
8. Formulation pH can affect preservative activity by influencing how the preservative
partitions between the formulation and microbes and how the preservative interacts with the
target sites of the microbial cell. For example, preservatives that must pass through cell
membranes before exerting activity should be formulated at a pH at which the preservative is
mainly in its un-ionized state.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistent functions of selected
antimicrobial preservatives: Antimicrobial Effectiveness Testing
Bulk Density and Tapped Density of Powders
Solids

699 , Loss on Drying

51 , Sterility Tests

616 , Chromatography

731 , Pharmaceutical Dosage Forms

1174 , Sterilization and Sterility Assurance of Compendial Articles
Microbial Recovery from Pharmacopeial Articles

71 ,

621 , Density of
1151 , Powder Flow

1211 , and Validation of

1227 .

Functional Category: Polymers for Ophthalmic Use
DESCRIPTION
Polymers are used in ophthalmic preparations to enhance the retention of active ingredients by
reducing the amount of product that is lost from the eye when the patient blinks. In addition,
polymers also can be components of artificial tears. Most water-soluble polymers commonly
used as film-forming agents in ophthalmic preparations can be categorized as follows: 1)
cellulose-based substances, 2) biologically produced gums, and 3) synthetically produced
substances.
FUNCTIONAL MECHANISM
Film-forming agents for ophthalmic preparations can enhance the retention of active ingredients
in the eye by a number of mechanisms. They can be used as simple viscosity-modifying agents
to reduce the flow of the product, thereby slowing the rate of product loss after
administration. They also can be used to form films on the surface of the eye so the drug
remains deposited on the eye after the liquid portion of the product has been expelled or has
evaporated. These agents can be formulated to produce a film or a gel when the product
warms to body temperature (upon contacting the surface of the eye), mixing with the tear film,
and/or evaporating. Some polymers have shown bio-adhesive properties on the cornea and can
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increase drug retention.
PHYSICAL PROPERTIES
To serve as an ophthalmic film-forming agent, a polymer typically must be at least slightly
soluble in water, thus providing an appreciable range of usable concentrations. Such polymers
often increase viscosity or exhibit film- or gel-forming properties when warmed to body
temperature, when exposed to the pH or solute composition and ionic strength of the tear film,
or when the product evaporates.
CHEMICAL PROPERTIES
The finished product viscosity range that can be obtained with a film-forming agent is related
to its chemical structure and molecular weight. Functional groups such as the pyruvate and
acetate groups of xanthan gum can affect the relationship between viscosity and solution pH
and ionic strength and also can determine film- and gel-forming properties. Polymer charge can
influence interactions with the mucous layer of the eye. Molecular conformation, chain mobility,
and degree of cross-linking also can affect the degree of swelling and thus performance.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistent functions of polymers for
ophthalmic use: Bulk Density and Tapped Density of Powders

616 , Chromatography

(in particular see Size-exclusion Chromatography), Density of Solids

621

699 , Loss on Drying

731 , Particulate Matter in Ophthalmic Solutions

789 , Viscosity—Capillary Viscometer

Methods

912 , Rolling Ball Viscometer Method

911 , Rotational Rheometer Methods

913

, Pharmaceutical Dosage Forms 1151 , and Powder Flow 1174 . In addition, the general
chapters listed under Functional Category: Film-forming Agents also may be appropriate for the
evaluation of polymers for ophthalmic use.
TRANSDERMALS AND PATCHES
Functional Category: Adhesive
DESCRIPTION
Topical drug delivery systems (e.g., transdermals or skin patches) require the use of adhesives
to maintain contact between the applied drug delivery system and the skin. Adhesives can be
intercalated as a separate layer between the formulation matrix and the skin surface,
incorporated as a part of the formulation matrix itself, or applied to the periphery of the topical
delivery system.
FUNCTIONAL MECHANISM
Adhesion is the tendency of dissimilar surfaces to adhere to one another as a result of one or
more types of interactions. For topical drug delivery systems, these adhesive interactions
generally are chemical (primarily electrostatic) or dispersive (van der Waals and/or hydrogen
bonding) in nature, although there is the possibility of mechanical interaction via the

PF 40(5): Sep.-Oct. 2014

220

interlocking of microscopic asperities.
PHYSICAL PROPERTIES
In general, the adhesives used in transdermals or skin patches are pressure-sensitive materials
whose performance is best characterized by physical test methods for tackiness and
viscoelasticity of the adhesive per se and viscosity of a solution of the adhesive.
CHEMICAL PROPERTIES
In transdermals, the most widely used pressure-sensitive adhesives are acrylic, rubber, and
silicone polymers. Acrylic polymer adhesives include various esters of acrylic or methacrylic
acid, acrylamide, methacrylamide, N-alkoxyalkyl, or N-alkyl-acrylamides. Polyisobutylenes and
polysiloxanes are among the most common rubber-based and silicone-based adhesives,
respectively. The molecular weight and compositional distribution of the polymers are critical to
the replication of the adhesive's efficacy from batch to batch.
GENERAL CHAPTERS
The following general chapters may be useful in evaluating the suitability of adhesives used in
transdermals: Tensile Strength

881

and Viscosity—Capillary Viscometer Methods

911 .

Functional Category: Film-forming Agent
DESCRIPTION
Film-forming agents used as the formulation matrix of topical drug delivery systems (e.g.,
transdermals or skin patches) or in conjunction with such systems comprise a flexible, nontacky
but adherent film, in whole or in part, applied to the skin surface.
FUNCTIONAL MECHANISM
Film formation results from the progressive loss of solvent (or dispersion medium) from a
solution (or dispersion) of a film-forming agent, whether in particulate or molecularly dispersed
form. Solvent (or dispersion medium) loss leads to closer molecular or particulate packing and
increased interaction among the film-forming agent molecules or particles. Ultimately, a
continuous film is formed as a result of increased molecular entanglement or particulate
sintering.
PHYSICAL PROPERTIES
Properties critical to successful film formation include the film-forming agent's glass transition
temperature (T g), the viscosity of the solution or dispersion, and the surface characteristics of
the substrate. Viscoelastic properties such as elastic modulus, viscous modulus, and intrinsic or
complex viscosity describe functional characteristics, such as adhesion, for a pressuresensitive adhesive component. Adhesion to a substrate and tack and shear tests can be used
for batch release.
CHEMICAL PROPERTIES
Typical film-forming agents are thermoplastic or thermosetting high molecular weight polymers
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or copolymers, often in the form of aqueous dispersions or latex compositions. Cellulosic
polymers, vinyl polymers and copolymers, and acrylic and methacrylic acid polymers and
copolymers frequently are used in topical delivery systems as film-forming agents.
GENERAL CHAPTERS
The following general chapters may be useful in evaluating the suitability of film-forming agents
used in transdermals and patches: Thermal Analysis
Methods

911 , Rotational Rheometer Methods

891 , Viscosity—Capillary Viscometer

912 , and Rolling Ball Viscometer Method

913 .
RADIOPHARMACEUTICALS
Radiopharmaceuticals commonly contain categories of excipients that also are used in
conventional drugs. For example, radiopharmaceutical capsules may contain diluents and
necessarily use a capsule shell, and parenteral radiopharmaceuticals may contain
pharmaceutical water, diluents, tonicity agents, pH modifiers, antimicrobial preservatives,
chelating and/or complexing agents, and antioxidants. Many radiopharmaceuticals differ from
conventional drugs, however, because their preparation (reconstitution) involves one or more
chemical reactions that require unusual excipients. Furthermore, the self-absorption of emitted
radiation may result in the radiolytic decomposition of many radiopharmaceuticals. Hence,
several excipients are used predominately in radiopharmaceutical formulations, although they
occasionally may be used for other drugs.
Functional Category: Reducing Agent
DESCRIPTION
Reducing agents generally are required for technetium Tc 99m radiopharmaceuticals.
Technetium Tc 99m, in the chemical form of sodium pertechnetate (+7 oxidation state), must
be reduced to a lower oxidation state so that it can be chelated or otherwise complexed by the
intended ligand to form the final Tc 99m radiopharmaceutical. The reducing agent, typically a
stannous salt, generally is formulated in the kit for the preparation of the technetium Tc 99m
radiopharmaceutical.
FUNCTIONAL MECHANISM
The reducing agent (e.g., stannous ion) must be present in sufficient quantity to reduce all of
the technetium atoms to the intended oxidation state but must not produce undesired
reduction products or other impurities (e.g., stannous hydroxide precipitates).
PHYSICAL PROPERTIES
Reducing agents (e.g., stannous salts) must be readily soluble in water.
CHEMICAL PROPERTIES
Reducing agents (e.g., stannous salts) are sensitive to oxidation by atmospheric oxygen and
oxidizing species in solution. Hence, lyophilized contents of kit vials must be filled with a
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nonoxidative gas such as nitrogen or argon. The reducing agent also must be stable at the
intended pH of the formulated product.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected reducing
agent functions: Chromatography

621

and Radioactivity

821 .

Functional Category: Transfer Ligand
DESCRIPTION
In the preparation of certain radiopharmaceuticals, the radiometal (e.g., stannous-reduced
technetium Tc 99m) is first chelated by a relatively weak chelating ligand and then is
transferred to the principal chelating ligand or complexing moiety. Examples of such transfer
ligands include citrate, gluconate, and tartrate.
FUNCTIONAL MECHANISM
Transfer ligands typically undergo rapid reactions with reduced technetium to form weak
chelates, thus keeping the reduced technetium in a soluble form until it is transferred to the
principal ligand. This procedure is especially useful when the kinetics of complexation with the
principal ligand is slow or when a heating step is necessary to expose chelating groups on the
principal ligand.
PHYSICAL PROPERTIES
Transfer ligands must be readily soluble in water.
CHEMICAL PROPERTIES
Transfer ligands must have rapid complexation kinetics and must form relatively weak chelates
compared to complexation with the principal ligand.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected transfer ligand
functions: Chromatography

621

and Radioactivity

821 .

Functional Category: Colloid Stabilizing Agent
DESCRIPTION
Lyophobic colloids tend to clump together and form large aggregates to minimize their surfacearea-to-volume ratio. Colloid stabilizing agents are relatively large lyophilic molecules that coat
the surface of each individual colloid particle and prevent or inhibit clumping. Examples of colloid
stabilizing agents include gelatin and dextran.
FUNCTIONAL MECHANISM
The colloid stabilizing agent coats the surface of the lyophobic colloid particles, making them
appear lyophilic. Additionally, the colloid stabilizing agent may be charged, thus causing the

PF 40(5): Sep.-Oct. 2014

223

coated colloid particles to repel one another.
PHYSICAL PROPERTIES
Colloid stabilizing agents must be readily soluble in water.
CHEMICAL PROPERTIES
Colloid stabilizing agents must be capable of coating the lyophobic colloid particles, e.g., by
electrostatic attraction of an opposite charge.
GENERAL CHAPTERS
The following general chapters may be useful in ensuring consistency in selected colloid
stabilizing agent functions: Chromatography

621

and Radioactivity

821 .

Functional Category: Free Radical Scavenger
DESCRIPTION
Radiation interactions with water and other molecules frequently produce free radicals. Free
radical scavengers preferentially interact with oxidative or reductive free radicals that
otherwise would result in degradation of formulation components. In the case of
radiopharmaceuticals, free radical scavengers can be used to enhance radiochemical purity.
Examples of free radical scavengers include methylene blue and aminobenzoic acid.
FUNCTIONAL MECHANISM
Free radical scavengers preferentially interact with radiolytically produced free radicals before
these free radicals can interact with the radiopharmaceutical and produce radiochemical
impurities.
PHYSICAL PROPERTIES
Free radical scavengers must be readily soluble in water.
CHEMICAL PROPERTIES
Free radical scavengers must be capable of preferentially interacting with free radicals without
causing other effects.
1 This general information chapter provides nonmandatory information that does not create compendial
requirements. For additional information about nonmandatory general chapters and alternative methods and
procedures, see General Notices, 6.30 Alternative and Harmonized Methods and Procedures.

BRIEFING
1080 Bulk Pharmaceutical Excipients—Certificate of Analysis, USP 37 page 812.
Since the implementation of general chapters
references to Heavy Metals

231

232

and

233

will include removal of all

from monographs and general chapters in the USP–NF, it is

proposed to replace all references to Heavy Metals 231 in this chapter. For further details,
see Key Issues on www.usp.org. Interested parties are encouraged to comment.
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Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCPA: G. Holloway.)
Correspondence Number—C149730

Comment deadline: November 30, 2014
1080

BULK PHARMACEUTICAL EXCIPIENTS—CERTIFICATE OF ANALYSIS
BACKGROUND

This general information chapter is derived from the Certificate of Analysis Guide for Bulk
Pharmaceutical Excipients, prepared by The International Pharmaceutical Excipients Council of
the Americas (IPEC-Americas), an international guidance document on the preparation and
appropriate use of a Certificate of Analysis (COA) for these excipients, referenced throughout
the chapter as “excipient(s)”. The chapter defines the suggested elements of a COA, provides
a template for organizing required and optional data in a logical manner, and assists in
establishing a uniform understanding of the roles and responsibilities of excipient manufacturers,
distributors, and users.
The principles and information in this chapter can be applied to the manufacture of all bulk
pharmaceutical excipients intended for use in human drugs, veterinary drugs, and biologics. As
an international guidance document, it cannot specify all national legal requirements nor cover
in detail the particular characteristics of every excipient. When considering how to use this
chapter, each manufacturer, distributor, or user should consider how it may apply to that
specific manufacturer's product and processes. The diversity of excipients means that some
principles of the chapter may not be applicable to certain products and processes.
The chapter is divided into several parts. The first part provides background discussion
necessary for the design and suggested elements of a COA. A template is provided to show the
format and placement of information in the COA. This is followed by a detailed discussion to
ensure that the purpose and meaning of the specific information contained in the COA is
understood. For a list of terms used in this information chapter and their definitions, see
Appendix 1.
GENERAL GUIDANCE
International regulations governing drugs require that components of the drugs be
manufactured, processed, packed, and held in accordance with good manufacturing practices
(GMPs). For a thorough discussion of GMPs that apply to excipient manufacture, see Good
Manufacturing Practices for Bulk Pharmaceutical Excipients 1078 . The excipient is often a
natural substance, mixture, or polymer, the chemical and physical properties of which are
difficult to quantify and that is often used with a broad range of active pharmaceutical
ingredients and in a diverse range of finished dosage forms. Until now, there were no guidance
documents that specifically focused on the content or format of COAs for excipients and that
addressed the diversity of both the excipients and their usage.
Preparation and Appropriate Use of a Certificate of Analysis
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The COA for excipients should be prepared and issued by the supplier of the material, following
the general guidelines discussed below. Primary responsibility for the preparation of the COA
belongs to the excipient manufacturer. It is most important that a complete and accurate COA
be provided to the excipient user for specific lots or batches intended for use in the
pharmaceutical industry. Additional considerations should be made for the preparation and
issuance of a COA by a distributor of excipients.
The user of a bulk pharmaceutical excipient should always receive a COA for material to be
used in the manufacture of a drug product. At a minimum, the user should perform adequate
identification tests on each lot of excipient received before releasing it for use in the drug
product. Specific identity tests should be used whenever possible. It is a regulatory
requirement that excipients be assessed for conformity with all appropriate specifications.
However, testing of all specification parameters may not be required for lot release if adequate
compliance assurances are provided on the supplier's COA. Before using an excipient in a
pharmaceutical product based on COA data, the user also should have an understanding of the
supplier's control systems and compliance with GMPs, through appropriate auditing or
qualification of the supplier.
Nevertheless, it is the responsibility of the user of the excipient to verify any of the analytical
data contained in the COA if knowledge of such information is deemed essential to the use of
that excipient. Such testing may go beyond the scope of the compendial methods described in
the NF, or beyond those used to develop the information in the COA.
To use test results from a COA, the user must also establish the reliability of the supplier's COA
test results by periodically performing all required tests and comparing the results obtained to
the supplier's test results. Occasionally, it may not be possible to perform all of the required
tests because of special equipment requirements or other requirements that may not be
available to the user. Performing fewer than all of these tests may be acceptable, provided
that the reliability of the supplier has been adequately determined using other appropriate
supplier qualification techniques.
It is important to understand that these results may not always specifically correlate,
especially when an excipient is produced as a continuous lot. However, the user's test results
should demonstrate compliance with the specification requirement.
Use of Contract Facilities
Contract facilities are frequently used in the manufacture, testing, and distribution of
excipients. When such facilities are used, the supplier of the excipient has the obligation to
ensure that the facilities operate under appropriate quality standards (i.e., cGMP, GLP, and
others).
DESIGN AND SUGGESTED ELEMENTS OF A CERTIFICATE OF ANALYSIS
The suggested elements of a COA are listed below and are included in the following Certificate
of Analysis Template section of this chapter. Excipient suppliers may organize the suggested
elements presented in the COA template at their discretion; however, the parts of the template
were designed to present the suggested and optional information in a logical manner. For a
detailed description of each element and examples of statements, see the appropriate section
below in this chapter.
The origin and the identity of the excipient are typically established in a Header section. The
manufacturer and manufacturing site should be identified if different from the supplier and
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supplier location, enabling the user to make certain that the excipient comes from a qualified
source. Although the manufacturer should be made known to the user, the use of codes for
manufacturers and manufacturing sites on the COA to protect confidentiality is acceptable. The
identity of the excipient must be definitively established by stating the compendial and trade
name, the grade of the material, and applicable compendial designations.
A lot/batch number or other means of uniquely identifying the quantity of material covered by
the COA and information relating specifically to it are typically included in a Body section. The
lot number or other unique identification of the material, its date of manufacture, and product
code or number should be stated and traceable to a specified lot. If applicable, the expiration
date, recommended re-evaluation date, or other relevant statement regarding the stability of
the excipient is typically included in this section. Any information required by the customer
would also be included here.
The actual test results applicable to the quantity of material covered by the COA are included
in an Analysis section. The test name, the result, the acceptance criteria or specifications, and
a reference to the test method used should be included for each characteristic listed. Reporting
of actual data and observations is recommended rather than nonspecific “passes” or “conforms”
statements. If the reported results are derived from a skip-lot or reduced frequency testing
program, or an average or in-process test result, this should be noted on the COA.
The Certification and Compliance Statements section is used to list various types of
statements that may be required, depending on the excipient and specific user needs. These
statements are usually negotiated between supplier and user based on specific application
requirements. Any declaration of the supplier that includes compliance of additional compendial
or other regulatory requirements is typically included in this section.
Many excipients have applications other than pharmaceuticals, such as food, cosmetics, or
industrial products. Any product listed as being in compliance with specific regulations should
meet the specifications and requirements of that regulation and must be manufactured under
appropriate GMPs.
The identity of the individual approving the content of the COA should appear on the COA. The
page number and total number of pages should also appear on the COA. This information is
usually included in a Footer section.
CERTIFICATE OF ANALYSIS TEMPLATE
Listed below is a template for the content and format of a COA.
Header
Titled “Certificate of Analysis”
Company Name, Address, Phone Number, and Identity of Manufacturer and
Manufacturing Site
Name (compendial/trade) of Excipient
Grade of Excipient
Compendial Designation
Body
Lot/Batch Number
Date of Manufacture
Product Code or Number
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Expiration Date (if required)
Recommended Re-Evaluation Date (if required)
Stability Statement (if required)
Customer Required Information
Analysis
Test Name
Test Results
Acceptance Criteria (i.e., specifications)
Reference to the Test Method
Reference to Skip-Lot Testing (if appropriate)
Reference to Average or In-Process Test Results (if appropriate)
Date Retested (if appropriate)
Summary of Noncompendial Testing (if any)
Certification and Compliance Statements
GMP Compliance
Additional Regulatory References
Potential to Meet Additional Compendial Standards
Content Listing and Grade of Ingredients (if a mixture)
Other Specific Compliance Statements [e.g., organic volatile impurities (OVI), residual
solvents, transmissible spongiform encephalopathy (TSE), and others]
Footer
Identity of Authorized Individual for Approval
Date of Approval
Page Number (i.e., 1 of __)
COMPENDIAL DESIGNATION
For a supplier to claim a compendial grade on the COA for an excipient, two requirements
should be met. The first requirement is that the excipient be manufactured according to
recognized principles of GMPs (see General Notices and Requirements). Adequate conformance
to GMPs should also be demonstrated for subsequent steps in the distribution of the excipient.
The second requirement is that the excipient meets all the specifications contained in the
appropriate compendial monograph, unless its difference is stated on its label, as defined under
General Notices and Requirements. When an excipient is listed as compendial grade, it is
understood that the above requirements have been met for the material, and the user would be
able to confirm this through an appropriate audit of the supplier.
Compendial standards define what is considered an acceptable article and also give test
procedures that demonstrate that the article is in compliance. These standards apply at any
time in the life of the article from production to consumption. The supplier's release
specifications and compliance with GMPs are developed and followed to ensure that the article,
when stored according to recommended conditions, will comply with compendial standards until
its expiration or recommended re-evaluation date.
Every compendial article shall be so constituted that when examined in accordance with these
assay and test procedures, it meets all the requirements in the monograph defining it, as well
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as meeting any provisions under General Notices and Requirements and in the general
chapters, as applicable. However, it is not to be inferred that application of every analytical
procedure in the monograph to samples from every production batch is necessarily a
prerequisite for ensuring compliance with compendial standards before the batch is released for
distribution.
Data derived from manufacturing process validation studies and from in-process controls may
provide greater assurance that a batch meets a particular monograph requirement than
analytical data derived from examination of finished units drawn from the batch. On the basis of
such assurances, the analytical procedures in the monograph may be omitted by the supplier
when judging compliance of the batch with the compendial standards.
DATES ON A CERTIFICATE OF ANALYSIS
Part of the overall goal to standardize COA for excipients includes a provision for the consistent
reporting of appropriate, meaningful, and well-defined dates. The discussion below indicates
specific dates that are expected on the COA, along with definitions of the dates, to provide
suppliers and users of excipients with a mutual understanding of their meaning. Use of the
recommended terminology will be helpful in reducing the number of questions on dating
information reported for excipients. Use of terminology other than that discussed below is
discouraged, because the terms may be ill defined and have different meanings for the
excipient supplier and user. Examples of such terms that should not be used include “shelf life”,
“use-by date”, “warranty date”, and “expiration period”.
In reporting dates on COA for excipients, it is important that a clear and unambiguous format
be used to prevent possible misinterpretation. To accomplish this, it is recommended that an
alpha designation be used for the month (may be abbreviated), rather than a numerical
representation. It is also recommended that the year include all 4 digits (e.g., Jan. 1, 2005, or
1 Jan. 2005).
Date of Manufacture
The date of manufacture should be included on the COA for each excipient lot and should be
assigned by the suppliers on the basis of their established policies and procedures. It is
recognized that excipients may be manufactured using a variety of processes (e.g., continuous
or batch) that may require a period of several days or more to complete. In addition, some
excipients may be mixtures or blends of other excipients, and excipient production may include
reprocessing steps. Because of this diversity, the date of manufacture should be clearly defined
by the supplier and consistently applied for the particular excipient and process. In reporting
the date of manufacture, the excipient supplier should indicate the date of completion of the
final manufacturing process (as defined by the supplier).
It is important to note that repackaging alone is not considered a processing step to be used in
determining the date of manufacture. To provide traceability for a specific excipient lot, other
dates may be required in addition to the date of manufacture to reflect additional steps such
as repackaging.
Expiration Date and Recommended Re-Evaluation Date
The stability of excipients may be an important factor in the stability of the finished
pharmaceutical dosage forms that contain them. Many excipients are very stable and may not
require extensive testing to demonstrate continued conformance to appropriate specifications.
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Other excipients may undergo chemical, physical, and microbiological changes over time that
cause the material to fall outside established specifications.
Appropriate expiration and/or recommended re-evaluation dates for excipients should be
established from the results of a documented stability-testing program or from historical data.
The testing program should include defined and controlled storage conditions (e.g., temperature
and humidity), a consideration of different packaging types that may be used as market
containers, and meaningful, specific test methods to adequately assess the stability
characteristics of the excipient. Stability testing should determine whether possible
degradation, moisture gain or loss, viscosity changes, or other possible changes occur to make
the excipient unacceptable for use (e.g., unstable or hygroscopic materials). For additional
information on excipient stability, see Good Manufacturing Practices for Bulk Pharmaceutical
Excipients 1078 .
The expiration date for an excipient is defined as the date after which the supplier recommends
that the material should not be used. Before the assigned expiration date, the excipient is
expected to remain within established specifications, if stored according to the supplier's
recommended conditions.
The recommended re-evaluation date for an excipient is the date suggested by the supplier
after which the material should be re-evaluated to ensure continued compliance with
specifications. Re-evaluation of the excipient may include physical inspection and appropriate
chemical, physical, and microbiological testing. Before the re-evaluation date, the excipient is
expected to remain within established specifications, provided it has been stored according to
the supplier's recommended conditions. But beyond the recommended re-evaluation date, the
excipient should not be used without adequate evaluation at appropriate intervals to determine
whether the material continues to be acceptable for use. The recommended re-evaluation date
differs from the expiration date in that the excipient may be re-evaluated to extend the length
of time the material may be used, if supported by the results of the evaluation and appropriate
stability data.
In reporting the expiration and recommended re-evaluation dates, the excipient supplier is
providing important information to the user about the stability of the material. As discussed
previously, the assignment of an expiration date and a recommended re-evaluation date should
be based on appropriate evaluation of potential changes that may occur in the material's
properties. It is acceptable to report both an expiration date and a recommended re-evaluation
date on the COA for excipients, if applicable, but both dates may not always be required.
Expiration and recommended re-evaluation dates should not be reported by a supplier without
sufficient stability data or product history to support the assigned dates.
For excipients determined to be very stable (greater than 2 years), either the specific
expiration date and/or the recommended re-evaluation date should be reported on the COA for
the material, or a general stability statement may be included (e.g., stability greater than 2
years). If available data indicate that an excipient has limited stability (2 years or less) under
anticipated storage conditions, a specific expiration date and/or recommended re-evaluation
date should be reported on the COA for the material.
If data from formalized stability studies are not available for an excipient, an appropriate
statement should be included on the COA to indicate what is known about the stability of the
material and whether stability studies are in progress.
Date Retested
If retesting is performed by an excipient supplier and the results are used to extend the length
of time that the material may be used, the date retested should also be reported on the COA.
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The specific tests that were subject to retesting should be clearly identified, and the results
obtained upon retesting should be reported. After retesting, a new recommended re-evaluation
date should be reported on the COA.
Additional Dates
Other dates may appear on a COA, if desired by the excipient supplier or requested by the
user. Examples include the release date, shipping date, date of testing, and date the COA was
printed or approved. Any additional dates that appear on a COA for excipients should include a
clear indication of what the date represents or means.
Change to read:
TESTING FREQUENCY
For the excipients listed in the USP–NF, the product specifications are set by the supplier to
include all parameters listed in the monograph. It is not required that analysis of all
specification parameters be made on each lot (see General Notices and Requirements).
However, sufficient analysis and process validation data should exist to ensure that the lot
meets all specifications before it is released. This is an established practice that has been
successfully used in industry for many years. Periodic testing of all parameters should be
performed to revalidate the control system. The frequency of these periodic tests should be
determined by the suppliers on the basis of their understanding of the manufacturing control
system. At a minimum, the parameters should be checked once a year.
For excipients that are not included in USP–NF, specifications should be set by the supplier to
ensure that the quality of the material is maintained on a continuing basis and reflects both the
excipient manufacturing process and inherent properties. The analytical methods used to
evaluate the characteristics of noncompendial excipients may be the same as those contained
in the compendia, or may be unique to the supplier or the material. The methods should be
demonstrated to provide accurate, reproducible, and consistent results for the characteristic
being tested. It may be appropriate for noncompendial excipients to have some tests performed
at reduced frequency.
The excipient user should evaluate the supplier's specifications and methods to ensure that
they are appropriate and acceptable for the quality control needed for the manufacturing
process of their drug product. The user should determine which of the supplier's specifications
and methods are required for release of the excipient for use in their process. If additional tests
or alternative methods are required by the user, appropriate specifications and methods, along
with responsibility for performing the testing, must be agreed upon by the excipient supplier and
user.
Reduced Frequency Testing
When analysis of some parameters is carried out at a reduced frequency (for example, every
10th lot), this should be clearly stated on the COA. Each specific test subject to reduced
frequency testing should be indicated. Reduced frequency testing should be used only for
excipients manufactured using a stable process. There should be a sound technical basis and
sufficient documentation to support testing any parameter at a reduced frequency. This would
normally include the following points:
Appropriate validation of the manufacturing process
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Process control—attribute charting (when appropriate)
GMP controls
As part of the justification for reduced testing, it is important that there be assurances in place
showing that the manufacturer's process complies with appropriate excipient GMP requirements.
Some tests, because of their significance, should always be performed on each lot, whereas
others may be candidates for reduced frequency testing. Attribute testing results in qualitative
data that provide pass/fail results or results expressed as less than or greater than a specified
value. The result merely establishes compliance with a specification parameter. There are no
data to indicate how well the material complies, as would be obtained from variable or
quantitative test results.
Reduced frequency testing of an attribute requires that the manufacturer show that the
qualitative parameter is in a state of statistical control. This necessitates tabulating the test
results for consecutive lots produced.
SKIP-LOT TESTING
Skip-lot testing may be applied to an excipient that is made by either a batch or a continuous
process. Various commonly accepted statistical sampling plans may be used to demonstrate
appropriate process control. Examples of each are listed below.
Example 1: For an average outgoing quality level (AOQL) of 1% and a test frequency of 1 of
10, the supplier should find 100 consecutive lots in conformance. At a 2% AOQL and a test
frequency of 1 of 10, the supplier would test 50 consecutive lots. For a 1% AOQL and a 1 of 5
test frequency, the supplier would test 70 consecutive lots. Nomographs are available to
determine the test requirements.
Example 2: When the excipient is manufactured by a continuous process, no discrete lot is
produced. The sampling plan again is based upon the risk of approving a lot that was
nonconforming. By testing 140 consecutive lots before going to a test frequency of 1 of 10,
the plan establishes a low risk of approving a lot that is noncompliant.
Once the requirement is met, the supplier can monitor conformance to the specification
parameter by testing 1 of 10 lots. Should any lot fail the analysis, the supplier should return to
100% testing until the results once again meet the specification above.
Because excipients vary greatly in chemical and physical properties, the supplier of the
excipient should determine which tests should be routinely performed and which tests may be
appropriate for reduced frequency testing. This determination must be justified and
documented on the basis of the adequacy of the supplier's control system. Documentation
should be kept detailing the assumptions and the data supporting the skip-lot testing plan.
TYPE A AND TYPE B TESTS
Only certain types of tests are appropriate for reduced frequency testing. Type A is defined as
tests that may not be easily controlled through standard process control techniques or that
may change with time. These tests should normally be performed on each lot. Type B is defined
as tests that normally can be controlled using standard process control techniques and that
are not expected to change with time. These tests are candidates for reduced frequency
testing. Examples of both types of tests are listed below.
Type A: Examples of Tests That Typically Need to Be Performed on Every Lot
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Identification:Required by GMPs for users (candidate for reduced frequency testing by
suppliers)
Assay:Critical quality parameter (if specified)
Viscosity:Usually indicates grade
Loss on drying (or moisture determination):Indication of stability and appropriate
process controls
Color:Indication of stability and appropriate process controls
pH:Indication of stability and appropriate process controls
Type B: Examples of Tests That May Be Candidates for Reduced Frequency Testing
Manufacturing impurities: Based on starting materials and processes (e.g., Chloride,
Sulfate, Nitrate, Glyoxal)
Heavy metals
Elemental Impurities 2S (USP38)
Lead
Arsenic
Residue on ignition
Residual solvents
This is not meant to be an exhaustive list of tests. It simply provides some direction on how a
supplier can assess the importance of each test to the overall control of the process. Tests
listed as possible candidates for reduced frequency testing (Type B) may need to be tested
routinely (Type A), depending on the raw materials and process. Determinations can also be
made for some Type A tests to become Type B tests. In a dedicated facility, identification
testing by the supplier may not be necessary.
DOCUMENTATION
The supplier of an excipient should develop and maintain documentation that outlines the
process control systems and validation data to justify the use of reduced frequency testing.
This documentation should also include procedures for handling the effect of significant
changes on the reduced frequency testing program.
The minimum number of lots to be fully tested for all specification parameters, after a change
has been made, depends on the process and the significance of the change and should be
based on sound statistical considerations
Additionally, the documentation should contain procedures for re-evaluating the reduced
frequency testing program when a testing failure occurs. Decisions regarding the continuance
of reduced frequency testing should be justified on the basis of the reasons for the failure and
the supplier's ability to provide assurances that the reduced frequency testing program or other
in-process parameters would identify these types of failures in the future.
JUSTIFICATIONS FOR REDUCED FREQUENCY TESTING
The following are examples of situations where a sound technical basis can be demonstrated
and where reduced frequency testing might therefore be justified. [Note—There may be other
such examples.]
An impurity, by-product, or unreacted raw material could not be present in the product,
because the raw materials and chemical reactions used could not contain or generate
such substances above the specified limits.
The process capability index (Cp) on the relevant parameter is high and based on a
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stable process. Statistical analysis of the reduced frequency data should show that the
property remains stable and within specifications. A process is considered stable when
the output of the process, regardless of the nature of the processing (batch or
continuous), can be demonstrated by appropriate means to show a level of variability
that consistently meets all aspects of the stated specification (both Pharmacopeia
specific and customer specific) and is thus acceptable for its intended use. For
continuous processing, it is also important to demonstrate that the material has been
produced under conditions in which the process has achieved a form of “steady state”,
i.e., in which there is minimal operator intervention and in which the in-process
parameters have been stabilized (see Appendix 2 for further definition of this concept
and for determining levels of control).
For a continuous process, the in-process analyses show that the property that is
determined at reduced frequency is stable and within specification. Repeating the test
on each lot would be redundant.
An analysis that is determined on every lot has been shown to strongly correlate with
an analysis that is run at a reduced frequency. The correlation shows that if a lot is
within specification on the first analysis, it will be within specification on the second
analysis.
USE OF ELECTRONIC SIGNATURES
Because of the growing dependence on computers and the need to accommodate paperless
record systems, an electronic alternative to handwritten records and signatures is suggested.
Excipient suppliers have added computer information systems to enhance productivity.
The primary issue with transfer of a COA without a handwritten signature is the validation of
data. There are several considerations that should be met before an electronic signature or
name attachment to a COA is considered acceptable.
Computer systems access must be limited to authorized individuals: access is gained
only after inputting a user name and a password. The system should require frequent
changes of each individual password.
A confirmation of the integrity and accuracy of the information stored in the system
should be completed.
The operation of the system must be checked routinely to ensure that the correct
information is transferred from the database to the printed record.
Data entered into a database from which information is extracted for a COA should be
accompanied by time- and date-stamped audit trails.
When these criteria are met, the issuance of COAs with electronic signatures or the responsible
person's name attached to the document, in lieu of a handwritten signature, is acceptable.
[Note—Computer systems are currently regulated by 21 CFR 11 of the FDA. Users should
monitor the FDA's approach to compliance in this area.]
DISTRIBUTOR INFORMATION
The presentation of a COA issued by a distributor presents some challenges. Because COAs are
important documents characterizing the excipients and the state of their quality, the source of
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that information becomes very important to the end user(s). Because distributors take on
different roles in fulfilling the services for which they are contracted, it is necessary to ensure
that procedures and methods are appropriate for the functions performed.
Distributors may function in a number of different capacities relating to the movement of
excipients and to services associated with their production. Some are simply pass-through
locations in which nothing is done to the excipient with the exception of storage and handling.
Others serve as extensions of the manufacturer's process by taking bulk quantities and
repackaging them for the manufacturer. Still others purchase excipients and repackage them
under a different label for sale and distribution. These scenarios should be understood and
properly documented with programs that will protect the integrity and safety of the excipients
as they move through the distribution process.
Original Manufacturer and Manufacturing Site
The identity of the original manufacturer and the manufacturing site should be included on the
COA for excipients. This information is important because it provides traceability for specific
excipient lots and assures the excipient users that they are consistently obtaining material from
the same manufacturer and site.
Reporting the identity and location of the manufacturer does not represent an issue when the
original manufacturer is also the direct supplier of the excipient to the pharmaceutical
customers. However, it is recognized that this information may be considered proprietary by an
excipient distributor. To adequately address this issue, excipient distributors should either list
the specific information identifying the original manufacturer and location or provide the
information by reporting an appropriate code, which is assigned to unambiguously identify the
original manufacturer and manufacturing site. To protect the secrecy of this information, the
meaning of the code does not have to be revealed to intermediary distributors.
Certificate of Analysis Data
When a distributor is primarily used as a pass-through of the excipient without any changes to
the excipient and packaging, the COA that accompanies the excipient from the manufacturer
can be passed on in the original form. If the data are extracted, translated, or rewritten on
other letterhead, a system should be in place to check the rewritten information, and
justification should be demonstrated upon request. Alternatively, the source of the data should
be indicated on the document.
For a distributor that takes bulk quantities of an excipient from a manufacturer and introduces
the bulk quantities into a process (e.g., conveyance and storage system), analysis of the
packaged excipient should be performed to demonstrate the same quality as the lot (batch)
introduced. Appropriate analytical data should be included on the COA to verify the quality. The
distributor should use equivalent methodology and equipment for the analytical evaluation.
Some data may be used from the original manufacturer's COA with appropriate justification.
In all scenarios, it is expected that the distributor will have the appropriate level of GMP in
place.
APPENDIX 1
Definitions
Acceptance criteria: The specifications and acceptance or rejection limits—such as
acceptable quality level or unacceptable quality level with an associated sampling plan—that
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are necessary for making a decision to accept or reject a lot or batch of raw material,
intermediate, packaging material, or excipient.
Batch (or lot): A defined quantity of excipient processed so that it could be expected to be
homogeneous. In a continuous process, a batch corresponds to a defined portion of the
production, based on time or quantity (e.g., vessel's volume, 1 day's production, and others).
Batch number (or lot number): A unique and distinctive combination of numbers and/or
letters from which the complete history of the manufacture, processing, packaging, coding, and
distribution of a batch can be determined.
Batch process: A manufacturing process that produces the excipient from a discrete supply of
raw materials that is present before the completion of the reaction.
Certificate of analysis (COA): A document relating specifically to the results of testing a
representative sample drawn from the batch of material to be delivered.
Chemical property: A quality parameter that is measured by chemical or physicochemical test
methods.
Continuous process: A manufacturing process that continually produces the excipient from a
continuous supply of raw material.
Contract facility: An internal or external facility that provides services to the manufacturer or
distributor of an excipient. These can include, but are not limited to, the following:
manufacturing facilities, laboratories, repackaging facilities (including labeling), and warehouses.
Date of manufacture: A date indicating the completion of the final manufacturing process (as
defined by the supplier for the particular excipient and process).
Date retested: The date when retesting is performed by an excipient supplier to extend the
length of time that the material may be used.
Distributor: A party other than the manufacturer who sells the excipient.
Excipient: Any substance, other than the active pharmaceutical ingredient or drug product,
that has been appropriately evaluated for safety and is included in a drug delivery system to
aid the processing of the drug delivery system during manufacture; to protect, support, or
enhance stability, bioavailability, or patient acceptability; to assist in product identification; or
to enhance any other attribute of the overall safety and effectiveness of the drug delivery
system during storage or use.
Expiration date: The date after which the supplier recommends that the material should not
be used.
Impurity: Any component of an excipient that is not the intended chemical entity but is
present as a consequence of either the raw materials used or the manufacturing process.
Lot: See Batch.
Lot number: See Batch number.
Manufacturer: A party who performs the final processing step.
Packaging: The container and its components that hold the excipient for storage and transport
to the customer.
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Periodic testing program: See Skip-lot testing program.
Physical property: A quality parameter that can be measured solely with mechanical
equipment.
Process: The set of operating instructions describing how the excipient is to be synthesized,
isolated, purified, or otherwise processed.
Process capability index (Cp): A statistical measurement that can be used to assess whether
the process is adequate to meet specifications. A state of statistical control can be said to
exist if the random variation in test results for a process parameter is such that the calculated
process capability is greater than 1.33 (see Appendix 2 for further definition).
Process step: An instruction to the excipient manufacturing personnel directing that an
operation be performed.
Recommended re-evaluation date: The date suggested by the supplier when the material
should be re-evaluated to ensure continued compliance with specifications. Differs from the
Expiration date in that the excipient may be re-evaluated to extend the length of time the
material may be used, if supported by the results of the evaluation and appropriate stability
data.
Reduced frequency testing program: See Skip-Lot Testing.
Repackaging: Transfer of an excipient from one container to another.
Reprocessing: Introducing previously processed material that did not conform to standards or
specifications back into the process and repeating steps that are already part of the normal
manufacturing process.
Significant change: Any change that alters an excipient's physical or chemical property from
the norm or that is likely to alter the excipient's performance in the dosage form.
Site: A location where the excipient is manufactured. This may be within the facility but in a
different operational area, or at a remote facility, including a contract manufacturer.
Skip-lot testing program: Periodic or intermittent testing performed for a particular test
parameter that is justified by historical data demonstrating a state of statistical process
control.
Specification: The quality parameters to which the excipient, component, or intermediate must
conform and that serve as a basis for quality evaluation.
Stable process: A process whose output, regardless of the nature of the processing (batch or
continuous), can be demonstrated by appropriate means to show a level of variability that
consistently meets all aspects of the stated specification (both USP specific and customer
specific) and is thus acceptable for its intended use.
Supplier: A manufacturer or distributor who directly provides the excipient to the user.
User: A party who uses an excipient in the manufacture of a drug product or another excipient.
APPENDIX 2
State of Statistical Control: Process Capability Parameters for Determining Levels of
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Control
A process is considered to be in a state of statistical control if variations among the observed
sampling results from the process can be attributed to a constant system of chance causes.
Process capability index (Cp) or capability index adjusted for the process average (Cpk) or
performance index (Pp) or performance index adjusted for the process average (Ppk) can be
used to assess whether the process is adequate to meet specifications. Values of these
parameters exceeding 1.33 show that the process is adequate to meet specifications. Values
between 1.00 and 1.33 indicate that the process, although adequate to meet specifications,
will require close control. Values below 1.00 indicate that the process is not adequate to meet
specifications and that the process and/or specifications should be changed. Pp/Ppk will always
be less than or equal to Cp/Cpk, respectively. The essential difference between the capability
and the performance indices is the data used. Capability indices require the calculation of ,
the population standard deviation, whereas the performance indices require the calculation of
s, the sample standard deviation. Thus, for pharmaceutical excipients, a state of statistical
control can be said to exist if the random variation in test results for a process parameter is
such that the calculated process capability index or performance index is greater than 1.33.
BRIEFING
1207 Sterile Product Packaging—Integrity Evaluation USP 37 page 1132. Extensive
revisions to general information chapter Sterile Product Packaging—Integrity Evaluation

1207

are presented for public comment in this issue of the Pharmacopeial Forum. The original
content of chapter

1207

has been revised and also subdivided into four related chapters (

1207 , 1207.1 , 1207.2 , and 1207.3 ) and represents the combined efforts of the USP
Microbiology Expert Committee and the USP Packaging, Storage, and Distribution Expert
Committee. A Stimuli article, which also appears in this issue of the Pharmacopeial Forum,
provides the background, history, and rationale for the revisions and subdivision of the content.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCM: R. Tirumalai.)
Correspondence Number—C147435

Comment deadline: November 30, 2014
1207

STERILE PRODUCT PACKAGING—INTEGRITY EVALUATION

Change to read:
This information chapter addresses the maintenance of the microbiological integrity of sterile
product packaging until the time of use of its contents. The scope of application of this
chapter includes the container and closure systems of drug products and the sterile barrier
packaging of medical devices, including in vitro diagnostic products. Specially designed or novel
container–closure and barrier packaging systems, which are generally more complex than
classical packaging and delivery systems, are also discussed in this chapter. The establishment
of sterile product integrity is necessary to ensure the maintenance of two extremely important
product conditions: total product attributes within label claim specifications and product
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sterility prior to use.
Product package integrity testing continues throughout the life cycle of the product. Generally,
this integrity testing should occur during three phases: (1) the initial development of the
product packaging system, (2) routine manufacturing, and (3) shelf life stability assessments.
Generally, during initial packaging development both physical and microbial studies are
conducted to assess integrity. It is at this time that comparative information about physical
and microbial challenge methods may be obtained.
During routine manufacturing, physical measurements may be conducted in accordance with an
established sampling plan to determine whether the packaging or capping system or both are
operating consistently within predetermined performance acceptance ranges. Packaging
integrity tests conducted during shelf life stability assessments are physical tests that confirm
the integrity of the packaging system supported by acceptance values established during
packaging development. Microbial ingress testing may be unnecessary for shelf life stability
assessment if comparative physical and microbial testing conducted during the packaging
development stage has established physical acceptance values that would preclude microbial
ingress. Reconfirmation of product packaging integrity should occur when there are major
changes in the package design and materials or whenever there are changes in the
manufacturing processing conditions, including sterilization conditions.
PRODUCT PACKAGE DEVELOPMENT PHASE
Testing during the product development phase is frequently intensive, because it establishes
product design limitations before full-scale manufacturing occurs. At this phase, an appropriate
product package design relative to the end use of the product is selected, and manufacturing
process variables are defined. The effect of the design and process variables on the
maintenance of package integrity is assessed. Approximate design tolerances are assessed to
ensure sterility of the fluid pathway or contents during processing and prior to usage. Product
packaging integrity evaluations should take into consideration the maximum stress conditions
encountered during the manufacturing and sterilization processes. Testing should also validate
the integrity of the design when exposed to anticipated extreme conditions of storage,
shipment, and distribution. During this phase, physical methods are developed to assess the
integrity of the proposed package, and they are used later in routine manufacturing testing or
marketed product stability testing.
ROUTINE MANUFACTURING PHASE
During this phase, maintenance of specified production, engineering, and microbiological
conditions is monitored through standard operating procedures. Physical testing methods, online or not, may be intermittently used to supplement process control measurements to ensure
that product packaging values are maintained within acceptable limits established during the
product development phase. During routine manufacturing, monitoring for continuous unit
product integrity or finished product release package integrity may be unnecessary when
critical production processes are well controlled. Microbiological testing of package integrity is
usually not expected during routine manufacturing that operates within specification limits
previously determined to produce acceptable packaging.
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MARKETED PRODUCT STABILITY PHASE
Physical testing methods may be used to evaluate product packaging systems that are included
in a marketed product shelf life stability program. Such systems should be evaluated at stability
conditions, at the beginning of the product shelf life as well as at the expiration date of the
product, and at other times and intervals defined by regulatory requirements or guidelines. Sole
testing of product sterility will not ensure maintenance of product package integrity over the
shelf life of the product when performed as part of the packaging stability program.
PHYSICAL AND MICROBIOLOGICAL TESTING
During the initial evaluation of product packaging, both physical and microbiological testing are
frequently used.1 Physical testing to assess product packaging integrity has a variety of
advantages over microbial testing, depending on the test method and the packaging being
evaluated. These advantages may include greater sensitivity, ease of use, rapid speed of
testing, or lower cost. Physical testing can be used to evaluate product packaging throughout
its life cycle to ensure that total product attributes are maintained within optimum predefined
limits. Microbial ingress testing in concert with physical testing should also be considered at the
initial stages of product packaging development. However, physical testing methods with
sensitivity comparable to or greater than that of microbial methods are preferred for evaluating
product packaging in a marketed product shelf life stability program. Physical testing methods
provide rapid assessment of packaging integrity during routine testing of large numbers of
product stability samples.
Comparison of Microbial and Physical Methods
A comparative evaluation should determine whether microbial intrusion or ingress into the
product packaging could occur at those physical integrity test value ranges that have been
deemed acceptable for the finished product. This determination should be based on a
comparison between microbiological data and the values obtained from physical integrity test
method. The comparison of physical integrity testing to microbial ingress testing for assessment
of product packaging integrity can be obtained either by direct comparison or by studies that
demonstrate that the physical test measures defects that are too small for microbial passage.
Due to its design or material composition, a product packaging system may not permit or yield
graded physical test responses when a range of defects is created in the packaging. In some
situations, even upon creating artificial defects in a product packaging system, the resulting
range of physical testing values may remain approximately the same. In other words, the test
method may yield a qualitative rather than a quantitative measure of package leakage. Also,
microbial ingress may not occur until exaggerated physical defects are created in the
packaging. In such cases, a direct correlation of microbial ingress to a series of physical value
ranges is not possible. When this occurs, the testing results become merely pass or fail results
conducted on packaging with known defects.
Selection of Evaluation Methods
Physical and microbiological methods for product package integrity testing should take into
consideration the design of the closure system; the manufacturing method, including the
sterilization process; and the intended use of the product. Any particular physical or microbial
method may not be applied to all product packaging systems.
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During initial integrity evaluations of a packaging system, a number of physical tests may be
used. These physical tests may include, but are not limited to, pressure and vacuum decay
tests, dye immersion tests, liquid chemical tracer tests, gas ionization of evacuated containers,
high-voltage leak detection of plastic or glass containers, visual examination for glass cracks,
and gas leakage or package headspace analysis. Other tests that may be valuable in evaluating
package seal quality include screw-cap removal torque, elastomeric stopper residual seal force,
or heat seal strength.
Microbiological tests may include closure immersion testing for rigid container systems,
inoculated shipment testing for certain packaging, and an aerobiological challenge for tortuous
path barrier packaging.
Dual Function Container–Closure Systems2
Dual function container–closure systems are characterized by the addition of one or more
intended functions to that of a container and require special consideration for integrity
evaluation. For instance, in the case of small, flexible or rigid containers with an appended
device component that allows direct patient injection and drug delivery, a delivery function is
added to the container function. Thus, frequently, one compartment of the dual container–
closure system is designed to contain the drug or solution prior to use or activation of the
system—product containment compartment. Another compartment, different in function and
design, either directly delivers the product from the container portion to a fluid pathway for
direct injection of the patient or communicates with a sterile pathway of another access
device. For example, a prefilled syringe contains a solution (container compartment) and a
device component (delivery compartment) physically separated from the container
compartment and used to directly administer the drug to the patient.
Therefore, dual container–closure systems typically have at least two compartments that
require microbial barrier properties, and packaging integrity after sterilization and/or aseptic
filling should be demonstrated for both compartments. In many cases, different portions of the
dual system require different integrity testing methods. The selection of the integrity testing
method is determined primarily on the basis of the intended objectives or performance
requirements of the particular compartment. For example, the solution or drug-containing
compartment of the dual container–closure system must be enclosed or sealed in a manner that
precludes leakage of product or microbial ingress during and following the manufacturing
process (see Selection of Evaluation Methods). On the other hand, the delivery portion of the
dual container–closure system frequently contains a fluid pathway that is empty during the
sterilization or aseptic filling process and is intended to remain dry until the product container
portion is activated prior to use. A covering, a sheath, or perhaps a cap designed to vent
during sterilization and storage protects the delivery compartment from airborne microbial
ingress throughout the life of the article. However, this portion of the device is frequently not
designed to prevent liquid ingress. Liquid ingress can be precluded by secondary packaging or
by the physical design of the system itself. Microbial integrity testing of the delivery portion of
such a dual container–closure system may include a nonimmersion microbial method or physical
integrity test. Microbial testing would include, for example, an aerosolized microbial challenge
under defined pressure changes.

INTRODUCTION
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Chapter Sterile Product Packaging—Integrity Evaluation 1207 provides an overview of “leak
test” methodologies (also termed technologies, approaches, or methods) as well as “package
seal quality tests” useful for verification of sterile product package integrity. More detailed
recommendations for the selection, qualification, and use of leak test methods are presented in
three subchapters that address these specific topics:
Package Integrity and Test Method Selection
Package Integrity Leak Test Technologies
Package Seal Quality Test Methods

1207.1

1207.2

1207.3

At the end of chapter 1207 , the Appendix: Definitions section defines terms as they are
used in the context of this set of four general information chapters.
“Sterile product–package integrity” is the ability of a sterile product container–closure system
to keep product contents in, while keeping detrimental environmental contaminants out. These
contaminants may include microorgansims, reactive gases, and other substances. The
“product” includes the pharmaceutical formulation as well as the packaged headspace, which
may consist of ambient air or nonreactive gases with specified water-vapor content and under
full or subatmospheric pressure conditions. Sterile product package integrity is synonymous
with “container–closure integrity” and will be referred to as “package integrity” throughout this
chapter. A package is considered integral if it allows no leakage greater than the package
“maximum allowable leakage limit”. The term “product–package” refers to the “container–
closure system” plus the product contents. The container–closure system consists of the
“primary packaging components”, those components that are or may be in intimate contact
with the product, but also “secondary packaging components”, vital to ensuring correct
package assembly, for example, the aluminum cap used to seal a stoppered vial package. In
some cases, the “packaging system” may also include items such as a lidded tray that is used
to protect the exterior sterility of each item within the kit.
The methods described are chiefly used to test the container–closure systems for sterile
pharmaceutical dosage forms; such packaging systems generally consist of nonporous
components that are either rigid or flexible. However, the same test concepts and methods can
be applied to any pharmaceutical product packaging system, including but not limited to active
pharmaceutical ingredient containers; containers for intermediates or final formulation bulk
volumes; and drug/device combination product–packages. Nonporous packages may be used for
other types of sterile products as well, including sterile diagnostic products or medical devices.
Sterile medical devices and diagnostic products are not subject to the recommendations of this
chapter; however, the concepts presented for testing pharmaceutical product nonporous
packages may be applied.
This chapter does not address package integrity test methods relevant to porous barrier
packages that are designed solely to prevent airborne microbial contamination. Examples of
these packages include a semi-rigid tray closed with a porous lidding material and a bag with a
porous barrier material component. Such packaging systems may be used to contain sterile
pharmaceutical products, and for this reason they are mentioned throughout the chapter as
packages that must meet container–closure integrity requirements. However, this chapter does
not attempt to address porous barrier packaging tests; therefore, the reader is advised to
consult resources relevant to the medical device packaging industry for appropriate integrity
tests of porous barrier packaging systems.
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“Package integrity tests”, also called “container–closure integrity tests”, are “leak test
methods”. Package permeation methodologies are not described. A “leak test” is a method that
detects the presence of (and in some cases, the magnitude or location of) a defect in a
package; the defect is capable of permitting loss of product contents or critical headspace
gases, and/or capable of permitting entry of liquids, reactive gases, microorganisms, or
nonviable particulates. “Package seal-quality tests” are evaluations used to characterize and
monitor the quality and consistency of a package seal parameter. These tests provide some
assurance of the package's ability to remain integral; an example is the heat seal peel force
tests. Seal-quality tests are not leak tests but can play a valuable role in ensuring package
integrity by monitoring a characteristic of the seal itself or the materials, components, and/or
processes required to create the seal.
Integrity test methods vary in terms of detection limit, reliability, and application, and therefore
are not appropriate for all package leak testing uses. Selection criteria for package integrity
test methods, as well as method comparison aids, are presented below to guide the user in the
selection process.
Any leak test or package seal-quality test, even the standard test methods, requires
optimization for each product–package application. Validation of the final leak test method is
required to demonstrate test method detection limit, accuracy, and precision. Package integrity
test method application continues throughout the product life cycle, starting with product
development and continuing through marketed product stability studies.
PACKAGE INTEGRITY CONCEPTS
Sterile product–package integrity is necessary to maintain critical quality attributes within
physicochemical label-claim specifications and to ensure product sterility until time of use.
Detrimental contaminants include microorganisms and any substances that threaten product
sterility and patient safety. Excessive product loss includes leakage that exceeds specification
limits for product content or potency. For certain products to maintain product physicochemical
stability, the package needs to maintain a headspace of nonreactive gases and/or gases with
low vapor content, sealed under atmospheric or reduced-pressure conditions. Reducedpressure conditions may also be necessary to facilitate product ease of use, e.g., product
reconstitution.
Sterile product–packages must demonstrate satisfactory container–closure integrity. However,
it is not realistic or practical to require packages to be absolutely integral—in other words, not
allowing even the slightest gas escape—because most package types exhibit at least miniscule
gaseous leakage plus permeation. Leakage differs from permeation. Leakage is the movement of
liquids or gases through a breach in the package wall or a gap between package components.
Permeation is the passage of matter through the package wall itself. Both leakage and
permeation play important roles in parenteral product–package performance. Although only
leakage is relevant to a package's ability to prevent microbial ingress, leakage plus permeation
determines a package's ability to retain critical headspace and volatile product contents.
To illustrate, a stoppered glass vial exemplifies a package type made of multiple components
mechanically fitted together in which permeation through the elastomeric stopper is possible, as
is gas leakage at the stopper–vial interface. All packages with polymeric or elastomeric
component(s) exhibit some degree of gas permeation, and all packages mechanically fitted
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together from multiple components also leak to some degree. Even package components that
are chemically bonded together with adhesives will permit some permeation. A well-sealed glass
ampul is a unique package design that should demonstrate no measureable leakage or
permeation.
In many cases, the distinction between leakage and permeation for a well-closed package can
be difficult or impractical to establish. Because most package types exhibit at least some small
degree of gas exchange, it is more meaningful to require that packages stay within the
maximum allowable leakage limit specific for the package design and provide the level of
protection necessary for the product contents. For instance, seals meant to prevent loss of
vacuum or inert gas headspace until product expiry may require a more stringent “maximum
allowable leakage limit” than seals solely intended to prevent liquid leakage and microbial
ingress. In contrast, pharmaceutical-containing trays that are closed with porous barrier lidding
designed merely to keep out airborne microbes and debris do not need to meet the maximum
allowable leakage limit of nonporous packages that must prevent liquid leakage.
In summary, an integral package is one that conforms to specific product–package maximum
allowable leakage limits, and in so doing, also blocks microbial ingress, restricts loss of product
contents, and prevents entry of detrimental gases or other substances, thus ensuring that the
product meets physicochemical and microbiological label-claim specifications.
LEAKS AND LEAKAGE
“Leaks” are commonly perceived as holes of a certain diameter, or channels of a certain
diameter and length. Such terminology helps to conceptualize defects, although leaks that
occur naturally are rarely dimensionally uniform holes or channels. Generally, they are complex,
multicavity “tortuous paths”. Even artificially created leaks, such as laser-drilled holes used for
leak-test method development and validation, are dimensionally irregular. When stating the size
of a leak, it is important to define the measurement approach taken. In some cases leaks are
measured dimensionally, but quite often, leak size is stated in terms of its leakage rate. For
example, to say a laser-drilled hole in a package wall has a nominal diameter of 5 µm may
actually mean that the airflow rate through the drilled defect matches that of a pristine 5-µm
hole in a thin metal plate reference standard when pressurized with dry air at specified
differential pressure and temperature conditions.
“Leakage” is a measure of the rate of gas flow (in mass or volume units) that passes through a
leak path under specific conditions of temperature and pressure. Therefore, leakage rate has
dimensions of pressure multiplied by volume, divided by time. The international standard SI
nomenclature is pascal cubic meter per second (Pa·m3·s 1). These leakage measurement units
refer to the quantity of leaking gas (Pa·m3) per unit of time. To express SI leakage units in
mass flow terms, the pressure and temperature must be at standard pressure and temperature,
which are 101 kPa (760 torr) and 0 (273 K) (1). Table 1 lists several other common units of
measure for leak rate. When expressing leakage volumetrically, the test pressure and
temperature conditions are specified (1).
Table 1. Mass Flow Conversion Factors for Common Leak-Rate Unitsa
Pascal Cubic
Standard Cubic
Mole Liter
Millibar
Torr Liter
Meter Per
Centimeter Per
Per
Liter Per
Per
Second
Second
Second
Second
Second
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Pa·m3·s 1

Std cm3 · s 1
(Alternatively, sccs)

mol·s 1

mb·L·s 1

torr·L·s 1

1

9.87 (~10)

4.40 × 10 4

1.00 × 101

7.50

a Jackson et al. (1).

REFERENCE
1. Jackson CN, Sherlock CN, Moore PO, editors. In: Nondestructive testing handbook. 3rd
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APPENDIX: DEFINITIONS
For definitions of container, materials of construction, packaging component, packaging
system, primary packaging component, and secondary packaging component, see chapter
Packaging and Storage Requirements 659 . In the context of chapter 1207 and its
subchapters, the following definitions relevant to packaging and package integrity methods
apply. For definitions relevant to seal and closure mechanisms, refer to

1207.1 . For

definitions of specific leak test and seal quality test methods, refer to chapters

1207.2

and

1207.3 , respectively.
Acceptance criterion: The leak test method acceptance criterion is the leak test method
pass/fail limit. Test samples that meet the acceptance criterion are considered to be free of
measureable leaks as determined by the given method. For example, a vacuum-decay leak
test acceptance criterion is defined as the maximum allowable pressure-rise reading at the
end of the timed test cycle. A bubble emission test's acceptance criterion may be expressed
as the absence of a visible, continuous stream of bubbles emitted from a test package during
a defined period of test sample submersion and vacuum exposure.
Accuracy: The accuracy of a leak test method is the method's false-detection probability, in
other words, the ability of the method to correctly differentiate packages that leak above the
limit of detection from those that leak below this limit (i.e., do not leak).
Container–closure integrity: Container–closure integrity is the ability of a package to
prevent product loss, to block microorganism ingress, and to limit entry of detrimental gases
or other substances, thus ensuring that the product meets all necessary safety and quality
standards.
Container–closure integrity test: A container–closure integrity test is any package leak
test (either physicochemical or microbiological) that detects the presence and/or size of a
breach or gap in a package that is capable of permitting loss of product contents or critical
headspace gases, and/or capable of permitting entry of microorganisms, reactive gases, or
other substances. The term container–closure integrity test is synonymous with “package
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leak test” or “package integrity test”.
Container–closure system: See Packaging System in General Definitions (chapter 659 ).
Deterministic leak test method: A deterministic leak test method is one in which the
leakage event being detected or measured is based on phenomena that follow a predictable
chain of events. In addition, the measure of leak detection is based on physicochemical
technologies that are readily controlled and monitored, yielding objective quantitative data.
Largest leak detection capability: A leak test method's largest leak detection capability is
the method's ability to detect larger leaks of a given size or defect type (i.e., the upper limit
of the leak detection range).
Leak: A leak is a breach in a package wall or a gap between package components that is
capable of permitting the passage of gas or liquid. Leak is synonymous with “leak path”.
Leakage: This term has two distinct meanings: 1) Leakage is a measure of the rate of gas
flow (in mass or volume units) that passes through a leak path under specific conditions of
temperature and pressure. Leakage rate has dimensions of pressure multiplied by volume,
divided by time. For example, the international standard SI nomenclature is pascal cubic meter
per second (Pa·m3·s 1). 2) Leakage is the actual product that escapes from a defective or
unclosed package. For example, “Leakage from the container stained the package label.”
Limit of detection: The leak test limit of detection is a measure of test method sensitivity.
The limit of detection is the smallest leakage rate (or leak size) that a leak test method can
reproducibly detect.
Maximum allowable leakage limit: The maximum allowable leakage limit is the greatest
leakage rate (or leak size) tolerable for a given product–package that poses no risk to product
safety and no or inconsequential impact on product stability. The maximum allowable leakage
limit for a sterile pharmaceutical dosage form package is the leakage rate (or leak size) that
will ensure the content's sterility, preserve product contents, and prevent entry by
detrimental gases or other substances, thus ensuring that the product meets physicochemical
and microbiological specifications.
Microbial grow-through: Microbial grow-through is a process whereby microorganisms
actively enter a package by multiplying along package surfaces, obtaining nourishment from
product formulation residues or other contaminants left on package surfaces, or (less likely)
from the surfaces themselves.
Microbial grow-through controls: Microbial grow-through controls are positive controls used
to evaluate the risk posed by microbial grow-through via product residues left on multi-dose
package closure components or filter media. Such positive controls are specifically designed
to appropriately represent the given product–package system.
Microbial passive entry: Microbial passive entry is a process whereby microorganisms are
mechanically swept through a leak path into a package via a liquid or gas carrier.
Microbiological challenge test: A microbiological challenge test is a package leak test
whereby package integrity is evaluated by exposing containers filled with growth-supportive
media to microorganisms suspended in submersion media (a liquid-borne “challenge test”).
Leakage is evidenced by the growth of microorganisms in the package contents.
Negative control: A negative control is a package with no known leak. Negative controls
used for leak test method development and validation studies represent packages that were
typically assembled using normally processed components.
Package integrity test: See Container–closure integrity test.
Package leak test: See Container–closure integrity test.
Package seal quality: Package seal quality relates to the consistency of a package seal's
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performance within required specification limits, other than leakage prevention. Examples of
package seal quality attributes include heat seal bond strength and capped vial package
residual seal force.
Package seal quality test: A package seal quality test is a check used to characterize and
monitor the quality of various product–package seals to ensure that package assembly is
consistently kept within established limits, thereby providing some assurance of the package's
ability to remain integral. Examples include the peel force test for heat seals and the residual
seal force test for capped vial packages.
Physicochemical package integrity test: A physicochemical package integrity test is a leak
test that detects the presence of a package leak, or detects/measures package leakage rate,
via physical or chemical means. All leak test methods that do not use microorganisms for leak
detection are physicochemical leak test methods.
Positive control: A positive control is a package with a known, intentional leak. Positive
controls used for leak test method development and validation studies should duplicate those
negative controls used for the same studies in terms of materials of construction, package
assembly, and component processing. Positive controls are included for defect type and for
larger-size defects (used for method development), as well as smallest-size defects (used for
method development and validation studies). Microbial grow-through positive controls are
used for microbiological challenge method development, validation, and routine testing of
certain packaging systems uniquely at risk for microbial entry by grow-through processes.
Precision: The precision of a leak test method is the ability of the method to yield reliable,
repeatable data within and among analysts, instruments, and labs.
Probabilistic leak test method: A probabilistic leak test method is the converse of a
deterministic leak test method, being stochastic in nature. Probabilistic tests rely on a series
of sequential and/or simultaneous events, each associated with random outcomes described
by probability distributions. Thus, the findings are associated with uncertainties that
necessitate large sample sizes and rigorous test-condition controls to obtain meaningful
results. Typically, sample size and test condition rigor are inversely related to leak size;
therefore, reliable and predictable probabilistic leak test methods may prove more difficult to
design, develop, validate, and implement, compared with deterministic methods.
Product: The pharmaceutical product includes the pharmaceutical formulation as well as the
packaged headspace, which may consist of ambient air or nonreactive gases with specified
water-vapor content under full or subatmospheric pressure conditions.
Product–package: The product–package includes the primary package or container–closure
system plus the product contents.
Qualitative measure of analysis: A qualitative measure of analysis for leak testing is a
measurement approach based on a subjective evaluation of some quality, attribute, or
characteristic of the test sample. Visual inspection is an example of a qualitative measure of
analysis.
Quantitative measure of analysis: A quantitative measure of analysis for leak testing is a
measurement approach based on objective, numeric data that either directly or indirectly
correlates with leak presence, leak location, or leakage rate. Examples include the volume-ofgas-per-time reading generated by the helium mass spectrometry tracer-gas leak test, or the
pressure reading as a function of test time measurement produced by the vacuum-decay
method.
Robustness: The robustness of a leak test method relates to the method's ability to
accurately identify leaking versus nonleaking packages, given the test conditions bracketing
optimal or normal test specifications.
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Specificity: The specificity of a leak test method is the ability of the method to accuracy
differentiate between leaking and nonleaking packages, despite interfering factors that may
cause false detection.
Tortuous path: As applied to leaks, a tortuous path is a convoluted, complex leakage
pathway. Most naturally occurring leaks, such as cracks and tears, are tortuous in nature,
rather than pristine holes. As applied to sealing mechanisms, a sealing material that has
tortuous barrier qualities can block microbial entry. For example, a breathable porous lidding
material sealed on a plastic tray offers a barrier to airborne microbial ingress via the tortuous
filter-like mesh lidding construction. [Note—The winding path afforded by the threads of a
screw-cap (e.g., an ophthalmic dropper bottle closure) does not provide an effective barrier
to gas or liquid leakage, nor does it prevent microbial ingress in the event of a liquid presence
in the cap threads.]
Type defect: A type defect is a positive-control package that represents realistic package
flaws. Type-defect positive controls may be included in leak test method feasibility and
development studies before method validation. An example of a type defect is a heat seal
wrinkle or a loose cap. Type defects are inherently irregular in size and shape and are often
described qualitatively instead of being described in terms of leak size or leak rate.
2S (USP38)

1 A review of physical and microbiological methods related to the evaluation of product packaging integrity
appears in Pharmaceutical Package Integrity, Parenteral Drug Association's Technical Report No. 27, 1998.
2 For more information, see ANSI/AAMI/ISO Standard 11607-2000, 2nd ed., Packaging for Terminally
Sterilized Medical Devices.

BRIEFING
1207.1 Package Integrity and Test Method Selection. This proposed new general
chapter describes a range of package integrity test methods that are used for ensuring sterile
package integrity. Different types of package defects that cause leaks are described, and
information about their detection is provided. Limit of detection is discussed in detail for the
different leak test methods. Chapter

1207.1

is part of a set of related chapters; for

additional information, refer to the Briefing for Sterile Product Packaging—Integrity Evaluation
1207 .
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Add the following:
1207.1

PACKAGE INTEGRITY AND TEST METHOD SELECTION
INTRODUCTION

Chapter 1207 provides an overview of “leak test” methodologies (also termed technologies,
approaches, or methods) as well as “package seal quality tests” useful for verification of sterile
product package integrity. More detailed recommendations for the selection, qualification, and
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use of leak test methods are presented in three subchapters that address these specific
topics:
Package Integrity and Test Method Selection
Package Integrity Leak Test Technologies
Package Seal Quality Test Methods

1207.1

1207.2

1207.3

At the end of chapter Sterile Product Packaging—Integrity Evaluation 1207 , the Appendix:
Definitions section defines terms as they are used in the context of this set of four general
information chapters.
This chapter Package Integrity and Test Method Selection 1207.1 discusses sterile package
integrity assurance, provides information about package leaks, and describes a range of
package integrity test methods. Package integrity verification occurs during three product life
cycle phases: 1) the development and validation of the product–package system, 2) product
manufacturing, and 3) commercial product shelf-life stability assessments.
PACKAGE INTEGRITY AND TESTING DURING PRODUCT LIFE CYCLE
Appropriate packaging for a sterile product can be determined on the basis of a knowledgegaining effort conducted during the product's life cycle. Package design fitness-for-use is
incorporated into a packaging system by selecting the most appropriate components and
packaging assembly. Adherence to the design specifications is confirmed by performing ongoing
process control. Some important points to consider in terms of design are discussed in the
section Package Integrity as a Function of Closure/Seal Type and Mechanics. Periodic
assessment of the integrity provided by the components and the assembly can confirm the
consistency and quality of the product–package.
PACKAGE DEVELOPMENT AND VALIDATION1
Package Development
Package development begins with the preparation of a product–package profile (e.g., user
specification requirements), which considers the product end use, stability requirements, and
method of manufacture, as well as the anticipated storage, shipment, and distribution
environment. By using this prospectively developed profile, one can select each package
component's materials of construction, choose suitable component sources, and establish
critical physical attributes and component dimensional tolerances. Each component material,
with its critical dimensional tolerances, directly affects the intended integrity of the final
packaged product. Assurance of package integrity originates from the use of appropriate
materials, accurate and optimum closing properties, matching dimensional fit, and consistent
control of processes used to assemble the closed package.
The manner in which the package is formed or assembled into a final product must be
considered in the assurance of package integrity. Thus, the package undergoes a preliminary
assessment at the end of the development phase under conditions representative of the
marketed product manufacturing system. These conditions include processes such as
component cleaning and sterilization, which are performed according to the established and
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approved user requirement specifications. The appropriate seal conditions for each container
type should be defined in the development phase, unless the producer is using a common
container–closure system and has significant experience and process knowledge regarding this
system. Finally, the robustness of the manufactured product–package system may be
evaluated during the development phase by exposing a representative number of product
samples to specified storage, shipment, distribution, and final product-use environments.
Development efforts should include studies that evaluate package integrity at the extremes of
the finished product–package profile, not simply at optimal conditions. Component lots may
vary in specifiable attributes that could affect fitness for use. The physical characteristics of
seal/container materials should be defined to ensure that the most extreme conditions
anticipated for cleaning and sterilization do not physically damage materials in a manner that
would adversely affect package integrity. Given the complexity of some sterile packages, it may
be necessary that package integrity development studies require multi-point analyses of test
packages manufactured within specified process parameters. The package tests selected for
use in package development should be able to detect significant shifts in package integrity that
result from specified process conditions.
The quantities of packages to be tested must be sufficient to provide adequate assurance of
package integrity and will likely vary on the basis of: 1) the complexity of the product–
package, 2) the specifics of the user specification requirements, and 3) the prior experience of
the producer. Appropriate specifications and control ranges can be determined by using the
information gathered during package development. Next, these specifications and control
ranges can be used to propose the initial user requirement specifications for the production
process.
The outputs of the packaging development phase include the final user requirement
specifications, which form the basis of purchasing specifications for package components. Also
during the development phase, the final equipment user requirement specifications are
developed for package material cleaning, sterilization, and forming; sealing or assembly
equipment; and allied materials supply and component feed systems. These user requirement
specifications provide purchase specifications for the acquisition of equipment or for the vetting
of potential contract manufacturers.
Package Processing and Assembly Validation
Package integrity evaluation is generally part of a larger process validation activity for the
overall production process. The scope depends upon the product type and whether the
organization has previous experience with the container–closure system. Additional evaluations
may be required for complex package systems, such as pre-filled syringes or packages made
from unique form, fill, and seal processes.
All processes germane to the sterilization and formation of an integral sterile package are to be
evaluated against the user requirement specifications established in the package development
phase. For example, package integrity should be confirmed as a function of package component
sterilization exposure, including possible re-sterilization. Package integrity verification should
take into account the extremes of package assembly variables such as line speed, heat-sealing
temperature, screw-cap application torque, and vial-capping forces. Consideration should also
be given to labeling and to secondary and tertiary packaging processes that could affect
package integrity. Validation test requirements should fit the statistical requirements and
capabilities of each process, taking into account both package and package-line complexity, as
well as prior experience with similar product–packages.
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Testing should be done during technical transfer from the product development site to the
manufacturing sites to determine whether the user requirement specification targets and the
control ranges established in development require any modification when packages are made on
a full manufacturing scale.
Successful validation will result in a package that meets its user requirement specifications.
The primary objective in package development and subsequent validation is to arrive at a
quality product–package prepared using processes that reliably and consistently run within
specified operating parameters as defined in the user requirement specifications, yielding critical
package defects at a satisfactorily low rate. When performed, in-process and end-product
package integrity testing should complement, not replace, thorough package development
efforts.
PRODUCT MANUFACTURING
To ensure the quality of the manufactured product–package, it is critical to specify
components of sufficient quality and to select vendors carefully. The factors to consider
include:
Results of the initial vendor or supplier evaluation
Determination of appropriate acceptance quality limits and statistical sampling plan, or
certification of selected vendor(s)
Verification of incoming components, including statistical assessment of quality against
purchase specifications
Procedure(s) to determine how corrective and preventive actions are to be put in place
when a vendor falls short of quality expectations
Package integrity should be re-evaluated when changes are required in package design,
package materials, or manufacturing/processing conditions. The extent of change control
efforts should be evaluated on a case-by-case basis, and the level of testing required to
support the change should be determined and documented.
The proper combination of package leak tests, complementary package seal quality tests, and
visual inspection checks for use in manufacturing will depend on package failure results
observed in earlier production validation and package development studies. The goal of such
tests is to prevent, or identify and remove, those defects of greatest concern, precluding
shipment of nonintegral container–closures that risk product contamination or physicochemical
stability loss. Correct processing procedures should be used to prevent packaged-product
damage that is not readily detected after package assembly by inspection or by package
testing technologies.
Testing of production lot samples can provide a measure of package integrity confirmation, if
required. Nondestructive leak tests of the entire manufactured lot may be preferred for greater
integrity assurance if the products are in commercial or clinical distribution and to provide an
ongoing measure of product seal quality. The manufacturer should be able to justify the amount
of testing required on the basis of statistical process control results generated during the
validation phase, and later, on the basis of routine manufacturing product-quality trending
analyses.
Glass or plastic ampuls closed by heat fusion are customarily subjected to 100% nondestructive
leak testing. Products sealed under vacuum require appropriate package assembly validation
supplemented by testing over time to ensure that the vacuum is retained. Similarly, packages
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that require a specific, non-reactive, inert gas headspace require appropriate package
assembly validation along with testing for rise in oxygen content over time. For further
information on this topic, see the Commercial Product Stability section that follows.
COMMERCIAL PRODUCT STABILITY
Container–closure integrity tests have been recommended as alternatives to sterility testing as
part of commercial product stability programs. The goal is to ensure package integrity as a
function of long-term product storage (1). [Note—Package integrity tests do not replace
product release sterility tests.] Physicochemical test methods or even microbiological tests are
generally more sensitive than sterility testing for detecting loss of product–packaging integrity
and sterility assurance. Industry experience suggests that the potential for false-positive or
false-negative results may be reduced by using packaging integrity testing, compared with
sterility tests. Testing product for sterility is a poor measure of product–package integrity and
also will not ensure product–package integrity over the shelf life of the product when performed
as part of the stability program. In addition, a package may be in no danger of microbial ingress
and yet be unable to maintain a nonreactive gas headspace or provide an effective vapor
barrier. Microbiological ingress tests are not sufficient to ensure leak tightness with respect to
gas exchange or evaporation and are limited in their ability to detect all leaks that have the
potential to allow microbial ingress.
Package integrity tests selected to support marketed-product stability studies should be able
to verify the absence of leak pathways that could lead to product leakage, gas exchange
(where a consideration), or loss of sterility assurance. It is possible for the product itself to
interfere with the ability of leak test methodologies to detect package defects. For example,
proteinaceous ingredients or even salts may clog leak pathways, inhibiting leak detection by
vacuum decay or mass extraction. Before selecting a leak test method for evaluating package
integrity over the product shelflife, it is prudent to explore the product's potential to interfere
with the selected leak test method's capability, both initially after package assembly and over
time.
In some situations, it is appropriate to substitute a package test that does not directly
measure leakage but that provides other relevant information about package integrity. For
example, headspace content analysis that verifies the continued presence of headspace gases
or subatmospheric pressure over time does not explicitly measure leakage flow or defect
presence but satisfactory results support the absence of leakage that could jeopardize sterility.
The required duration for monitoring container vacuum or headspace gas content maintenance
that equates to microbial barrier assurance can be predicted on the basis of gas flow kinetics,
should a leak pathway exist that is large enough to allow microbial entry.
Stability-test samples intended for package integrity evaluation are kept at labelled storage
conditions for the marketed product. [Note—The negative effect of potential storage extremes
on product–package integrity should be explored during package development and the findings
used to define labelled storage condition restrictions.]
The test-sample quantities to be integrity tested at each stability-testing time point should be
relevant and sufficiently representative of the purpose of stability testing, which is to indicate
whether integrity is affected by the stability conditions. The latter selection of sample quantity
should take into account all prior development and validation testing. If an integrity test causes
no damage to the product or package, samples that pass package integrity testing may be
further used in the stability testing for that specific test period or interval. However, samples
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should not be tested for package integrity at one time point (e.g., 12 months) and then stored
for further stability testing at a later time point (e.g., 24 months). Furthermore, all test samples
earmarked for integrity verification over the course of the stability study may be checked for
integrity before placement on stability if a nondestructive leak test method is used. In this
way, subsequent integrity failures will be attributed to stability storage, rather than other
causes.
Package Integrity as a Function of Closure/Seal Type and Mechanics
This section discusses various closure/seal systems and how each type functions mechanically
to ensure package integrity.
PHYSICALLY MATED CLOSURE SYSTEMS
Closure application achieves the close physical mating of two surfaces that often are dissimilar.
Such closure systems include the interference fit of a plunger inserted in a syringe barrel, the
compression fit of an elastomeric closure capped onto a vial finish surface, and the application
force of a screw-cap torqued onto a bottle. Such physically mated surfaces are not bonded
together; therefore, a tiny gap exists, even between well-closed components. Nevertheless,
when properly designed and assembled, closure systems fit together such that liquid leakage
(and microbial ingress) are prevented and gas migration is limited. Regarding screw-thread
closures such as those used for ophthalmic-product dropper bottles, the threaded pathway
does not provide a barrier to microbial ingress or liquid product leakage. The actual barrier to
leakage is afforded by inner cap surfaces pressing against the package opening, in some cases
aided by a secondary gasket or plug.
PHYSICOCHEMICALLY BONDED CLOSURE SYSTEMS
Seals are formed when two similar or dissimilar surfaces are physicochemically bonded together.
One example is the formation and sealing of contiguous containers from a single material (e.g.,
glass or plastic ampuls). In “form, fill, and seal” systems, sheets of material are put together by
means of a heat or ultrasonic welding process. Two dissimilar materials may be joined using an
intermediate bonding material. Fully fused seals inherently block liquid leakage and microbial
ingress;, however, gaseous leakage and permeation may be evident. In some cases, form, fill,
and seal products may have internal frangible seals that are designed to open under defined
use conditions. In addition, some form, fill, and seal products require a cover that can serve as
a sterility-protecting barrier over constructed ports; the ports will be used to withdraw product
during use.
VENT FILTRATION CLOSURE SYSTEMS
Vent filtration closure systems include structures designed to filter out or otherwise limit
microbial ingress while still allowing air exchange or product passage. For example, kit packages
of drug/device combination products are often closed using a hydrophobic porous-barrier lidding
material. The porous barrier is intended to allow gas movement in and out of the package while
preventing the ingress of airborne viable or nonviable particulate matter by means of a tortuous
path matrix provided by filter-like barrier material. Lidding material of coated paper or flashspun
polyolefin fibers sealed onto a plastic tray is an example of this type of package–closure
system.
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MULTIPLE-DOSE PRODUCT MICROBIAL-BLOCKAGE CLOSURE SYSTEMS
Multiple-dose product closure systems are designed to allow product egress while preventing
microbial ingress. Some multiple-dose ophthalmic dosage form package closures are designed
with filters, porous plugs, or other mechanical systems that allow product to be dispensed while
blocking microbial ingress. Other sophisticated multi-dose packages are designed with closures
that automatically close between intermittent dosing to prevent microbial entry. Product
development and validation studies for these multi-dose products should be designed to
demonstrate sterility assurance under use conditions and also throughout the product shelflife.
[Note—This section does not apply to elastomeric closures on multi-dose parenteral packages
that are intended to reseal when punctured.]
TEST METHOD SELECTION CRITERIA
No single package leak test or package seal quality test method is applicable to all product–
package systems. Some product–packages may require more than one test method during the
product life cycle. Package test method selection as a function of product life-cycle phase,
along with important integrity considerations, are discussed in the section Package Integrity
and Testing During Product Life Cycle (see above). A broad discussion of additional selection
criteria for leak test methods follows. Specific leak test method examples are provided for
informational purposes but are not intended as recommendations. The attributes and general
capabilities of tests can be found in chapter
process.

1207.2

and are helpful in the method selection

Package Contents
When selecting a leak test method, the first determining factor is the nature of the package
contents. Whether the package contains a liquid or solid formulation, and whether it contains a
headspace of inert gas, air, vacuum, or even no headspace at all, will influence the choice of
leak test method. For example, if testing liquid-filled packages by vacuum decay or mass
extraction, the test sample is placed in a test chamber, and sufficient vacuum is applied to
volatilize liquid product located in the leak path, triggering a measurable rise in test chamber
pressure and/or mass flow. However, vacuum exposure may trigger some formulations to solidify
inside leak paths, thereby blocking leakage flow and making vacuum decay or mass extraction
ineffective. Alternatively, electrical conductivity and capacitance tests can be used if leak
testing liquid-filled packages, but only if the product is more electrically conductive than the
package materials. The final choice of method may be influenced by the interaction between
the leak test method and the product formulation. Clearly, the test method selected should be
verified by the end-user for the specific product–package application.
Package Design, Materials of Construction, and Mechanics
Packages vary widely in their design, their materials of construction, and the mechanisms
whereby package closure is affected. Each of these variables influences the choice of leak test
method, as the following examples illustrate.
RIGID VERSUS FLEXIBLE PACKAGES
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Rigid (nonporous) packages can tolerate the pressure or vacuum-challenge conditions required
in several leak tests, including tracer-liquid ingress, vacuum decay, mass extraction, and some
tracer-gas tests. In contrast, some flexible packages can tolerate differential-pressure test
conditions only if special tooling is used to restrict package expansion and prevent subsequent
seal damage. Package restriction is key to ensuring that consistent differential-pressure
conditions are maintained across the package barrier.
MOVEABLE VERSUS FIXED COMPONENTS
Moveable package components, such as syringe stoppers (plungers or pistons), may require
restraint to prevent their dislocation during the differential-pressure conditions that occur in a
majority of leak test methods (e.g., tracer-liquid test, pressure or vacuum decay test, mass
extraction test, bubble emission test, and microbial challenge by immersion test).
POLYMERIC MATERIALS
Package materials such as plastics and some elastomers, when exposed to vacuum conditions,
may outgas volatiles that raise vacuum-decay leak test results as well as mass extraction
results, falsely implicating package leakage. In a similar manner, erroneous bubble emission test
results may result from the release of air sorbed onto submerged package surfaces; this can
occur upon initial vacuum exertion. Plastic packages that are highly permeable to tracer gases
may not be compatible with helium tracer gas leak detection, as helium permeating through the
package could be mistaken for package leakage. Special fixturing to limit tracer gas permeation
effects and isolate tracer gas exposure to the seal area under test has been used to mitigate
such difficulties.
METALLIC MATERIALS
Packages made of foil laminate materials may prove incompatible with electrical conductivity
and capacitance leak detection, which works best with relatively nonconductive package
materials. However, aluminum caps used to secure vials closed with elastomeric closures pose
no hindrance to electrical conductivity and capacitance tests, even for finding leaks located
between the closure and the vial finish.
TRANSPARENT VERSUS OPAQUE MATERIALS
Packages made of transparent or translucent materials allow for visual inspection and
electromagnetic wave passage. Therefore, transparent or translucent materials can be tested
by laser-based gas headspace analysis techniques, as well as tracer-liquid ingress or microbial
ingress. Opaque packages are incompatible with these testing approaches.
POROUS VERSUS NONPOROUS MATERIALS
It is common for drug/device or drug/drug combination product–packages to include a
hydrophobic porous barrier material to facilitate sterilant penetration. For example, a plastic
tray may be sealed with a lidding material of flashspun polyolefin fiber or coated paper. The
nonporous components of such a packaging system (e.g., the tray), or any bonds formed
between the components (e.g., at the tray-lidding interface) may require testing by
physicochemical means such as vacuum decay, mass extraction, or tracer-liquid tests. Tests to
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evaluate the porous structures of such packaging are not described in this chapter; instead,
the reader is advised to consult medical-device packaging references.
MULTIDOSE-PRODUCT, MICROBIAL BLOCKAGE CLOSURE SYSTEMS
Some unique product–package closure components are designed to allow liquid or semi-solid
product egress, while still preventing microbial ingress (see Vent Filtration Closure Systems
section, above). For these container–closures, physicochemical leak tests are essential to
check the integrity of the packaging system, and additional microbiological challenge tests may
be necessary to simulate product sterility risks posed by routine product use (2).
Product–Package Maximum Allowable Leakage
Most package types demonstrate at least miniscule gaseous leakage plus permeation through
the package materials of construction, even when optimally designed and assembled.
Therefore, with the exception of glass ampuls, it is not practical to require that all packages be
absolutely free of leakage as well as permeation; rather, it is the significance of leakage rate in
relation to product quality that must be considered. In other words, the maximum allowable
rate of leakage into and out of intact packages should be such that there is no effect on
product safety and inconsequential effect on the product's physicochemical stability. Products
fall into three categories regarding maximum allowable leakage: 1) products for which the
maximum allowable leakage rate must preserve product sterility (gas headspace content being
irrelevant) and, therefore, the package must block all liquid passage; 2) products for which the
package must preserve product sterility and also preserve package headspace gas content or
vacuum level; and 3) products for which the maximum allowable leakage rate is defined only in
terms of microbial ingress prevention, as the package must still allow for liquid or gas passage.
Selection of the leak test method should take into account the method's ability to detect leaks
at or near the maximum allowable leakage limit specific for the product–package. Further
discussion and examples follow.
STERILITY MUST BE PRESERVED; GAS HEADSPACE PRESERVATION IS NOT CRITICAL
The first product category consists of products for which the maximum allowable leakage
ensures sterility preservation, while gas headspace preservation (e.g., ambient pressure air) is
of no concern. During package development, it is recommended to use validated leak test
methods capable of detecting the smallest leaks that have even a remote chance of posing any
threat to the sterility assurance of the product. Evidence shows that the narrowest package
leak orifice that runs any risk of liquid leakage or liquid-borne microbial ingress is approximately
0.1–0.2 µm in nominal diameter (3,4). Tracer gas tests sensitive enough to quantitatively
analyze leakage through leak paths of this size and much smaller may be used. Such tests
provide valuable information on the relationships among package design, component fit,
package assembly parameters, and leakage rate, even in the absence of package defects.
Leak testing of packages filled with product during the later phases of the product life cycle
requires the use of other tests. Leak test methods available for this phase of the product life
cycle are generally capable of reliably detecting defects of a few micrometers and larger.
Examples of leak tests that might be considered include vacuum or pressure-decay tests, mass
extraction, electrical conductivity and capacitance tests, and liquid tests.
STERILITY MUST BE PRESERVED; GAS HEADSPACE CONTENT IS CRITICAL
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The second category includes those products that require critical gaseous headspace or
vacuum preservation to maintain product stability within physicochemical specification limits.
The maximum allowable leakage for such packages is typically less than that for products that
merely require sterility assurance. Appropriate leak tests for this product category include
methods that monitor package headspace pressure or gas content, or tracer gas test methods
capable of the smallest leak detection. The limit of detection for such methods is a function of
the method's ability to accurately measure package headspace content or vacuum at the
product acceptance limit, given the package headspace volume and the time lapse after
package assembly.
STERILITY MUST BE PRESERVED; GAS AND/OR PRODUCT PASSAGE IS REQUIRED
A third category exists in which the maximum allowable leakage for the package–closure system
is defined in terms of microbial ingress prevention (i.e., sterility preservation), while at the same
time, gas and/or product passage past the closure system is required. For example, a tray or
pouch that is closed using a breathable porous film or lidding material is designed to block entry
of airborne microorganisms and particulates while allowing passage of air and/or sterilant gas.
As a second example, some closures of multiple-dose ophthalmic formulation packages are
designed to dispense sterile liquid or semi-solid product while preventing liquid-borne microbial
entry by use of filters, porous plugs, or other mechanisms. The maximum allowable leakage for
these closure seals may not be fully defined in terms of fluid flow rate or leak size
measurements but may also require incorporation of unique microbial ingress prevention
specifications. The success of the closure system depends on its ability to prevent the entry of
microorganisms. Test methods for evaluation of such packaging systems are not yet fully
defined and, therefore, are not included in this chapter.
Deterministic versus Probabilistic Methods
A “deterministic leak test method” is one in which the leakage event is based on phenomena
that follow a predictable chain of events, and leakage is measured using physicochemical
technologies that are readily controlled and monitored, yielding objective quantitative data.
Most deterministic leak test methods rely on the predictable movement of gas that inevitably
occurs through an open leak path, given specific differential pressure or partial pressure test
conditions (e.g., tracer gas, laser-based gas headspace analysis, pressure decay, vacuum
decay, and mass extraction). A few deterministic leak test methods (e.g., electrical
conductivity and capacitance tests) rely on the more predictable presence of liquid near a leak
path, rather than the less predictable movement of liquid through a leak. Deterministic methods
can be validated and shown capable of reproducibly detecting small leaks at clearly defined
limits of detection. Because the majority of deterministic leak test methods described in this
chapter require no special test sample preparation, sample preparation error is eliminated. For
these reasons, these deterministic leak test methods can be readily validated for accuracy and
precision and are able to meet clearly defined limits of detection.
A “probabilistic leak test method” is stochastic in nature in that it relies on a series of
sequential and/or simultaneous events that are associated with uncertainties, each associated
with random outcomes described by probability distributions. Thus, the findings are associated
with uncertainties that necessitate large sample sizes and rigorous test condition controls to
obtain meaningful results. Typically, sample size and test condition rigor are inversely related to
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leak size, and therefore reliable and predictable probabilistic leak test methods are more difficult
to design, develop, validate, and implement. Probabilistic leak tests, while useful leak detection
tools, are not preferred for definitive package integrity verification. Probabilistic methods are
most beneficial when the product–package system proves incompatible with deterministic
methods, or when method outcome requirements demand a probabilistic testing approach.
Probabilistic methods include microbial challenge tests, bubble emission tests, tracer liquid tests
(employing either qualitative or quantitative measurement methods), and tracer gas tests by
the sniffer probe approach. Probabilistic method selection is often based on the need for a
specific test result outcome. For example, a microbiological challenge test may aid in
understanding the risks to package sterility posed by specific package materials or package
designs. To pinpoint package defect locations, it may be suitable to use bubble emission, tracer
liquid, or tracer gas sniffer probe tests.
More information on the probabilistic nature of these methods is included as part of each test
method's description in 1207.2 . See the Introduction to 1207.2 for specific leak test
method categorization, and see Limit of Detection for additional information regarding
deterministic and probabilistic test methods.
Physicochemical versus Microbiological Methods
“Physicochemical leak test methods” are those that use physical and/or chemical analysis
techniques to test for package integrity. Physicochemical methods include both deterministic
and probabilistic leak test methods. “Microbiological leak test methods” are probabilistic
methods of analysis that use viable microorganisms or microbial spores to evaluate test sample
integrity. This includes the microbial challenge test by immersion exposure.
For definitive package integrity analysis, the use of validated and appropriately sensitive leak
test methods is fundamental. Historically, microbiological tests have been used to demonstrate
the container–closure integrity of sterile product presentations. More appropriately,
microbiological tests may be used when: 1) no adequate physicochemical leak test method
exists, 2) the product package proves incompatible with known physicochemical leak test
methods, or 3) the desired test method outcome depends on a microorganism challenge. For
example, the closure system of a multiple-dose, nonpreserved product may include sterilizing
filters or other mechanisms for ensuring sterile product delivery. The validation of unpreserved
multiple-dose containers must ensure that the package allows safe delivery of the product
without microbial ingress. The following section includes additional information on the test
method outcome criterion that is related to the microbiological challenge test method.
Method Outcome and Quantitative versus Qualitative Measures of Analysis
The choice of leak test method depends on the specific outcome(s) that are sought. These
outcomes may include: 1) detecting the presence of leak path(s), 2) determining the location
of leak path(s), 3) measuring leak rate for the whole package, and 4) evaluating the potential
for microbial ingress.
By definition, all leak test methods are meant to identify the presence of leak path(s). Often,
leak tests are able to provide additional outcome information. Methods that also provide
evidence of leak path location include electrical conductivity and capacitance tests, bubble
emission tests, tracer gas sniffer probe tests, and some tracer liquid tests. Methods that
provide a measure of whole-package leak rate include laser-based headspace analysis, mass
extraction, pressure and vacuum decay methods, and tracer gas tests by the vacuum mode.
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Microbial challenge tests provide an understanding of the degree of protection afforded by the
product packaging against microbial ingress that occurs via active growth or motility through
leak pathways and/or by passive transport via liquids that pass through leak pathways. In
summary, all leak test methods at minimum detect leaks; some methods may provide more
information, but no method can yield all four outcomes listed above.
When selecting a leak test method, one should also consider the measure of analysis, i.e., does
the method yield quantitative data that allow for objective analysis, or data that are strictly
qualitative and require more subjective interpretation? Leak test methods that use a
“quantitative measure of analysis” include electrical conductivity and capacitance tests, laserbased gas headspace analysis, mass extraction, pressure and vacuum decay, tracer gas tests
(especially when testing via the vacuum mode), and tracer liquid tests that use quantitative
analysis (e.g., spectrophotometric analysis).
Conversely, a “qualitative measure of analysis” is based on subjective observation of a specific
quality, attribute, or characteristic of the test sample, e.g., a visual check for turbidity when
evaluating microbial challenge test samples. Bubble emission tests report visible evidence of
continuous bubbling, and tracer liquid tests rely on visible evidence of dye migration. Because
qualitative measurement results are subject to interpretation, they may be prone to human
error. When the desired method outcome and other method considerations permit, leak test
methods that yield quantitative measurements should be used.
Limit of Detection
The “limit of detection” of a leak test is the smallest leakage rate or leak size that the method
can reliably detect, given the product–package of interest. The Package Integrity Test Method
Leak Detection Index (below) may be used for expressing the smallest leaks detectable by any
leak test method, and its following section, Establishing the Limit of Detection, illustrates how
to use this index to express the limit of detection for any leak test method.
PACKAGE INTEGRITY TEST METHOD LEAK DETECTION INDEX
The Package Integrity Test Method Leak Detection Index (Table 1) is a guide to the leak
detection capabilities of package integrity test methods. Manufacturers of leak test
instruments and authors of peer-reviewed leak test studies have reported the test method limit
of detection in various ways, including smallest hole size detected, smallest gas leak rate
detected, and smallest volume of leaking liquid detected. The index is intended to overcome
the confusion that can result from a multiplicity of units of measure. To this end, the index
defines package leak sizes detectable according to a numeric scale that corresponds to orifice
size, assuming a perfect hole of negligible length, as well as to the rate at which dry air leak
would pass through such a hole when exposed to 1 atmosphere (atm) differential pressure at a
specified temperature.
This index is referenced in 1207.2 to express the smallest to largest leak sizes detectable
by each generic integrity test method. The index also may be used to describe the limit of
detection of a specific, validated package integrity test method, as illustrated in the following
section.
Ranking test methods as better or worse strictly according to their limit of detection index
classification should be avoided. A method with a limit of detection index classification of 1 is
not necessarily superior to one with a limit of detection index classification of 3. Often, the
best method for a given application is dictated by other factors. For example, a tracer gas leak
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test method (limit of detection index classification 1) may be the proper choice for establishing
the optimal capping parameters of a stoppered glass vial during package development but
would be an inappropriate choice for testing the same package filled with product in routine
manufacturing. Instead, an electrical conductivity and capacitance test (limit of detection
index classification 3) may be the best option.
Table 1. Package Integrity Test Method Leak Detection Index
Detectable Leaks Expressed in Two Different Units
of Measure
Limit of Detection Index
Classification

Air Leakage Ratea
(stdcm3/s)

Orifice Leak Sizeb
(µm)

1

<10 6

<0.1

2

10 6 to 10 4

0.1 to 1

3

6 × 10 4 to 4 × 10 3

2 to 5

4
5
6

5.0 × 10 3 to 1.6 × 10 2
0.017 to 0.360
>0.36

6 to 10
11 to 50
>50

a Dry air leak rate measured at 1 atm differential pressure across an orifice leak (i.e., leak
inlet pressure of 1 atm versus outlet pressure of approximately 1 Torr) at 25 . The theoretical
correlations of orifice sizes to air leakage rates were provided by Lenox Laser, Glen Arm, MD.
Leakage rates are approximation ranges.
b Nominal diameter orifice sizes assume a leak path of negligible length. Orifice sizes are
approximation ranges.
ESTABLISHING THE LIMIT OF DETECTION
Table 2 presents possible leak test scenarios with associated theoretical data. The table
provides instruction on one approach to establishing the limits of detection for two
deterministic and two probabilistic methods. This approach uses random-order negative and
positive control data generated during a 3-day method validation program. The test method
acceptance criteria require all negative controls to pass, and all positive controls with leaks at
and above the claimed limit of detection to fail. In this example, the limit of detection for a
given method is defined as the smallest-leak positive-control subset that consistently
demonstrates leakage in 100% of the positive-control subset units at that defect size and
larger. (The percentage of positive controls that must be detected to define the limit of
detection should be specified in the validation study protocol by the end-user.)
Table 2. Instructional Example Scenarios for Determination of Leak Test Method Limit of
Detection
POSITIVE CONTROLS DETECTED AS LEAKING USING THE SPECIFIED TEST METHOD (%)
DETERMINISTIC LEAK TEST METHODS
A

B

PROBABILISTIC LEAK TEST METHODS
C

D
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Positive Control Leak
Sizes (µm)

Day
1

Day
2

Day
3

Day
1

Day
2

Day
3

Day
1

Day
2

Day
3

Day
1

Day
2

Day
3

2
5
10
15
25
50

90
100
100
100
100
100

85
100
100
100
100
100

93
100
100
100
100
100

0
0
20
91
100
100

0
0
10
100
100
100

0
0
0
83
100
100

30
100
100
100
100
100

0
3
0
60
100
100

0
20
60
100
100
100

0
0
50
40
80
100

0
3
20
100
50
100

2
3
20
35
100
100

LeaktTest method: LO D a
Day of test LO D: Leak size
classification
Final LO D: Leak size
classification

5 µm

5 µm

5 µm 25 µm 15 µm 25 µm 5 µm

3

3
3

3

5

5
5

5

25 µm 15 µm 50 µm 50 µm

3
5
5
V ariable – LO D to be
defined each test day

25 µm

6
6
5
V ariable – LO D to be
defined each test day

a LO D, limit of detection.

[Note—This table represents possible leak test scenarios with associated theoretical data to
provide instruction on one approach to establishing the limits of detection for two deterministic
and two probabilistic leak test methods.]
The tabulated data are further discussed below by test method:
Deterministic test method A. All positive controls 5 µm and larger were detected on all
three test days. All negative controls passed. Therefore, the final limit of detection for
this method is 5 µm, and the corresponding limit of detection leak size classification for
this method is class 3.
Deterministic test method B. All positive controls 25 µm and larger (class 5) were
detected on test Days 1 and 3. On Day 2, the test found all defects 15 µm and larger
(class 5). The final limit of detection for this method is 25 µm (class 5).
Probabilistic test method C. The leak size subsets in which all positive controls were
detected varied from 5 µm (class 3) to 25 µm (class 5) to 15 µm (class 5) on Days 1, 2,
and 3, respectively. Because of the day-to-day variation in results, a final limit of
detection cannot be established. Therefore, the limit of detection is to be assessed
each time the test is to be performed.
Probabilistic test method D. The leak size subsets in which all positive controls were
detected were 50 µm (class 6) on Day 1 and 25 µm (class 5) on Day 3. On Day 2, the
method showed 100% leak detection for 15-µm defects, but not all of the 25-µm
defects were detected. The Day 2 limit of detection is 50 µm (class 6), as detection of
smaller defects cannot be guaranteed. Because of the variability in test results, a final
limit of detection cannot be established. Therefore, the limit of detection is to be
assessed each time the test is to be performed.
In summary, the limit of detection—the smallest-leak positive-control subset that consistently
demonstrated leakage in 100% of the subset units of a given defect size and larger—was
clearly demonstrated for the two deterministic test methods, A and B. Therefore, routine
testing by either method for this particular product–package application would require no
further verification of leak detection capability.
Neither of the theoretical datasets from probabilistic test methods C and D demonstrated
consistency. Therefore, positive and negative controls would be recommended for inclusion
with the test sample population during routine testing to verify the day-of-test limit of
detection. As more data are generated, a limit of detection might be established for method C
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and/or method D, eliminating the need for routine inclusion of positive and negative controls.
Largest Leak Detection Capability
When selecting a leak test method, one should consider the method's ability to detect the
smallest leaks as well as the largest defects that are potentially present. A method's largest
leak detection capability is the ability of the method to detect larger leaks of a given size or
defect type (i.e., the upper limit of the leak detection range). It is incorrect to assume that a
leak test method capable of detecting the smallest leaks can also find larger leaks. As with all
analytical methods, each leak test has an optimum measurement range. For example, tracer
gas leak test methods are the most sensitive methods, able to detect leaks as small as E-10
stdcm3/s. Yet this approach may miss leaks many-fold larger that allow rapid escape of the
tracer gas before the test sample can even be tested. Similarly, mass extraction and vacuum
decay leak test methods may miss larger leaks if test package headspace gas is removed during
the pre-test sample chamber evacuation phase, leaving little gas to leak out of the package
during the final test phase. From a practical standpoint, mass extraction or vacuum decay may
be able to detect a tiny, laser-drilled hole in a 2-mL vial package with minimal headspace, but
these same tests could conceivably fail to identify a missing stopper.
Large leak detection may be important in routine manufacturing where packages damaged by
catastrophic breakage or are defective due to misassembly could enter into commercial or
clinical study distribution and cause patient harm. In addition, some instruments may
malfunction or become damaged upon exposure to large leaks. Thus, leak test method selection
should always take into account the largest leak sizes likely to occur in the test sample
population.
To demonstrate a leak test method's largest leak detection capability, large-leak positive
controls should represent defects anticipated for the given product–package. These defects
may be defined by size, such as the diameter of a hole drilled through a pouch package
(intended to simulate a needle-puncture defect). Alternatively, positive-control packages
exemplifying actual package failure modes may be used without reference to defect size.
Examples include a vial with a missing stopper, a syringe with a needle piercing the needle
shield, or a pouch with a gap in the seal.
When identifying the largest leak sizes that a given method can detect, one may refer to the
Package Integrity Test Method Leak Detection Index (Table 1). The generic methods described
in 1207.2
scale.

discuss the leak size detection range for each testing approach according to this
Nondestructive versus Destructive Methods

The need to preserve the product–package may influence the decision to select a
nondestructive leak test method, rather than a destructive one. Destructive test methods
damage the test sample and/or expose it to potential contaminants; hence, the product is not
recoverable. Only nondestructive test methods are appropriate for leak testing a product
intended for commercial or clinical study distribution. Examples of destructive leak test methods
include tracer liquid ingress tests, bubble emission tests, and microbiological challenge tests.
Examples of nondestructive leak test methods include mass extraction and vacuum decay leak
tests, as well as noninvasive gas headspace analysis tests. Electrical conductivity and
capacitance leak tests are deemed nondestructive once the impact of electrical current on the
product's physicochemical stability has been verified through stability-indicating assays; in rare
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instances, exposure triggers headspace ozone formation, causing product oxidation (5).
Off-Line versus On-Line Methods
Off-line leak test methods are generally performed on a stratified random sampling of the
product, thus limiting the ability of the test to identify potential integrity problems. Off-line leak
tests may be nondestructive or destructive. Destructive leak tests can be used only off-line
and include methods such as pressure decay, bubble emission tests, tracer-liquid tests, and
microbiological challenge tests. Tracer gas tests are considered destructive if they require
tracer-gas introduction into the package after package assembly. Off-line testing may also
include seal quality checks.
An on-line leak test method for entire lot testing must be nondestructive to the package and
its contents and must be rapid enough to allow for incorporation into manufacturing operations.
On-line testing provides greater assurance that all packages are integral and yields instant
feedback in the event of package misassembly or breakage, enabling real-time line corrections.
Examples of leak test methods commonly performed on-line include electrical conductivity and
capacitance, vacuum decay leak, and noninvasive laser-based gas headspace analysis tests. If
the production line cannot accommodate the integrity test method due to factors such as
instrument footprint or testing speed limitations, then product leak testing may be performed
off-line.
TEST INSTRUMENT QUALIFICATION, METHOD DEVELOPMENT, AND METHOD VALIDATION
Physicochemical leak test methods are proven effective by performing analytical test
instrument qualification, followed by test method development and validation. The following
three method validation strategies are no longer considered best practice.
RELIANCE ON MICROBIAL INGRESS COMPARISONS
Physicochemical leak test method validation formerly included a direct or indirect comparison of
physicochemical leak test results to microbiological immersion challenge data generated for the
product–package. This approach is not supported, because the peer-reviewed literature shows
consistently that commonly available physicochemical leak tests are inherently more sensitive,
deterministic, and robust than are microbiological methods. Because microbial ingress is such a
probabilistic event, the use of microbial ingress methods requires thorough and well-designed
test protocols.These protocols need to use large population sets of negative and positive
controls to generate meaningful microbial ingress risk assessments. In addition, because test
performance declines sharply with reduced leak size, it is difficult to design, develop, validate,
and implement microbial ingress methods that are reliable and predictable.
MISAPPLICATION OF STANDARD METHODS
It is incorrect to assume that a recognized standard method (e.g., ASTM or ISO) is ready to
use for evaluating any and all product–package systems. Typically, such methods are written in
a generic manner, and they require further optimization and validation geared towards specific
product–package applications. It is also incorrect to assume that the elastomeric closure
functionality self-sealing capacity test (a dye ingress method) in USP Elastomeric Closures for
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Injections 381 is a validated package integrity test method. This test is intended solely for
detecting gross failure of elastomeric closures intended for multiple-dosage package systems.
RELIANCE SOLELY ON INSTRUMENT LIMIT OF DETECTION
Instrument limit of detection data do not suffice for test method limit of detection verification.
For example, the limit of detection for the dye ingress test method has been equated to the
lowest concentration of dye detectable in a standard solution. However, this approach
presumes that this minimal amount of detectable dye will always enter defective packages
under given test conditions, an assumption refuted by subsequent research (6).
Similarly, vacuum decay and mass extraction leak test systems have been checked for limit of
detection by introducing a leak of unrestricted, unlimited air supply into the test system via a
calibrated airflow meter or standard orifice. This approach verifies instrument functionality but
fails to prove that these methods are capable of detecting actual, randomly occurring leaks in
product–packages. The performance of such methods is affected by package headspace
volume, package component outgassing, and product blockage of leak path (7, 8).
Instrumentation and Equipment Qualification
The qualification of instruments or equipment to be used for leak testing includes: 1) evaluation
of instrument/equipment functionality, and 2) determination of test system limit of detection
using appropriate calibration tools or reference standards to simulate with-leak test conditions.
For example, microbial challenge testing by immersion exposure uses vessels that can maintain
predetermined vacuum conditions for the exposure duration required and also uses incubators
able to maintain temperature and humidity conditions within specified ranges. A general
overview of analytical instrument qualification is presented in Analytical Instrument
Qualification 1058 . Chapter 1207.2 provides qualification guidance unique to each leak
test method, including limit of detection standards.
Method Development
After successful qualification, leak test method parameters are developed and optimized to
ensure sensitive, accurate, robust, and reproducible leak detection for specific product–
package systems. Negative and positive controls are designed and assembled appropriately
with consideration of container–closure design, materials of construction, characteristics of
anticipated package leaks, and impact of product contents on test results. The robustness of a
leak test method relates to the method's ability to accurately identify leaking versus nonleaking
packages, given test conditions bracketing optimal or normal test specifications. For example,
the robustness of a vacuum decay leak test with a test cycle time of 30 s might be
demonstrated during method development by verifying method performance at test cycle times
of 28 and 32 s. Chapter 1207.2 elaborates on leak test method development considerations
that are relevant to various product–package systems.
Method Validation
General concepts of analytical methods validation are discussed in detail in Validation of
Compendial Procedures

1225 . Method accuracy is the ability of a leak test to correctly

PF 40(5): Sep.-Oct. 2014

264

identify or size leaks (as per the intended leak test outcome). Method precision is a measure of
test result reproducibility and is proven during method validation by testing a randomly mixed
population of negative and positive controls over multiple days by multiple operators and, when
possible, using multiple test instruments. Acceptance criteria for leak test method validation
should include the following: 1) all negative controls pass (no leaks are identified), and 2) all
positive controls with leaks at or above the designated limit of detection fail (leaks are
detected). For some test methods, test blanks are also included as part of method validation
and routine testing. For example, liquid tracer leak detection by spectrophotometric analysis
may require a comparison of test results to results of a blank solution without the liquid tracer
element. Blanks are not equivalent to, and should not substitute for, negative controls.
Positive and Negative Controls
“Positive controls” are packages with no known leak, and negative controls are packages with
intentional or known leaks. Positive and negative controls represent packages that were
assembled in a typical manner using normally processed components, with the exception of the
intentionally created leak in the positive control subset. When designing control packages, one
should consider the potential impact of product, package components, and package assembly
variables on the test method's performance; this is because test results influenced
inadvertently by such variables may complicate data interpretation.
Defect Creation Methods
Ideally, the positive control set represents a range of package defect sizes and types.
Numerous approaches have been used to create package defects. Leakage dynamics are
clearly different for different defect types and materials of construction, and this should be
considered when creating positive controls.
Placing a “hole” or break in the package wall is one approach. The defect materials of
construction are identical to the package itself, which allows for investigation into any
interference with the leak test method caused by product exposure to the package defect
surface. Laser drilling is often used to create package hole defects; however, such holes are
actually not pristine orifices but rather consist of a tortuous matrix of paths and micro-cracks.
A micropipette can also be used to simulate a single-orifice hole defect. Insertion of the
micropipette requires adhering the pipette wall to the package using an appropriate sealant.
The challenges of micropipette use include establishing a complete seal of the micropipette
perimeter to the package and avoiding micropipette tip damage.
Microtubes (also called microcapillaries) of a given diameter and length intended to mimic a
smaller-bore, shorter-length leak path can be useful when performing leak tests that rely on
gas flow measurements. However, it is inappropriate to use lengthy, large-bore microtubes to
simulate an orifice leak of smaller diameter when performing leak tests that rely on the passage
of liquids or microorganisms. Liquid flow into and through a microtube is affected by numerous
factors including liquid surface tension, liquid viscosity, surface contact angle, airlocks, and
tube-wall and tube-end finishes. Microbial ingress relies more on presence of liquid in the tube
than on the physical barrier to passage or grow-through afforded by the actual tube diameter
(9). Ideally, microtubes should be as long as the actual package barrier thickness (package wall
or seal width). Difficulties with microtube use include those of effecting smooth, perpendicular
cuts of microtube ends and of adequately sealing microtubes into the test sample wall.
Other commonly used defect creation methods include inserting a needle through the package
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wall; placing a wire, microfilament, or film between sealing surfaces; and adhering a holed, thin
metal plate onto package surfaces. A consideration when selecting such approaches is that
defects made by inserting a foreign object into the package (e.g., needle, film, wire) can result
in gas, liquid, or microbial leakage dynamics around or through the item that may be markedly
different from leakage through actual defects (10). In addition, needles left inserted in the
package do not represent defects small enough for a meaningful limit of detection leak test
challenge.
SMALLEST DEFECT SIZES
Smallest defects should be as small as reasonably possible, bearing in mind package type,
package dimensions, package materials of construction, and defect creation technology
limitations. For example, laser-drilled holes in rigid glass or plastic components are limited to
about 2–3 µm in nominal diameter and to about 5–10 µm in nominal diameter in flexible package
materials. (Companies that laser-drill holes may certify nominal hole size dimensions using flow
meters, with a laser-drilled orifice in a metal plate as a calibration standard). Smaller defects
are difficult to create and accurately size and may easily close from handling, debris, or flexible
package wall deflection. Micropipettes can simulate orifice sizes as small as 0.1 µm in diameter,
and microtubes could be as small as approximately 2 µm in nominal diameter.
LARGER DEFECT SIZES
In addition to smallest size defects, larger size defect-positive controls should be included
during method development and optimization, because some leak test methods that are able to
detect small leaks have a limited ability to test much larger defects. In addition, grossly leaking
packages may hamper the reliability and instrument functionality of some leak test methods.
TYPE DEFECTS
“Type defects” are positive controls representing realistic package flaws included in method
development studies before method validation. Type defect examples are listed below.
Heat sealed bag: weak seal, wrinkled seal, seal gap, seal channel, product entrapment
in seal
Stoppered vial package: vial finish channel defect, loosely capped stopper, product
trapped between stopper and vial
Prefilled syringe: needle shield punctured by staked needle, defective plunger
Ophthalmic dropper bottle: loose cap, missing or poorly inserted dropper tip, defective
tip or cap
Assigning precise sizes to type defects is generally not meaningful or feasible because of their
inherent irregularity and complexity. For this reason, type defects are not recommended for use
in validation studies that require positive controls with more defined and controlled defect
sizes. Rather, type defects are incorporated into leak test method development research to
better understand method capabilities. Because no leak test method can find all possible
defects in a given container–closure system, information gleaned from type defect tests can be
used to establish controls, thereby limiting the occurrence of critical imperfections not readily
found by the chosen leak test method.
MICROBIAL GROW-THROUGH CONTROLS
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“Microbial grow-through controls” are required for testing the microbial ingress risk that results
from microbial grow-through via growth-supportive product residues left on multiple-dosage
package closure components or closure product-filtering mechanisms. Positive controls required
for these tests must be specifically designed to fit the given product–package system.
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BRIEFING
1207.2 Package Integrity Leak Test Technologies. This proposed new general
information chapter provides information guiding the selection and proper use of leak test
technologies. These leak test methods are divided into two major categories: deterministic and
probabilistic. For each leak test technology, the chapter provides a description and discusses
applications, test equipment, and test parameters. Chapter 1207.2 is part of a set of
related chapters; for additional information, refer to the Briefing for Sterile Product Packaging—
Integrity Evaluation

1207 .
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Comment deadline: November 30, 2014
Add the following:
1207.2

PACKAGE INTEGRITY LEAK TEST TECHNOLOGIES
INTRODUCTION

Chapter Sterile Product Packaging—Integrity Evaluation 1207 provides an overview of “leak
test” methodologies (also termed technologies, approaches, or methods) as well as “package
seal quality tests” useful for verification of sterile product package integrity. More detailed
recommendations for the selection, qualification, and use of leak test methods are presented in
three subchapters that address these specific topics:
Package Integrity and Test Method Selection
Package Integrity Leak Test Technologies
Package Seal Quality Test Methods

1207.1

1207.2

1207.3

At the end of chapter 1207 , the Appendix: Definitions section defines terms as they are
used in the context of this set of four general information chapters.
The purpose of this general information chapter Package Integrity Leak Test Technologies
1207.2 is to provide information guiding the selection and proper use of leak test technologies
(also called methodologies, approaches, or methods). The leak test technologies described in
this chapter were selected on the basis of relevant research study data published in peerreviewed journals and/or precision and bias study data generated in support of recognized test
method standards. The technologies described are not prescriptive methods but represent
testing concepts that may be applied when leak testing sterile product–packages.
Test technologies vary in terms of their potential detection limits, reliability, and applications,
and therefore, none are universally appropriate for leak testing all product–packages. This
chapter provides information to allow a thorough comparison of testing approaches so that the
most appropriate technology for a given situation can be identified. In addition, standard test
methods are referenced where applicable (the most recent versions should be applied);
literature citations are included for technologies or testing aspects not supported by standard
methods. Once a methodology has been selected for use, the analyst is responsible for first
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qualifying the test equipment operation and performance. Test method parameters must then
be optimized during method development and confirmed during validation. Thus, a final leak test
method is specific to a particular container–closure or product–package system.
The leak test methods included are divided into two categories: deterministic and probabilistic.
Deterministic leak test methods (Table 1) are preferred over probabilistic methods when other
key method selection criteria permit. Probabilistic leak test methods (Table 2) are best used
when the product–package system proves incompatible with deterministic methods, or when
method outcome requirements demand a particular probabilistic testing approach.
In this chapter's Table 1 and Table 2, the “leak size class detection range” provided for each
methodology refers to the definitions provided in chapter 1207.1 , Table 1. The reported leak
size classifications were determined on the basis of literature sources, as well as commonly
accepted experience. Classifications are intended to aid in the selection of the test technology
but should not be used as a definitive statement of test method performance for any specific
leak test method applied to any given product–package system. For instance, an approach
cited as capable of detecting class 6 leaks may be shown by the user to be appropriate for
class 3 leak detection. Conversely, a method described as a class 3 leak detection test may be
used by the user in a manner indicating that only class 5 leaks are detectable.
This battery of testing technologies and the information provided are intended to aid, not limit,
the selection, development, validation, and use of leak test methods. Unlisted methodologies
shown by the user to meet the qualification and validation requirements for a satisfactory leak
test may be used. In addition, listed technologies may demonstrate expanded testing
capabilities beyond those currently identified (1).
Table 1. Deterministic Leak Test Technologies
Deterministic
Leak Test
Technologies

Package
Content
Requirements

Liquid (with no
combustion
risk) must be
more
electrically
conductive than
package.

Electrical
conductivity
and
capacitance
Product must be
(high-voltage
present at leak
leak detection) site.

Gas volume,
path length, and
content must be
compatible with
Laser-based
instrument’s
gas headspace detection
analysis
capability.

Package
Requirements

Leak Size
Class
Detection
Rangea

Measurement
Outcome and
Data Analysis

Q uantitative measure of
electrical current
passing through the test
sample: provides an
3 to 6
indirect determination of
leak presence as shown
Range varies with by a drop in test sample
product–
electrical resistivity,
package,
with a resultant
instrument, test increase in voltage
Less electrically sample fixturing, reading above a
conductive than and method
predetermined pass/fail
liquid product. parameters.
limit.
Q uantitative measure of
gas headspace content
of the test sample by
laser-based gas
analysis, for product
requiring a headspace of
low oxygen
concentration, low
moisture vapor
1 to 6
concentration, and/or
low absolute pressure.
Detection of
smallest leakage To calculate the leak
Transparent or rates is a
rate of the test sample,
translucent,
function of time one can use results
amber or
span between
compiled as a function
colorless.
analyses.
of time.

Effect of
Method
on Package

Test Time
Order of
Magnitude

Nondestructive, Seconds
although
product
stability
studies are
recommended
to verify effect
of exposure.

Nondestructive Seconds
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Q uantitative measure of Nondestructive Seconds to
mass flow rate resulting
minutes
from test sample
headspace escape or
liquid product
volatilization within an
evacuated test chamber
housing the test
sample.

Gas or liquid
must be present
at leak site.
Presence of
liquid at leak
site requires
test pressures
below vapor
pressure.

Rigid, or flexible
with package
3 to 6
restraint
mechanism.
Range varies with
product–
Porous package package,
requires
instrument, test
masking to limit fixtures/chamber,
gas flow through and method
porous material. parameters.

Q uantitative measure of
pressure provides an
indication of larger leak
presence.

Leak rate of the test
sample may be
estimated by comparing
the mass flow results of
the test sample to tests
Product must
performed using leak
not clog leak
rate standards and
Mass extraction path.
positive controls.
Q uantitative measure of
pressure drop within a
Gas must be
pressurized test
present at leak
sample; pressure drop
site.
Compatible with 3 to 6
results from escape of Nondestructive, Minutes to
pressure
gas through leak paths. although means days,
Product
detection mode. Range varies with
used to access depending on
(especially
product–
Results that are
test sample
package
liquids or semi- Rigid, or flexible package,
compiled as a function interior may
volume and
solids) must not with package
instrument, and of time are indicative of compromise
required leak
cover potential restraint
method
leakage rate of the
test sample
limit of
Pressure decay leak sites.
mechanism.
parameters.
whole test sample.
barrier.
detection
Q uantitative measure
by spectroscopic
analysis of tracer gas
leak rate while tracer
gas is being drawn out
of a tracer-flooded test
A ble to tolerate
sample into a vacuum Nondestructive,
Tracer gas must high-vacuum
chamber.
although
be added to
test conditions 1 to 4
access to
package.
Leak rate of the total
package
Rigid, or flexible Detection of
sample can be
interior for
Tracer gas must with package
larger leaks is a calculated by
tracer gas
have access to restraint
function of
normalizing the
introduction
package
mechanism.
instrument
measured tracer leak
may
Tracer gas
surfaces to test
capability and
rate by tracer
compromise
detection,
package for
Limited tracer test sample
concentration in the
test sample
Seconds to
vacuum mode leaks.
gas permeability fixturing.
test sample.
barrier.
minutes
Q uantitative measure of
pressure rise (vacuum
decay) within an
evacuated test chamber
housing the test
sample; vacuum decay
results from headspace
Gas or liquid
escape from the test
must be present
sample, or liquid
at leak site.
3 to 6
product volatilization.
Rigid, or flexible
Presence of
with package
Leak rate of the test
liquid at leak
restraint
sample may be
site requires
mechanism
Range varies with estimated by comparing
test pressures
product–
vacuum decay results
below vapor
Porous package package,
for the test sample to
pressure.
requires
instrument, test results of tests
Product must
masking to limit sample chamber, performed using leak
not clog leak
gas flow through and method
rate standards and
Seconds to
V acuum decay path.
porous material. parameters.
positive controls.
Nondestructive minutes
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a The leak size class detection range cited for each technology allows for method-to-method comparison. The leak sizes
actually detected by a fully developed and validated deterministic method may deviate from these ranges, as noted.

Table 2. Probabilistic Leak Test Technologies
Probabilistic
Leak Test
Technologies

Bubble
emission

Microbial
challenge,
immersion
exposure

Tracer gas
detection,
sniffer mode

Package
Content
Requirements

Package
Requirements

Leak Size
Class
Detection
Rangea

Measurement Outcome
and
Data Analysis

Effect of
Method
on Package

Q ualitative measure by
visual inspection of
bubble emission caused
by escape of test sample
headspace while sample
4 to 6
is submerged and
Gas must be
exposed to differential
present at leak
Range varies
pressure conditions.
site.
with product–
A lternatively, sample
package, test
surfaces may be exposed
Product
sample fixturing to surfactant.
(especially
and positioning,
liquids or semimethod
Continuous bubble
solids) must not Rigid, or flexible parameters, and emission indicates
cover package with package
analyst
presence of a leak, its
surfaces to be restraint
technique and location, and its relative
leak tested.
mechanism.
skill.
size.
Destructive
Q ualitative measure by
visual inspection of
microorganism growth
inside test samples filled
with growth-supportive
4 to 6
media or product, post
immersion in heavily
contaminated challenge
media while exposed to
Range varies
differential pressure
Growthwith container- conditions, followed by
supportive
A ble to tolerate closure, test
incubation to encourage
media or
pressure and
sample fixturing microbial growth.
product.
immersion
and positioning,
challenge.
challenge
Growth in the test sample
Presence of
condition
indicates the presence of
liquid at the leak Rigid, or flexible severity, and
test sample leak site(s)
site required for with package
inherent
capable of allowing
method
restraint
biological
passive or active entry of
reliability.
mechanism.
variability.
microbes.
Destructive
3 to 6

Tracer gas must
be added to
package.
Leak site
accessible to
Tracer gas must probe.
have access to
package
Limited tracer
surfaces to be gas
tested for leaks. permeability.

Range varies
with test
sample, method
parameters, test
sample fixturing,
and analyst
technique and
skill. Smaller
leak detection
may be possible
under optimum
test conditions.

Q uantitative measure by
spectroscopic analysis of
tracer gas near the outer
surfaces of the tracerflooded test sample,
sampled using a sniffer
probe.

Test Time
Order of
Magnitude

Minutes

Weeks

Nondestructive,
although
access to
package
interior for
tracer gas
introduction
Tracer presence above a may
pass/fail limit indicates
compromise
presence and location of test sample
Seconds to
a leak site.
barrier.
minutes
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4 to 6

Contents must
be compatible
with liquid
tracer.

Tracer liquid

Product must
not clog leak
path.

Range varies
with containerclosure, test
sample fixturing
and positioning,
challenge
condition
severity, and
Rigid, or flexible tracer liquid
with package
content.
restraint
mechanism.
Smaller leak
detection may
A ble to tolerate be possible
liquid
under optimal
immersion.
test conditions
employing
Compatible with chemical
liquid tracer
analysis tracer
detection mode. detection.

Measure of tracer in test
sample previously
submerged in tracercharged liquid while
exposed to differential
pressure conditions.
A lternatively, tracercharged test samples
may be submerged in
tracer-free collection
fluid.
Tracer migration
measurement may be
quantitative (by chemical
analysis; preferred
approach for small leak
detection) or qualitative
(by visual inspection).
Tracer presence
indicates leak site(s)
capable of allowing tracer
passage, and tracer
magnitude may indicate
relative leak size
(assuming a single-leak
pathway).
Destructive

Minutes to
hours

a The leak size class detection range cited for each technology allows for method-to-method comparison. The leak sizes
actually detected by a fully developed and validated deterministic method may deviate from these ranges, as noted.

DETERMINISTIC LEAK TEST TECHNOLOGIES
Electrical Conductivity and Capacitance (High-Voltage Leak Detection)
DESCRIPTION
The electrical conductivity and capacitance leak test (high-voltage leak detection, or HVLD) is
an approach for detecting the presence, and potentially the location, of a leak(s) in the wall of
a nonporous, rigid or flexible package containing liquid or semi-liquid product. Test analysis is
based on quantitative electrical conductance measurements (2–5).
The test is performed by first positioning the test sample (containing liquid product) onto an
electrically grounded instrument test fixture. Alternatively, the test sample may be placed onto
a transport system that will carry the test sample through an electrically grounded testing
zone. Upon test start, an electrode uniquely designed for the product–package type under test
exposes all or part of the test sample to a high-frequency, high-voltage, low-amperage
current. The presence of a leak path in the proximity of an electrically conductive, liquidformulation product results in a drop in the electrical resistance of the test sample, as shown
by a spike in current passing through the test sample above a predetermined pass/fail limit
established using negative controls.
APPLICATION
Rigid or flexible packages of nonporous components containing liquid or semi-liquid
product may be tested.
Package components must be relatively electrically nonconductive.
Product must be electrically conductive, relative to the package.
Product must not be flammable (i.e., not a combustion risk).
Product must be near or at the leak inspection location at the time of the leak
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test.
Solidified, electrically conductive product that blocks leak paths may be
detected.
Metal caps used to seal stoppered vial packages conduct current around the
stoppered vial–seal interface, improving the likelihood of finding leaks under the
cap.
HVLD leak tests are nondestructive to the package and to the product. However, the
effect on product stability of exposure to high voltage should be verified.
HVLD tests are rapid, requiring no more than several seconds for a full scan of the test
sample. This makes them appropriate for off-line testing, or as an on-line, 100% product
inspection test method.
TEST EQUIPMENT
HVLD instrumentation comes equipped with tooling and/or a test sample transport system for
proper test sample and probe/ground positioning, an internal high-voltage transformer,
electrode voltage and ground potentiometer adjustment capabilities, and a test result output
display. The design and materials of construction used for the electrode probe and electrical
ground are product–package specific.
TEST PARAMETERS
The following are test parameters for the electrical conductivity and capacitance leak test,
also known as HVLD:
Conductivity of test sample product relative to test sample package
Test voltage set point
Test sensitivity set point (potentiometer, or gain set point)
Package content proximity to potential leak paths
Electrode probe position relative to potential leak paths
Speed at which the electrode passes over the test sample surface
Laser-based Gas Headspace Analysis
DESCRIPTION
Gas headspace analysis via laser-based techniques provides a quantitative, nondestructive
measure of oxygen content, water vapor content, and low internal pressure in the headspace
of a nonporous, rigid or nonrigid package (6).
The test is performed by first placing the test sample in a fixture designed for precise test
sample positioning. Upon test start, frequency-modulated spectroscopy is used to cause a
near-infrared (IR) diode laser light to pass through the gas headspace region of the sealed test
sample (7). Light is absorbed as a function of gas concentration and pressure. The absorption
information is processed using phase-sensitive detection techniques; a mixer demodulates the
radiofrequency signal. The output voltage, which is proportional to the absorption line shape, is
digitally converted and further analyzed by a microprocessor, yielding final test results.
Comparisons of sample signals to signals from National Institute of Standards and Technology
(NIST)–traceable reference standards (or other recognized standards) provide results that yield
oxygen content, water vapor content, or internal pressure (vacuum) of the package
headspace. Gas headspace analysis, as a function of time, provides a quantitative measure of
the total leakage rate of the test sample. Leakage rates are judged acceptable or
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unacceptable on the basis of calculated limits. These limits are determined to ensure the
maintenance of required gas headspace content over the product life cycle.
APPLICATION
This technique may be used to test rigid or flexible packages made of nonporous
components (transparent or semi-transparent material, either amber or colorless) that
allow transmission of near-IR diode laser light.
Test samples require a minimum headspace volume and headspace path length. The
requirements vary on the basis of the gas moiety to be tested and may be specific to
the instrument as well as to the construction and design of the package materials.
Test samples that may be analyzed fall into these categories:
Products that require low-oxygen headspace content: the actual detection
range depends on container diameter (headspace path length). Oxygen results
are also pressure dependent; thus, the calibration is set at the pressure of
interest.
Products that require low water vapor content (e.g., lyophilized or powdered
products): the same considerations of laser path length (package diameter)
apply. In addition, total headspace pressure influences the detection limit.
Products that require low internal package pressure (e.g., lyophilized products):
the upper limit for accurate pressure detection is proportional to the water
vapor content of the headspace. Thus, headspace pressure within lyophilized
products may not be measureable at higher pressure values.
Package integrity, or absence of leakage, is confirmed by replicating tests on a given
test sample as a function of time. Longer time periods between tests are needed to
detect smaller leaks. Mathematical models appropriate to leak flow dynamics may be
used to predict the time required for detecting leaks of various sizes or rates.
Headspace analysis at a single time point provides the headspace content result, which
may or may not be indicative of package integrity.
A test result not meeting specification could be due to package leakage, or
could result from improper package filling or assembly processes that caused the
package headspace to be out of specification.
A test result that meets specification may confirm package integrity if enough
time has elapsed since product–package preparation for measurable leakage to
have occurred, assuming that the initial preparation of the test sample met
manufacturing standards.
Tests are rapid and are appropriate for off-line testing using lab-scale equipment
(typical measurement time, 2 s) or as an on-line, 100% product inspection method
(typical measurement time, 0.2 s).
Methods of laser-based gas analysis may be used during any phase of the product life
cycle, including package development, routine manufacturing, and product stability.
TEST EQUIPMENT
Test instrumentation for laser-based gas headspace analysis is capable of accurate and
reproducible near-IR diode laser light emission, light detection, and signal analysis. Tooling
specific to product–package test samples is used to properly position test samples, ensuring
reproducible laser-light transmission and detection. Standards with components identical to the
packages under test, in terms of both the materials of construction and the dimensions (at the
point where light is to be transmitted), are required. These standards also need to contain
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headspace content that is representative of the gas mixture under test (i.e., oxygen, water
vapor, pressure) (8).
TEST PARAMETERS
The following are test parameters for laser-based gas headspace analysis:
Test sample position with respect to laser beam transmission and detection points:
imprecise test sample handling, and/or dimensional irregularity of the package, can
increase measurement standard deviation.
Test sample headspace volume: the volume must meet minimum requirements for test
instrumentation.
Test sample speed: increase in testing speed will increase standard deviation of
measurement.
Test sample temperature: temperature can influence moisture and pressure test results,
e.g., lower temperatures are associated with lower internal pressure of the test sample
(9).
Test sample outer surface moisture: presence of moisture may hamper test
performance.
Time allotted between the replicate tests: performing replicate tests over a period of
time allows calculation of continuous package leakage.
Mass Extraction
DESCRIPTION
The mass extraction test is a nondestructive, quantitative measurement approach for detecting
leakage in nonporous, rigid or flexible packages (10). Packages with a porous component, such
as a tray with a porous lidding material, can also be tested by mass extraction by masking the
porous package component. Leakage of package headspace gases and/or leakage below the
liquid-product fill level may be detected, given appropriately designed equipment and test
parameters.
The test is performed by first placing the test sample inside a test chamber that is
pneumatically connected to a mass extraction leak test system equipped with a vacuum
generator package. The test chamber must be uniquely designed to contain the test package,
which is fitted with appropriate tooling to limit movement or expansion of moveable or flexible
components, respectively. Porous components require masking of the porous material.
Upon test start, the chamber is quickly evacuated for a predetermined time to reach a
predetermined vacuum level. This involves removing most of the air in the test system and the
test chamber but does not continue for so long that the test sample headspace gases are
exhausted or that liquid contents from grossly leaking packages are drawn out. A series of such
evacuation cycles is performed, each intended to identify smaller leakage rates. After each
cycle, the test system is isolated from the vacuum source and measurements of absolute
pressure, pressure decay rate, and/or gas mass flow rate are captured. Readings greater than
predetermined limits that were established using negative controls are indicative of container
leakage, triggering test cycle abort.
For those test samples passing all previous larger leak vacuum cycles, a final vacuum is drawn,
lasting long enough to minimize background noise from moisture in the air and outgassing from
the container–closure materials, but again, not so long that test sample headspace gases are
exhausted or liquid contents from grossly leaking packages are drawn out. The test system is
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then isolated from the vacuum source. With all flow from the test chamber directed through the
mass flow sensor, the mass flow rate is measured. Mass flow above a predetermined limit
established using negative controls is indicative of container leakage.
APPLICATION
Nonporous, rigid or flexible packages or packages with a porous component may be
tested. Packages containing gas, liquid, and/or solid materials can be tested:
Flexible packages or packages with nonfixed components require tooling to
restrict package expansion or movement, respectively, when exposed to test
vacuum conditions. Tooling minimizes the seal stress of flexible packages and
maintains consistent package volume and differential pressure conditions across
the leak path.
Packages with a porous component may be tested by masking the porous
component with special tooling or blocking aids to minimize air flow through the
porous component.
Gas headspace must be at atmospheric pressure or at a pressure notably
greater than test vacuum conditions.
Package surfaces below the product-fill level may be leak tested for those solidformulation products that do not block leak-site gas flow and for those liquid
products that volatilize at test vacuum.
Packages ranging in volume from a few milliliters to several liters may be tested.
Tests require anywhere from several seconds to a few minutes to perform. Longer test
times are necessary for testing larger-volume packages. Lengthening test cycles also
allows for detection of smaller leaks.
Tests may be performed in a laboratory setting or off-line in the production
environment. Laboratory or off-line test equipment that allows for longer test times is
generally capable of detecting smaller leaks. On-line tests are typically used for
detection of larger leaks.
Mass extraction leak tests are useful in all phases of the product life cycle.
TEST EQUIPMENT
Mass extraction test instrumentation consists of a system of conduits and valves that
pneumatically connect a test chamber with a test system pressure sensor, micro-flow mass
sensor, and vacuum generator package, including an external vacuum source. The instrument
includes appropriate timers, electronic controls, and monitors. A fixed-size orifice is included for
periodic system performance verification. The test chamber is uniquely designed to contain the
test package, which is fitted with appropriate tooling to limit movement or expansion of
moveable or flexible components, respectively.
TEST PARAMETERS
The following are test parameters for mass extraction:
Pressures
Test system pressure reading after initial gross leak check. At evacuation stage,
pressure is a function of test system volume, time allotted for evacuation, and
the vacuum source pressure level.
Test system pressure reading after the secondary evacuation stage(s): pressure
above a predetermined limit is due to test package leakage. The pressure level
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above baseline is a function of leak size, available headspace volume, and/or
volatile liquid in the test sample.
The final absolute pressure of the test cycle must be lower than the headspace
pressure of the test package for detection of gas headspace leaks, and/or lower
than the volatilization pressure of liquid product formulation for leaks located
below the liquid-product fill level.
Mass flow
Mass flow rate reading after secondary evacuation stage(s).
The mass extracted from the test sample is monitored for larger leak detection
after the first secondary evacuation stage; mass extracted from the test sample
is monitored for the smallest leak detection after the last evacuation stage.
Background flow level (i.e., the baseline flow or noise level) is the flow rate for
packages without leaks. Baseline flow is a function of test package and system
outgassing, test system volume, and the time allowed for evacuation.
Techniques to limit baseline flow include using less-severe test vacuum
conditions (higher absolute pressure), proper chamber design, or lengthening the
evacuation time(s) of the secondary stage(s).
The mass flow rate at steady-state conditions, when extracted from the test
chamber, is equal to test sample leakage into the test chamber, assuming that
outgassing from the sample and external leakage from the test system are
insignificant. Leakage is identified once the mass flow rate notably exceeds the
rate of negative controls.
Times
Time allotted for system evacuation for gross leak detection: enough time
should be allotted to draw off most of the test chamber gases, without
exhausting the headspace gases of the test package, or to draw off the liquid
contents from grossly leaking packages.
Time allotted for large-leak check through the mass flow sensor: a brief time is
required for detection of large- and medium-sized defects.
Time allotted for system evacuation for small leak detection: enough time should
be allowed to establish the desired vacuum equilibrium of the test chamber.
Insufficient time will not adequately draw off gases sorbed onto package
surfaces or entrapped between components.
Time allotted for mass flow to stabilize: after the secondary evacuation
stage(s), monitor the flow as the flow rate approaches steady state. Enough
time should be allotted so that flow from the smallest allowed defect is
statistically greater than baseline (no-leak) flow.
Time allotted for the final leak test by mass flow: enough time should be allotted
so that the mass flow rate exceeds baseline readings for negative controls.
Pressure Decay
DESCRIPTION
The pressure decay test is a quantitative measurement approach for detecting leakage in
nonporous, rigid or flexible packages. The test is destructive if the introduction of pressurized
gas creates a break in the package wall or seal. The test is nondestructive if the introduction
of gas into the test sample has no effect on requirements for internal package sterility.
Pressure decay testing is intended for integrity testing of the gas headspace region of the test
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sample.
To perform the test, a dry air or inert gas pressure source is attached to the test sample that
is fitted with an internal pressure monitoring device. The test sample is pressurized to a
predetermined pressure, after which the pressure source is isolated from the test sample. The
decay in pressure is monitored for a predetermined time. Pressure decay that exceeds a
predetermined limit established using negative controls indicates container leakage.
The referenced ASTM F2095 method (11) is intended for testing flexible packages (pouches and
foil-sealed trays). Seals or surfaces being tested cannot be in contact with product such as
water, oils, or other liquids. Test method A describes testing packages without use of a
restraint mechanism. The method requires that the package reach a stable volume
configuration (i.e., it stops stretching) to take a measurement. Test method B requires that the
test sample is kept between restraining plates during the test to limit the volume of the
pressurized package.
APPLICATION
Nonporous, rigid or flexible packages may be tested:
Package surfaces that can be tested are those unobstructed by product, such
as oils, water, or other liquids, i.e., small leaks below the liquid-fill level would
not be detected by this method.
Flexible packages or packages with nonfixed components require tooling to
restrict package expansion or movement, respectively, when exposed to test
pressure conditions. Tooling minimizes the seal stress of the flexible package and
maintains consistent package volume and differential pressure conditions across
the leak path.
Pressure decay can be used for testing packages anywhere from a few milliliters
in volume to large, bulk-storage vessels.
The test is destructive if the introduction of pressurized gas creates a break in the
package wall or seal (e.g., the pouch wall is punctured). The test is nondestructive if
the introduction of gas into the test container has no effect on the requirements for
internal package sterility (e.g., a stainless steel storage vessel connected to a filteredair positive-pressure source).
Tests require anywhere from a few seconds to a several hours to perform. Longer test
times are necessary for testing larger-volume containers. Lengthening test cycles also
allows for detection of smaller leaks.
Pressure decay tests are useful in all phases of the product life cycle.
Tests may be performed in a laboratory setting or off-line in the production
environment. Laboratory or off-line test equipment that allows for longer test times is
generally capable of detecting smaller leaks. Higher-speed, on-line pressure decay
equipment may be used to check for defects in open packages before package filling
and closure.
TEST EQUIPMENT
Pressure decay test instrumentation includes conduits to connect the test sample with test
system pressure transducers (absolute, differential, or a combination of both) and a pressure
source (12). Instrumentation includes appropriate timers, electronic controls, and monitors. To
achieve the greatest test method sensitivity and reproducibility, use the instrument in a
temperature-controlled environment, keeping test samples (especially larger-volume samples)
at a controlled, constant temperature during test, and using dry pressurizing gas kept at
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constant temperature. It is optional to also use tooling uniquely designed to limit movement or
expansion of moveable or flexible components, respectively, thereby keeping test sample
volume constant and limiting seal stress.
TEST PARAMETERS
The following are test parameters for pressure decay:
Pressures
Test sample internal pressure after pressurization:
The initial pressure reached after sample pressurization is a function of
the test system volume, time allotted for pressurization, pressure source
capacity, and temperature of the test sample headspace.
Higher pressure creates the potential for more rapid and sensitive leak
testing. However, the selection of maximum test pressure should take
into consideration personnel safety risks and potential damage to
equipment and package.
Pressure decay baseline: the baseline pressure decay (i.e., noise level) is that
pressure drop that occurs for packages without leaks.
Baseline pressure drop is a function of test package volume, temperature
conditions, and the length of time allowed for pressure to rise.
Baseline pressure drop when testing large storage containers requiring
longer time periods is affected by gas sorption onto test package
surfaces, gas moisture content (dry gas is preferable), and gas
temperature. Techniques to limit baseline pressure drop include the use
of dry gases, and keeping the test container and the pressurized gas at
a constant temperature.
Pressure decay due to test package leakage: the extent of pressure decay
above baseline is a function of leak size, available headspace volume in the test
sample, the initial pressure inside the test sample, temperature control, and the
time allotted for pressure to rise.
Times
Time allotted for test sample pressurization: enough time should be allotted to
establish the desired pressure inside the test sample.
Time allotted after pressurization for pressure decay: enough time should be
allotted so that the pressure decay from the smallest leaks can be detected
(i.e., baseline decay is exceeded).
A time lag may be incorporated before monitoring for pressure decay to allow for
gas equilibrium within the container and test system.
Temperatures
Temperature of the pressurized gas can significantly affect test method
sensitivity and reliability, especially when testing larger-volume containers.
An increase in gas temperature causes a rise in pressure, and conversely, a rise
in gas pressure triggers an increase in gas temperature. Therefore, upon initial
test package pressurization, the gas temperature will spike, causing a further
spike in pressure. The subsequent drops in temperature and pressure during
system equilibrium may be mistaken for leakage.
Effects of temperature variation may be minimized by: 1) allowing the
temperature in the pressurized system to come to equilibrium before starting the
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pressure decay test, 2) minimizing temperature variation outside the test
system, 3) minimizing test duration, and/or 4) applying a mathematical
correction to the pressure readings.
Tracer Gas Detection, Vacuum Mode
DESCRIPTION
The leak detection method for tracer gas detects leakage from nonporous, rigid or flexible
packages. The method can be destructive or nondestructive, depending on the test approach
used. The test requires the presence of tracer gas inside the test sample package. Helium is
the most commonly used tracer gas, and hydrogen is also used. The leakage rate of tracer gas
is quantitatively measured using a spectrometric analytical instrument specific for the tracer
gas. Instruments are designed to check for tracer gas leaking out of a test package, either by
means of a test chamber that can be evacuated to draw gas out of test sample leaks (the
vacuum mode) or by use of a vacuum wand (the sniffer mode) for scanning the outer surfaces
of the test package (see Tracer Gas Detection, Sniffer Mode). The vacuum-mode tracer gas
test is used more commonly than the sniffer mode for integrity testing sterile pharmaceutical
product–packages. The vacuum mode is both quantitative and deterministic and is used to
capture and quantify leakage from an entire test package, or it can be used to test for leakage
along a test package surface or seal, given proper sample fixturing.
To perform the vacuum-mode test, test samples that have been fully or partially flooded with
tracer gas are placed inside an evacuation chamber that is pneumatically connected to the
tracer gas analysis instrument. Alternatively, the test sample may be fixtured in such a manner
that only the surface or seal of interest is exposed to the instrument, allowing for targeted leak
detection at one specific seal or surface. In some cases, test samples that cannot withstand
the high-vacuum test conditions may be tested with the use of tooling to restrict package
expansion or movement.
At test start, the instrument's vacuum pump evacuates the test chamber or fixture, drawing
any leaking tracer gas through the analyzer. The absolute leak rate of the test sample may be
calculated by normalizing test results by the partial pressure of the tracer gas within the test
sample at the time of test. For accurate results, the test sample must be prepared properly so
that tracer gas concentration within the sample is uniform and consistent at the time of test;
also, there should be minimal tracer gas permeation out of the test sample, because this can
mask true test sample leakage. Calibration tracer gas reference standards can be used for
understanding the relationship between true leak rates and measured leak rates under actual
test conditions. Test sample leakage is judged acceptable if the absolute leak rate is below
that which has been reported to put product quality at risk.
The vacuum-mode tracer gas leak test is a nondestructive test, unless tracer gas introduction
into the test sample requires package wall compromise (e.g., piercing), or if the presence of
tracer gas is detrimental to the package contents. ASTM F2391 (13), Procedure B Vacuum
Mode may be referenced when performing leak detection using helium as the tracer gas.
APPLICATION
Rigid or flexible packages made of nonporous components:
Flexible packages or packages with non-fixed components may require tooling to
restrict package expansion or movement, respectively.
Tracer gas permeation through the package material must not be so great that
the leakage rate of concern is masked.
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A wide range of package sizes may be tested.
Leak paths must be clear of liquid or solid materials that could potentially block tracer
gas flow.
Tracer gas tests should not be performed on liquid-filled packages, because vapors or
liquid drawn into the test system during the test can cause serious damage to the
instrument.
Detection capabilities range from large leaks to the smallest leaks.
Method capability is related to the size of the unobstructed leak path.
Large leaks in the smallest packages may be missed because of the rapid loss of
tracer gas, e.g., during the evacuation phase of the vacuum mode test.
The test is nondestructive if the tracer gas is introduced into the package at the time
of package assembly or closure, but the inclusion of tracer gas may prevent
introduction of these packages into commercial or clinical markets.
The test is destructive if the introduction of tracer gas requires compromising the
integrity of the assembled package, e.g., package puncture.
Introduction of tracer gas into the test package takes some time, but the actual leak
test generally takes less than 1 min.
Leak test methods using tracer gas are generally used in the laboratory environment.
Tracer gas methods can also be used in production as an off-line testing approach.
Leak tests using tracer gas may be used on-line if tracer gas is introduced into the test
samples before final package closure.
TEST EQUIPMENT
Analytical instrumentation specific for tracer gas detection (e.g., mass spectrometer for helium
detection) is required, typically equipped with an internal leak rate standard for instrument
calibration at time of use. Additional equipment needed includes external calibration reference
standards of tracer gas, to be used for comparisons of true leak rate versus measured leak rate
under actual test conditions; a tracer gas source with a means for introducing tracer gas into
the test sample; a test chamber or fixture to pneumatically connect the test sample with the
instrument; tooling to restrict package expansion or movement, as appropriate; a means for
accessing and analyzing the test sample headspace for tracer gas partial pressure after
execution of the vacuum mode leak test; and ventilation to remove tracer gas from the test
area, or a tracer gas recapture system.
TEST PARAMETERS
The following are test parameters for tracer gas detection, vacuum mode:
Tracer gas partial pressure within the test sample at the time of test:
When added by soaking the intact package, the concentration of the tracer gas
is dependent on the time allotted, the positive pressure applied, and the tracer
gas leak rate, plus the rate of permeation into the package.
When added before package closure, tracer gas concentration is dependent on
the gas flooding rate and time, the tooling and/or enclosure used to concentrate
gas inside the package, and the efficiency of package closure for preventing
escape of tracer gas.
When added after package assembly, tracer gas concentration is dependent on
the tooling used to pierce, flush, and vent the package; the gas flooding rate
and time; and the sealant material applied to reseal the puncture site.
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Differential pressure applied to the test sample during the vacuum mode will drive tracer
gas out of the test sample, increasing method sensitivity.
Time allotted to allow for leakage to reach steady state should not exceed tracer gas
permeation lag time.
Vacuum Decay
DESCRIPTION
The vacuum decay test is a nondestructive, quantitative measurement approach for detecting
leakage in nonporous, rigid or flexible packages. Packages with a porous component, such as a
tray with a porous lidding material, can also be tested by vacuum decay by masking the porous
package component.
To perform the test, first the test sample is placed in a closely fitting evacuation test chamber
pneumatically connected to the leak test system, which is equipped with an external vacuum
source. The test chamber must be uniquely designed to contain the test package. Test
samples with moveable or flexible components require appropriate tooling to limit the movement
or expansion of such components, respectively. Samples with porous components require
masking of the porous material.
Upon test start, the test chamber plus test system deadspace are evacuated for a
predetermined period of time. The targeted vacuum level chosen for the test is predetermined
on the basis of the test sample type under evaluation. The vacuum source is then isolated from
the test system. After a short time has elapsed to allow for system equilibration, the rise in
deadspace pressure (i.e., vacuum decay) is monitored for a predetermined length of time using
absolute and/or differential pressure transducers. A pressure increase that exceeds a
predetermined pass/fail limit established using negative controls indicates container leakage.
ASTM F2338 may be referenced (14).
APPLICATION
Nonporous, rigid or flexible packages, or packages with a porous component, may be
tested. Packages containing gas, liquid, and/or solid materials can be tested:
Flexible packages or packages with non-fixed components require tooling to
restrict package expansion or movement, respectively, when exposed to test
vacuum conditions. Tooling minimizes flexible package seal stress and maintains
consistent package volume and differential pressure conditions across the leak
path.
Packages with a porous component may be tested by masking the porous
component with special tooling or blocking aids to minimize airflow through the
porous component.
Gas headspace must be at atmospheric pressure or at a pressure notably
greater than test vacuum conditions.
Package surfaces below the product-fill level may be tested for leaks if the
product has a solid formulation that does not block leak-site gas flow, or if it is a
liquid product that volatilizes at test vacuum.
Packages ranging in volume from a few milliliters to several liters may be tested.
Tests require anywhere from a few seconds to a few minutes to perform. Longer test
times are necessary for testing larger-volume packages. Lengthening test cycles also
allows for detection of smaller leaks.
Tests may be performed in a laboratory setting or off-line in the production
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environment. Laboratory or off-line test equipment that allows for longer test times is
generally capable of detecting smaller leaks. Higher speed, on-line equipment is
generally used for detecting larger leaks.
Vacuum decay leak tests are useful in all phases of the product life cycle.
TEST EQUIPMENT
Vacuum decay leak test instrumentation consists of a system of conduits and valves that
pneumatically connect a test chamber with the test system pressure sensors and an external
vacuum source. The instrument includes appropriate timers, electronic controls, and monitors.
An external gas flow meter may also be included for periodic verification of system
performance. The test chamber is uniquely designed to closely contain the test package and
may be fitted with tooling to limit movement or expansion of moveable or flexible package
components, as appropriate. Alternatively, the chamber may include special tooling to mask
porous components.
TEST PARAMETERS
The following are test parameters for vacuum decay:
Pressures
Test chamber pressure after evacuation: the initial pressure reached during test
chamber evacuation is a function of test system volume, time allotted for
evacuation, and capacity of the vacuum pump. The absolute pressure of the
test system must be lower than the headspace pressure of the test package for
detection of gas headspace leaks, and/or lower than the volatilization pressure
of liquid-product formulation for leaks located below the liquid-product fill level.
Pressure rise baseline: the baseline pressure rise (i.e., noise level) is the
pressure increase that occurs for packages without leaks. Baseline pressure rise
is a function of test package and system outgassing, test system volume, and
the time allowed for pressure rise. Techniques to limit baseline pressure rise
include using less severe test vacuum conditions (higher absolute pressure),
evacuating the test system before evacuating the test chamber, and/or
lengthening the test chamber evacuation time.
Pressure rise due to test package leakage: the extent of pressure rise above
baseline is a function of leak size, test chamber vacuum level at test start,
available headspace volume or volatile liquid in the test sample, and the time
allotted for pressure rise.
Times
Time allotted for system evacuation: enough time should be allowed for
establishing the desired vacuum pressure level of the test chamber. Insufficient
time will not adequately draw off gases sorbed onto package surfaces or
entrapped between components. Excessive time will evacuate headspace from
largely leaking packages, risking that there will be insufficient headspace gas for
leak detection. Excessive time can also volatilize liquid product in leaking
packages, risking that test system flooding and contamination may occur.
Time allotted after evacuation for pressure rise (vacuum decay): enough time
should be allotted so that the pressure rise from the smallest leaks to be
detected exceeds baseline. A time lag may be incorporated after evacuation and
before vacuum decay monitoring to allow for gas equilibrium within the container
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and test system.
PROBABILISTIC LEAK TEST METHODS
Bubble Emission
DESCRIPTION
The bubble emission leak test is a destructive, qualitative measurement approach for detecting
and locating leaks in nonporous or porous, rigid or flexible packages containing headspace gas.
The test is performed in one of two ways. The first is an internal pressurization method
referenced in ASTM F2096 (15) in which a positive pressure air source with pressure monitor is
inserted into the test sample. The test sample is then submerged in water, and air pressure is
applied to a predetermined level, for a predetermined time period. The second approach is
referenced in ASTM D3078 (16). The intact test sample is submerged in water or other suitable
submersion fluid contained in a vacuum chamber. Vacuum is established to a predetermined
level, for a predetermined time period.
With both approaches, leakage can be observed as a continuous stream of bubbles emitted
from the leak site. Bubble diameter and emission rate may provide some indication of relative
leak size. An alternative to test sample submersion is coating the test sample with surfactant,
in which case any leakage is seen as foaming or bubbling at the leak site. The surface tension
of the submersion fluid or surfactant allows for smaller bubble formation, improving test
sensitivity. Use of submersion fluid with low gas solubility also improves test sensitivity.
The bubble emission test is categorized as a probabilistic leak test method. Although this
method relies on the predictable flow of gas through leak paths, escaping gas can become
entrapped within or between package components; false-leak outgassing events may occur;
gas emitted from small leaks may solubilize in the immersion fluid before bubble formation; and
test sample set-up may be inadequate to ensure sufficient differential pressure conditions and
appropriate bubble visibility. The use of negative and positive controls along with test samples
provides evidence of test method limit of detection.
APPLICATION
Rigid or flexible packages made of nonporous or porous components, with gas
headspace, may be tested by bubble leak methods:
Packages must be able to tolerate wetting or submersion.
Porous components may require application of a blocking agent to limit air flow
through the porous material.
Flexible packages, or packages with non-fixed components, generally require
tooling to restrict package expansion or movement, respectively, when exposed
to vacuum conditions. Tooling minimizes the seal stress of the flexible package
and maintains consistent package volume and differential pressure conditions
across the leak path. However, tooling may block leak paths or hinder bubble
emission visibility.
Only leak sites that are present in the gas headspace region of the package can
be detected.
This test is generally used for testing smaller-volume packages that are less
than a few liters in size.
Bubble tests require several minutes or longer for test sample analysis and subsequent
cleaning and/or drying.
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Bubble tests are most commonly used in laboratory settings as part of a research
investigation to verify leak presence and location. They can also be used as an off-line
production leak test.
Bubble tests are also used for integrity testing of aerosol–package products in a
research or production setting.
TEST EQUIPMENT
Bubble tests require a pressure or vacuum source (as appropriate) equipped with pressure
monitors and controls; tooling to restrict expansion of flexible packages or movement of nonfixed components; submersion fluid or surfactant to be applied to the package surface;
submersion vessel equipped for external vacuum or internal pressure test mode; and visual
inspection aids such as lighting, magnification, and/or background, as needed.
TEST PARAMETERS
The following are test parameters for bubble emission:
Differential pressure
Time allotted during differential pressure application
Times allotted for inspection (pacing) and for inspection breaks to lessen operator
fatigue
Package positioning during inspection
Package mode of restraint for moveable or flexible components and/or use of masking
aids for porous surfaces
Submersion fluid (or surfactant) surface tension
Inspection environment parameters (e.g., lighting intensity and angle, degree of
magnification, background color)
Analyst skill
Microbial Challenge, Immersion Exposure
DESCRIPTION
The immersion exposure microbial challenge is a destructive, qualitative measurement approach
for confirming leaks in nonporous, rigid or flexible packages.
The test is performed by first filling test samples with sterile, growth-supporting media, followed
by incubation and visual inspection of samples to ensure sample sterility before microbial
challenge. Samples are then immersed in a concentrated bacterial suspension for a
predetermined time. Samples can be exposed during immersion to a predetermined vacuum for a
predetermined time, followed by release of vacuum while the packages remain immersed at
ambient pressure for a predetermined time. Samples are then incubated under growthpromoting conditions, followed by examination of package contents for evidence of microbial
growth by visual inspection or other appropriate analytical means. Alternative approaches can
include exposure of immersed test samples to positive pressure conditions, or to multiple cycles
of vacuum and/or pressure conditions. Test sample leakage is evidenced by visible growth of
the challenge microorganism(s) inside test samples. Immersion microbial challenge tests rely on
the presence of a liquid carrier in the leak path that sweeps microorganisms into the package or
provides a means whereby microorganisms can actively migrate and/or grow into the test
sample. The use of negative and positive controls along with test samples provides evidence of
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test method limit of detection.
The microbial challenge by immersion test is categorized as a probabilistic leak test because of
the multiple events that must occur sequentially and/or simultaneously for leak detection to
take place. All such events are difficult to predict or control, especially for detection of smaller
leaks. For example, the microorganisms (or spores) must be physically present at the leak site.
The necessary presence of liquid in the leak path, and/or flowing through the leak path, is
influenced by the package materials of construction, leak path tortuosity and topography,
media surface tension, and leak path blockage by debris or air locks. Microorganisms must not
be hindered from entering the package by getting trapped in a tortuous leak path, and enough
microorganisms must enter the package to allow for sufficient growth that can be detected
visually after test sample incubation.
APPLICATION
Microbial challenge tests by immersion are most useful when an appropriate and
validated physicochemical leak test method does not exist, or when the test outcome
demands direct evidence of the prevention of microbial entry.
Nonporous packages of rigid or flexible components may be tested by immersion
microbial challenge methods:
Packages must be able to tolerate submersion.
Flexible packages or packages with non-fixed components may require tooling to
restrict package expansion or movement, respectively. Tooling minimizes stress
on flexible package seals and maintains consistent differential pressure
conditions across the package seal.
Immersion microbial challenge tests are performed in a laboratory environment, not as
an on-line test of the finished product.
A test requires several days to prepare; the analyst should pre-incubate the test
samples before microbial challenge. The challenge itself, plus post-challenge sample
decontamination, may take several hours. Final incubation followed by sample inspection
may take 1–2 weeks.
The immersion microbial challenge test is primarily used in product–package development
as a package qualification test.
TEST EQUIPMENT
The test chamber for conducting the immersion microbial challenge test is designed and
equipped to maintain suspension uniformity and appropriate temperature while exerting the
required differential pressure condition. Fixtures for restraining and/or positioning packages
during immersion are also required. Small, motile microorganisms are preferred for the challenge;
examples include Brevundimonas diminuta and Serratia marcescens. The immersion challenge
media should support challenge microorganism growth to the desired concentration. Soybeancasein digest medium is one commonly used medium.
The media filled into test samples may match the immersion challenge media formulation.
Alternatively, product that has been shown to support microbial growth may be used. Media
should allow sufficient growth of the particular challenge organism so that package
contamination can be detected in the positive controls. Verification of growth promotion in the
immersion media and the test sample media should be performed each time the immersion
challenge test is conducted (see Sterility Tests 71 , Growth Promotion Test). Use of an
incubation chamber is required for test samples, both before and after exposure. A means for
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determining microbial growth inside test packages is required.
TEST PARAMETERS
The following are test parameters for microbial challenge, immersion exposure:
Microorganism concentration: in the immersion challenge media, microorganism
concentration should meet appropriate predetermined levels throughout the challenge
test (a minimum concentration of 105 CFU/mL is commonly used).
Media fill volume: the fill volume of media in test samples should be sufficient to ensure
a liquid path at each potential leak site. Exposure of package seals and leak sites to the
media may also be accomplished by test sample positioning during the immersion
challenge. It is also necessary to have sufficient volume and correct composition of the
package headspace to encourage growth of the selected challenge microorganism. Note
that when the composition of the package headspace does not include oxygen, other
test conditions (e.g., anaerobic) may be applicable.
Vacuum/pressure conditions: exposing immersed test samples to differential pressure
conditions is an important method parameter that serves multiple purposes:
Differential pressure helps eliminate trapped air and ensures the presence of
liquid media between package components and at leak sites.
Differential pressure simulates the pressure changes incurred during air or land
freight transport of the product. Absolute pressure conditions that correspond
to various altitudes anticipated during land and/or air freight transport are
provided in ASTM D6653/D6653M (17). Differential pressure conditions of the
test may be modified on the basis of knowledge of the product–package shipping
environment.
Differential pressure exposure can simulate conditions experienced by the
product during some sterilization treatments.
Test times: longer exposure times improve the likelihood of microbial ingress into
defective test samples and positive controls.
Time allotted for immersion exposure during differential pressure exposure
(vacuum and/or pressure)
Time allotted for immersion exposure at ambient pressure conditions
Temperature during challenge: temperatures sufficient to support microbial growth are
recommended. Temperature cycling can also be used as a tactic to eliminate airlocks
and promote the presence of liquid media at package seal sites.
Pre- and post-challenge test incubation temperature and times: the temperature
selected should allow sufficient microbial growth. Incubation times should be sufficient
to ensure visualization of growth; these times are determined on the basis of positive
controls and samples from growth-promotion studies (typically 7–14 days).
Parameters for detecting post-incubation microbial growth (e.g., lighting and
background color for visual inspection, handling procedure, and pacing).
Tracer Gas Detection, Sniffer Mode
DESCRIPTION
The following information is specific to the tracer gas detection performed in the sniffer mode.
(For additional information, see Tracer Gas Detection, Vacuum Mode.)
The sniffer mode test using helium as the tracer gas is described in ASTM F2391, Procedure A
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(18). Briefly, test samples are flooded completely or partially with the tracer gas via one of
several options. These options may include piercing a closed test sample to introduce
pressurized tracer gas (sealant is applied to close the puncture site); flooding the test sample
before package closure; or “soaking” a closed test sample by pressurizing with tracer gas (most
applicable to larger leak detection). Test samples are checked for leakage by scanning the
outer package surfaces using a vacuum wand that is pneumatically connected to the tracer
gas analytical test instrument (e.g., a mass spectrometer for helium detection). Calibration
reference standards of tracer gas can be used for understanding the relationship between true
leak rates and measured leak rates under actual test conditions. The use of negative and
positive controls along with the test samples provides evidence of test method limit of
detection.
The sniffer mode of tracer gas leak testing is a probabilistic leak test method. This is because
the presence of concentrated tracer gas near the test sample surface is not a well-defined or
predictable event, and the sniffer scanning procedure is prone to variability related to human
technique. The sniffer mode is generally chosen when the leak location must be identified. It is
a nondestructive leak test, unless tracer gas introduction into the test sample requires package
wall compromise (e.g., piercing) or if tracer gas presence is detrimental to package contents.
APPLICATION
Rigid or flexible packages made of nonporous components:
Flexible packages or packages with non-fixed components may require tooling or
manual manipulation to force tracer gas through leak paths.
Tracer gas permeation through the package material must not be so great that
the leakage rate of concern is masked.
A wide range of package sizes may be tested, ranging from small packages to
large multi-liter vessels.
Leak paths must be clear of liquid or solid materials that could potentially block tracer
gas flow. The leak size detection capability is related to an unobstructed leak path.
The sniffer probe must not be allowed to draw liquid or hazardous vapors into the test
system, as this would risk serious instrument damage.
Large leaks in the smallest packages may be missed because of the rapid loss of tracer
gas.
The test is nondestructive if tracer gas is introduced into the package at the time of
package assembly or closure. However, tracer gas content may prevent the
introduction of these packages into commercial or clinical markets.
The test is destructive if introduction of tracer gas requires compromising the integrity
of the assembled package (e.g., package puncture).
Tracer gas leak test methods require time for the introduction of tracer gas into the
test package, and up to several minutes to scan the package.
Methods of tracer gas leak tests in the sniffer mode are generally used in the laboratory
environment for locating package leaks.
TEST EQUIPMENT
Test equipment for tracer gas leak detection is described in Tracer Gas Detection, Vacuum
Mode. However, a sniffer probe with an enclosure and/or tooling for concentrating tracer gas
passing through smaller leaks is used, rather than the test chamber or test fixtures described in
the section about vacuum mode.
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TEST PARAMETERS
The following are test parameters for tracer gas detection, sniffer mode:
Differential pressure applied to the test sample will drive tracer gas out of the test
sample, increasing the method's sensitivity. For flexible packages, differential pressure
can be exerted by package compression.
Tracer gas partial pressure within the package at the time of the test is discussed, with
instructions, in the section Tracer Gas Detection, Vacuum Mode.
Aspects of the sniffer mode vacuum wand, such as sweeping speed and distance from
the package surface, as well as the tooling or enclosure used for concentrating leaking
gas.
Tracer Liquid
DESCRIPTION
The tracer liquid test method is a destructive approach for detecting and potentially locating
leaks in nonporous, rigid or flexible packages. Tracer liquid tests provide an indication of leak
presence and may provide a measure of relative leak size. Tracer liquid tests using liquid
submersion work by the diffusive flow of the tracer element through a liquid-filled leak path
and/or the effusive flow of tracer solution through the leak path. [Note—Refer to ASTM F1929
(19) for an approach to testing porous packages by dye penetration.]
The liquid submersion test uses one of two basic approaches. In the first approach, test
samples are submerged in a tracer-element solution formulation contained in an evacuation
chamber. Examples of tracer elements include dyes, radionuclides, or metallic ions. In the
second approach, test samples containing tracer formulation are submerged in tracer-free liquid
contained in an evacuation chamber. For both approaches, test samples may be fixtured with
tooling to ensure proper positioning and to restrict flexible or moveable components. The
submerged test samples are subjected to vacuum at a predetermined pressure level for a
predetermined time. After vacuum release, test samples remain submerged for a predetermined
time. Additional test options include the use of positive pressure exposure or multiple cycles of
differential pressure conditions to encourage effusive flow of the tracer element through the
leak path.
In the first approach, after the challenge is complete, test sample outer surfaces are cleaned,
and the contents are checked for evidence of tracer ingress (20). In the second approach,
after the challenge is complete, the immersion fluid is checked for evidence of tracer liquid
egress out of the test sample. In both cases, measurement of tracer liquid migration may be
performed in a quantitative manner by using chemical analysis techniques (preferred for small
leak detection). Alternatively, the presence of leakage may be determined qualitatively by
visual inspection if the tracer element can be discerned visually. The use of negative and
positive controls along with test samples provides evidence of test method limit of detection.
Liquid tracer tests are categorized as probabilistic methods. These test methods include dye
wicking, tracer solution effusion, and tracer element diffusion through a liquid-filled leak path
and are events that are difficult to predict or control, especially for detection of smaller leaks.
These events are influenced by numerous factors, including the package materials of
construction, leak path tortuosity and topography, tracer liquid surface tension, and leak path
blockage by extraneous debris and air locks.
APPLICATION
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Rigid or flexible packages of nonporous components may be tested using tracer liquid
submersion methods:
Packages must be able to tolerate wetting or submersion.
Flexible packages or packages with non-fixed components may require tooling to
restrict package expansion or movement, respectively.
Testing by submerging a test sample in tracer liquid is used when the test sample allows
for visual examination of dye ingress, or when the tracer element is to be contained
within the test sample after testing.
Testing by submerging tracer-filled test samples in tracer-free liquid may be used when
the sample interior cannot be visually examined or when the tracer element is best
captured for analysis outside the test sample.
Tests may require up to 1 h or longer for test sample exposure, cleaning, and inspection
or analysis.
Tracer liquid submersion tests can be used in all phases of the product life cycle to
verify package integrity. Tracer liquid tests are primarily used for laboratory testing or
off-line product sample testing.
TEST EQUIPMENT
A test vessel equipped for challenge conditions of vacuum and/or positive pressure is required
and is pneumatically connected to a pressure and/or vacuum source, as appropriate, and
equipped with pressure monitors and controls (21). The tracer liquid formulation should be
physicochemically compatible with the test sample components and the tracer-free solution to
be filled into the test samples or used as the immersion bath, to ensure optimal tracer solution
functionality. Formulation considerations include tracer element type and concentration;
surfactant use, type, and concentration; and solvent system. Examples of tracer liquid
incompatibilities apparent upon contact with the test product include tracer dye fading, tracer
element precipitation, or tracer element sorption onto package components. Tooling is often
needed to restrict flexible package expansion or non-fixed component movement upon
differential pressure exposure. Tooling minimizes stress on flexible package seals and ensures
consistent differential pressure conditions across the leak path.
Tracer detection requires the use of either analytical detection instrumentation [e.g., UV/Vis
spectrophotometry (22), phase induction spectrophotometry, or other] or visual inspection
aids. Analytical detection offers the advantage of minimizing the error that is inherent in visual
discernment of low dye concentrations. Optimal visual inspection requires the use of controlled
inspection conditions, such as background color, lighting, pacing, fatigue breaks, and negative
controls for comparison.
TEST PARAMETERS
The following are test parameters for tracer liquid:
Differential pressure conditions used (vacuum and/or pressure)
Submersion times during and after differential pressure application
Tracer detection parameters
Analytical detection
Test sample content extraction procedure
Method-specific performance parameters
Visual inspection
Environmental inspection parameters (lighting intensity and wavelength,
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background color, viewing angle, and test sample visibility)
Inspection pace
Comparison with negative controls
Analyst skill
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to provide information to guide the selection and use of package seal quality test technologies.
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INTRODUCTION
Chapter Sterile Product Packaging—Integrity Evaluation 1207 provides an overview of “leak
test” methodologies (also termed technologies, approaches, or methods) as well as “package
seal quality tests” useful for verification of sterile product package integrity. More detailed
recommendations for the selection, qualification, and use of leak test methods are presented in
three subchapters that address these specific topics:
Package Integrity and Test Method Selection
Package Integrity Leak Test Technologies
Package Seal Quality Test Methods

1207.1

1207.2

1207.3

This proposed new general information chapter Package Seal Quality Test Methods 1207.3
summarizes test methods useful for characterizing and monitoring package seal quality. These
methods are not leak tests but provide additional data regarding package seal characteristics
that may affect package integrity and leakage. The purpose of this chapter is to provide
information to guide the selection and use of package seal quality test technologies. At the end
of chapter 1207 , the Appendix: Definitions section defines terms as they are used in the
context of this set of four general information chapters.
“Package seal quality tests” are checks used to characterize and monitor the quality and
consistency of a parameter related to the package seal, providing some assurance of the
package's ability to remain integral. Seal quality tests ensure that seal attributes, package
materials, package components, and/or the assembly process are consistently kept within
established limits, thus further supporting package integrity. Seal quality tests differ from leak
tests in that they provide no information relative to actual package integrity; thus, a package
that meets the requirements of a seal quality test may still be defective and leak. For example,
a flexible pouch package that passes a seal strength test may leak through a puncture in the
pouch face. A bottle that meets closure application and removal torque tests may have a
scratch on the bottle finish surface that allows product leakage. In contrast, a pouch or bottle
that is poorly assembled could pass leak tests at the time of product manufacture, yet develop
leak(s) later, before reaching the end-user.
Therefore, seal quality tests and leak tests work together to ensure package integrity. The
package seal quality tests described in this chapter were selected for inclusion on the basis of
data in peer-reviewed scientific publications and/or data regarding recognized standard tests
(e.g., precision and bias study results). References cited include standard test methods. [Note
——The most recent revisions should be used.] Citations from the literature are included for
technologies not described by recognized standards. Other validated tests that are not
included in this chapter may be used, as appropriate.
CLOSURE APPLICATION AND REMOVAL TORQUE
The closure application torque test measures the force exerted during the application of a
screw-thread cap onto a threaded container. Conversely, the closure removal torque test
measures the force required to initiate screw-cap removal. The container–closure systems of
some ophthalmic solution products are examples of sterile product packaging closed with
screw-thread caps.
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Cap application torque should be kept within an optimum range to prevent leakage from loose
caps and to preclude component distortion and compromised seals from over-torqued caps. Cap
removal torque is less than application torque due to stress relaxation and some closure “back
off” that may occur as a function of time and other environmental variables. A properly
designed and applied cap will retain sufficient sealing force until the package is opened at the
time of use. Caps that back off excessively during shipping, storage, or distribution increase the
risk of product leakage.
Reproducibility of the results is better when tests are performed using automatic
instrumentation that applies and removes caps at uniform speeds, with fixtures to lock the
bottle and cap into proper test position. Application and removal torque tests are described in
several standard test methods that have been written to support various continuous-thread
and child-resistant cap designs, including the ASTM methods that are referenced (1–7).
PACKAGE BURST
The package burst test is performed by inserting a pressure source into a test package and
applying pressure until the package seal(s) burst open. Flexible packaging made of nonporous or
some porous materials may be checked for seal quality using a burst test.
The package burst strength test result (reported in pressure units) provides an indication of
relative seal strength and evaluates the most likely location and mode of package failure when
the package is exposed to a pressure differential. Such pressure differentials may occur during
sterilization processes and transportation. However, note that this test method cannot provide
a measure of package seal uniformity or overall package integrity.
Package burst tests are described in ASTM F2054 (8) and ASTM F1140 (9) (Test method A).
Method ASTM F2054 uses a restraining plate to limit package expansion during inflation. A
restraining plate ensures that the stress is uniformly applied to all seal areas, allowing for
identification of the weakest point along the seal. However, any areas masked by the
restraining plate surface are not tested for burst strength. Several additional factors can
influence the test results; these include package inflation rate, tooling dimensions (including
gap height), and pressure-sensing mechanisms and their detection limits.
Method ASTM F1104 uses no restraining plate; therefore, this approach provides a snapshot of
package performance when challenged with differential pressures in a typical sterilization cycle
or distribution environment, for example. However, without restraining plates, stress applied to
the package is highest at the middle of the package where the package inflates to the greatest
diameter; therefore, the weakest area of the seal may not be identified by this approach.
Package inflation rate, as well as pressure-sensing mechanisms and their detection limits, can
influence test results.
PACKAGE SEAL STRENGTH
The package seal strength test, commonly known as the peel test, measures the force required
to peel apart two bonded surfaces. This test is applicable for testing seals between two
bonded, flexible surfaces (e.g., a pouch or bag) or between a flexible material and a rigid
material (e.g., a lidded tray). Force results provide a measure of seal strength between the
bonded surfaces. Maximum seal force, as well as average force to open the seal, may be
determined with this method. The results are also useful for monitoring the consistency of
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package assembly.
The test is performed using a universal stress-strain instrument set to extension force mode,
with special tooling for correctly positioning and holding the test sample. The seal strength test
is described in ASTM F88 (10). Test results are affected by the peel test fixture design, the
peel angle, the pull direction, pull speed, and properties of the test sample itself.
RESIDUAL SEAL FORCE
The residual seal force (RSF) test provides an indirect measure of the compressive force
exerted by an elastomeric closure onto a parenteral vial finish after package assembly
(capping). RSF tests can be performed on glass or plastic vial packages of all dimensions. A
consistent and sufficiently significant RSF value provides a useful indicator of capping process
consistency. RSF is linearly related to closure compression: more tightly capped vials yield
higher RSF values.
The RSF test is performed using a universal stress-strain instrument, set to compression force
mode, and a metal tool (also called a cap anvil) designed to fit on top of the sealed vial
package. A constant rate of compressive strain is exerted onto the anvil, which rests on top of
the vial package, yielding a typical plot of stress as a function of time (or compressive
distance). The point in the stress-response curve immediately before the terminal slope change
corresponds to the capped closure's RSF, reported in either newtons or pound-force units. RSF
tests are nondestructive in terms of package integrity. Test results are influenced by package
temperature, cap anvil tooling design, test compression rate, closure viscoelastic properties,
closure dimensions, and the inclusion of an aluminum seal plastic top (more reproducible results
are possible if plastic tops are removed before testing). Research articles describing the
development and application of this method are referenced (11–14).
AIRBORNE ULTRASOUND
The airborne ultrasound test checks seal quality by passing an ultrasound signal through the
sealed area of a package or item. The signal strength transmitted through the package seal
under test is compared to that previously established for so-called good package seals. Poorly
sealed areas will not transmit as much ultrasonic energy as properly sealed areas.
The types of package seals that can be tested using airborne ultrasound include flexible pouch
seals and rigid tray seals, seals formed from porous or nonporous substrates, and seals made of
metallic or plastic laminates. This technology can be used to check for the presence and
location of package seal defects such as an incomplete seal, a channel, a wrinkle, or
extraneous material inclusion, as well as for package seal bond weakness. The method may be
used off-line to perform an x–y coordinate scan of a seal area, or it may be used to linearly
scan seals during on-line manufacturing processes. Airborne ultrasound is a non-contact testing
technology that requires no package preparation and no coupling media, such as a liquid or gel,
to propagate sound; thus, it is nondestructive to the package under test.
The airborne ultrasound method is described in ASTM F3004 (15). The ASTM method test
system is composed of a transducer that provides an ultrasonic signal, a means of
holding/transporting the item under test within an air gap between the two transducers, and
the detection transducer, which captures the intensity of the signal that passed through the
air gap and the item under test. The capability of airborne ultrasound to detect specific
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package seal quality problems will vary on the basis of package material of construction, seal
structure (e.g., smooth versus textured surface), scanning speed, and scanning signal
strength.
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BRIEFING
1210 Statistical Tools for Procedure Validation. The USP Statistics Expert Committee
presents a new general information chapter. This chapter is proposed as a companion chapter
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to Validation of Compendial Procedures 1225 with the purpose of providing statistical
methods that can be used in the validation of analytical procedures. Specifically, this chapter
discusses all of the following analytical performance characteristics from a statistical
perspective: accuracy, precision, range, detection limit, quantitation limit, and linearity.
Additional related topics that are discussed in this proposed new chapter include statistical
power, two one-sided test (TOST) of statistical equivalence, tolerance intervals, prediction
intervals, corrected Akaike Information Criterion (AICc), Bayesian analysis, experimental design,
calibration, and variance pooling strategy.
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1. INTRODUCTION
Validation is one of the milestones in an analytical procedure's life cycle. It is a confirmatory
step to demonstrate, through systematic experimentation and formal documentation, that the
procedure is fit for its intended use. In addition, results of validation are useful for the
establishment of system suitability criteria to monitor the long-term performance of the
analytical procedure. An analytical procedure is deemed validated if its performance
characteristics are shown to be within required limits with stated confidence.
From a life-cycle perspective, a holistic approach to assessing and controlling the variability of
a procedure includes three stages: 1) procedure design, 2) performance qualification, and 3)
ongoing performance verification. Each of these stages can be supported by a variety of
statistical tools and approaches to ensure good decision making. The performance qualification
stage generally includes experiments intended to confirm that the procedure is capable of
meeting its designed intent. This chapter is concerned with statistical tools that support the
performance qualification stage. For the purpose of this chapter, the term "validation" refers to
the performance qualification stage, although the importance of a life-cycle perspective that
includes good decision making in all three stages is recognized.
Although intended to serve as a companion to Validation of Compendial Procedures 1225 ,
the statistical methods presented in this chapter are broadly applicable to procedure validation,
not only for compendial purposes. The statistical methods can be applied to analytical
procedures for both small- and large-molecule products (see Biological Assay Validation

1033

). Each of the following analytical performance characteristics is discussed from a statistical
perspective in the sections that follow:
Accuracy and precision
Range
Limits of detection and quantitation
Linearity
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For quantitative procedures, validation of accuracy and precision provides the most essential
evidence that the procedure meets the requirements for the intended analytical application.
Accordingly, the statistical hypothesis testing paradigm is adopted to “prove” that the
analytical procedure generates data (reportable result) that is sufficiently accurate and
precise. The sample size of the validation experiment should be driven mostly by the power
consideration in proving both accuracy and precision. Other factors that are also characterized
by the validation experiment are more descriptive in nature (e.g., range, detection limit, and
quantitation limit) or are more internal to the analytical procedure (e.g., linearity).
The information provided in this chapter is necessarily statistical. Statistical procedures are
presented as simply as possible without losing scientific rigor. Most of the recommended
calculations can be performed in a spreadsheet package, and some Excel commands are
provided for this purpose. The target audience consists of members of a procedure validation
team who are responsible for planning, designing, and performing the most appropriate and
scientifically valid analysis of the data.
All of the statistical methods described require the establishment of pre-specified acceptance
criteria. The establishment of numerical acceptance criteria on which to base a validation test
can be challenging. It requires consideration of many factors, including: 1) knowledge of the
process that will be monitored with the analytical procedure; 2) past performance of similar
procedures and historical norms; 3) the life cycle of the analytical procedure; 4) performance
of the procedure during pre-validation work; and 5) future maintenance and control of the
analytical procedure. The required performance characteristics of an analytical procedure are
sometimes referred to as the analytical target profile (ATP). How to develop the ATP is not
within the scope of this chapter. In this chapter, it is assumed that the ATP has been already
established.
Finally, although some of the statistical methods may appear new, they are currently used as
standard practice in many industries outside of the pharmaceutical industry. They provide best
practice statistical procedures for analyzing variation and bias of measurement systems.
2. WORK DONE BEFORE VALIDATION
Procedure validation is a cornerstone in the process of developing an analytical procedure. The
aim of procedure development is to study all areas relevant to the quality and applicability of
the procedure, as well as to collect the information required for optimally designing the formal
validation experiments. It is important to realize that the objective of the validation
experiments is to verify the selected procedure settings, inputs, operating conditions,
equipment, limits, and ranges, and possibly other factors that can influence outcome in special
circumstances. These operational details should have been determined during procedure
development using appropriately designed experiments and then documented in written reports.
Issues such as identification of ruggedness factors that affect intermediate precision,
appropriateness of the normal probability model, need for transformation, variance pooling
strategy, and similar questions should be answered before validation. Surprising discoveries
(whether “good” or “bad”) about the procedure during validation should be seen as a failure and
should prompt a return to the procedure development stage. The general principles and the
plans for sample preparation, experimental design, data collection, statistical evaluation, and
choice of acceptance criteria should be documented in a formal validation experimental protocol
that is signed before initiation of the formal validation.
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It is equally important to realize that procedure validation is not a one-off experiment. Because
the procedure validation acceptance criteria (such as the required precision) should be related
to the use of the procedure, the need to re-validate should be considered whenever use of the
procedure changes. Examples of such changes in use of the procedure include: 1) introduction
of a new strength of the product, 2) transfer of the procedure to a new lab, 3) testing of
samples with a new type of stress test, and 4) a change in specifications. In any of these
scenarios, a re-validation (possibly partial) is most likely appropriate. Sometimes a reassessment of existing data to revised acceptance limits is sufficient.
Finally, although not part of procedure validation, it is recommended that some type of
statistical process control be introduced to monitor the performance of the procedure. This can
be very useful by providing early warning of different types of “drift” in a procedure
performance parameter such as precision. Such changes are not uncommon, and often occur
as a result of worn-out equipment, change of routines, or aging reagents.
Although this chapter focuses on the actual validation experiment, some of the important
considerations related to the pre-validation work are discussed in the next two sections.
2.1 Experimental Design
To approach procedure development, validation, and maintenance from risk-based and sciencebased standpoints, one needs an understanding of the procedure based on a series of
experiments. Statistical design of experiments (DOE), together with good practical
understanding of the task at hand, allows one to achieve this objective by minimizing bias and
reducing measurement variability. This results in gains of efficiency and an improved ability to
make valid conclusions.
Before the initiation of validation, it is required that operational details of the procedure are
described in a written protocol. An important aspect of the protocol is to prescribe the
allowable ranges for operational parameters, such as temperature and time, that affect the
performance of an analytical procedure. Examination using experimental designs to establish the
robustness of such parameter ranges should be performed before starting the validation. A
written report summarizing such robustness experiments should be included in the validation
package.
Efficient experimental design is also needed to demonstrate that the analytical error
attributable to procedure performance (“measurement error”) reliably falls within acceptable
limits. Correct application of statistical concepts during procedure development can reduce bias
and variance and help ensure successful validation of both accuracy and precision. Moreover,
careful pre-validation work can reveal suitable approaches for reducing the total size of the
formal validation study without increasing the risk of drawing the wrong conclusion.
The systematic DOE approach is more efficient than one-factor-at-a-time experimentation and
is generally more efficient when approached sequentially. For example, a screening experiment
that is performed pre-validation can provide validation acceptance criteria. This approach also
permits estimation of procedure variation and identification of critical factors that affect
performance. Factors to be assessed include the physical, chemical, and environmental factors
likely to affect the procedure's response. Fractional factorial screening experiments allow for
identification of factors with the greatest influence on the response. Of the many factors
examined during screening, it is common to find that only one or two factors are critical to the
control of the procedure. Thus, as described in later sections, the confirmatory validation need
not involve a complex experimental design. In this way, prior knowledge gained during
procedure development is leveraged to make formal validation more simple, targeted, and
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efficient. A combination of expert and theoretical knowledge with preliminary experimentation is
used to identify disturbing factors and suitable ranges for successful procedure validation.
2.2 Other Considerations
Pre-validation work should ideally investigate the following questions:
What range of true (sometimes referred to as measurand) values must be validated?
Determination of the range to be validated is an iterative process that could
possibly involve procedure optimization to achieve the desired range.
Should the test results be compared to true values, or to test results from an
established procedure?
To define bias, it is necessary to define a “true value.” In some experiments, the
samples are made from reference material and targeted at particular
concentrations. In these cases, the true values should be the targeted
concentrations. In other experiments, the samples were incurred samples with
fundamentally unknown concentration. However, if there is external information
about these samples, e.g., measured concentrations from a different “wellcharacterized” analytical procedure, such external information can be used as
the true values.
It must be decided if the absolute or relative bias is the primary end-point.
Is bias constant, or does it vary with the true value?
If the bias is constant across multiple true values, one can combine (pool) data
across true values when estimating the bias. Pooling is advantageous because it
increases statistical power when testing hypotheses to establish accuracy. This
means the probability of concluding that a procedure meets the acceptability
criterion increases when the procedure is indeed fit for purpose. The suitability
of pooling can be investigated during pre-validation using standard analysis of
variance or, if assumptions of normality and variance homogeneity are not
fulfilled, using non-parametric methods such as the Kruskal–Wallis test (1).
What is the maximal acceptable bias?
Is variability constant, or does it change across the experimental range?
Statistical power can also be increased by pooling data when either the
standard deviation or the normalized standard deviation (NSD) is constant
across the experimental range. (The NSD is described more fully in section 3.1.)
Differences in standard deviations across the range can be investigated using
either Levene's test (2) or Bartlett's test (3).
Is the normal probability model reasonable for describing the data?
The assumption of normality is important for proper application of the formulas
provided in this chapter. Atypical and outlier test results provide objective
evidence of potential non-normal behavior requiring investigation to determine
the acceptability of the results. If the values are expected to be slightly
asymmetrical or skewed with a long tail to larger values, a log transformation
may be used to provide data that are more consistent with the underlying
normality assumption. The normality assumption can be investigated using the
Shapiro–Wilk's test (4) or by visual inspection of normal quantile plots. If data
appear to be non-normal, possible remedies include data transformation, change
of range end-point, increased sample size, or confidence intervals based on
more appropriate probability models.
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Are preliminary estimates of the variance components available?
How should outliers be managed?
The presence of an outlier in the data could cause a false failure of accuracy
and precision validation criteria. A suspect outlier could be investigated using
any of several outlier tests (5). Outlier tests are described in chapter Analytical
Data—Interpretation and Treatment 1010 .
Which variables should be controlled in the experiment, and what are their experimental
ranges?
Which ruggedness factors impact intermediate precision (as defined in section 3.2) and
need to be included in the validation experiment?
What is the required target measurement uncertainty for the analytical procedure?
A determination of measurement uncertainty helps define the likely values of the
true analyte concentration, given the result obtained from the analytical
procedure. Procedures for doing so are given in the “Guide to the Expression of
Uncertainty in Measurements” (6). Defining a target measurement uncertainty is
sometimes a requirement of standards organizations such as ISO (International
Standards Organization).
Based on the answers to these and similar questions, one can design a suitable validation
experimental protocol.
Statistical tests were suggested in the list above to help answer pre-validation questions
concerning model assumptions. However, it is not recommended to make decisions based
exclusively on statistical tests. This is because rejection of a statistical hypothesis is greatly
impacted by the sample size. The smaller the sample size, the less likely one is to conclude that
the tested assumption is not appropriate. Similarly, large samples often lead to rejection of an
assumption based on statistical significance, even when there is no practical impact of the
detected difference. For this reason, it is recommended to use a visual representation of the
data, and possibly a simulation study of the sensitivity of results to the assumption deviations,
in conjunction with a statistical test. By supplementing a statistical test in this way, it is easier
to identify situations where assumptions are obviously not reasonable, as well as situations
where they can be reasonably applied.
3. ACCURACY AND PRECISION
3.1 Introduction and Definitions
A model that is useful for representing a measured test result is:
Measured Test Result = True Value + Systematic Bias + Random Error

[1]

where both the True Value and the Systematic Bias are constants, and the Random Error is a
normal random variable with a mean of zero.
Accuracy is the closeness between the estimated analyte level obtained with the test
procedure (Measured Test Result) and the corresponding true analyte level (True Value) of
test samples. Closeness (or bias) is expressed as the long-run average of the test results minus
the True Value.
As discussed in section 2.2, bias must be defined relative to a “true value”. Determination of
true value requires external information and will vary by the method and the available
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information. For example, chapter 1225 notes that a reference standard or a wellcharacterized procedure can be used to represent the true value. Accuracy should be
established across the procedure's required analyte concentration range. Accuracy is
demonstrated by estimating the magnitude of bias and comparing it to a prespecified
acceptance criterion.
The precision of an analytical procedure is the degree of agreement among individual test
results when the procedure is applied repeatedly to multiple samplings (possibly under different
conditions) of a homogeneous sample. Imprecision or variability is the degree of disagreement.
Precision of a test procedure may be influenced by various ruggedness factors, including
analyst, day, instrument, and within-instrument variation. As noted earlier, identification of
such factors is required in the pre-validation work. Precision should meet predefined
acceptance criteria.
The most common precision metric is the standard deviation (SD). The SD squared is called the
variance. Precision improves as the SD decreases. Many commonly used statistical procedures
rely on the assumption of the normal distribution, for which the SD is a natural descriptor of
variability.
For assays that are based on chemical or biological principles, the measured results, when
expressed in mass or concentration (mass/volume) units tend to vary more as the level
increases. Such a situation makes it cumbersome to combine information across the validation
range and may require several different experiments to fully validate the procedure over the
entire range. However, it might be possible to stabilize the variance over the entire range and
decrease the amount of experimentation by either normalizing the data or applying a log
transformation to the data.
A formula for normalizing validation data expresses the difference between a measured value
and the true value as a percentage of a normalizing constant. That is,

where the normalizing constant is proportional to the SD of the measured value. In many cases,
this normalizing constant is the same number that is used as the true value. In some
applications, the label claim is used as the normalizing constant, and the measurements are
reported as “%label claim”. If the analytical procedure is intended for a drug substance (bulk
material), the mass of the reference standard may be an appropriate normalizing constant.
The SD computed with normalized data is called the NSD. Although similar in concept, the NSD
should not be confused with the percent relative standard deviation (%RSD) as defined in both
chapters 1010 and Uniformity of Dosage Units 905 . The %RSD is defined as the sample
SD (of non-normalized data) expressed as a percentage of the sample mean. The %RSD is
called the percentage coefficient of variation (%CV) in the statistical literature. The essential
difference between the NSD and %RSD is that NSD has a constant in the denominator that is
external to the experiment, and the denominator of %RSD is a sample value computed with the
experimental data (i.e., the denominator is a random variable). Thus, there is greater
uncertainty associated with the true value of %RSD, and it is mathematically difficult to
quantify this uncertainty in the validation experiment. By performing validation with the NSD,
one can better control the degree of uncertainty and minimize the probability of an incorrect
validation decision.
Proper identification of the normalizing constant will allow the use of only a single validation
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experiment, and the statistical power (probability of meeting acceptance criteria) will be
increased.
Logarithmic transformations are also useful for enabling the pooling process. For biologic and
vaccine products, potency may vary continuously across several magnitudes. USP chapters
Biological Assay Chapters—Overview and Glossary 1030 and 1010 define other versions
of precision for this application called the geometric standard deviation and the geometric
coefficient of variation.
The total variance of an analytical procedure often is partitioned into components attributable
to the different sources of variability. For the purposes of this chapter, we consider two
sources of variability. The first source is the observed variation when an analytical procedure is
used repeatedly to assess the same sample over a short period of time by a single analyst
using the same equipment (where each replication involves the entire process including the
sample preparation). This is referred to as the repeatability component and is denoted by the

Greek symbol
, where E denotes error associated with repeatability. The
second source is variation in addition to repeatability that occurs when an analytical procedure
is used in the same laboratory under random conditions such as different analysts, equipment,
or days. These random conditions are known as ruggedness factors. This source of variation is

denoted by the Greek symbol

two components,

, where C denotes condition. The sum of these

, is called intermediate

precision (or ruggedness). It is denoted by the symbol
, and represents the
total variance of an analytical procedure used in a particular lab under varying conditions within
the expected ranges. The intermediate precision SD is denoted by
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.
3.2 Experimental Design for Accuracy and Precision
An appropriate experimental design is needed to estimate both accuracy and precision. As
noted earlier, selection of this design should be based on information gained during the prevalidation stage.
A common design used to establish accuracy for concentration levels in the range from Cmin to
Cmax is to define at least three true values between Cmin and Cmax, inclusive. Typically, the third
value is the expected result (e.g., label claim) for a sample. The ability to define Cmin and Cmax
appropriately depends on the extent and quality of the work done during procedure
development. If the limits of the procedure are not firmly determined before validation, then it
is strongly recommended that accuracy and precision are evaluated at more than three
concentration levels.
To establish intermediate precision when there are identifiable ruggedness factors such as
analyst, equipment, or days, one must create a number (c) of independent experimental
conditions based on these factors. The objective when designing the experiment is to explore
the full domain of operating conditions under which the procedure is expected to operate. The

variation from condition to condition is used to estimate

. Additionally, a

number of replicates (r) of each condition is needed to estimate
.
Consider a situation where the objective of the validation is to show accuracy within the range
75% to 125% of label claim. Evidence collected before validation suggests that after the data
have been normalized, both the bias and the SD are constant across this range. Thus, a single
experimental data set can be used with data collected across the range of label claim without
the necessity of performing a separate experiment for each level. On the basis of power
considerations to be discussed later in this chapter, it is determined that the experimental
design should consist of nine independent experimental conditions. These experimental
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conditions are created by combinations of ruggedness factors identified during the prevalidation work (e.g., analysts, days, or equipment). An example of such an experimental design
is shown in Table 1. (Note that this design is not intended for estimation of variance
components related to the ruggedness factors).
% of Label Claim
75%
75%
75%
100%
100%
100%
125%
125%
125%

Table 1. Experimental Design
Experimental Condition
Prep1
1
X
2
X
3
X
4
X
5
X
6
X
7
X
8
X
9
X

Prep2
X
X
X
X
X
X
X
X
X

Prep3
X
X
X
X
X
X
X
X
X

It is important that experimental conditions be as independent as possible. For example, if prevalidation work has shown that there is significant analyst-to-analyst variation for a procedure,
then ideally, one would have a different analyst associated with each experimental condition.
Otherwise, measurements made by the same analyst will be correlated. Practical considerations
may make the ideal unattainable, but to the extent possible, one should try to make each
condition as independent from the others as possible over the entire range of expected
laboratory conditions.
3.3 Recommended Methods for Verifying Accuracy and Precision
This section provides confidence interval formulas to use in estimating bias and intermediate
precision. Confidence intervals can be used to perform a statistical test of equivalence against
predefined acceptance criteria. To provide the necessary formulas, the statistical model used
to represent the normalized data in Table 1 is
Y ij = µ + Ci + Eij i = 1,...,c; j = 1,...,r

[3]

where Y ij is the normalized value for the jth replicate of experimental condition i, µ is the mean
bias, Ci is the procedure error due to the ith experimental condition, Eij represents the
procedure error associated with the jth replication from condition i, c is the number of
experimental conditions (c = 9 in Table 1), and r is the number of replicates for each condition
(r = 3 in Table 1). The Ci and Eij are assumed to be independent random normal variables, each

with mean 0 and with variances
and
, respectively.
The consequence of including Ci in Equation [3] is that observations within the same condition
are correlated. That is, observations within each random condition are more similar than are
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observations across the experimental conditions. In terms of the model parameters, the
correlation between two observations within the same condition is defined as

. The
ratio is called the intraclass correlation. If this correlation is not accounted for in the
statistical validation test, uncertainty is underestimated, and one will inappropriately pass
validation more often than desired.
3.3.1 TESTS OF EQUIVALENCE FOR SEPARATE ASSESSMENT OF ACCURACY AND PRECISION

One goal of procedure validation is to provide estimates of µ and
statistics needed to do this for Equation [3] are

. The
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The statistics in Equation [4] can be obtained using any statistical package or spreadsheet
that computes a one-way analysis of variance. The term Y (Y-bar) is the observed grand
mean. The term S1 2 commonly is referred to as the among-group mean sum of squares, and the
term S2 2 commonly is referred to as the within-group mean sum of squares or the mean
squared error. The point estimators for the parameters of interest are

The “hat” symbol is placed over the Greek symbols in Equations [5] and [6] to signify that the
computed number is a sample estimate rather than the true value. Statistical confidence
intervals provide an informative summary of the validation experiment. A confidence interval
contains the unknown true value of the parameter with an associated confidence (e.g., 95%).
The confidence level of 95% defines the quality of the statistical experiment and measures the
ability of the confidence interval to correctly capture the true value of the parameter. The
confidence interval also can be used to perform a statistical equivalence test against
predefined acceptance criteria.
A 100(1

2 )% two-sided confidence interval for the bias (µ) is given by
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represents the percentile of a central t-distribution with area 1

1 degrees of freedom. For example, with

= 0.05 and c

to the

1 = 8, t 0.95:8 = 1.860.

The general statement in Excel 2007 to obtain t 1 :c 1 is “= TINV(2* , c 1)”. In this
example, the statement “= TINV(0.10,8)” returns the value 1.860. The selection of = 0.05 in
Equation [7] provides a 100(1 2 × 0.05)% = 90% two-sided confidence interval for µ.The
application of the above formulas to an example data set is presented in section 3.3.3.
For intermediate precision, one is concerned with only the 100(1
)% upper confidence
bound because the acceptance criteria is one-sided to guard against situations where the

variation is too large. An upper 100(1
)% confidence bound UGW for
is
based on a method from Graybill and Wang (7). This method is called the modified large-sample
confidence interval and has been recommended for biopharmaceutical applications by Nijhuis
and Van den Heuvel (8). This formula is
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where

represents the percentile of a central chi-squared

distribution with c

1 degrees of freedom and area

c(r

= 0.05,

1) = 18 and

to the left. For example, if c

1 = 8,

= 2.73,

= 9.39, H1 = 1.928, and H2 = 0.9168. The general

statement in Excel 2007 to obtain
is “= CHIINV(1- ,c-1)”. In
the above example, the statement “= CHIINV(0.95,8)” returns the value 2.73. Section 3.3.3
contains a worked example for this formula.
The confidence intervals in this section can be used to test whether the analytical procedure is
fit for purpose by performing a two one-sided test (TOST) of statistical equivalence (9). Most
typically, the TOST uses a test size of 5%. The test size is the maximum risk of declaring that
the acceptance criterion is satisfied, when in truth it is not fulfilled. For example, suppose the
data have been normalized and the predefined acceptance criterion requires the bias to be
between

6.0% and +6.0%. If the entire 100(1

2 )% two-sided confidence interval falls

within the range from 6.0% to +6.0%, then it has been demonstrated that the true bias is
less than 6% with a type I error rate of . Thus, if the desired test size is 5%, = 0.05 and
the two-sided confidence coefficient is 90%.
The same TOST equivalence approach can be used with the confidence interval in Equation [8]
to validate precision, except that this test is one (upper) sided. For example, suppose the
predefined acceptance criterion requires the normalized intermediate precision SD to be less
than 3%. If the square root of the upper 100(1 )% confidence bound on the variance shown
in Equation [8] is less than 3%, then the precision has been successfully validated.
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3.3.2 COMBINED VALIDATION OF ACCURACY AND PRECISION
When assessing whether an analytical procedure is fit for its intended purpose, it is important
to understand the relationship between bias and precision. The degree to which the bias
affects the usefulness of an analytical procedure depends in part on the precision. That is, a
procedure with a relatively small intermediate precision can accept a greater bias than a
procedure with a larger intermediate precision. For this reason, it is useful to establish a single
criterion that can be used to simultaneously validate both accuracy and precision. Furthermore,
because the intended purpose of an analytical procedure is to provide accurate and precise
measurements of samples, one may consider that the procedure is validated if it is shown to
provide a high degree of assurance that the test results of the future samples will be close to
their true values. One such criterion proposed in a series of articles by Hubert et al. (10–12)
seeks to ensure
Pr(

Y

where Y is the normalized value of a future sample,

)

[9]
> 0 is an acceptable limit defined a priori

to be consistent with the purpose of the procedure, and

is the desired probability for a

future measurement to have an error within the defined ± acceptable limit (e.g.,
The testing strategy for Equation [9] is based on a
particular, if a

= 0.99).

-expectation tolerance interval. In

-expectation tolerance interval falls completely within the range from –

, then one can claim that Equation [9] is satisfied. A formula to compute the 100 %
expectation tolerance interval for the model in Equation [3] is presented by Mee (13) as

where

to +
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-expectation tolerance interval is commonly referred to as a

100 % prediction interval for a future observation. Thus, it is interpreted as a range that with
a given level of confidence ( ), will include the next observed normalized value.
Another tolerance interval, the

-content tolerance interval, is used to provide a range that,

with a given level of confidence, includes 100 % of all future normalized values. Hoffman and
Kringle (15) recommend using the

-content tolerance interval to simultaneously validate both

accuracy and precision. A two-sided
model in Equation [3] is

where

-content tolerance interval that can be used with the

represents a standard normal quantile with area
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to the left, UGW is the 100(1

)% upper bound in Equation [8],

and
is computed using Equation [6]. For example, with = 0.99, then
Z0.995 = 2.576. This value is obtained using the Excel function “= NORMINV(0.995,0,1)”.
It is possible to estimate the left-hand side of Equation [9] directly using a Bayesian approach.
In particular, one can use the Bayesian approach to estimate
Pr(

Y

)

and then compare this probability directly to the desired value of

. The procedure is validated

if the computed probability exceeds .
In general, Bayesian analysis provides a framework for making an inference about either a
future observation or model parameters based on new data and prior beliefs. It begins with a
parametric model such as Equation [3] from which a likelihood function is derived and
assignment of prior probability distributions to all factors that account for uncertainties in the
parameters. Such probability distributions, representing prior beliefs of the model parameters,
usually can be estimated from historical data. Using Bayes' rule, the posterior distribution of
model parameters can be obtained by multiplying the likelihood function of the new data and
the prior distribution of the parameters. The distribution of future measurements can be derived
from this posterior distribution.
Bayesian analysis applied to the procedure validation process combines both knowledge and
understanding of the procedure, in terms of prior beliefs, with new data generated from the
validation study. The prior and new data are combined to predict the behavior of future
measurements with regard to bias and precision. The posterior distribution from one experiment
can serve as the starting point for the prior distribution for a subsequent experiment. Bayesian
methods thereby provide a continuous-learning, life-cycle, and risk-based approach and can be
useful for quality risk assessment.
A Bayesian tolerance interval of future measurements provides an interpretation that can be
used to evaluate Equation [9] directly. A Bayesian tolerance interval consistent with Equation
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[3] is provided in Wolfinger (16) and can be computed using the statistical software package
WinBUGS (17, 18). Bayesian analyses can be challenging, and the aid of an experienced
statistician is recommended. More information is provided in (19).
3.3.3 NUMERICAL EXAMPLE
Table 2 presents a data set consistent with the experimental design in Table 1. The data in
Table 2 are in the original form with unit of measurement “% of Label Claim”. Values shown in
the first column are assumed to be the true values.
Table 2. Example Data Set (Raw Data)
% of Label Claim
Experimental Condition
Prep1
75%
1
76.050
75%
2
75.900
75%
3
76.350
100%
4
100.600
100%
5
99.400
100%
6
102.500
125%
7
123.375
125%
8
128.875
125%
9
125.750

Prep2
73.950
73.650
74.400
99.700
99.200
102.500
125.875
127.250
123.250

Prep3
76.500
75.450
74.325
99.600
98.200
102.800
123.875
127.125
124.000

Figure 1 presents a plot of the data after subtracting the true value from each response. The
number above each column of circles is the column range (maximum tominimum). Note from this
figure that the spread of the values increases across the range of % label claim. This suggests
that % label claim is an appropriate normalizing constant.
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Figure 1. Plot of measured minus true in Table 2 by % Label Claim (with range of values).
To stabilize the variances and allow pooling across the label claim range, Equation [2] is used
to normalize the data using the true value as the normalizing constant. For example, the value
76.050 for the first prep of experimental condition 1 is normalized as

The complete set of normalized data is provided in Table 3.
Table 3. Example Data Set (Normalized Data in % of Target)
Target % of Label Claim
Experimental Condition
Prep1
Prep2
75%
1
1.4
–1.4
75%
2
1.2
–1.8
75%
3
1.8
–0.8
100%
4
0.6
–0.3
100%
5
–0.6
–0.8
100%
6
2.5
2.5
125%
7
–1.3
0.7
125%
8
3.1
1.8
125%
9
0.6
–1.4

Prep3
2.0
0.6
–0.9
–0.4
–1.8
2.8
–0.9
1.7
–0.8
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Figure 2 presents a plot of the data in Table 3 demonstrating a more consistent spread across
the range of label claim than the plot in Figure 1.

Figure 2. Plot of normalized data in % of Target (with range of values).
The data in Table 3 are now used to construct confidence intervals and to perform validation
acceptance tests. These data are assumed to be based on reportable values consistent with
the intended use of the analytical procedure. The required statistics needed to compute the
desired confidence intervals are Y = 0.374, S1 2 = 4.672, S2 2 = 1.299, c = 9, and r = 3.
Assume that the preselected criteria in Table 4 have been established before validation. (Note
that the values in this table are for illustrative purposes only. They are not intended to serve
as generally recommended criteria). The selected test size ( ) for all tests of equivalence is
0.05 in this illustration. The criterion for the

-content tolerance interval is necessarily wider

than for the -expectation tolerance interval because the focus of the inference is on a larger
set of future values.

Bias

Table 4. Preselected Acceptance Criteria
Test
Acceptance Criterion
Between 5% and + 5%

Intermediate Precision SD
Less than 3%
-expectation Tolerance Interval Between 10% and + 10%
-content Tolerance Interval

Between

15% and + 15%
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= 0.05, the 100(1

2 ) = 90% two-sided confidence interval for

where t 0.95:8 = 1.860. The confidence coefficient is 90% because the TOST test of
equivalence considers a two-sided acceptance criterion for bias. Because the computed
interval [ 0.4%; 1.1%] falls within the range of 5% to +5% specified in Table 4, the
procedure is validated for accuracy.
The estimate of the intermediate precision SD from Equation [6] is

From Equation [8] the 95% upper bound on the intermediate precision variance with H1 = 1.928
and H2 = 0.9168 is

The square root of the bound in Equation [16] provides the 95% upper bound on

IP

of
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= 2.4%
Because 2.4% is less than 3% as required in Table 4, the procedure is validated for precision.
Now consider the combined criteria described in section 3.3.2. From Equation [10], the
expectation tolerance interval with

-

= 0.99 is

Because the bounds fall in the range from 10% to +10% as required in Table 4, the procedure
has been validated.
From Equation [12], the tolerance interval that contains 100 % = 99% of the future
measurements with 95% confidence is

This interval also validates the procedure based on the criteria of
4.

15% to 15% shown in Table

3.3.4 POWER CONSIDERATIONS
Once the acceptance criterion is selected, validation experiments should be properly powered
to ensure that there are sufficient data to conclude that accuracy and precision can meet prespecified acceptance criteria with confidence. To do this, a statistical power calculation should
be performed to determine appropriate values for c and r. Statistical power is defined as the
probability of passing the statistical test as a function of the true value of the parameter of
interest.
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For example, consider the validation of precision that requires the square root of the 95% upper
bound in Equation [8] to be less than 3%. Figure 3 presents power curves for two statistical
designs with two values of the intraclass correlation,

Figure 4 provides power curves for different combinations of c and r where c × r = 24. The
curves are based on a computer simulation of 100,000 values for each value of

.

Figure 3. Power curves for various values of c, r, and
.

.
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Figure 4. Power curves for total sample size of 24 with
conditions.

= 0.5 and different number of

Note that power is a function of the sample size used in the design (c and r), the true value of
IP,

and the intraclass correlation,

(0.1 and 0.9 in Figure 3 and 0.5 in Figure 4). As shown in

Figure 3, for a fixed sample size and fixed value of

IP,

the power decreases as

increases.

Thus, if is relatively large, it is important to ensure that the number of random conditions, c,
is sufficiently large. As shown in Figure 4, greater power is obtained by increasing c rather than
r for a fixed total sample size.
4. RANGE DEFINITIONS
The range of an analytical procedure is the interval between the upper and lower levels of
analyte (including these levels) that have been demonstrated to be determined with a suitable
level of precision and accuracy using the procedure as written. Accuracy and precision refer to
the uncertainty in the reported results obtained from tested samples. In general, range is a
summary description of where precision and accuracy criteria are met. No separate analyses
are needed. See section 3 for accuracy and precision.
5. LIMITS OF DETECTION AND QUANTITATION
5.1 Introduction and Definitions
The limit of detection (LOD) and limit of quantitation (LOQ) are two related quantities that are
determined in the validation of Category II procedures (see chapter 1225 ). These are
procedures for determination of impurities or degradation products in drug substances and
finished pharmaceutical products. Only one is needed for each use, namely LOQ for quantitative
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tests and LOD for qualitative limit tests. LOQ is called for whenever the analytical procedure
yields a quantitative reportable value, regardless of the form of the acceptance criterion. For
example, for a test of the form NMT xx%, the LOQ needs to be lower than the stated limit of
the test (xx%) so that the test may substantiate whether the amount of analyte is above or
below the allowed maximum limit. LOD is called for when there is no quantitative reportable
value. For example, if the acceptance criterion is based on a comparison of peak areas (without
determining a concentration), the LOD needs to be less than the concentration of the
comparison standard. These limits are also known under other names, including detection limit
(DL) for LOD and lower limit of quantitation (LLOQ) for LOQ.
The following definitions are consistent with chapter

1225

and ICH Q2 (20)

The limit of detection is the lowest amount of analyte in a sample that can be detected, but
not necessarily quantitated, under the stated experimental conditions.
The limit of quantitation is the lowest amount of analyte in a sample that can be determined
with acceptable precision and accuracy under the stated experimental conditions. Note that a
given procedure may have multiple values of LOQ, depending on its application, as
“acceptable precision and accuracy” may vary between applications.
The general approach is to first estimate candidate values(s) for LOD or LOQ. The candidate
value must then be verified. This is particularly important for LOQ, as the formulas for
determining candidate values do not address the acceptable accuracy and precision
requirement. The determination of candidate values should be done pre-validation, with only
the verification step as part of validation.
5.2 Estimation of LOD
The basic approach to estimating LOD is based on an alternative definition adopted by
International Union of Pure and Applied Chemistry (IUPAC) and ISO. This definition introduces
the concepts of false positive and false negative decisions, thus recognizing the risk elements
in using the LOD for decision making, and makes clear that these values are dependent on
laboratory capability.
The IUPAC/ISO definition of LOD is based on the underlying concept of a critical value (RC),
defined as the signal (readout, R) that is exceeded with probability when no analyte is
present; that is,
RC = B + Z1

E

where B is the estimated mean readout for blanks, Z1
area 1

to the left, and

E

[20]
is a standard normal quantile with

is the true repeatability SD (see Figure 5). For example if

=

0.05, 1
= 0.95, and Z0.95 = 1.645 is obtained using the Excel function “=
NORMINV(0.95,0,1)”.
This determination depends on the distribution of values obtained when analyzing blanks. The
LOD in the signal space (RD) is defined as that value, which if true, is such that RC is exceeded
with probability 1

, namely
RD = RC + Z1

E

[21]
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Solving Equations [20] and [21] for RD, we have
RD = B + (Z1
Z1

is a standard normal quantile with area

two values to be selected by the laboratory:

+ Z1

)

E

[22]

to the left. Note that this definition allows for
and

, which need not be equal. The symbol

represents the type I or false-positive error rate, and the symbol

represents the type II or

false-negative error rate. In Figure 5, RC and RD are illustrated with
distributed data so that Z1

= Z1

=

= 1.645. Although the values of

equal, this choice leads to a common rule for RD, namely B + 3.3

E

(3.3

= 0.05 for normally
and

need not be

2 × 1.645.)

Figure 5. Determination of RC and RD.
The LOD on the concentration scale is then found by converting the value in the signal scale,
RD, to one in the concentration scale, LOD, as shown in Figure 6. This step requires that the
signal (R) versus concentration (X) line, R = B + mX, at low concentrations as well as
known exactly. The LOD on the concentration scale is then calculated as

E

be
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Figure 6. Determination of LOD from RD.
As a statistical procedure, this is incomplete in two ways. First, because E is generally
unknown, it must be determined how best to estimate this parameter. This is complicated
because E is typically concentration dependent. Two common choices are: 1) the SD of the
blank responses, and 2) the SD obtained from deviations about the regression line of signal on
concentration. The choice needs to be the value that best represents the SD in the
neighborhood of the LOD. Laboratories will often pick a greatest worst-case value for the SD. If
the LOD of the procedure is still suitable for its intended use, the laboratories are protected
against picking a value that is too small and understating the LOD, which would result in an
inflated type II error rate ( ) and a deflated type I error rate ( ).
The second aspect to be considered is how to incorporate the fact that the slope of the
regression line of signal on concentration and SD about the line are estimated and not known
exactly. Because the line is estimated, the estimate of E used to determine RD in Equation
[22] is too small. This is corrected by using statistical prediction intervals for future
observations, i.e., using intervals about the line rather than the line itself. The prediction
intervals take into account the uncertainty in the estimated line as well as the variability
associated with a future observation.
The expanded formula for the critical value, RC, originally defined in Equation [20] that accounts
for this uncertainty is
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where B is the estimated intercept of the fitted calibration line, the Xi's are the concentration
values used in determining the line, and t 1
:N 2 is the central t quantile with degrees of
freedom N 2 and area 1
to the left. As demonstrated in Equation [7], t 1
:N 2 can be
computed using the TINV function of Excel. Equation [24] differs from Equation [20] because
the t-distribution is used instead of the normal distribution for the multiplier, and two additional
terms appear in the square root to capture the uncertainty of the slope and intercept.
A second equation for RC [25] answers the question, “Above which concentration can we be
confident that we will obtain signals that are distinguishable from background?” This question is
answered by using the lower 100(1
)% prediction bound of the calibration curve (see
Figure 7). Figure 7 is similar to Figure 6 but uses two dashed curves instead of the solid
calibration line. Here

. By equating Equations [24] and [25] and cancelling the B terms, we then have an equation
for LOD:

Equation [26] is a quadratic equation for LOD that can be solved exactly or by using iterative
search tools available in spreadsheets. A slightly conservative (overly large) approximation for
LOD that does not require a quadratic solution is obtained by assuming that LOD is negligible
compared to X. The resulting equation under this assumption is
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which is similar in form to Equation [23]. Both Equation [26] and Equation [27] recognize the
general case that the two error probabilities, and , may be different. Often they are both
taken as equal to 0.05, as in the example that follows in section 5.3.

Figure 7. Determination of LOD using prediction bounds.
5.3 LOD Example
The data in Table 5 are used to demonstrate calculation of the LOD.
Table 5. Data for LOD Example
Concentration (X)
Area (signal)
(µ/mL)
(mAU min)
0.01
0.00331
0.02
0.00602
0.05
0.01547
0.1
0.03078
0.15
0.04576
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0.25

0.07592

Fitting a standard (unweighted) linear regression to these data yields the regression line:
Area = 0.000235 + 0.3032 × Concentration
[27a]
The values needed to compute LOQ as shown in Equation [27] with
provided in Table 6.

=

= 0.050 are

Table 6. Statistics Needed to Compute LOQ in Concentration Units
Statistic
N
m (slope)
S
:N 2 = t 0.95:4 = tinv(0.1,4)
t1
:
=t
= tinv(0.1,4)
t
1

N 2

0.95:4

X

Value
6
0.3032
0.0002
2.132
2.132
0.0967

0.0419

The value of LOD computed from Equation [27] is
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5.4 Estimation of LOQ
The important consideration in determining the LOQ is the “acceptable precision and accuracy”
portion of the definition provided in section 5.1. Ideally, the laboratory knows what LOQ is
required for the procedure, based on the intended application. In that case, the validation
proceeds by documenting the accuracy and precision in the neighborhood of the required LOQ.
In the absence of such knowledge, or when the laboratory wants to determine how low the
LOQ might be (e.g., for potential other uses), then the laboratory can start with potential LOQ
values greater than but near the LOD. Alternatively, methods for determining the LOD can be
adapted to the LOQ as candidate starting values. Essentially, the formula used to compute LOD
in Equation [27] can be used to compute LOQ by replacing (t 1
:N 2 + t 1
:N 2 with 10.
Values other than 10 can be used if justified. Once candidate values have been obtained, one
should proceed to verify whether the accuracy and precision at those values meet
requirements (see section 3).
5.5 Final Cautions and Assumptions
A general caution for all of the methods presented in section 5 is that they are based on two
assumptions: linearity and homogeneity of variance across the range of concentrations used in
determining the calibration curve. Neither is a necessary assumption. The calibration curve may
be nonlinear, and a weighted least squares approach can be used to allow for heterogeneity of
variance. If the curve is nonlinear or the concentration variances vary greatly in the range of
the LOD and LOQ, it is best to seek expert statistical help in defining LOD and LOQ. If variability
about a straight line exists but is not large, an unweighted regression of the calibration curve
will provide an average variability that can be used in the LOD and LOQ formulas.
Other procedures than those shown above, such as signal-to-noise ratios, can be used to
estimate LOD and LOQ. In either case, analysts should consider these values as preliminary and
proceed to verify them, particularly if they fall below the concentration values used in
determining the calibration curve. Verification means analyzing samples with concentrations
near the preliminary LOD and LOQ. Consideration should be given to how low an LOD and LOQ
are required for the procedure to be suitable. For example, if data are already available at a
level below the required LOD and a signal was detectable at that lower value, then that lower
value may be taken as a verified LOD. There is little value in further verification, given the
current requirement. However, there could still be value in verification of a lower value in case
the requirement changes.
6. MODELLING THE CALIBRATION RELATIONSHIP (LINEARITY)
6.1 Introduction and Definitions
The linearity of an analytical procedure sometimes refers to the relationship between reported
and known sample concentrations. This type of linearity is directly concerned with relative
accuracy (see section 3.0) and is not the subject of this section.
This section concerns the calibration relationship between the calibrator (or standard)
concentration and procedure response across the analytical range. In most applications, the
sample and standard matrices are not identical. However, the true calibration relationship is a
property of the standard reference material that does not involve sample matrix considerations
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and is internal to the analytical procedure. Furthermore, this section addresses only the
systematic bias induced by the choice of mathematical model for the standard curve.
6.2 Reasons for Studying the Calibration Relationship
The critical performance measure for a procedure is its ability to provide adequately precise and
accurate reported concentrations across the analytical range (domain). As with chapter

1225

, the term “accuracy” in this context refers to unbiasedness. A calibration model is usually
only an approximation of the true calibration relationship. A calibration model that is a poor
approximation can introduce bias in reported concentrations at certain regions within the
analytical range.
Adequacy of the calibration model is ideally confirmed during pre-validation. As part of these
pre-validation studies, the relative contribution of the calibration model to procedure bias
should be determined. If this contribution is important, it may be appropriate to include an
assessment of the calibration model together with the range as part of the formal procedure
qualification study. Whether to include such an assessment, and the burden of proof required,
are decisions best made as part of an overall risk assessment.
Before formal validation, it is desirable to explore calibration options and select a calibration
model that does not contribute measurably to bias. Choosing the right calibration model thus
supports good procedure accuracy. For instance, in some cases it may be efficient to assume a
straight line relationship when in fact the true relationship has slight curvature. In other cases,
it may be efficient to assume a proportional relationship (straight line passing through the
origin), when in fact the true relationship forms a straight line but does not pass through the
origin. The methods described in this section are intended to aid in finding an appropriate
compromise between efficiency and accuracy in such cases.
Because of the efficiencies provided when a calibration relationship can be represented by a
straight line (e.g., only one or two calibrators required), “modeling a calibration relationship” is
often referred to as a “linearity study.” However, the former term better describes the intent
and conduct of such studies.
Assessment of accuracy is critical because it is a top-level procedure performance
characteristic. Proper identification of the calibration relationship supports the scientific
foundation of the analytical procedure by providing deeper insight into the causes and
magnitudes of any procedure inaccuracies. However, calibration relationship inadequacy is only
one possible source of procedure inaccuracy. Other, and perhaps more important, sources
include contributions from sample type/matrices being tested. Depending on the relative
magnitude of inaccuracy contributed by various sources, ensuring an adequate calibration
relationship may not require the same “burden of proof” as demanded for ensuring overall
accuracy.
6.3 Current Practice
An initial visual examination of a plot of analytical signals as a function of analyte concentration
is recommended according to 1225 . Among current practices, visual examination remains
the first step for assessing linearity. However, during pre-validation it is important to develop
objective experimental evidence to justify the choice of the calibration model. Validation is a
regulated confirmatory exercise, and it is more useful to have a well-defined evidential standard
with interpretable metrics. Thus, visual inspection should be supplemented with statistical
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evidence that the chosen calibration model contributes negligibly to bias in the reported
concentrations across the claimed range.
The Pearson correlation coefficient (R) is a widely used linearity indicator. However, it is not an
appropriate metric for this purpose because very different data patterns can have identical
correlation coefficients, and a correlation coefficient very close to one can result from an
obviously curvilinear relationship (21). Requiring the correlation coefficient to attain some level
of statistical significance is also not helpful because even a weak correlation coefficient (e.g.,
0.2) can attain statistical significance with a sufficiently large sample size. Further, it is
impossible to set a threshold for the correlation coefficient or its statistical significance beyond
which the calibration relationship can be convincingly established. Statistical tests of
hypotheses for model parameters, such as slope and intercept suffer similar difficulties.
Rejecting a calibration model based on a lack-of-fit (LOF) F test (22, 23) is also a common, but
problematic, practice. The LOF test requires independent, replicate testing at multiple
calibration levels. Intuitively it seems preferable to avoid replication in favor of testing more
levels to elicit the true calibration relationship. Finally, as with the correlation coefficient,
unimportant deviations from a proposed calibration model can be found statistically significant,
and important deviations may not be found statistically significant depending on sample size.
Both the LOF F test and the correlation coefficient significance tests compare a proposed
calibration model to a range of alternatives, including unrealistic, non-monotonic models
(including circular patterns) that would have been ruled out early in method development. It
would be scientifically preferable to limit alternatives to a realistic class of monotonic curves.
Mandel's F-test (24), for instance, compares a straight line to a quadratic alternative. Less
common approaches to calibration qualification include the quality coefficient (22) and the
Mark–Workman test (23, 25). However, these approaches have deficiencies similar to those of
the methods discussed above.
Most statistical tests, including those discussed above, give the benefit of doubt to the simpler
calibration model. Yet they can provide evidence only against, but not for, the simpler model.
This seems to be too weak an evidential standard for validation purposes. Analytical procedures
with good precision may be “penalized” with a high false rejection rate, while poor precision is
“rewarded” with false confirmation of the simpler and more convenient model.
Statistical tests giving the benefit of doubt to the more complex calibration model, and
thususing a higher evidential standard, are available (26). Unfortunately, the metrics are
complicated and are based on the signal, rather than the concentration scale. This makes it
challenging to set fit-for-purpose acceptance limits that link to practical effects. In the next
section, we propose two approaches. One of these, the TOST approach, is based on a higher
and more appropriate evidential standard, the acceptance limits of which directly link to bias in
reported concentration. The other one is based on the corrected Akaike information criterion
(AICc), which is a common metric in statistical model selection.
6.4 Calibration Model Definition
The term calibration model refers to a statistical function that describes a calibration
relationship between observed response (signal) and standard concentration. Let Y i represent
the ith response at concentration xi, with i = 1,...,N. Three common calibration models that
describe the relationship between Y i and xi are:
Proportional Model: Y i =

prop xi

+ Ei

[29]
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Straight Line Model: Y i =
Quadratic Model: Y i =

0quad

+

0str

+

1quad xi

1str xi

+

+ Ei

2quad xi

[30]
2

+ Ei

[31]

The Greek symbol represents an unknown model parameter that determines the shape of the
calibration relationship. It is not to be confused with its earlier usage as a probability. The
variable Ei represents a random error created by the measurement process in the determination
of Y. The methods described below assume the error terms are normally distributed with a mean
of zero and with model-specific SD.
An assumption of proportionality should be explored during procedure developmentto consider
routine use of a single calibrator level. If an assumption of proportionality is not justified, then a
calibration model consisting of a straight- ine with nonzero intercept (Equation [30] above) may
be considered. In this case, the straight-line assumption should be explored during procedure
development. In this section the concept of linearity is broadened to include both proportional
and straight-line relationships. Statistical tools for exploring each model are recommended.
More generally, a calibration relationship may be curvilinear and thus may require more complex
models for calibration. However, models more complex than the quadratic are not considered
here. Note that nonlinear models sometimes can be made linear by a simple data
transformation, such as a log-transformation.
6.5 Methods for the Assessment of Linearity
A given calibration model is expected to hold over a specific range of analyte concentrations
(Cmin to Cmax). We assume that such a range has been proposed during procedure development
work. In this chapter, we focus on statistical methods that demonstrate that the calibration
relationship is represented by an appropriate model within such a pre-specified range.
Statistical methods for determining this range based on development data can be adapted from
methods discussed here but are outside the scope of this discussion (see also section 3.0).
As a general principle, it is preferable to represent the true calibration relationship with a simple
model as opposed to a complex model. That is, one wants a calibration model with as few
parameters as necessary to adequately approximate the true calibration relationship. Depending
on the risk associated with the choice, two evidential standards are recommended.
The first approach uses the TOST of equivalence (9) to evaluate the bias that can result from
approximating the quadratic analytical response in Equation [31] with the straight-line function
in Equation [30] or approximating the straight-line function in Equation [30] with the
proportional function in Equation [29]. A TOST for bias provides a demonstration that the bias
in reported concentrations due to the use of the simpler calibration model is less than that
required by the procedure across the reportable range. The greater the bias, the greater the
risk the simpler model is inadequate.
The second approach is based on a simple result of information theory, the corrected Akaike
Information Criterion (AICc). The AICc provides a simple index that can be used to select
between competing models. Comparison of the AICc statistic among competing models will
identify the most parsimonious model. The most parsimonious model provides the least number
of parameters while still providing an adequate representation of the data (27, 28). The lower
the AICc statistic, the lower the risk that the simpler model is inadequate.
6.6 Methodological Assumptions
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The recommended methodology depends on the following assumptions:
Response normalized values are normally distributed. This assumption ensures the accuracy of
the confidence level of the TOST and is an underlying assumption of the AICc statistic. It is
important to verify this assumption before using the methods described here because response
deviations in some analytical procedures are better described by other distributions. In such
cases, a log transformation of the response may result in normally distributed errors.
Response normalized values are independent. This assumption implies that all response
measurements are uncorrelated. Correlation among response measurements obtained in the
same analytical run could occur, for instance, if response measurements were obtained from
multiple analytical runs and the analytical procedure was such that run-to-run variance
contributed importantly to procedure variance. If response data must be obtained from multiple
runs, it is important to ensure that run-to-run variance does not contribute significantly to
procedure imprecision. Similar cautions apply when there are multiple instruments, operators,
days, and reagent lots.
The SD of the normalized values is the same at each calibrator level. In many cases, the NSD,
rather than the SD, is constant across the range of calibrator levels. This might be true, for
instance, with analytical procedures with normalized values that follow a log-normal
distribution. In this case, a log transformation of the response may result in a SD that is
approximately constant across the analytical range.
The more complex model accurately represents the shape of the calibration relationship. This
assumption presumes that a definitive procedure development plan or theoretical knowledge is
available concerning the shape of the calibration relationship. Additionally, the simpler model
must be a special case of the more complex model. The comparison between the two models is
only meaningful if the complex model is, for all practical purposes, an unbiased representation of
the response–concentration relationship. For example, the comparison between quadratic and
straight line models is not useful if the true relationship is sigmoidal.
A linearity acceptance criterion has been pre-determined. Before conducting a linearity
qualification experiment, the decision criterion must be specified. In the case of the TOST for
bias, this will take the form of a maximum allowable bias, M, in concentration units. To
demonstrate that the bias for the simpler model is less than this maximum, the confidence
interval for bias attributable to nonlinearity must reside in an interval from M to +M across the
analytical range. To ensure a test size of 5%, a two-sided 90% confidence interval is computed
for the maximum bias across the analytical range. In the case of a decision based on AICc, the
AICc for the simpler model must be less than or equal to that of the more complex model.
An analytical range (Cmin to Cmax) has been proposed. Suggested ranges for various
applications are provided in chapter 1225 . The selected calibration model must be adequate
across the proposed analytical range. If not, either a more complex calibration model is required
or the analytical range must be narrowed to accommodate the selected calibration model.
The first three assumptions simplify the TOST calculations and must hold whenever the usual
statistical tests associated with regression are used. If multiple replicate response
measurements are obtained at each calibrator level, these assumptions can be examined from
the linearity data themselves. Ideally, these assumptions would be justified by knowledge
acquired during the early development stages of an analytical procedure.
It is recognized that one or more of the assumptions noted above may not be justified. For
instance, it is common to use multiple calibration runs in calibration studies. If run-to-run
variance is appreciable, then generalized regression methods are needed for analysis (see, e.g.,
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(29) and (30)). In such cases, the resulting asymptotic variances and covariance estimates still
may be appropriate for use in making the TOST comparisons. Equivalence tests to compare the
quality of a straight-line fit to that of a higher-order polynomial, under more general
experimental conditions than those described here, are available (31). These methods use
orthogonal polynomials and generalized pivotal quantities to estimate the probability of
equivalence between a straight line and a polynomial model with respect to either assay signal
or reported concentration. However, implementation of these methods requires specialist
statistical assistance.
6.7 Two One-Sided Tests of Equivalence to Evaluate Bias in Reported Concentrations
Although it is always desirable to eliminate bias in reported concentrations determined by an
analytical procedure, sometimes this is simply not practical. The bias may be too small to be
detected in a reasonably large experiment, or the effect of bias on decision risks associated
with the reportable result may be negligible, rendering it unnecessary to reduce bias further. In
such cases, it may be acceptable to use a calibration model that is simpler than a complex
model that contributes no bias but may require more calibration levels and more complex data
reduction. When some level of bias can be tolerated, the objectives of a linearity assessment
are to estimate the magnitude of the bias across the concentration range and provide evidence
that the magnitude of the bias is below the maximum that can be tolerated.
The TOST approach assumes that the bias associated with the simpler model is unacceptable,
unless contradicted by data (32). This is a reversal of the usual hypothesis testing scheme and
represents a high evidential standard, placing the burden of proof on the laboratory to
demonstrating that the bias is acceptable. This approach favors experiments with adequate
sample sizes and lower variability, in contrast to standard significance testing, where improved
precision and increased testing can be penalized.
Some guidance on selecting the number of calibrator levels and the number of replicates within
each calibrator level is provided in Leblond et al. (30). The required sample sizes depend on the
magnitude of bias and anticipated level of procedure precision, as well as the required limits for
bias across the analytical range.
6.7.1 TOST FOR BIAS WHEN APPROXIMATING A QUADRATIC WITH A STRAIGHT LINE MODEL
The TOST for bias recommended here relies on Fieller's method (33). To simplify calculations,
orthogonal polynomial (OP) transformations of Equations [30] and [31] are used by Yang et al.
(34). The formulae in the Appendix provide the intermediate quantities

, and gQ from experimental
data.
A point estimate for the bias at the concentration (x) at which the maximum absolute bias is
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greatest is

A 90% confidence interval for biasx based on Fieller's theorem, is

If the computed 90% confidence interval for the biasx is contained within the allowed bias for
the procedure, then the simpler (straight-line) model is taken as an adequate calibration model.
Otherwise, the quadratic model is selected.
6.7.2 TOST FOR BIAS WHEN APPROXIMATING A STRAIGHT LINE MODEL WITH A PROPORTIONAL
MODEL
A TOST for bias when approximating a straight-line model with a proportional model can be
obtained using Fieller's method and orthogonal polynomials in a manner similar to that in the
previous section. The formulae in the Appendix provide the intermediate quantities jmax, wjmax,
L, R, U, B(wjmax,L), B(wjmax, R), and B(wjmax,U) from experimental data.
A point estimate for the bias at the concentration (x) at which the maximum absolute bias is
greatest is

A 90% confidence interval (Lower; Upper) for the biasx, based on Fieller's theorem is
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If the 90% computed confidence interval for bias is contained within the allowed bias for the
procedure, then the simpler (proportional) model is taken as an adequate calibration model.
Otherwise, the straight-line model is selected.
6.8 Corrected Akaike Information Criterion for Model Selection
The corrected Akaike Information Criterion (AICc) was developed for use in model selection
based on information theory. Unlike approaches based on hypothesis testing which give the
benefit of doubt to the simpler model, the AICc directly evaluates the parsimonies of all
candidate models given the data at hand. The AICc is appropriate for the smaller sample sizes
usually available for calibration studies. The AICc for a given calibration model is easily
calculated.

where N is the total number of data points, K is the total number of estimated regression
parameters in the model (including the population pure error variance), ln( ) indicates the
natural log function (LOG in Excel), SSE is the residual sum of squares obtained from the least

squares regression, and
is the model predicted response at the ith
concentration. The model with the smaller AICc is the preferred model brcause it is more
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parsimonious.
The information criteria approach explicitly acknowledges the fact that given more data, a more
complicated model may well be more appropriate. The AICc criterion is based on model
parsimony, given the available data. In contrast, the TOST procedure incorporates two
additional considerations: 1) the amount of bias in reported results that can be tolerated by a
less complicated calibration model, and 2) the confidence level at which such bias can be
estimated. Because AICc and TOST identify the “best” model based on different principles, they
may lead to different conclusions. The team responsible for procedure validation must decide
whether the additional considerations afforded by the TOST are needed.
6.9 Examples
This section presents simple examples to illustrate the TOST and AICc approaches using only a
single calibration run. In this case, all replicate measurements are taken to be independent.
With this assumption, simple regression methods are sufficient. The calculations below can be
implemented easily in a spreadsheet (30). The same example data are used for both model
comparisons. The TOST criterion assumes that the procedure must maintain absolute bias, in
concentration (x) units, below 8 over the range of concentrations from 0 to 100.
6.9.1 TOST AND AICc COMPARISON OF QUADRATIC AND STRAIGHT-LINE MODELS
In the first example, we consider testing for concentration bias due to approximating a
quadratic model with a straight-line model; this is comparison of Equation [30] to Equation
[31]. Consider the calibration data and associated calculated intermediate results shown in
Table 7 and Table 8. Formulas are shown in the Appendix.
Table 7. Example Calibration Data and Intermediate Calculations to Compare Quadratic
and Straight-Line Models

i
1

xi
0

f0i
[38]
12.08 0.2582

2

0

1.47

0.2582

48

0.3497 1191.08 0.2925

7.82

5.76

3

0

3.23

0.2582

48

0.3497 1191.08 0.2925

7.82

5.76

4

20

28.43 0.2582

28

0.2040 388.54 0.0954

24.99

25.66

5

20

31.75 0.2582

28

0.2040 388.54 0.0954

24.99

25.66

6

20

28.57 0.2582

28

0.2040 388.54 0.0954

24.99

25.66

7

50

56.00 0.2582

2

0.0146

1257.96 0.3090

53.33

55.51

8

50

46.74 0.2582

2

0.0146

1257.96 0.3090

53.33

55.51

9

50

48.89 0.2582

2

0.0146

1257.96 0.3090

53.33

55.51

Yi

h1i
[40]
48

f1i
h2i
f2i
[42]
[45]
[47]
0.3497 1191.08 0.2925

[51]
7.82

[60]
5.76
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10

70

73.80 0.2582

22

0.1603

837.58 0.2057

73.96

75.41

11

70

74.69 0.2582

22

0.1603

837.58 0.2057

73.96

75.41

12

70

72.86 0.2582

22

0.1603

837.58 0.2057

73.96

75.41

13 100 97.95 0.2582
14 100 117.79 0.2582
N = 100 108.59 0.2582
15

52
52
52

0.3788 1292.99 0.3176
0.3788 1292.99 0.3176
0.3788 1292.99 0.3176

107.51
107.51
107.51

105.27
105.27
105.27

Table 8. Intermediate Calculations with Cmin = 0 and Cmax = 100

j
1

wj
[54]
0.0000

d1j
d2j
[55]
[56]
0.3497 0.2925

0.2925

2

0.1

0.3490 0.2901

0.2901

3

0.2

0.3482 0.2877

0.2877

4

0.3

0.3475 0.2853

0.2853

5

0.4

0.3468 0.2829

0.2829

...
...
997
99.6
998
99.7
999
99.8
1000
99.9
1001 100.05904

...
0.3759
0.3767
0.3774
0.3781
0.3788

...
0.3077
0.3102
0.3126
0.3151
0.3176

...
0.3077
0.3102
0.3126
0.3151
0.3176

Statistics from this data set are given in Table 9.
Table 9. Intermediate Statistics Calculated for the TOST Test to Compare Quadratic and
Straight-Line Models
Statistic
Equation
Result
N
15
s1
[39]
185.9
c1
[41]
137.26
s2
[43]
13787.82
s3
[44]
13586.01
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c2

g0

[46]
[48]

4071.42
207.2924

[49]

136.5863

[50]

7.0534

[52]

5.9185

[53]

0.0060
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m0
Cmax

90% CI for bias

[58]
[32]

43.5904
100.0
2.2511

[33]

-1.1165 to 5.6456

Because the 90% CI for bias in concentration is contained within the maximum allowed bias of
±8, the simpler (straight-line) model is adequate for calibration.
The data in Table 7 can also be used to compare a quadratic and a straight-line model using
the AICc obtained from the Equation [36]. For the quadratic and straight-line models K = 4 and
3, respectively. Also, SSE = 420.3 and 470.1 for the quadratic and straight line models,
respectively. Applying Equation [36], AICc = 62.0 and 59.9, respectively. By the AICc, the
straight line model is a more parsimonious calibration model than is the quadratic model because
it has a lesser AICc value. Accordingly, the straight-line model would be selected for calibration
by the AICc. This conclusion is the same as the TOST procedure conclusion, although the
TOST and AICc conclusions will not always be expected to agree.
6.9.2 TOST AND AICc COMPARISON OF STRAIGHT-LINE AND PROPORTIONAL MODELS
The second example seeks to determine whether a proportional model, (Equation [29]) is an
appropriate approximation of a straight line model (Equation [30]). Assume that the procedure
must maintain absolute bias below 8 over the range of concentrations from 0 to 100, and that
a single-point calibration with a standard of concentration 100(= Xstd) is desired. Many of the
calculations needed for this comparison have already been given in the previous section.
Additional statistics needed are shown in Tables 10, 11, and 12.
Table 10. Intermediate Calculations
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i
1
2
3
4
5
6
7
8
9
10
11

0.00
0.00
0.00
21.45
21.45
21.45
53.64
53.64
53.64
75.09
75.09
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12
13
14
15

j
1
2
3
4
5
...
997
998
999
1000
1001

X

75.09
107.27
107.27
107.27

Table 11. Calculation Worksheet
wj
B(wj ,L)
B(wj ,R)
B(wj ,U)
[54]
[67]
[67]
[67]
0.000
0.733
5.470
9.775
0.100
0.732
5.464
9.766
0.200
0.731
5.459
9.756
0.300
0.730
5.453
9.746
0.400
0.730
5.448
9.736
...
...
...
...
99.600
0.003
0.022
0.039
99.700
0.002
0.016
0.029
99.800
0.001
0.011
0.020
99.900
0.001
0.005
0.010
100.000
0.000
0.000
0.000
Table 12. Final Results
Statistic
Equation
[59]
[62]

gS
R
L
U
xstd
Value of X at maximum bias
biasx
90% CI of biasx

[63]
[64]
[65]
[66]

[34]
[35]

Bmaxj
[68]
9.775
9.766
9.756
9.746
9.736
...
0.039
0.029
0.020
0.010
0.000

Result
48
6.013

0.006
1.518
1.375
1.660
100
0
5.470
0.733 to 9.775

Because the 90% CI of bias, 0.733 to 9.775, is not contained within the maximum bias limits of
±8, the simpler model (proportional) is not adequate as a calibration model, and the straightline model should be selected based on this criterion.
These data can also be used to compare straight-line and proportional models using the AICc
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parsimony criterion. For the straight-line and proportional models K = 3 and 2, respectively.
Equation [37] yields SSE = 470.1 and 645.5, respectively. Applying Equation [36] yields AICc =
59.9 and 61.4, respectively. By the AICc, the straight-line model is a more parsimonious
calibration model than is the proportional model because it has the lesser AICc value.
7. APPENDIX
This appendix provides formulae used for the calibration linearity bias TOST tests. The TOST for
bias recommended here relies on Fieller's method (33). Orthogonal polynomial (OP)
transformations of Equations [30] and [31] are used to simplify calculations. The following
calculations provide the 90% confidence interval for bias at the concentration (x), at which the
maximum absolute bias is greatest. The intermediate statistics are meant to be calculated in
the order given below.
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Equations [48] to [50] give estimates for the intercept, linear, and quadratic OP coefficients,
respectively.

The predicted response based on the quadratic model is given by

An estimate of the SD of the random imprecision component for the quadratic model is given by
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where t 0.95:N–3 represents the percentile of a central t-distribution with area 0.95 to the left
and N 3 degrees of freedom.
Equations [54] to [57] identify the concentration at which the absolute bias is greatest, by
sampling across the concentration range from Cmin to Cmin over a fine grid of 1001 evenly
spaced points.

344
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where j = 1,...1001, jmax is the value of j for which the absolute value of d2j is maximum, and
m0 = c 1 d2j max

[58]

A TOST for bias when approximating a straight-line model with a proportional model can be
obtained using Fieller's method and orthogonal polynomials in a manner similar to that in the
previous section. Statistics are generated using Equations [38] to [42], [48], [49], and [54] as
in the previous section. In addition,

Predicted response values based on the straight-line and proportional models are given by
Equations [60] and [61] below.

An estimate of the SD of the random imprecision component for the straight-line model is given
by
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To simplify presentation of these formulae, we define the function B (h,p), as
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where xSTD is the fixed standard concentration intended to be used in single point calibration.
Substituting values for h and p into this function we obtain B(wj ,L) for j = 1,...1001, and

The following step finds the value of j at which Bmaxj is maximized.
Finally, the quantities B(wj max,L),B(wj max,R), and B(wj max,U) are obtained by substituting the
indicated values for h and p into Equation [67].
8. REFERENCES
1. Kruskal W, Wallis A. Use of ranks in one-criterion variance analysis. J Am Stat
Assoc.1952;47:583–621.
2. Levene H. Robust tests for equality of variances. In: Contributions to probability and
statistics: essays in honor of Harold Hotelling. Palo Alto, CA: Stanford University Press;
1960. p 278–292.
3. Bartlett MS. Properties of sufficiency and statistical tests. Proceed R Stat Soc Lond A.
1937;160(901):268–282.
4. Shapiro SS, Wilk MB. An analysis of variance test for normality (complete samples).
Biometrika. 1965;52(3-4):591–611.
5. Barnett V, Lewis T. Outliers in statistical data. In: Wiley series in probability and
mathematical statistics. 3rd ed. New York: John Wiley & Sons; 1994.
6. JCGM member organizations (BIPM, IEC, IFCC, ILAC, ISO, IUPAC, IUPAP, and OIML).
International vocabulary of metrology—basic and general concepts and associated
terms (VIM). 3rd ed. Geneva: JCGM; 200:2012.
7. Graybill FA, Wang CM. Confidence intervals on nonnegative linear combinations of
variances. J Am Stat Assoc. 1980;75:869–873.
8. Nijhuis MB, Van den Heuvel ER. Closed-form confidence intervals on measures of
precision for an interlaboratory study. J Biopharm Stat. 2007;17(1):123–142.
9. Schuirmann DJ. A comparison of the two one-sided tests procedure and the power
approach for assessing the equivalence of average bioavailability. J Pharmacokineti
Biopharmaceut. 1987;15(6):657–680.
10. Hubert P, Nguyen-Huu JJ, Boulanger B, et al. Harmonization of strategies for the
validation of quantitative analytical procedures. A SFSTP proposal—part I. J Pharm
Biomed Anal. 2004;36(3):579–586.
11. Hubert P, Nguyen-Huu JJ, Boulanger B, et al. Harmonization of strategies for the

PF 40(5): Sep.-Oct. 2014

12.

13.
14.
15.
16.
17.
18.
19.

20.

21.
22.

23.
24.
25.

26.

27.
28.
29.
30.
31.

348

validation of quantitative analytical procedures. A SFSTP proposal—part II. J Pharm
Biomed Anal. 2007;45(1):70–81.
Hubert P, Nguyen-Huu JJ, Boulanger B, et al. Harmonization of strategies for the
validation of quantitative analytical procedures. A SFSTP proposal—part III. J Pharm
Biomed Anal. 2007;45(1):82–96.
Mee RW. Beta-expectation and beta-content tolerance limits for balanced one-way
ANOVA random model. Technometrics. 1984;26(3):251–254.
Hahn GJ, Meeker WQ. Statistical intervals: a guide for practitioners. New York: John
Wiley & Sons;1991. p. 412.
Hoffman D, Kringle R. A total error approach for the validation of quantitative analytical
methods. Pharm Res. 2007;24(6):1157–1164.
Wolfinger RD. Tolerance intervals for variance component models using Bayesian
simulation. J Quality Technol. 1998;30(1):18–32.
Ntzoufras I. Bayesian modeling using WinBUGS: an introduction. New York: John Wiley &
Sons; 2009.
Spiegelhalter D, Thomas A, Best NG, Gilks WR. BUGS 0.5 examples , volume 1, version 1.
1996..
Burdick RK, LeBlond DJ, Sandell D, Yang H. Statistical methods for validation of
procedure accuracy and precision. Stimuli to the revision process. Pharmacopeial
Forum. 2013;39(3).
ICH. ICH harmonized tripartite guideline. Validation of analytical procedures: text and
methodology Q2(R1). 2005.
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_R1_
Accessed 21 April 2014.
Anscombe FJ. Graphs in statistical analysis. Am Statistician. 1973;27(1):17–21.
Van Loco J, Elskens M, Croux C, Beernaert H. Practitioner's report. Linearity of
calibration curves: use and misuse of the correlation coefficient. Accred Qual Assur.
2002;7:281–285.
Brüggemann L, Quapp W, Wennrich R.Test for non-linearity concerning linear calibrated
chemical measurements. Accred Qual Assur. 2006;11(12): 625–631.
Mandel J. The statistical analysis of experimental data. In: Dover books on
mathematics. New York: John Wiley & Sons; 1964.
Mark H, Workman J. Chemometrics in spectroscopy. Chapter 27: Linearity in calibration.
London: Elsevier Press, Academic Press as an imprint ; 2007. [Originally published in
Spectroscopy. 1998;13(6):19–21.]
Liu J, Hsieh E. Evaluation of linearity in assay validation. Encyclopedia of
Biopharmaceutical Statistics. s.l. : Informa Healthcare, 2010, p 467–474. {could not
find}
Burnham KP, Anderson DR. Model selection and multimodel inference: a practical
information—theoretic approach. 2nd ed. New York: Springer, 2002.
Burnham KP, Anderson DR. Multimodel inference: understanding AIC and BIC in model
selection. Sociological Methods Res. 2004;33(2):261–304.
LeBlond D, Tan CY, Yang H. Confirmation of analytical method calibration linearity.
Stimuli to the revision process. Pharmacopeial Forum. 2013;39(3).
LeBlond D, Tan CY, Yang H. Confirmation of analytical method calibration linearity:
practical application. Stimuli to the revision process. Pharmacopeial Forum. 2013;39(5).
Novick S, Yang H. Directly testing the linearity assumption for assay validation. J
Chemometrics. 2013:27(5):117–125. {could not find}

PF 40(5): Sep.-Oct. 2014

349

32. Berger RL, Hsu JC. Bioequivalence trials, intersection-union tests and equivalence
confidence sets. Stat Sci. 1996;11(4):283–319.
33. Finney DJ. Statistical method in biological assay. 2nd ed. London: Charles Griffin & Co.,
Ltd; 1952.
34. Yang H, Novick SJ, LeBlond D. Testing linearity under general experimental conditions. J
Biopharm Stat. Accepted for publication. 2S (USP38)

BRIEFING
L## (Dalteparin Sodium, Dionex IonPac AS15). It is proposed to add this new column used in
the test for Limit of Nitrites in the monograph for Dalteparin Sodium, published elsewhere in
this issue of PF.
(HDQ: M. Marques.)

Correspondence Number—C41498

Comment deadline: November 30, 2014
Add the following:
L## (Dalteparin Sodium, Dionex IonPac AS15)—A strong anion-exchange resin consisting of
highly cross-linked 5–9-µm macroporous particles having a 100- average pore size and
consisting of ethylvinylbenzene cross-linked with 55% divinylbenzene and an anion-exchange
layer grafted to the surface, which is functionalized with alkanol quarternary ammonium ions.
2S (USP38)

BRIEFING
L## (Teriparatide Acetate, Dionex IonPac AS4A, Dionex IonPac AG4A). It is proposed to add
this new column used in the test for Chloride Content in the new monograph for Teriparatide
Acetate, published elsewhere in this issue of PF.
(HDQ: M. Marques.)

Correspondence Number—C142137

Comment deadline: November 30, 2014
Add the following:
L## (Teriparatide Acetate, Dionex IonPac AS4A, Dionex IonPac AG4A)—A strong anionexchange resin consisting of highly cross-linked 15-µm microporous particles functionalized with
very low cross-linked latex (0.5%) to provide alkanol quartenary ammonium ion exchange sites.
2S (USP38)

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 6955 of the Second Supplement to
USP 37.
(HDQ.)
Correspondence Number—C132185; C112232; C144471; C141883; C135454; C101995;
C126761; C121755; C136857
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The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Add the following:
Diphenhydramine and Phenylephrine Hydrochlorides Tablets

T

2S (USP38)

Add the following:
Entecavir Tablets

T

2S (USP38)

Add the following:
Evening Primrose Oil Capsules

T, LR

2S (USP38)

Add the following:
Ezetimibe Tablets

T

Add the following:
Lamivudine Tablets

T, LR

2S (USP38)

Add the following:
Montelukast Sodium Chewable Tablets

T, LR

2S (USP38)

Add the following:
Montelukast Sodium Tablets

T, LR

2S (USP38)

2S (USP38)

Add the following:
Mycophenolic Acid Delayed-Release Tablets

T

2S (USP38)

Add the following:
Phenylephrine Hydrochloride Tablets

T

2S (USP38)

BRIEFING
Description and Relative Solubility of USP and NF Articles, page 6965 of the Second
Supplement to USP 37.
(HDQ.)
Correspondence Number—C125049; C128807; C134160; C138300
Add the following:
Entecavir: White to off-white powder. Practically insoluble to slightly soluble in water;
practically insoluble in anhydrous ethanol and in heptane. 2S (USP38)
Add the following:
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Eszopiclone: White or light-yellow crystalline solid. Freely soluble in methylene chloride;
soluble in pH 3.2 phosphate buffer and in dilute mineral acids; slightly soluble in alcohol; very
slightly soluble in water. 2S (USP38)
Add the following:
Ezetimibe: White powder. Freely soluble in alcohol; soluble in acetonitrile; insoluble in
aqueous solvents and non-polar solvents like hexane. 2S (USP38)
Add the following:
Mycophenolate Sodium: White to off-white crystalline powder. Slightly soluble in water;
practically insoluble in 0.1 N hydrochloric acid. 2S (USP38)
BRIEFING
American Ginseng, USP 37 page 5233. In preparation for the omission of the general chapter
Heavy Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium,
lead, and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also
proposed to omit references to olfactory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148894

Comment deadline: November 30, 2014
American Ginseng
DEFINITION
American Ginseng consists of the dried roots of Panax quinquefolius L. (Fam. Araliaceae). It
contains NLT 4.0% of total ginsenosides, calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatographic Identification Test
Standard solution A: 20 mg/mL of USP Powdered American Ginseng Extract RS in methanol
Standard solution B: 20 mg/mL of USP Powdered Asian Ginseng Extract RS in methanol
Sample solution: Transfer about 1.0 g of finely powdered American Ginseng to a 25-mL
flask fitted with a reflux condenser. Add 10.0 mL of a mixture of methanol and water
(7:13), and heat under reflux for 15 min. Cool, filter, and dilute the filtrate with methanol
to 10.0 mL.
Adsorbent: 0.25-mm layer of silica gel, typically 20 cm long (TLC plates)
Application volume: 20 µL
Developing solvent system A: Chloroform, methanol, and water (13:7:2). Use the lower
phase.
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Developing solvent system B: Butyl alcohol, ethyl acetate, and water (4:1:5). Use the
upper phase.
Derivatization reagent: Dissolve 0.5 mL of anisaldehyde in 10 mL of glacial acetic acid,
add 85 mL of methanol, mix, and carefully add 5 mL of sulfuric acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop in a chamber containing Developing solvent system A until the solvent front has
moved 10.5 cm from the origin. Remove the plates, and allow to dry. Turn the plates 90 ,
and develop in a chamber containing Developing solvent system B until the solvent front
has moved 10.5 cm from the origin. Remove the plates, and allow to dry. Spray with
Derivatization reagent. Heat the plates at 105 –110 for 10 min, and examine under white
light.
Suitability requirements: The order, from top to bottom, of ginsenosides on the
chromatographic plates is: Rg2 (on left) and Rg1 (on right), Rf, Re, Rd, Rc, Rb2 (on left)
and Rb1 (on right), and Ro. Ginsenosides Rg2 , Rg1 , Rf, Re, and Rd are found on the upper
half of the plates; the remaining ginsenosides are found on the lower half after
chromatographing with Developing solvent system B. Standard solution A does not exhibit
a spot for ginsenoside Rf. Standard solution B exhibits a spot for ginsenoside Rf.
Acceptance criteria: The spots from the Sample solution correspond to those from
Standard solution A.
• B. The retention times of the peaks for ginsenosides Rg1 , Re, Rb1 , Rb2 , Rc 2 , and Rd of the
Sample solution correspond to those of Standard solution A, as obtained in the test for
Content of Ginsenosides. The ratio of the peak responses for ginsenosides Rb2 to Rb1 is
less than 0.4, and the ratio of the peak responses for ginsenosides Rg1 to Rb1 is less than
0.3. The chromatogram shows no significant peak at the retention time corresponding to
that for ginsenoside Rf of Standard solution B, as obtained in the test for Content of
Ginsenosides.
COMPOSITION
• Content of Ginsenosides
Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
76
24
12
76
24
28
65
35
51.5
56.5
43.5
52.5
0
100
64.5
76
24
77
76
24
Diluent: Alcohol and water (4:6)
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Standard solution A: Transfer a quantity of USP Powdered American Ginseng Extract RS,
equivalent to about 2 mg of ginsenoside Rb1 , to a suitable container, and dissolve in 10.0
mL of Diluent.
Standard solution B: Transfer a quantity of USP Powdered Asian Ginseng Extract RS,
equivalent to about 2 mg of ginsenoside Rg1 , to a suitable container, and dissolve in 10.0
mL of Diluent.
Sample solution: Reduce 100 g of American Ginseng to a powder, and transfer about 1.0 g
of the powder, accurately weighed, to a 100-mL round-bottom flask fitted with a reflux
condenser. Add 50 mL of Diluent and a few grains of pumice, boil on a water bath under
reflux for 1 h, cool, and filter. Wash the flask and the residue with 20 mL of Diluent, and
pass through the same filter. Combine the filtrates, and evaporate in a rotary evaporator
at 50 to dryness. Dissolve the residue in 10.0 mL of Diluent.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 203 nm
Analytical column: 4.6-mm × 15-cm; 3-µm packing L1
Guard column: 4.6-mm × 2.0-cm; packing L1
Column temperature: 25
Flow rate: 1.5 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram is similar to the Reference
Chromatogram provided with the lot of USP Powdered Asian
American 2S (USP38)
Ginseng Extract RS being used.
Relative standard deviation: NMT 2.0%, determined for the sum of the peak areas for the 6
major ginsenosides, in replicate injections
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify ginsenosides Rg1 , Re, Rb1 , Rc, Rb2 , and Rd in the Standard solutions and the Sample
solution by comparing the chromatograms with the Reference Chromatogram provided with USP
Powdered American Ginseng Extract RS, and measure the peak responses.
Calculate the percentages of individual ginsenosides in the portion of American Ginseng taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak response of ginsenoside Rg1 , Re, Rb1 , Rc, Rb2 , or Rd from the Sample solution
rS= peak response of ginsenoside Rg1 , Re, Rb1 , Rc, Rb2 , or Rd from the appropriate Standard
solution
C=
S concentration of ginsenoside Rg1 , Re, Rb1 , Rc, Rb2 , or Rd in the appropriate Standard
solution (mg/mL)
V= volume of the Sample solution (mL)
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W= weight of American Ginseng taken to prepare the Sample solution (mg)
Calculate the percentage of total ginsenosides in the portion of American Ginseng taken by
adding the individual percentages.
Acceptance criteria: NLT 4.0% of total ginsenosides on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Elemental Impurities

561 : Meets the requirements

2S (USP38)

• Articles of Botanical Origin, Pesticide Residues 561 : Meets the requirements
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
104 cfu/g. The total combined molds and yeasts count does not exceed 100 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Fusiform or cylindrical roots, sometimes branched, typically 1–10 cm,
sometimes up to 20 cm, in length and up to 2.5 cm in diameter at the crown, with one or
more stem scars. Externally pale yellow to golden, rough-textured, with prominent
horizontal rings and fine longitudinal ridges as a result of drying. Root scars or fine rootlets
are present. If stem base is present, scales are thin and perishing (differs from P. ginseng,
in which scales at base of stem are fleshy and persistent). Fracture is short; fractured
surface is white to ivory, with distinct aromatic odor and
2S (USP38)

rings of secretory canals present in secondary phloem.
Microscopic:
Transverse section of root: Multiple layers of thin-walled cork cells are present. Secondary
phloem is characterized by conspicuous air lacunae; abundant, starch-containing storage
parenchyma; few sieve elements, found in small groupings; and rings of schizogenous
secretory canals. Each secretory canal is lined with 6–8 epithelial cells that lack starch.
Xylem is characterized by abundant starch-containing storage parenchyma and a few
tracheary elements, composed of nonlignified tracheids and slightly lignified spiral or
reticulated vessels lacking secretory canals and found in isolation or in small groupings. Druse
crystals are sometimes present within vascular parenchyma cells. Diarch or triarch primary
xylem is in center of root.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%
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• Loss on Drying 731
Sample: 1.0 g of American Ginseng, finely powdered
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of American Ginseng, finely powdered
Acceptance criteria: NMT 8.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store protected
from heat.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards 11
USP Powdered American Ginseng Extract RS
USP Powdered Asian Ginseng Extract RS
BRIEFING
Powdered American Ginseng, USP 37 page 5234. In preparation for the omission of the
general chapter Heavy Metals 231 , and all references thereto, it is proposed to control
arsenic, cadmium, lead, and mercury as described in the Limits of Elemental Impurities
section of the general chapter Articles of Botanical Origin 561 , proposed elsewhere in
this PF. It is also proposed to omit references to olfactory qualities from Botanical
Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148895

Comment deadline: November 30, 2014
Powdered American Ginseng
DEFINITION
Powdered American Ginseng is American Ginseng reduced to a fine or a very fine powder. It
contains NLT 4.0% of total ginsenosides, calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution A: 20 mg/mL of USP Powdered American Ginseng Extract RS in methanol
Standard solution B: 20 mg/mL of USP Powdered Asian Ginseng Extract RS in methanol
Sample solution: Transfer about 1.0 g of Powdered American Ginseng to a 25-mL flask
fitted with a reflux condenser. Add 10.0 mL of a mixture of methanol and water (7:13),
and heat under reflux for 15 min. Cool, filter, and dilute the filtrate with methanol to 10.0
mL.
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Adsorbent: 0.25-mm layer of silica gel, typically 20 cm long (TLC plates)
Application volume: 20 µL
Developing solvent system A: Chloroform, methanol, and water (13:7:2). Use the lower
phase.
Developing solvent system B: Butyl alcohol, ethyl acetate, and water (4:1:5). Use the
upper phase.
Derivatization reagent: Dissolve 0.5 mL of anisaldehyde in 10 mL of glacial acetic acid,
add 85 mL of methanol, mix, and carefully add 5 mL of sulfuric acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop in a chamber containing Developing solvent system A until the solvent front has
moved 10.5 cm from the origin. Remove the plates, and allow to dry. Turn the plates 90 ,
and develop in a chamber containing Developing solvent system B until the solvent front
has moved 10.5 cm from the origin. Remove the plates, and allow to dry. Spray with
Derivatization reagent. Heat the plates at 105 –110 for 10 min, and examine under white
light.
Suitability requirements: The order, from top to bottom, of ginsenosides on the
chromatographic plates is: Rg2 (on left) and Rg1 (on right), Rf, Re, Rd, Rc, Rb2 (on left)
and Rb1 (on right), and Ro. Ginsenosides Rg2 , Rg1 , Rf, Re, and Rd are found on the upper
half of the plates; the remaining ginsenosides are found on the lower half after
chromatographing with Developing solvent system B. Standard solution A does not exhibit
a spot for ginsenoside Rf. Standard solution B exhibits a spot for ginsenoside Rf.
Acceptance criteria: The spots from the Sample solution correspond to those from
Standard solution A.
• B. The retention times of the peaks for ginsenosides Rg1 , Re, Rb1 , Rb2 , Rc 2 , and Rd of the
Sample solution correspond to those of Standard solution A, as obtained in the test for
Content of Ginsenosides. The ratio of the peak responses for ginsenosides Rb2 to Rb1 is
less than 0.4, and the ratio of the peak responses for ginsenosides Rg1 to Rb1 is less than
0.3. The chromatogram shows no significant peak at the retention time corresponding to
that for ginsenoside Rf of Standard solution B, as obtained in the test for Content of
Ginsenosides.
COMPOSITION
Change to read:
• Content of Ginsenosides
Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
76
24
12
76
24
28
65
35
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51.5
56.5
43.5
52.5
0
100
64.5
76
24
77
76
24
Diluent: Alcohol and water (4:6)
Standard solution A: Transfer a quantity of USP Powdered American Ginseng Extract RS,
equivalent to about 2 mg of ginsenoside Rb1 , to a suitable container, and dissolve in 10.0
mL of Diluent.
Standard solution B: Transfer a quantity of USP Powdered Asian Ginseng Extract RS,
equivalent to about 2 mg of ginsenoside Rg1 , to a suitable container, and dissolve in 10.0
mL of Diluent.
Sample solution: Transfer about 1.0 g of Powdered American Ginseng, accurately
weighed, to a 100-mL round-bottom flask fitted with a reflux condenser. Add 50 mL of
Diluent and a few grains of pumice, boil on a water bath under reflux for 1 h, cool, and
filter. Wash the flask and the residue with 20 mL of Diluent, and pass through the same
filter. Combine the filtrates, and evaporate in a rotary evaporator at 50 to dryness.
Dissolve the residue in 10.0 mL of Diluent.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 203 nm
Analytical column: 4.6-mm × 15-cm; 3-µm packing L1
Guard column: 4.6-mm × 2.0-cm; packing L1
Column temperature: 25
Flow rate: 1.5 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram is similar to the Reference
Chromatogram provided with the lot of USP Powdered Asian
American 2S (USP38)
Ginseng Extract RS being used.
Relative standard deviation: NMT 2.0%, determined for the sum of the peak areas for the 6
major ginsenosides, in replicate injections
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify ginsenosides Rg1 , Re, Rb1 , Rc, Rb2 , and Rd in the Standard solutions and the Sample
solution by comparing the chromatograms with the Reference Chromatogram provided with USP
Powdered American Ginseng Extract RS, and measure the peak responses.
Calculate the percentages of individual ginsenosides in the portion of Powdered American
Ginseng taken:
Result = (rU/rS) × CS × (V/W) × 100
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rU= peak response of ginsenoside Rg1 , Re, Rb1 , Rc, Rb2 , or Rd from the Sample solution
rS= peak response of ginsenoside Rg1 , Re, Rb1 , Rc, Rb2 , or Rd from the appropriate Standard
solution
C=
S concentration of ginsenoside Rg1 , Re, Rb1 , Rc, Rb2 , or Rd in the appropriate Standard
solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered American Ginseng taken to prepare the Sample solution (mg)
Calculate the percentage of total ginsenosides in the portion of Powdered American Ginseng
taken by adding the individual percentages.
Acceptance criteria: NLT 4.0% of total ginsenosides on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

Add the following:
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
104 cfu/g. The total combined molds and yeasts count does not exceed 100 cfu/g.
2S (USP38)

Add the following:
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests
for absence of Salmonella species and Escherichia coli. 2S (USP38)
SPECIFIC TESTS
Change to read:
• Botanical Characteristics: Pale yellowish-brown powder. with a slightly aromatic odor
2S (USP38)

Oval parenchymatous cells packed with starch granules and occasional druse crystals of
calcium oxalate. Yellowish-brown secretory vessels with yellowish-brown contents.
• Articles of Botanical Origin, Foreign Organic Matter
• Loss on Drying 731
Sample: 1.0 g of Powdered American Ginseng
Analysis: Dry at 105 for 2 h.

561 : NMT 2.0%
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Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Powdered American Ginseng
Acceptance criteria: NMT 8%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tight containers, protected from light, moisture, and heat.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards 11
USP Powdered American Ginseng Extract RS
USP Powdered Asian Ginseng Extract RS
BRIEFING
Andrographis, USP 37 page 5245. In preparation for the omission of the general chapter Heavy
Metals 231 and all references to this general chapter from individual monographs, it is
proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin
proposed elsewhere in this Pharmacopeial Forum.

561

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148905

Comment deadline: November 30, 2014
Andrographis
DEFINITION
Andrographis consists of the dried stems and leaves of Andrographis paniculata (Burm. f.) Nees
(Fam. Acanthaceae). It contains NLT 1.0% of diterpene lactones, calculated on the dried basis
as the sum of andrographolide, neoandrographolide, 14-deoxy-11,12-didehydroandrographolide
and andrograpanin.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution 1: Use Standard solution A, prepared as directed in the test for Content
of Diterpene Lactones.
Standard solution 2: Sonicate an amount of USP Powdered Andrographis Extract RS,
equivalent to about 15 mg of diterpene lactones, for 10–15 min in 25 mL of methanol,
centrifuge, and use the supernatant.
Sample solution: Use Sample stock solution, prepared as directed in the test for Content
of Diterpene Lactones.
Adsorbent: Chromatographic silica gel mixture with an average particle size of 10–15 µm
(TLC plates)
Application volume: 10 µL, as 5–10 mm bands
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Developing solvent system: Chloroform, acetone, and toluene (2:2:1)
Spray reagent: A mixture of 1% vanillin in alcohol and 10% sulfuric acid in alcohol (1:1)
Analysis
Samples: Standard solution 1, Standard solution 2, and Sample solution
Use a saturated chamber. Develop until the solvent front has moved up about 90% of
the length of the plate. Remove the plate from the chamber, dry, spray with Spray
reagent, heat for 5–10 min at 100 , and examine under white light.
Acceptance criteria: The Sample solution exhibits three main grayish-blue zones with RF
values of approximately 0.4, 0.6, and 0.8 that correspond in position and color to zones in
Standard solution 2. Standard solution 1 exhibits a grayish-blue zone due to
andrographolide at an RF of about 0.4. The Sample solution exhibits a zone similar in color
and RF value to that due to andrographolide in Standard solution 1.
• B. The retention time of the main peak of the Sample solution obtained in the test for
Content of Diterpene Lactones corresponds to that of andrographolide in Standard solution
A. Identify other diterpene lactone peaks in the Sample solution by comparison with
Standard solution B and the reference chromatogram provided with the lot of USP
Powdered Andrographis Extract RS being used. The Sample solution shows additional peaks
corresponding to neoandrographolide, 14-deoxy-11,12-didehydroandrographolide, and
andrograpanin.
COMPOSITION
• Content of Diterpene Lactones
Solution A: Dissolve 0.14 g of potassium dihydrogen phosphate in 900 mL of water, add 0.5
mL of phosphoric acid, dilute with water to 1000 mL, mix, filter, and degas.
Solution B: Acetonitrile, filtered and degassed
Standard solution A: Dissolve a weighed quantity of USP Andrographolide RS in methanol
to obtain a 1.0 mg/mL solution. Transfer 5.0 mL of this solution to a 10-mL volumetric
flask, dilute with acetonitrile to volume, and mix.
Standard solution B: Transfer an amount of USP Powdered Andrographis Extract RS,
equivalent to about 25 mg of diterpene lactones, to a 50-mL volumetric flask, add 25 mL
of methanol, heat gently for 15–20 min, dilute with acetonitrile to volume, and mix. Before
injection, pass through a membrane filter of 0.45-µm or finer pore size, discarding the first
5 mL of the filtrate.
Sample stock solution: Transfer about 2.0 g of finely powdered Andrographis to a 250-mL
flask fitted with a reflux condenser. Add 50 mL of methanol, reflux for 15 min, cool to room
temperature, and decant the supernatant. Repeat until the extract is colorless. Combine
the extracts, filter, concentrate under vacuum, and adjust the volume to 50.0 mL using
methanol.
Sample solution: Transfer 25.0 mL of Sample stock solution to a 50-mL volumetric flask,
dilute with acetonitrile to volume, and mix. Before injection, pass through a membrane
filter of 0.45-µm or finer pore size, discarding the first 5 mL of the filtrate.
Mobile phase: See the gradient table below.
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
18
55
45
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25
28
35
40
45

20
20
55
95
95

80
80
45
5
5

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 223 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
The chromatogram of Standard solution B is similar to the reference chromatogram
provided with the lot of USP Powdered Andrographis Extract RS being used.
Column efficiency: NLT 5000 theoretical plates, Standard solution A
Tailing factor: NMT 1.5 for the andrographolide peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined for the andrographolide peak in
replicate injections, Standard solution A
Resolution: NLT 5 between the neoandrographolide and 14-deoxy-11,12didehydroandrographolide peaks, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Andrographis Extract RS being
used, identify the retention times of the peaks corresponding to the different diterpene
lactones. The approximate relative retention times of the different diterpene lactones
are provided in the following table:
Analyte
Andrographolide
Neoandrographolide
14-Deoxy-11,12-didehydroandrographolide
Andrograpanin

Relative
Retention Time
1.00
1.16
1.31
1.50

Separately calculate the percentages of andrographolide, neoandrographolide, 14deoxy-11,12-didehydroandrographolide, and andrograpanin in the portion of Andrographis
taken:
Result = (rU/rS) × (CS/W) × 10F
rU= peak area of each identified diterpene lactone in the Sample solution
rS= peak area of andrographolide in Standard solution A
C=
S concentration of USP Andrographolide RS in Standard solution A (mg/mL)
W= weight of Andrographis taken to prepare the Sample solution (g)
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F= conversion factor: 1.00 for andrographolide, 3.90 for neoandrographolide, 1.45 for 14deoxy-11,12-didehydroandrographolide, and 2.65 for andrograpanin
Acceptance criteria: NLT 1.0% for the sum of the percentages of andrographolide,
neoandrographolide, 14-deoxy-11,12-didehydroandrographolide, and andrograpanin, on the
dried basis
IMPURITIES
Delete the following:
• Heavy Metals, Method II 231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Foreign Organic Matter
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : NMT 2.0%
561 : Meets the requirements

SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Stem is dark green, woody, 2–6 mm in diameter, bearing numerous branches,
showing slightly swollen nodes, the upper part is distinctly quadrangular with four bulges in
the four corners, and the lower part is somewhat rounded; texture fragile, easily broken;
branches quadrangular, often narrowly winged in the upper part. Leaves are simple,
opposite, short petiolated or nearly sessile; lamina crumpled and easily broken, when
whole, lanceolate or ovate-lanceolate, 2–7 cm long, 1–3 cm wide, with acuminate apex,
reticulate venation and cuneate-decurrent base, margin entire or undulate; the upper
surface green, the lower surface grayish-green; both surfaces are glabrous.
Pharmacopeial article consists of dry mixtures of crisp, dark-green broken leaves and
quadrangular stems; leaves brittle; stems fracture short, fibrous.
Microscopic
Transverse section of stems: Epidermal layer showing cells containing round, longelliptical or clavate calcium carbonate deposits (cystoliths), 1–4 celled nonglandular
hairs and multicellular, disk-shaped glandular hairs; collenchyma below the epidermis and
in the bulges; endodermis is distinct; vascular bundles surround the parenchyma of the
central pith; small acicular crystals of calcium oxalate present in the cortex and pith.
Transverse section of leaves: Subsquare or rectangular upper and lower epidermal
cells; lower epidermal cells are relatively smaller; both epidermal layers show cells
containing cystoliths, nonglandular hairs and glandular hairs similar to those of the stem;
mesophyll composed of 1–2 layers of palisade parenchyma and spongy parenchyma;
loosely arranged spongy parenchyma appear across the upper part of the midrib;
vascular bundles of midrib are collateral and grooved; cells containing cystoliths appear
above the xylem.
• Loss on Drying 731
Sample: 1.0 g of finely powdered Andrographis
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Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Andrographis
Acceptance criteria: NMT 15%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 3.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2

561 : NLT 8.0%

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g; the total combined molds and yeasts count does not exceed 103 cfu/g; and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards 11
USP Andrographolide RS
USP Powdered Andrographis Extract RS
BRIEFING
Powdered Andrographis, USP 37 page 5247. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to control arsenic, cadmium, lead, and mercury as described in
the Limits of Elemental Impurities section of the general chapter Articles of Botanical Origin
561

proposed elsewhere in this Pharmacopeial Forum.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148906

Comment deadline: November 30, 2014
Powdered Andrographis
DEFINITION
Change to read:
Powdered Andrographis is Andrographis reduced to a fine or very fine powder.
It contains NLT 1.0% of diterpene lactones, calculated on the dried basis as the sum of the
andrographolide, neoandrographolide, 14-deoxy-11,12-didehydroandrographolide and
andrograpanin. 2S (USP38)
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IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution 1: Use Standard solution A, prepared as directed in the test for Content
of Diterpene Lactones.
Standard solution 2: Sonicate an amount of USP Powdered Andrographis Extract RS,
equivalent to about 15 mg of diterpene lactones, for 10–15 min in 25 mL of methanol,
centrifuge, and use the supernatant.
Sample solution: Use Sample stock solution, prepared as directed in the test for Content
of Diterpene Lactones.
Adsorbent: Chromatographic silica gel mixture with an average particle size of 10–15 µm
(TLC plates)
Application volume: 10 µL, as 5–10 mm bands
Developing solvent system: Chloroform, acetone, and toluene (2:2:1)
Spray reagent: A mixture of 1% vanillin in alcohol and 10% sulfuric acid in alcohol (1:1)
Analysis
Samples: Standard solution 1, Standard solution 2, and Sample solution
Use a saturated chamber. Develop until the solvent front has moved up about 90% of
the length of the plate. Remove the plate from the chamber, dry, spray with Spray
reagent, heat for 5–10 min at 100 , and examine under white light.
Acceptance criteria: The Sample solution exhibits three main grayish-blue zones with RF
values of approximately 0.4, 0.6, and 0.8 that correspond in position and color to the main
zones of Standard solution 2. Standard solution 1 exhibits a grayish-blue zone due to
andrographolide at an RF of about 0.4. The Sample solution exhibits a zone similar in color
and RF value to that due to andrographolide in Standard solution 1.
• B. The retention time of the main peak of the Sample solution obtained in the test for
Content of Diterpene Lactones corresponds to that of andrographolide in Standard solution
A. Identify other diterpene lactone peaks in the Sample solution by comparison with
Standard solution B and the reference chromatogram provided with the lot of USP
Powdered Andrographis Extract RS being used. The Sample solution shows additional peaks
corresponding to neoandrographolide, 14-deoxy-11,12-didehydroandrographolide, and
andrograpanin.
COMPOSITION
• Content of Diterpene Lactones
Solution A: Dissolve 0.14 g of potassium dihydrogen phosphate in 900 mL of water, add 0.5
mL of phosphoric acid, dilute with water to 1000 mL, mix, filter, and degas.
Solution B: Acetonitrile, filtered and degassed
Standard solution A: Dissolve a weighed quantity of USP Andrographolide RS in methanol
to obtain a 1.0 mg/mL solution. Transfer 5.0 mL of this solution to a 10-mL volumetric
flask, dilute with acetonitrile to volume, and mix.
Standard solution B: Transfer an amount of USP Powdered Andrographis Extract RS,
equivalent to about 25 mg of diterpene lactones, to a 50-mL volumetric flask, add 25 mL
of methanol, heat gently for 15–20 min, dilute with acetonitrile to volume, and mix. Before
injection, pass through a membrane filter of 0.45-µm or finer pore size, discarding the first
5 mL of the filtrate.
Sample stock solution: Transfer about 2.0 g of Powdered Andrographis to a 250-mL flask
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fitted with a reflux condenser. Add 50 mL of methanol, reflux for 15 min, cool to room
temperature, and decant the supernatant. Repeat until the extract is colorless. Combine
the extracts, filter, concentrate under vacuum, and adjust the volume to 50.0 mL using
methanol.
Sample solution: Transfer 25.0 mL of Sample stock solution to a 50-mL volumetric flask,
dilute with acetonitrile to volume, and mix. Before injection, pass through a membrane
filter of 0.45-µm or finer pore size discarding the first 5 mL of the filtrate.
Mobile phase: See the gradient table below.
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
18
55
45
25
20
80
28
20
80
35
55
45
40
95
5
45
95
5
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 223 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
The chromatogram of Standard solution B is similar to the reference chromatogram
provided with the lot of USP Powdered Andrographis Extract RS being used.
Column efficiency: NLT 5000 theoretical plates, Standard solution A
Tailing factor: NMT 1.5 for the andrographolide peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined for the andrographolide peak in
replicate injections, Standard solution A
Resolution: NLT 5 between the neoandrographolide and 14-deoxy-11,12didehydroandrographolide peaks, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Andrographis Extract RS being used,
identify the retention times of the peaks corresponding to the different diterpene
lactones. The approximate relative retention times of the different diterpene lactones are
provided in the following table:
Analyte
Andrographolide

Relative
Retention Time
1.00
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Neoandrographolide
14-Deoxy-11,12-didehydroandrographolide
Andrograpanin

1.16
1.31
1.50

Separately calculate the percentages of andrographolide, neoandrographolide, 14-deoxy11,12-didehydroandrographolide, and andrograpanin in the portion of Powdered
Andrographis taken:
Result = (rU/rS) × (CS/W) × 10F
rU= peak area of each identified diterpene lactone from the Sample solution
rS= peak area of andrographolide from Standard solution A
C=
S concentration of USP Andrographolide RS in Standard solution A (mg/mL)
W= weight of Powdered Andrographis taken to prepare the Sample solution (g)
F= conversion factor: 1.00 for andrographolide, 3.90 for neoandrographolide, 1.45 for 14deoxy-11,12-didehydroandrographolide, and 2.65 for andrograpanin
Acceptance criteria: NLT 1.0% for the sum of the percentages of andrographolide,
neoandrographolide, 14-deoxy-11,12-didehydroandrographolide, and andrograpanin, on the
dried basis
IMPURITIES
Delete the following:
• Heavy Metals, Method II

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: It is a grayish-brown powder.
Microscopic: It reveals cells of the upper and lower epidermis of the leaves, some cells
containing large cystoliths, up to 36 µm in diameter and 180 µm long, with a hilum-shaped
scar in the large end; 1–4 celled nonglandular hairs; disk-shaped glandular hairs, 8-celled
head and very short stalk; diacytic stomata mostly on the lower epidermis; stem epidermal
cells, some cells containing cystoliths, stomata, nonglandular hairs and glandular hairs
similar to those of the leaves; thin-walled parenchyma cells; collenchyma cells; acicular
phloem fibers; tracheids; vessels, with spiral and scalariform thickening.
• Loss on Drying 731
Sample: 1.0 g of Powdered Andrographis
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 12.0%
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• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Powdered Andrographis
Acceptance criteria: NMT 15%
• Articles of Botanical Origin, Acid-Insoluble Ash 561 : NMT 3.0%
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2

561 : NLT 8.0%

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g; the total combined molds and yeasts count does not exceed 103 cfu/g; and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards 11
USP Andrographolide RS
USP Powdered Andrographis Extract RS
BRIEFING
Ashwagandha Root, USP 37 page 5251. In preparation for the omission of the general chapter
Heavy Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium,
lead, and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin

561

proposed elsewhere in this PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148885

Comment deadline: November 30, 2014
Ashwagandha Root
DEFINITION
Ashwagandha Root is the dried mature roots of Withania somnifera (L.) Dunal (Fam.
Solanaceae). It contains NLT 0.3% of withanolides, calculated on the dried basis as the sum of
withanolide aglycones, calculated as withanolide A, and withanolide glycosides, calculated as
withanoside IV.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution: About 200 mg of USP Powdered Ashwagandha Root Extract RS in 10
mL of methanol. Heat gently for 10–15 min, centrifuge, and use the supernatant. [Note

PF 40(5): Sep.-Oct. 2014

368

—Save the remaining supernatant for use in the test for Content of Withanolides.]
Sample solution: Transfer about 5.0 g of Ashwagandha Root, finely powdered and
accurately weighed, to a 250-mL flask fitted with a reflux condenser. Add 50 mL of
methanol, reflux on a water bath for 10–15 min, cool to room temperature, and decant the
supernatant. Repeat until the extract is colorless. Combine the extracts, filter,
concentrate under vacuum to about 40 mL, and adjust the volume with methanol to 50.0
mL. [Note—Save the remaining volume of the Sample solution for use in the test for
Content of Withanolides.]
Adsorbent: 0.25-mm layer of chromatographic silica gel (TLC plates)
Application volume: 25 µL
Developing solvent system: A mixture of ethyl acetate, toluene, and acetic acid
(45:55:3)
Derivatization reagent: Mix 0.5 mL of anisaldehyde, 10 mL of glacial acetic acid, 85 mL of
methanol, and 5 mL of concentrated sulfuric acid in the order given.
Analysis
Samples: Standard solution and Sample solution
Apply the Samples as bands (see Chromatography 621 ). Use a saturated chamber.
Develop until the solvent front has moved up about 90% of the length of the plate. Dry
the plate, spray with Derivatization reagent, heat for 5–10 min at 100 , and examine
under white light.
Acceptance criteria: The Sample solution exhibits five major grayish-blue bands with RF
values of approximately 0.12, 0.29, 0.47, 0.67, and 0.73 that are similar in position and
color to the bands in the Standard solution. Additional, less intense, bands may be
observed in the Sample solution and the Standard solution.
• B. The Sample solution in the test for Content of Withanolides shows main peaks at
retention times corresponding to those of withanolide A and withanoside IV in Standard
solution A and Standard solution B, respectively. Identify other withanolide peaks in the
Sample solution by comparison with Standard solution C and the reference chromatogram
provided with the lot of USP Powdered Ashwagandha Root Extract RS being used. The
Sample solution shows additional peaks corresponding to some of the following
withanolides: physagulin D, 27-hydroxywithanone, withanoside V, withanoside VI,
withaferin A, withastramonolide, withanone, and withanolide B.
COMPOSITION
• Content of Withanolides
Solution A: Dissolve 0.14 g of potassium dihydrogen phosphate in 900 mL of water, add 0.5
mL of phosphoric acid, dilute with water to 1000 mL, and mix.
Solution B: Acetonitrile, filtered and degassed
Standard solution A: Dissolve, using gentle heat, a quantity of USP Withanolide A RS in
methanol to obtain a solution having a known concentration of about 0.1 mg/mL.
Standard solution B: Dissolve, using gentle heat, a quantity of USP Withanoside IV RS in
methanol to obtain a solution having a known concentration of about 0.1 mg/mL.
Standard solution C: Dilute 5 mL of the Standard solution prepared in Identification test A
with methanol to 10 mL, and mix. Before injection, pass through a membrane filter of 0.45µm or finer pore size.
Sample solution: Use the Sample solution prepared in Identification test A. Before
injection, pass through a membrane filter of 0.45-µm or finer pore size, discarding the first
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few mL of the filtrate.
Mobile phase: See the gradient table below.
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
18
55
45
25
20
80
28
20
80
30
95
5
40
95
5
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm × 25-cm, end-capped; packing L1
Column temperature: 27
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution C
Using the chromatogram of Standard solution C and the reference chromatogram
provided with the lot of USP Powdered Ashwagandha Root Extract RS being used,
identify the retention times of the peaks corresponding to the various withanolide
aglycones and glycosides. The approximate relative retention times of the withanolide
aglycones and glycosides are provided in the following table.
Relative
Analyte
Retention Time
Withanoside IV
0.70
Physagulin D
0.75
27-hydroxywithanone
0.80
Withanoside V
0.89
Withanoside VI
0.89
Withaferin A
0.92
Withastramonolide
0.96
Withanolide A
1.00
Withanone
1.01
Withanolide B
1.14
Suitability requirements
The chromatogram for Standard solution C is similar to the reference chromatogram
provided with the lot of USP Powdered Ashwagandha Root Extract RS being used.
Resolution: NLT 1.0 for the withanolide A and withanone peaks, Standard solution C;
NLT 3.0 between the withaferin A and coeluting withanoside V and withanoside VI
peaks, Standard solution C
Tailing factor: NMT 1.5 for the withanolide A peak, Standard solution A
Relative standard deviation: NMT 2.0% for replicate injections, withanolide A peak,
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Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Calculate the percentage of withanolide aglycones in the portion of Ashwagandha Root
taken:
Result = 5(rT/rS)(CS/W)
rT= sum of the peak responses for withaferin A, withastramonolide, withanolide A,
withanone, and withanolide B from the Sample solution
rS= peak response of withanolide A from Standard solution A
C=
S concentration of USP Withanolide A RS in Standard solution A (mg/mL)
W= weight of Ashwagandha Root taken to prepare the Sample solution (g)
Calculate the percentage of withanolide glycosides in the portion of Ashwagandha Root
taken:
Result = 5(rT/rS)(CS/W)
rT= sum of the peak responses for withanoside IV, withanoside V, and withanoside VI from
the Sample solution
rS= peak response of USP Withanoside IV from Standard solution B
C=
S concentration of USP Withanoside IV RS in Standard solution B (mg/mL)
W= weight of Ashwagandha Root taken to prepare the Sample solution (g)
Acceptance criteria: The sum of the percentages of withanolide aglycones and
withanolide glycosides is NLT 0.3%, calculated on the dried basis. [Note—Because of
inherent variations, some of the withanolides mentioned in this test may be present in
minor quantities or may be totally absent. The sample will be deemed compliant if the sum
of the withanolides is NLT 0.3%.]
IMPURITIES
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 1.0%

Delete the following:
• Heavy Metals, Method II 231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Foreign Organic Matter

561 : Meets the

561 : NMT 2.0%

• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the requirements

SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Primary roots are not branched and are straight, conical, or fingerlike in
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shape and variable in thickness with age; some carry a crown, consisting of a number of
remains of stem base; the outer surface is buff to grayish-yellow with longitudinal
wrinkles; facture is short and uneven; secondary roots are thin and fibrous.
Microscopic: Transverse section of roots shows a narrow band of yellowish crumpled cork,
moderate-size cortex and a wide wood. The cork cells are rectangular, radially flattened,
nonlignified, and filled with starch grains and reddish brown content; cork cambium is 2–4
diffused rows of cells; secondary cortex is formed of 20–25 rows of thin-wall
parenchymatous cells, filled with starch grains, and shows occasional microsphenoidal
crystals of calcium oxalate; phloem consists of sieve tubes, companion cells, and phloem
parenchyma; vascular cambium consists of tangentially elongated parenchymatous cells;
vessels and tracheids are in radial rows toward the periphery of the wood; medullary rays
are uniseriate to 2- to 3-seriate, and are filled with starch grains; scattered vessels in
groups are embedded in the parenchyma; vessels have pitted and scalariform thickening,
and generally the end walls are perforated; and a few fibers with thick lignified walls are
also found scattered in the wood.
• Loss on Drying 731
Sample: 1.0 g of finely powdered Ashwagandha Root
Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Ashwagandha Root
Acceptance criteria: NMT 7.0%
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2

561 : NLT 10.0%

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
• Articles of Botanical Origin, Aflatoxins

561 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Powdered Ashwagandha Root Extract RS
USP Withanolide A RS
USP Withanoside IV RS
BRIEFING
Powdered Ashwagandha Root, USP 37 page 5253. In preparation for the omission of the
general chapter Heavy Metals 231 , and all references thereto, it is proposed to control
arsenic, cadmium, lead, and mercury as described in the Limits of Elemental Impurities
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section of the general chapter Articles of Botanical Origin 561 , proposed elsewhere in
this PF. It is also proposed to omit references to olfactory and gustatory qualities from
Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148886

Comment deadline: November 30, 2014
Powdered Ashwagandha Root
DEFINITION
Change to read:
Powdered Ashwagandha Root is Ashwagandha Root reduced to a fine or very fine powder.
It contains NLT 0.3% of withanolides, calculated on the dried basis as the sum of withanolide
aglycones, calculated as withanolide A, and withanolide glycosides, calculated as withanoside
IV. 2S (USP38)
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution: Heat gently, for 10–15 min, about 200 mg of USP Powdered
Ashwagandha Root Extract RS in 10 mL of methanol, centrifuge, and use the supernatant.
[Note—Save the remaining supernatant for use in the test for Content of Withanolides.]
Sample solution: Transfer about 5.0 g of accurately weighed Powdered Ashwagandha
Root to a 250-mL flask fitted with a reflux condenser. Add 50 mL of methanol, reflux on a
water bath for 10–15 min, cool to room temperature, and decant the supernatant. Repeat
until the extract is colorless. Combine the extracts, filter, concentrate under vacuum to
about 40 mL, and adjust the volume with methanol to 50.0 mL. [Note—Save the remaining
volume of the Sample solution for use in the test for Content of Withanolides.]
Adsorbent: 0.25-mm layer of chromatographic silica gel (TLC plates)
Application volume: 25 µL
Developing solvent system: A mixture of ethyl acetate, toluene, and acetic acid
(45:55:3)
Derivatization reagent: Mix 0.5 mL of anisaldehyde, 10 mL of glacial acetic acid, 85 mL of
methanol, and 5 mL of concentrated sulfuric acid in the order mentioned.
Analysis
Samples: Standard solution and Sample solution
Apply the Samples as bands (see Chromatography 621 ). Use a saturated chamber.
Develop the chromatograms until the solvent front has moved up about 90% of the
plate. Remove the plate from the chamber, dry, spray with Derivatization reagent, heat
for 5–10 min at 100 , and examine under white light.
Acceptance criteria: The Sample solution exhibits five major grayish-blue bands with RF
values of approximately 0.12, 0.29, 0.47, 0.67, and 0.73 that are similar in position and
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color to the bands in the Standard solution. Additional, less intense, bands may be
observed in the Sample solution and Standard solution.
• B. The Sample solution from the test for Content of Withanolides shows main peaks at
retention times corresponding to those of withanolide A and withanoside IV in Standard
solution A and Standard solution B, respectively. Identify other withanolide peaks in the
Sample solution by comparison with Standard solution C and the reference chromatogram
provided with the lot of USP Powdered Ashwagandha Root Extract RS. The Sample solution
shows additional peaks corresponding to some of the following withanolides: physagulin D,
27-hydroxywithanone, withanoside V, withanoside VI, withaferin A, withastramonolide,
withanone, and withanolide B.
COMPOSITION
• Content of Withanolides
Solution A: Dissolve 0.14 g of potassium dihydrogen phosphate in 900 mL of water, add 0.5
mL of phosphoric acid, dilute with water to 1000 mL, and mix.
Solution B: Acetonitrile, filtered and degassed
Standard solution A: Dissolve, using gentle heat, a quantity of USP Withanolide A RS in
methanol to obtain a solution having a known concentration of about 0.1 mg/mL.
Standard solution B: Dissolve, using gentle heat, a quantity of USP Withanoside IV RS in
methanol to obtain a solution having a known concentration of about 0.1 mg/mL.
Standard solution C: Dilute 5 mL of the Standard solution prepared in Identification test A
with methanol to 10 mL, and mix. Before injection, pass through a membrane filter of 0.45µm or finer pore size.
Sample solution: Use the Sample solution prepared in Identification test A. Before
injection, pass through a membrane filter of 0.45-µm or finer pore size, discarding the first
few mL of the filtrate.
Mobile phase: See the gradient table below.
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
18
55
45
25
20
80
28
20
80
30
95
5
40
95
5
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm × 25-cm, end-capped; packing L1
Temperature: 27
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution C
Using the chromatogram of Standard solution C and the Reference chromatogram
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provided with the lot of USP Powdered Ashwagandha Root Extract RS, identify the
retention times of the peaks corresponding to the different withanolide aglycones and
glycosides. The approximate relative retention times of the withanolide aglycones and
glycosides are provided in the following table.
Relative
Analyte
Retention Time
Withanoside IV
0.70
Physagulin D
0.75
27-hydroxywithanone0.80
Withanoside V
0.89
Withanoside VI
0.89
Withaferin A
0.92
Withastramonolide 0.96
Withanolide A
1.00
Withanone
1.01
Withanolide B
1.14
Suitability requirements
The chromatogram of Standard solution C is similar to the reference chromatogram
provided with the lot of USP Powdered Ashwagandha Root Extract RS.
Resolution: NLT 1.0 for the withanolide A and withanone peaks, and NLT 3.0 between
the peak corresponding to withaferin A and the peak corresponding to the coeluting
withanoside V and withanoside VI, Standard solution C
Tailing factor: NMT 1.5 for the withanolide A peak, Standard solution A
Relative standard deviation: NMT 2.0% for replicate injections, withanolide A peak,
Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Calculate the percentage of withanolide aglycones in the portion of Powdered
Ashwagandha Root taken:
Result = 5(rT/rS)(CS/W)
rT= sum of the peak responses for withaferin A, withastramonolide, withanolide A,
withanone, and withanolide B in the Sample solution
rS= peak response of withanolide A in Standard solution A
C=
S concentration of USP Withanolide A RS in Standard solution A (mg/mL)
W= weight of Powdered Ashwagandha Root taken to prepare the Sample solution (g)
Calculate the percentage of withanolide glycosides in the portion of Powdered
Ashwagandha Root taken:
Result = 5(rT/rS)(CS/W)
rT= sum of the peak responses for withanoside IV, withanoside V, and withanoside VI in
the Sample solution
rS= peak response of USP Withanoside IV RS in Standard solution B
C=
S concentration of USP Withanoside IV RS in Standard solution B (mg/mL)
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W= weight of Powdered Ashwagandha Root taken to prepare the Sample solution (g)
Acceptance criteria: Add the percentages of withanolide aglycones and withanolide
glycosides: NLT 0.3% is found, calculated on the dried basis. [Note—Due to inherent
variations, some of the withanolides mentioned in the above test may be present in minor
quantities or may be totally absent. The sample will be deemed compliant as long as the
sum of the withanolides is NLT 0.3%.]
IMPURITIES
Delete the following:
• Heavy Metals, Method II 231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Dusty white or grey to light brown powder with a characteristic odor and a
mucilagenous, bitter, acrid taste
2S (USP38)

Microscopic: Collapsed cork cells filled with starch grains and reddish-brown content; thinwalled cortex parenchyma cells filled with starch grains and occasional microsphenoidal
crystals of calcium oxalate; vessels, with pitted and scalariform thickening, and generally with
end walls perforated; a few fibers with thick lignified walls and simple pits; abundant starch
grains, mostly simple, sometimes compound, spherical, reniform-oval with central hilum
• Loss on Drying 731
Sample 1.0 g of Powdered Ashwagandha Root
Analysis Dry the Sample at 105 for 3 h.
Acceptance criteria NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample 1.0 g of Powdered Ashwagandha Root
Acceptance criteria NMT 7.0%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 1.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2

561 : NLT 10.0%

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
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• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
• Articles of Botanical Origin, Aflatoxins

561 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Powdered Ashwagandha Root Extract RS
USP Withanolide A RS
USP Withanoside IV RS
BRIEFING
Asian Ginseng, USP 37 page 5240. In preparation for the omission of the general chapter
Heavy Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium,
lead, and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also
proposed to omit references to olfactory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148892

Comment deadline: November 30, 2014
Asian Ginseng
DEFINITION
Asian Ginseng consists of the dried roots of Panax ginseng C.A. Mey. (Fam. Araliaceae). It
contains NLT 0.2% of ginsenoside Rg1 and NLT 0.1% of ginsenoside Rb1 , both calculated on the
dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 5 mg/mL each of arbutin and escin, in methanol
Sample solution: 1.0 g of finely powdered Asian Ginseng in a 25-mL flask fitted with a
reflux condenser. Add 10.0 mL of a mixture of methanol and water (7:3), and heat under
reflux for 15 min. Cool, filter, and dilute the filtrate with methanol to 10.0 mL.
Adsorbent: 0.25-mm layer of chromatographic silica gel, typically 20 cm long (TLC plates)
Application volume: 20 µL, as bands
Developing solvent system: The upper layer of a mixture of butyl alcohol, ethyl acetate,
and water (10:2.5:5) in an unsaturated chamber
Spray reagent: Dissolve 0.5 mL of anisaldehyde in 10 mL of glacial acetic acid, add 85 mL
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of methanol, mix, and carefully add 5 mL of sulfuric acid, and mix.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved up about three-fourths of
the length of the plate. Remove the plate from the chamber, mark the solvent front, and
allow the plate to dry. Spray with Spray reagent. Heat the plate at 105 –110 for 10 min,
and examine the plate under white light.
System suitability: The Standard solution chromatogram shows, in the upper third, a
brown zone corresponding to arbutin, and in the lower third, a gray zone corresponding to
escin.
Acceptance criteria: The Sample solution exhibits violet-gray zones corresponding to
ginsenoside Rg1 in the upper portion and to ginsenoside Re in the middle and in between
the zones corresponding to arbutin and escin in the Standard solution. A violet-gray zone
corresponding to ginsenoside Rb1 is located at the same RF value as the gray zone
corresponding to escin in the Standard solution. Other, less intense bands may be
observed between the zones due to ginsenosides Rb1 and Re, and the zone closest to the
origin corresponds to ginsenoside Rc. Other spots may be visible in the lower third of the
chromatogram.
• B. The retention times of the peaks for ginsenosides Rg1 , Re, Rf, Rb1 , Rc, and Rd in the
Sample solution chromatogram correspond to those in the Standard solution, as obtained in
the test for Content of Ginsenosides Rb1 and Rg1. The ratio of the peak area for
ginsenoside Rb2 to the peak area for ginsenoside Rb1 is NLT 0.4 (differentiation from
American Ginseng).
COMPOSITION
• Content of Ginsenosides Rb1 and Rg1
Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
76
24
12
76
24
28
65
35
51.5
56.5
43.5
52.5
0
100
64.5
76
24
77
76
24
Diluent: Alcohol and water (4:6)
Standard solution: Transfer a quantity of USP Powdered Asian Ginseng Extract RS,
equivalent to 2 mg of ginsenoside Rg1 , to a suitable container, and dissolve in 10.0 mL of
Diluent. [Note—The concentrations of ginsenoside Rg1 and ginsenoside Rb1 in this solution
are not expected to be equal and are determined on the basis of the labeled quantities
present in USP Powdered Asian Ginseng Extract RS.]
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Sample solution: Reduce 100 g of Asian Ginseng to a powder, and transfer about 1.0 g of
the powder, accurately weighed, to a 100-mL, round-bottom flask fitted with a reflux
condenser. Add 50 mL of Diluent and a few grains of pumice, and boil on a water bath
under reflux for 1 h. Cool, and filter. Wash the flask and the residue with 20 mL of Diluent,
and pass through the same filter. Combine the filtrates, and evaporate in a rotary
evaporator at 50 to dryness. Dissolve the residue in 10.0 mL of Diluent.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 203 nm
Analytical column: 4.6-mm × 15-cm; 3-µm packing L1
Guard column: 4.6-mm × 2.0-cm; packing L1
Column temperature: 25
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Chromatogram similarity: The chromatogram is similar to the Reference
Chromatogram provided with the lot of USP Powdered Asian Ginseng Extract RS being
used.
Relative standard deviation: NMT 2.0%, determined for the sum of the peak areas for
the 6 major ginsenosides, in replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of ginsenosides Rb1 and Rg1 in the portion of Asian Ginseng
taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak response of ginsenoside Rg1 or ginsenoside Rb1 from the Sample solution
rS= peak response of ginsenoside Rg1 or ginsenoside Rb1 from the Standard solution
C=
S concentration of ginsenoside Rg1 or ginsenoside Rb1 in the Standard solution (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Asian Ginseng taken to prepare the Sample solution (mg)
Acceptance criteria
Ginsenoside Rg1: NLT 0.2% on the dried basis
Ginsenoside Rb1: NLT 0.1% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III
Add the following:

231 : NMT 20 ppm

2S (USP38)
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• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
104 cfu/g. The total combined molds and yeasts count does not exceed 100 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Fusiform or cylindrical roots, with distinct aromatic odor,
2S (USP38)

sometimes branched, typically 1–10 cm, sometimes up to 20 cm in length and up to 2.5 cm in
diameter at the crown, with one or more stem scars. Externally pale yellow to golden, rough
textured in the lower part, with prominent horizontal rings and fine longitudinal ridges as a
result of drying. Root scars or fine rootlets are present. Fractures are short, with the fractured
surface, white to ivory, exposing a ring of secretory canals present in secondary phloem.
Microscopic: Transverse section of root presents multiple layers of thin-walled cork cells.
Secondary phloem characterized by conspicuous air lacunae, abundant starch-containing
storage parenchyma, few sieve elements, and rings of schizogenous secretory canals. Xylem
characterized by abundant starch-containing storage parenchyma, few tracheary elements,
and a lack of secretory canals. Druse crystals are sometimes present with vascular
parenchyma cells.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2

561 : NLT 14.0%

• Loss on Drying 731
Sample: 1.0 g of Asian Ginseng, finely powdered
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Asian Ginseng, finely powdered
Acceptance criteria: NMT 8.0%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store in a cool, dry place.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Powdered Asian Ginseng Extract RS
BRIEFING
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Powdered Asian Ginseng, USP 37 page 5241. In preparation for the omission of the general
chapter Heavy Metals 231 , and all references thereto, it is proposed to control arsenic,
cadmium, lead, and mercury as described in the Limits of Elemental Impurities section of the
general chapter Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also
proposed to omit references to olfactory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148893

Comment deadline: November 30, 2014
Powdered Asian Ginseng
DEFINITION
Powdered Asian Ginseng is Asian Ginseng reduced to a fine or very fine powder. It contains NLT
0.2% of ginsenoside Rg1 and NLT 0.1% of ginsenoside Rb1 , both calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 5 mg/mL each of arbutin and escin, in methanol
Sample solution: 1.0 g of Powdered Asian Ginseng in a 25-mL flask fitted with a reflux
condenser. Add 10.0 mL of a mixture of methanol and water (7:3), and heat under reflux
for 15 min. Cool, filter, and dilute the filtrate with methanol to 10.0 mL.
Adsorbent: 0.25-mm layer of chromatographic silica gel, typically 20 cm long (TLC plates)
Application volume: 20 µL, as bands
Developing solvent system: The upper layer of a mixture of butyl alcohol, ethyl acetate,
and water (10:2.5:5) in an unsaturated chamber
Spray reagent: Dissolve 0.5 mL of anisaldehyde in 10 mL of glacial acetic acid, and add 85
mL of methanol, mix, and carefully add 5 mL of sulfuric acid to this mixture.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved up about three-fourths of
the length of the plate. Remove the plate from the chamber, mark the solvent front, and
allow the plate to dry. Spray with Spray reagent. Heat the plate at 105 –110 for 10 min,
and examine the plate under white light.
System suitability: The Standard solution chromatogram shows, in the upper third, a
brown zone corresponding to arbutin, and in the lower third, a gray zone corresponding to
escin.
Acceptance criteria: The Sample solution exhibits violet-gray zones corresponding to
ginsenoside Rg1 in the upper portion and to ginsenoside Re in the middle and in between
the zones corresponding to arbutin and escin in the Standard solution. A violet-gray zone
corresponding to ginsenoside Rb1 is located at the same RF value as the gray zone
corresponding to escin in the Standard solution. Other, less intense bands may be
observed between the zones due to ginsenosides Rb1 and Re, and the zone closest to the
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origin corresponds to ginsenoside Rc. Other spots may be visible in the lower third of the
chromatogram.
• B. The retention times of the peaks for ginsenosides Rg1 , Re, Rf, Rb1 , Rc, and Rd in the
Sample solution chromatogram correspond to those in the Standard solution, as obtained in
the test for Content of Ginsenosides Rb1 and Rg1 . The ratio of the peak area for
ginsenoside Rb2 to the peak area for ginsenoside Rb1 is NLT 0.4 (differentiation from
American Ginseng).
COMPOSITION
• Content of Ginsenosides Rb1 and Rg1
Solution A: Water
Solution B: Acetonitrile and water (4:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
76
24
12
76
24
28
65
35
51.5
56.5
43.5
52.5
0
100
64.5
76
24
77
76
24
Diluent: Alcohol and water (4:6)
Standard solution: Transfer a quantity of USP Powdered Asian Ginseng Extract RS,
equivalent to 2 mg of ginsenoside Rg1 , to a suitable container, and dissolve in 10.0 mL of
Diluent. [Note—The concentrations of ginsenoside Rg1 and ginsenoside Rb1 in this solution
are not expected to be equal and are determined on the basis of the labeled quantities
present in USP Powdered Asian Ginseng Extract RS.]
Sample solution: Transfer about 1.0 g of Powdered Asian Ginseng, accurately weighed, to
a 100-mL, round-bottom flask fitted with a reflux condenser. Add 50 mL of a mixture of
Diluent and a few grains of pumice, and boil on a water bath under reflux for 1 h. Cool,
and filter. Wash the flask and the residue with 20 mL of Diluent, and pass through the
same filter. Combine the filtrates, and evaporate in a rotary evaporator at 50 to dryness.
Dissolve the residue in 10.0 mL of Diluent.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 203 nm
Analytical column: 4.6-mm × 15-cm; 3-µm packing L1
Guard column: 4.6-mm × 2.0-cm; packing L1
Column temperature: 25
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
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Sample: Standard solution
Suitability requirements
Chromatogram similarity: The chromatogram is similar to the Reference
Chromatogram provided with the lot of USP Powdered Asian Ginseng Extract RS being
used.
Relative standard deviation: NMT 2.0%, determined for the sum of the peak areas for
the 6 major ginsenosides, in replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of ginsenosides Rb1 and Rg1 in the portion of Powdered Asian
Ginseng taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak response of ginsenoside Rg1 or ginsenoside Rb1 from the Sample solution
rS= peak response of ginsenoside Rg1 or ginsenoside Rb1 from the Standard solution
C=
S concentration of ginsenoside Rg1 or ginsenoside Rb1 in the Standard solution (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Powdered Asian Ginseng used to prepare the Sample solution (mg)
Acceptance criteria
Ginsenoside Rg1: NLT 0.2% on the dried basis
Ginsenoside Rb1: NLT 0.1% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Elemental Impurities

561 : Meets the requirements

2S (USP38)

• Articles of Botanical Origin, Pesticide Residues

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
104 cfu/g. The total combined molds and yeasts count does not exceed 102 cfu/g.
• Specified Microorganisms 2022 : It meets the requirements of the tests for absence of
Salmonella species, Escherichia coli, and Staphylococcus aureus.
SPECIFIC TESTS
• Botanical Characteristics: Pale yellowish-brown powder with a slightly aromatic odor
2S (USP38)

. Under a microscope, the powder shows traces of cork composed of thin-walled polygonal cells
but mainly with phelloderm on the outside; wide cortex of parenchymatous cells with numerous
secretory canals arranged in concentric zones; parenchymatous xylem with nonlignified
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tracheids and slightly lignified vessels with spiral and reticulate thickening, isolated or in small
groups; small granules of starch 0.5–1.0 µm in diameter in all of the parenchymatous cells; and
occasional cluster crystals of calcium oxalate in the cells of the central region.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2

561 : NLT 14.0%

• Loss on Drying 731
Sample: 1.0 g of Powdered Asian Ginseng
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Powdered Asian Ginseng
Acceptance criteria: NMT 8.0%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store in a cool, dry place.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant source from which the article was derived.
• USP Reference Standards 11
USP Powdered Asian Ginseng Extract RS
BRIEFING
Aztec Marigold Zeaxanthin Extract, page 6525 of the First Supplement to USP 37 and PF
39(3) [May–June 2013]. On the basis of comments received, the following changes are
proposed:
1.
Correct a typo on the Latin binomial in the Definition.
2.
Change the limit for Other related compounds in the test for Lutein and Other Related
Compounds from NMT 1.0% to NMT 2.0%
3.
Replace the Impurities category with the Contaminants category.
4.
Replace the Heavy Metals

231

test with the Elemental Impurities

5.
Delete the test for Residue Ignition
extract.

281

(DS: H. Dinh.)
Correspondence Number—C148522

Comment deadline: November 30, 2014
Add the following:
Aztec Marigold Zeaxanthin Extract

233

test.

because it is not needed for a botanical
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568.87

(all-E)-1,1'-(3,7,12,16-Tetramethyl-1,3,5,7,9,11,13,15,17-octadecanonaene-1,18diyl)bis[2,6,6-trimethylcyclohexene-3-ol];
3R,3¢R- , -Carotene-3,3¢-diol

[148-68-3].
DEFINITION

Change to read:
Aztec Marigold Zeaxanthin Extract is a purified extract, derived from the flowers of Targetes
Tagetes 2S (USP38)
erecta L., grown from seeds of varieties of the Scarletade cultivar rich in zeaxanthin. The
extract contains NLT 36.0% of total carotenoids calculated as zeaxanthin (C40 H56 O2 ), NLT
30.0% of all-trans-zeaxanthin, and NMT 8.0% of lutein, calculated on the dried basis.
IDENTIFICATION
• A.
Sample solution: Use the Sample solution from the test for Content of Total Carotenoids.
Analysis: Record the UV-Vis spectrum from 300–600 nm.
Acceptance criteria: The Sample solution shows a shoulder at about 428 nm, an
absorption maximum at about 450 nm, and another maximum at about 478 nm.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Content of Zeaxanthin.
• C. The retention time of the major peak of the Sample solution corresponds to that of
3R,3¢R- , -carotene-3,3¢-diol from the Standard solution, as obtained in the test for
Stereoisomeric Composition.
COMPOSITION
• Content of Total Carotenoids
[Note—Use low-actinic glassware.]
Sample stock solution: Use the Sample stock solution from the test for Content of
Zeaxanthin.
Sample solution: Transfer 2.0 mL of the Sample stock solution to a 100-mL volumetric
flask, dilute with ethanol to volume, and mix well.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Analytical wavelength: 450 nm
Cell path: 1 cm
Blank: Ethanol
Analysis

851 .)
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Sample: Sample solution
[Note—The absorbance reading should be between 0.2 AU to 1.0 AU. If not, readjust the
dilution of the solution.]
Calculate the percentage of the total carotenoids as zeaxanthin (C40 H56 O2 ):
Result = A/(C × F)
A= absorbance of the Sample solution
C= concentration of the Sample solution (g/mL)
F= coefficient of extinction ( 1% ) of zeaxanthin in ethanol (100 mL·g 1·cm 1), 2480
E
Acceptance criteria: NLT 36.0% of total carotenoids (T) as zeaxanthin (C40 H56 O2 ) on the
dried basis
• Content of Zeaxanthin
[Note—Use low-actinic glassware.]
Solution A: Methyl tert-butyl ether
Solution B: Water
Solution C: Methanol
Diluent: Mixture of hexane, ethanol, acetone, and toluene (10:6:7:7)
Mobile phase: Gradient elution. See Table 1.
Table 1
Time
Solution A Solution B Solution C
(min)
(%)
(%)
(%)
0.0
5
7
88
15
15
7
78
30
45
7
48
60
75
6.5
18.5
66
75
6
19
76
5
7
88
86
5
7
88
Standard stock solution: Transfer 20.0 mg of USP Aztec Marigold Zeaxanthin Extract RS
into a 100-mL volumetric flask, add 75 mL of Diluent to the flask to suspend the sample,
and sonicate for 5 min. Dilute with Diluent to volume, and mix well. Allow the insolubles to
settle for at least 10 min. Pass the supernatant through a membrane filter of 0.45-µm
pore size.
Standard solution: Transfer 0.5 mL of the Standard stock solution to a 8-mL vial,
evaporated to dryness with an aid of a stream of nitrogen. Dissolve the residue in 4.0 mL
of a mixture of methyl tert-butyl ether and methanol (5:95).
Sample stock solution: Transfer 20.0 mg of Extract to a 100-mL volumetric flask, add 75
mL of Diluent to the flask to suspend the sample, and sonicate for 5 min. [Caution
—Electrostatic charges may cause the sample to sputter and stick to the sides of the
flask. Carefully wash down the product into the flask using Diluent.] Dilute with Diluent to
volume, and mix well. Allow the insolubles to settle for at least 10 min. Pass the
supernatant through a membrane filter of 0.45-µm pore size.
Sample solution: Transfer 0.5 mL of the Sample stock solution to a 8-mL vial, and
evaporate to dryness with the aid of a stream of nitrogen. Dissolve the residue in a 4.0-
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mL mixture of methyl tert-butyl ether and methanol (5:95).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: HPLC
Detector: 450 nm
Column: 2.0-mm × 15-cm; 3-µm packing L62
Flow rate: 0.4 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The approximate relative retention times for lutein and zeaxanthin are 0.87 and
1.0, respectively.]
Suitability requirements
Chromatographic similarity: The chromatogram from the Standard solution is similar
to the reference chromatogram provided with the USP Aztec Marigold Zeaxanthin
Extract RS being used.
Resolution: NLT 1.0 between zeaxanthin and lutein
Tailing factor: NMT 2.0 for the zeaxanthin peak
Relative standard deviation: NMT 2.0% for the zeaxanthin peak
Analysis
Sample: Sample solution
Calculate the percentage of all-trans-zeaxanthin (C40 H56 O2 ) in the portion of the sample
taken:
Result = (rU/rT) × T
r=
U peak response of all-trans-zeaxanthin from the Sample solution
r=
T sum of the responses for all the peaks from the Sample solution
T= percentage of total carotenoids as determined in the test for Content of Total
Carotenoids
Acceptance criteria: NLT 30.0% of all-trans-zeaxanthin on the dried basis
Change to read:
• Lutein and Other Related Compounds
[Note—Use low-actinic glassware.]
Mobile phase, Standard solution, Sample solution, Chromatographic system, and
System suitability: Proceed as directed in the test for Content of Zeaxanthin.
Analysis
Sample: Sample solution
Calculate the percentage of lutein in the portion of the sample taken:
Result = (rU/rT) × T
r=
U peak response of lutein from the Sample solution
r=
T sum of the responses for all the peaks from the Sample solution
T= percentage of total carotenoids as determined in the test for Content of Total
Carotenoids
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Calculate the percentage of other related compounds in the portion of the sample taken:
Result = (rU/rT) × 100
r=
U peak response of individual related compounds peaks from the Sample solution
r=
T sum of the responses for all the peaks from the Sample solution
Acceptance criteria
Lutein: NMT 8.0% on the dried basis
Other related compounds: NMT 1.0%
2.0% 2S (USP38)
• Stereoisomeric Composition
[Note—Use low-actinic glassware.]
Mobile phase: Gradient elution. See Table 2.
Table 2
Time
n-Hexane 2-Propanol
(min)
(%)
(%)
0.0
95
5
50
95
5
55
50
50
63
50
50
65
95
5
75
95
5
Standard stock solution: 0.1 mg/mL of USP Aztec Marigold Zeaxanthin Extract RS in
methylene chloride. Sonicate if necessary to dissolve the sample.
Standard solution: Transfer 1.0 mL of the Standard stock solution into a 15-mL test tube,
and evaporate to dryness with the aid of a stream of nitrogen. Dissolve the residue in a
10.0-mL mixture of 2-propanol and hexane (5:95). Pass through a membrane filter of 0.45µm pore size.
Sample stock solution: Weigh 10 mg of Extract into a 100-mL volumetric flask, add 85 mL
of methylene chloride, sonicate, and swirl to dissolve. Dilute with methylene chloride to
volume.
Sample solution: Transfer 1.0 mL of the Sample stock solution into a 15-mL test tube,
and evaporate to dryness with the aid of a nitrogen stream. Dissolve the residue in a
10.0-mL mixture of 2-propanol and hexane (5:95). Pass the solution through a membrane
filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: HPLC
Detector: 450 nm
Column: 4.6-mm × 25-cm; 5-µm packing L51
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The approximate relative retention times for (3R,3¢ S meso)-zeaxanthin, (3R,3¢R)-
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zeaxanthin, and (3R,3¢R,6¢R)-lutein are 0.92, 1.00, and 1.12, respectively.]
Suitability requirements
Resolution: The resolution between each pair of peaks due to (3R,3¢S meso)zeaxanthin, (3R,3¢R)-zeaxanthin, and (3R,3¢R,6¢R)-lutein is NLT 1.0.
Chromatogram similarity: The chromatogram from the Standard solution is similar to
the reference chromatogram provided with the USP Aztec Marigold Zeaxanthin Extract
RS being used.
Analysis
Samples: Standard solution and Sample solution
Identify the peaks of the relevant analytes in the chromatogram of the Sample solution by
comparing with those in the chromatogram of the Standard solution obtained from the
System suitability.
Calculate the percentages of (3R,3¢S meso)-zeaxanthin and (3R,3¢R)-zeaxanthin in the
portion of the sample taken:
Result = (rU/rT) × 100
r=
U peak response of the corresponding analyte
r=
T sum of the responses for two peaks
Acceptance criteria
(3R,3¢ R)-Zeaxanthin: NLT 99.0%
(3R,3¢ S meso)-Zeaxanthin: NMT 1.0%
CONTAMINANTS
Delete the following:
• Heavy Metals, Method II

231 : NMT 20 µg/g

2S (USP38)

Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 0.5 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.1 µg/g

233

2S (USP38)

Delete the following:
• Residue on Ignition 281 : NMT 10.0%

2S (USP38)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample under vacuum at 105 for 3 h.
Acceptance criteria: NMT 25.0%
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP Aztec Marigold Zeaxanthin Extract RS
1S (USP37)

BRIEFING
Bacopa, USP 37 page 5258. In preparation for the omission of the general chapter Heavy
Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium, lead,
and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also
proposed to omit references to olfactory and gustatory qualities from Botanical
Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148931

Comment deadline: November 30, 2014
Bacopa
DEFINITION
Bacopa consists of the dried stems and leaves of Bacopa monnieri (L.) Pennell (Fam.
Scrophulariaceae). It contains NLT 2.5% of triterpene glycosides, calculated on the dried basis
as the sum of bacopaside I, bacoside A3 , bacopaside II, the jujubogenin isomer of
bacopasaponin C, and bacopasaponin C.
IDENTIFICATION
• A. Bacopa meets the requirements for Specific Tests, Botanical Characteristics.
• B. Thin-Layer Chromatographic Identification Test 201
Standard solution: Transfer about 10 mg of USP Powdered Bacopa Extract RS to a 10-mL
volumetric flask, and add about 8 mL of methanol. Sonicate and heat gently for 15–20
min, dilute with methanol to volume, mix, centrifuge, and use the supernatant.
Sample solution: Use the Sample solution, prepared as directed in the test for Content of
Triterpene Glycosides.
Adsorbent: Chromatographic silica gel mixture with an average particle size of 10–15 µm
(TLC plates)
Application volume: 15 µL, as 5–10 mm bands
Developing solvent system: Ethyl acetate, methanol, and water (7:2:1)
Spray reagent: 1% vanillin in alcohol and 10% sulfuric acid in alcohol (1:1)
Analysis
Samples: Standard solution and Sample solution
Apply the samples as bands (see Chromatography 621 ). Use a saturated chamber.
Develop the chromatograms until the solvent front has moved up about three-fourths of
the plate. Remove the plate from the chamber, dry, spray with Spray reagent, heat for
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5–10 min at 70 , and examine under white light.
Acceptance criteria: The Sample solution exhibits a main dark blue zone due to a mixture
of bacoside A3 , bacopaside II, the jujubogenin isomer of bacopasaponin C, and
bacopasaponin C at an RF value of approximately 0.6 and a faint pink spot due to
bacopaside I at an RF value of approximately 0.4, both of which correspond in position and
color to zones in the chromatogram of the Standard solution. Other zones are observed
for the Sample solution and Standard solution.
• C. HPLC Identification Test: The Sample solution from the test for Content of Triterpene
Glycosides shows a main peak at the retention time corresponding to that of bacoside A3
in the chromatogram of Standard solution A. Identify other triterpene glycoside peaks in
the Sample solution by comparison with the chromatogram of Standard solution B and the
reference chromatogram provided with the lot of USP Powdered Bacopa Extract RS. The
Sample solution shows additional peaks corresponding to bacopaside I, bacopaside II, the
jujubogenin isomer of bacopasaponin C, and bacopasaponin C.
COMPOSITION
• Content of Triterpene Glycosides
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, add 0.5 mL of phosphoric acid, dilute with water to 1000 mL, mix, filter, and degas.
Solution B: Use filtered and degassed acetonitrile.
Mobile phase: See the gradient table below.
Time
Solution A Solution B
(min)
(%)
(%)
0
70
30
25
60
40
26
70
30
30
70
30
Standard solution A: Sonicate an accurately weighed quantity of USP Bacoside A3 RS in
methanol to obtain a solution with a concentration of about 0.5 mg/mL.
Standard solution B: Transfer about 10 mg of USP Powdered Bacopa Extract RS to a 10mL volumetric flask, and add about 8 mL of methanol. Sonicate and heat gently for 15–20
min, dilute with methanol to volume, and mix. Before injection, pass through a membrane
filter of 0.45-µm or finer pore size, discarding the first 5 mL of the filtrate.
Sample solution: Transfer about 2.5 g of Bacopa, finely powdered, to a 100-mL roundbottom flask fitted with a reflux condenser. Add 25 mL of methanol, reflux on a water bath
for 10 min, cool to room temperature, and decant the supernatant. Repeat until the last
extract is colorless. Combine the extracts, filter, concentrate under vacuum, and adjust
the volume to 100 mL using methanol. Before injection, pass through a membrane filter of
0.45-µm or finer pore size, discarding the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm, endcapped, base-deactivated packing L1
Column temperature: 27
Flow rate: 1.5 mL/min
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Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Bacopa Extract RS
being used.
Resolution: NLT 1.0 between the bacopaside II and bacoside A3 peaks, Standard
solution B
Tailing factor: NMT 1.5 for the bacoside A3 peak, Standard solution A
Relative standard deviation: NMT 2% determined from the bacoside A3 peak for
replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A and Standard solution B and the
reference chromatogram provided with the lot of USP Powdered Bacopa Extract RS being
used, identify the retention times of the peaks corresponding to different triterpene
glycosides. The approximate relative retention times of the relevant triterpene glycosides
are provided in the following table.
Relative
Retention
Analyte
Time
Bacopaside I
0.73
Bacoside A3
1.00
Bacopaside II
1.04
The jujubogenin isomer of bacopasaponin C
1.15
Bacopasaponin C
1.22
Separately calculate the percentages of bacopaside I, bacoside A3 , bacopaside II, the
jujubogenin isomer of bacopasaponin C, and bacopasaponin C in the portion of Bacopa
taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak response for each triterpene glycoside from the Sample solution
rS= peak response for bacoside A3 from Standard solution A
C=
S concentration of USP Bacoside A3 RS in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Bacopa used to prepare the Sample solution (mg)
F= conversion factor for each analyte: 1.00 for bacoside A3 , 1.03 for bacopaside I, 0.81
for bacopaside II, 0.99 for the jujubogenin isomer of bacopasaponin C, and 0.75 for
bacopasaponin C
Acceptance criteria: Add the percentages of bacopaside I, bacoside A3 , bacopaside II,
the jujubogenin isomer of bacopasaponin C, and bacopasaponin C: NLT 2.5% is found,
calculated on the dried basis.
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IMPURITIES
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 6.0%

Delete the following:
• Heavy Metals, Method III 231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Foreign Organic Matter

561 : Meets the

561 : NMT 2.0%

• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Stem is creeping, succulent, glabrous, soft, obtuse-angular; with long
internodes, rooting at nodes; devoid of leaves toward the base; branches ascending.
Leaves are simple, sessile or short petiolate, opposite, succulent, 1–2 mm thick; oblongobovate or spatulate, margin entire or rarely dentate, apex rounded, midrib indistinct, 0.6–
2.5 cm long, 3–8 mm wide; the upper surface is green, the lower surface is green and
dotted. Pharmacopeial article is yellowish in color; consists of dry mixtures of broken
leaves and stems, with majority of leaves detached. ; mild and hay-like odor, and very
bitter taste
2S (USP38)

Microscopic
Transverse section of stems: Epidermal layer; a wide cortex composed of thin-wall
parenchyma cells and large intercellular spaces; xylem vessels radially arranged, uniseriate
medullary rays; pith composed of thin-wall, round or isodiametric cells with distinct
intercellular spaces. Resin canals and pericyclic sclereids are absent.
Transverse section of leaves: Shows a more or less isobilateral structure; epidermis with
glandular hair and stomata; upper surface has more hairs and less stomata than the lower
surface; mesophyll composed of spongy tissue, a few prisms of calcium oxalate, and vascular
bundles are present.
• Loss on Drying 731
Sample: 1.0 g of finely powdered Bacopa
Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Bacopa
Acceptance criteria: NMT 18%
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2
• Microbial Enumeration Tests

561 : NLT 6.0%

2021 : The total aerobic bacterial count does not exceed
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105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards 11
USP Bacoside A3 RS
USP Powdered Bacopa Extract RS
BRIEFING
Powdered Bacopa, USP 37 page 5260. In preparation for the omission of the general chapter
Heavy Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium,
lead, and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also
proposed to omit references to olfactory and gustatory qualities from Botanical
Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148898

Comment deadline: November 30, 2014
Powdered Bacopa
DEFINITION
Powdered Bacopa is Bacopa reduced to a powder or very fine powder. It contains NLT 2.5% of
triterpene glycosides, calculated on the dried basis as the sum of bacopaside I, bacoside A3 ,
bacopaside II, the jujubogenin isomer of bacopasaponin C, and bacopasaponin C.
IDENTIFICATION
• A. Powdered Bacopa meets the requirements under Specific Tests, Botanical Characteristics.
• B. Thin-Layer Chromatographic Identification Test 201
Standard solution: Transfer about 10 mg of USP Powdered Bacopa Extract RS to a 10-mL
volumetric flask, and add about 8 mL of methanol. Sonicate and heat gently for 15–20
min, dilute with methanol to volume, mix, centrifuge, and use the supernatant.
Sample solution: Use the Sample solution, prepared as directed in the test for Content of
Triterpene Glycosides.
Adsorbent: Chromatographic silica gel mixture with an average particle size of 10–15 µm
(TLC plates)
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Application volume: 15 µL, as 5–10 mm bands
Developing solvent system: Ethyl acetate, methanol, and water (7:2:1)
Spray reagent: 1% vanillin in alcohol and 10% sulfuric acid in alcohol (1:1)
Analysis
Samples: Standard solution and Sample solution
Apply the samples as bands (see Chromatography 621 ). Use a saturated chamber.
Develop the chromatograms until the solvent front has moved up about three-fourths of
the plate. Remove the plate from the chamber, dry, spray with Spray reagent, heat for 5–
10 min at 70 , and examine under white light.
Acceptance criteria: The Sample solution exhibits a main dark blue zone due to mixture of
bacoside A3 , bacopaside II, the jujubogenin isomer of bacopasaponin C, and
bacopasaponin C at an RF value of approximately 0.6 and a faint pink spot due to
bacopaside I at an RF value of approximately 0.4, both of which correspond in position and
color to zones in the chromatogram of the Standard solution. Other zones are observed
for the Sample solution and Standard solution.
• C. HPLC Identification Test: The Sample solution from the test for Content of Triterpene
Glycosides shows a main peak at a retention time corresponding to that of bacoside A3 in
the chromatogram of Standard solution A. Identify other triterpene glycoside peaks in the
Sample solution by comparison with the chromatogram of Standard solution B and the
reference chromatogram provided with the lot of USP Powdered Bacopa Extract RS being
used. The Sample solution shows additional peaks corresponding to bacopaside I,
bacopaside II, the jujubogenin isomer of bacopasaponin C, and bacopasaponin C.
COMPOSITION
• Content of Triterpene Glycosides
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, add 0.5 mL of phosphoric acid, dilute with water to 1000 mL, mix, filter, and degas.
Solution B: Use filtered and degassed acetonitrile.
Mobile phase: See the gradient table below.
Time
Solution A Solution B
(min)
(%)
(%)
0
70
30
25
60
40
26
70
30
30
70
30
Standard solution A: Sonicate an accurately weighed quantity of USP Bacoside A3 RS in
methanol to obtain a solution having a known concentration of about 0.5 mg/mL.
Standard solution B: Transfer about 10 mg of USP Powdered Bacopa Extract RS to a 10mL volumetric flask, and add about 8 mL of methanol. Sonicate and heat gently for 15–20
min, dilute with methanol to volume, and mix. Before injection, pass through a membrane
filter of 0.45-µm or finer pore size, discarding the first 5 mL of the filtrate.
Sample solution: Transfer about 2.5 g of Powdered Bacopa, accurately weighed, to a
100-mL round-bottom flask fitted with a reflux condenser. Add 25 mL of methanol, reflux
on a water bath for 10 min, cool to room temperature, and decant the supernatant.
Repeat until the last extract is colorless. Combine the extracts, filter, concentrate under
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vacuum, and adjust the volume to 100 mL using methanol. Before injection, pass through
a membrane filter of 0.45-µm or finer pore size, discarding the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm, endcapped, base-deactivated packing L1
Column temperature: 27
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Bacopa Extract RS
being used.
Resolution: NLT 1.0 between the bacopaside II and bacoside A3 peaks, Standard
solution B
Tailing factor: NMT 1.5 for the bacoside A3 peak, Standard solution A
Relative standard deviation: NMT 2% determined from the bacoside A3 peak for
replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A and Standard solution B and the
reference chromatogram provided with the lot of USP Powdered Bacopa Extract RS being
used, identify the retention times of the peaks corresponding to different triterpene
glycosides. The approximate relative retention times of the relevant triterpene glycosides
are provided in the following table.
Relative
Retention
Analyte
Time
Bacopaside I
0.73
Bacoside A3
1.00
Bacopaside II
1.04
The jujubogenin isomer of bacopasaponin C
1.15
Bacopasaponin C
1.22
Separately calculate the percentages of bacopaside I, bacoside A3 , bacopaside II, the
jujubogenin isomer of bacopasaponin C, and bacopasaponin C in the portion of Powdered
Bacopa taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak response for each triterpene glycoside from the Sample solution
rS= peak response for bacoside A3 from Standard solution A
C=
S concentration of USP Bacoside A3 RS in Standard solution A (mg/mL)
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V= final volume of the Sample solution (mL)
W= weight of Powdered Bacopa used to prepare the Sample solution (mg)
F= conversion factor for each analyte: 1.00 for bacoside A3 , 1.03 for bacopaside I, 0.81
for bacopaside II, 0.99 for the jujubogenin isomer of bacopasaponin C, and 0.75 for
bacopasaponin C
Acceptance criteria: Add the percentages of bacopaside I, bacoside A3 , bacopaside II,
the jujubogenin isomer of bacopasaponin C, and bacopasaponin C: NLT 2.5% is found on
the dried basis.
IMPURITIES
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 6.0%

Delete the following:
• Heavy Metals, Method III 231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical Characteristics: Yellowish in color. ; mild and hay-like odor, and very bitter taste
2S (USP38)

Under a microscope, it shows fragments of upper and lower epidermal cells of the leaves in
surface view, having sessile glandular trichomes with 4–8 cells and diacytic or anomocytic
stomata; upper epidermis has more trichomes and less stomata than the lower epidermis; lower
epidermis cells with sinuous anticlinal walls and at places striated cuticle; fragments of
epidermal cells of the stem in surface view; parenchyma cells enclosing air cavities and some
contain rosette and prismatic crystals of calcium oxalate; fragments of longitudinally cut
annular and spiral vessels; fragments of cortical cells of the stem; and crystals of calcium
oxalate.
• Loss on Drying 731
Sample: 1.0 g of Powdered Bacopa
Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: 12.0%
• Articles of Botanical Origin, Total Ash
Sample: 1.0 g of Powdered Bacopa
Acceptance criteria: NMT 18%

561

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2

561 : NLT 6.0%

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
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bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards 11
USP Bacoside A3 RS
USP Powdered Bacopa Extract RS
BRIEFING
Black Cohosh, USP 37 page 5269. In preparation for the omission of the general chapter Heavy
Metals 231 and all references to this general chapter from individual monographs, it is
proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin
proposed elsewhere in this Pharmacopeial Forum.

561

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148926

Comment deadline: November 30, 2014
Black Cohosh
DEFINITION
Black Cohosh consists of the dried rhizome and roots of Actaea racemosa L. [Cimicifuga
racemosa (L.) Nutt.] (Ranunculaceae). It is harvested in the summer. It contains NLT 0.4% of
triterpene glycosides, calculated as 23-epi-26-deoxyactein1 (C37 H56 O10 ) on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution A: 100 mg/mL of USP Powdered Black Cohosh Extract RS in methanol
Standard solution B: 1 mg/mL each of USP Actein RS, USP 23-epi-26-Deoxyactein RS, and
isoferulic acid in methanol
Sample solution: Transfer 5 g of finely powdered Black Cohosh to a screw-cap centrifuge
tube, add 10 mL of a mixture of alcohol and water (7:3), and heat on a steam bath for 10
min. Centrifuge, and use the clear supernatant.
Adsorbent: Chromatographic silica gel mixture with an average particle size of 10–15 µm
(TLC plates)
Application volume: 10 µL
Developing solvent system: Use the upper phase of a mixture of butyl alcohol, glacial
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acetic acid, and water (5:1:4).
Derivatization reagent: Methanol, glacial acetic acid, sulfuric acid, and p-anisaldehyde
(85:10:5:0.5). [Note—Store in a refrigerator. The reagent is colorless; discard if color
appears.]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved about 15 cm, and dry the
plate in a current of air. Examine the plate under UV light at 365 nm. Treat the plate
with Derivatization reagent, heat at 100 for 5 min, and examine in white light.
Acceptance criteria: Under UV light at 365 nm, the chromatogram of the Sample solution
exhibits main zones similar in position and color to the main zones of Standard solution A.
In the upper third of the plate, the Sample solution exhibits a blue fluorescent zone at the
level of the zone due to isoferulic acid of Standard solution B. Under white light, the
Sample solution exhibits main zones similar in position and color to the main zones of
Standard solution A. Standard solution B exhibits red-violet zones due to actein and
23-epi-26-deoxyactein. The Sample solution exhibits several greenish-brown spots in the
lower third of the plate and several violet zones above; two of these violet zones occur at
RF values similar to those due to actein and 23-epi-26-deoxyactein of Standard solution B.
• B. Thin-Layer Chromatographic Identification Test
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Standard solution A: 0.5 mL of Standard solution A prepared in Identification test A,
diluted with methanol to 2 mL
Standard solution B: 1.0 mL of Standard solution B prepared in Identification test A,
diluted with methanol to 5 mL
Sample solution: Transfer 0.5 g of Black Cohosh, finely powdered, to a screw-cap tube,
add 5 mL of methanol, sonicate for 10 min, and filter into a 10-mL volumetric flask. Wash
the residue on the filter paper four times, using 1 mL of methanol for each washing; add
the washings to the volumetric flask; and dilute with methanol to volume.
Application volume: 2 µL as 8-mm bands
Developing solvent system: Toluene, ethyl formate, and formic acid (5:3:2)
Derivatization reagent: Proceed as directed for Identification test A.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved about two-thirds of the
length of the plate, and dry the plate in a current of air. Treat the plate with
Derivatization reagent, heat at 100 for 5 min, and examine in white light.
Acceptance criteria: The Sample solution exhibits main zones similar in position and color
to the main zones of Standard solution A. Standard solution B exhibits red-violet zones
due to actein and 23-epi-26-deoxyactein at RF values of about 0.5 and 0.4, respectively.
The Sample solution exhibits zones similar in color and RF values to those due to actein
and 23-epi-26-deoxyactein of Standard solution B.
• C. The Sample solution exhibits peaks for cimiracemoside A, 26-deoxycimicifugoside, (26S)actein, 23-epi-26-deoxyactein, cimigenol–arabinoside, and cimigenol–xyloside at retention
times corresponding to these compounds in the Standard solution, as obtained in the test
for Content of Triterpene Glycosides. The ratio of the peak areas of cimigenol–arabinoside
to cimigenol–xyloside is NLT 0.4 (distinction from Cimicifuga foetida).
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COMPOSITION
• Content of Triterpene Glycosides
Standard solution: Dissolve a quantity of USP Powdered Black Cohosh Extract RS in
methanol with shaking for 1 min, and dilute with methanol to obtain a solution having a
known concentration of 30 mg/mL. Pass through a membrane filter of 0.45-µm or finer
pore size.
23-epi-26-Deoxyactein standard solutions: Dissolve USP 23-epi-26-Deoxyactein RS in
methanol with shaking for 1 min. Dilute quantitatively, and stepwise if necessary, to
obtain solutions having concentrations of 500, 100, 50, 25, and 12.5 µg/mL. Pass through
a membrane filter of 0.45-µm or finer pore size.
System suitability solution: 0.1 mg/mL each of USP Actein RS and USP 23-epi-26Deoxyactein RS in methanol
Sample solution: Accurately weigh about 750 mg of Black Cohosh, finely powdered, and
place in a 20-mL PTFE-capped centrifuge tube. Add 15 mL of methanol, sonicate for 30
min, centrifuge, and retain the supernatant. Repeat the extraction twice. Evaporate the
combined extracts under vacuum at 45 –50 . Dissolve the residue in methanol, and
quantitatively transfer to a 10-mL volumetric flask. Dilute with methanol to volume, and
pass through a membrane filter of 0.45-µm or finer pore size.
Solution A: 0.05% trifluoroacetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Water Solution A Solution B
(min)
(%)
(%)
(%)
0
0
80
20
8
0
80
20
15
68
0
32
55
36
0
64
65
5
0
95
70
5
0
95
85
0
80
20
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Evaporative light-scattering
[Note—The detector is set up according to the manufacturer's instruction in order to
achieve a signal-to-noise ratio of NLT 10 for the 12.5-µg/mL 23-epi-26-Deoxyactein
standard solution.]
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.6 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and 100-µg/mL 23-epi-26Deoxyactein standard solution
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Suitability requirements
Chromatogram similarity: The chromatogram of the Standard solution is similar to the
reference chromatogram provided with the lot of USP Powdered Black Cohosh Extract
RS being used.
Resolution: NLT 1.0 between the (26S)-actein and the 23-epi-26-deoxyactein peaks,
System suitability solution
Tailing factor: NMT 2.0 for the 23-epi-26-deoxyactein peak, 100-µg/mL 23-epi-26Deoxyactein standard solution
Relative standard deviation: NMT 2.0% of the logarithm of the area response of the
23-epi-26-deoxyactein peak in repeated injections, 100-µg/mL 23-epi-26-Deoxyactein
standard solution
Analysis
Samples: System suitability solution, Standard solution, 23-epi-26-Deoxyactein standard
solutions, and Sample solution
Using the chromatogram of the Standard solution and the reference chromatogram
provided with the lot of USP Powdered Black Cohosh Extract RS being used, identify the
retention times of the peaks corresponding to the triterpene glycosides. The approximate
relative retention times of the triterpene glycosides are provided in Table 2.
Table 2
Compound
Cimicifugoside H-1
Cimiracemoside A
(26R)-Actein
26-Deoxycimicifugoside
(26S)-Actein
23-epi-26-Deoxyactein
Acetyl-shengmanol–xyloside
Cimigenol–arabinoside
Cimigenol–xyloside (cimicifugoside)
26-Deoxyactein
25-Acetyl-cimigenol–arabinoside
(24S)-25-Acetyl-cimigenol–xyloside
25-O-Methyl-cimigenol–arabinoside
25-O-Methyl-cimigenol–xyloside

Relative
Retention Time
0.61
0.78
0.94
0.96
0.98
1.00
1.03
1.08
1.13
1.22
1.60
1.64
1.90
1.93

Plot the logarithms of the peak area responses against the logarithms of the
concentrations, in µg/mL, of the 23-epi-26-Deoxyactein standard solutions, and establish
the calibration curve by least-squares regression. The correlation coefficient for the
regression line is NLT 0.995. From the plot, determine the concentration, C, in µg/mL, of
the relevant analytes in the Sample solution. Separately calculate the percentages of
cimicifugoside H-1, cimiracemoside A, (26R)-actein, 26-deoxycimicifugoside, (26S)-actein,
23-epi-26-deoxyactein, acetyl-shengmanol–xyloside, cimigenol–arabinoside, cimigenol–
xyloside (cimicifugoside), 26-deoxyactein, 25-acetyl-cimigenol–arabinoside, (24S)-25acetyl-cimigenol–xyloside, 25-O-methyl-cimigenol–arabinoside, and 25-O-methyl-
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cimigenol–xyloside as 23-epi-26-deoxyactein (C37 H56 O10 ) in the portion of Black Cohosh
taken:
Result = (V × C)/(F × W) × 100
V= final volume of the Sample solution (mL)
C= concentration of the relevant analyte in the Sample solution (µg/mL)
F= factor to convert mg to µg, 1000 µg/mg
W
= weight of Black Cohosh taken to prepare the Sample solution (mg)
Calculate the percentage of triterpene glycosides in the portion of Black Cohosh taken by
adding all of the percentages calculated for the individual analytes.
Acceptance criteria: NLT 0.4% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals

231 : NMT 10 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
105 cfu/g; the total combined molds and yeasts count does not exceed 103 cfu/g; and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: The Black Cohosh rhizome is dark brown, longitudinally grooved, rough,
strongly knotty, and somewhat curled and irregular. It is 15 cm long and up to 2.5 cm
thick. The upper surface is covered with numerous round scars of the earlier stalks;
laterally, it is clearly curled, and the lower surface is covered with thin, longitudinally
grooved, dark brown, easily breakable roots. The fracture is horny and fibrous. The
transverse cut shows a thin outer bark surrounding a ring of numerous pale, narrow
wedges of vascular tissue alternating with dark medullary rays and a large central pith.
Black Cohosh roots are dark brown, between 1 and 3 mm in diameter, brittle, nearly
cylindrical or obtusely quadrangular, and longitudinally wrinkled. The fracture is short. The
transverse cut shows a distinct cambium line separating a wide outer bark from a central
region composed of three to six wedges of lignified xylem tissue united by their apices and
separated by broad nonlignified medullary rays.
Microscopic: In a surface view, suberous epidermal cells are tabular with moderately
thickened walls. The parenchymatous cortex is filled with starch. Xylem wedges are
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lignified and composed of numerous small vessels with bordered pits or reticulately
thickened walls, thin-walled fibers, and xylem parenchyma. The parenchyma of the pith is
unlignified. Medullary rays are filled with starch granules, which are spherical or polygonal
and are mostly simple or two to three compounded but can be up to six compounded.
Individual starch granules are between 3 and 15 µm in diameter, each with a somewhat
central slit-shaped hilum.
• Articles of Botanical Origin, Foreign Organic Matter
matter, and NMT 5.0% of stem bases

561 : NMT 2.0% of foreign organic

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2 561 : NLT 8.0%, using
a mixture of alcohol and water (1:1) instead of alcohol
• Loss on Drying 731
Sample: 1.0 g of Black Cohosh
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash

561 : NMT 10.0%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 4.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in a well-closed, light-resistant container. Protect from
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article. Dosage forms prepared with this article should bear the
following statement: Discontinue use and consult a healthcare practitioner if you have a
liver disorder or develop symptoms of liver trouble, such as abdominal pain, dark urine, or
jaundice.
• USP Reference Standards 11
USP Actein RS
USP Powdered Black Cohosh Extract RS
USP 23-epi-26-Deoxyactein RS
1 23-epi-26-Deoxyactein is sometimes referred to as 27-deoxyactein.

BRIEFING
Powdered Black Cohosh, USP 37 page 5273. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to control arsenic, cadmium, lead, and mercury as described in
the Limits of Elemental Impurities section of the general chapter Articles of Botanical Origin
561 proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit
references to olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148927

Comment deadline: November 30, 2014
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Powdered Black Cohosh
DEFINITION
Powdered Black Cohosh is Black Cohosh reduced to a powder or a very fine powder. It contains
NLT 0.4% of triterpene glycosides, calculated as 23-epi-26-deoxyactein1 (C37 H56 O10 ) on the
dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution A: 100 mg/mL of USP Powdered Black Cohosh Extract RS in methanol
Standard solution B: 1 mg/mL each of USP Actein RS, USP 23-epi-26-Deoxyactein RS, and
isoferulic acid in methanol
Sample solution: Transfer 5 g of Powdered Black Cohosh to a screw-cap centrifuge tube,
add 10 mL of a mixture of alcohol and water (7:3), and heat on a steam bath for 10 min.
Centrifuge, and use the clear supernatant.
Adsorbent: Chromatographic silica gel mixture with an average particle size of 10–15 µm
(TLC plates)
Application volume: 10 µL
Developing solvent system: Use the upper phase of a mixture of butyl alcohol, glacial
acetic acid, and water (5:1:4).
Derivatization reagent: Methanol, glacial acetic acid, sulfuric acid, and p-anisaldehyde
(85:10:5:0.5). [Note—Store in a refrigerator. The reagent is colorless; discard if color
appears.]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved about 15 cm, and dry the
plate in a current of air. Examine the plate under UV light at 365 nm. Treat the plate
with Derivatization reagent, heat at 100 for 5 min, and examine in white light.
Acceptance criteria: Under UV light at 365 nm, the chromatogram of the Sample solution
exhibits main zones similar in position and color to the main zones of Standard solution A.
In the upper third of the plate, the Sample solution exhibits a blue fluorescent zone at the
level of the zone due to isoferulic acid of Standard solution B. Under white light, the
Sample solution exhibits main zones similar in position and color to the main zones of
Standard solution A. Standard solution B exhibits red-violet zones due to actein and
23-epi-26-deoxyactein. The Sample solution exhibits several greenish-brown spots in the
lower third of the plate and several violet zones above; two of these violet zones occur at
RF values similar to those due to actein and 23-epi-26-deoxyactein of Standard solution B.
• B. Thin-Layer Chromatographic Identification Test
Standard solution A: 0.5 mL of Standard solution A prepared in Identification test A,
diluted with methanol to 2 mL
Standard solution B: 1.0 mL of Standard solution B prepared in Identification test A,
diluted with methanol to 5 mL
Sample solution: Transfer 0.5 g of Powdered Black Cohosh to a screw-capp tube, add 5
mL of methanol, sonicate for 10 min, and filter into a 10-mL volumetric flask. Wash the
residue on the filter paper four times, using 1 mL of methanol for each washing; add the
washings to the volumetric flask; and dilute with methanol to volume.
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Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 2 µL as 8-mm bands
Developing solvent system: Toluene, ethyl formate, and formic acid (5:3:2)
Derivatization reagent: Proceed as directed for Identification test A.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved about two-thirds of the
length of the plate, and dry the plate with in a current of air. Treat the plate with
Derivatization reagent, heat at 100 for 5 min, and examine in white light.
Acceptance criteria: The Sample solution exhibits main zones similar in position and color
to the main zones of Standard solution A. Standard solution B exhibits red-violet zones
due to actein and 23-epi-26-deoxyactein at RF values of about 0.5 and 0.4, respectively.
The Sample solution exhibits zones similar in color and RF values to those due to actein
and 23-epi-26-deoxyactein of Standard solution B.
• C. The Sample solution exhibits peaks for cimiracemoside A, 26-deoxycimicifugoside, (26S)actein, 23-epi-26-deoxyactein, cimigenol–arabinoside, and cimigenol–xyloside at retention
times corresponding to those compounds in the Standard solution, as obtained in the test
for Content of Triterpene Glycosides. The ratio of the peak areas of cimigenol–arabinoside
to cimigenol–xyloside is NLT 0.4 (distinction from Cimicifuga foetida).
COMPOSITION
• Content of Triterpene Glycosides
Standard solution: Dissolve a quantity of USP Powdered Black Cohosh Extract RS in
methanol with shaking for 1 min, and dilute with methanol to obtain a solution having a
known concentration of 30 mg/mL. Pass through a membrane filter of 0.45-µm or finer
pore size.
23-epi-26-Deoxyactein standard solutions: Dissolve USP 23-epi-26-Deoxyactein RS in
methanol with shaking for 1 min. Dilute quantitatively, and stepwise if necessary, to
obtain solutions having concentrations of 500, 100, 50, 25, and 12.5 µg/mL. Pass through
a membrane filter of 0.45-µm or finer pore size.
System suitability solution: 0.1 mg/mL each of USP Actein RS and USP 23-epi-26Deoxyactein RS in methanol
Sample solution: Accurately weigh about 750 mg of Powdered Black Cohosh, and place in
a 20-mL PTFE-capped centrifuge tube. Add 15 mL of methanol, sonicate for 30 min,
centrifuge, and retain the supernatant. Repeat the extraction twice. Evaporate the
combined extracts under vacuum at 45 –50 . Dissolve the residue in methanol, and
quantitatively transfer to a 10-mL volumetric flask. Dilute with methanol to volume, and
pass through a membrane filter of 0.45-µm or finer pore size.
Solution A: 0.05% trifluoroacetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1 below.
Table 1
Time
Water Solution A Solution B
(min)
(%)
(%)
(%)
0
0
80
20
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8
15
55
65
70
85
Chromatographic system

0
68
36
5
5
0

80
0
0
0
0
80

20
32
64
95
95
20

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Evaporative light-scattering
[Note—The detector is set up according to the manufacturer's instruction in order to
achieve a signal-to-noise ratio of NLT 10 for the 12.5-µg/mL 23-epi-26-Deoxyactein
standard solution.]
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.6 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and the 100-µg/mL 23-epi-26Deoxyactein standard solution
Suitability requirements
Chromatogram similarity: The chromatogram of the Standard solution is similar to the
reference chromatogram provided with the lot of USP Powdered Black Cohosh Extract
RS being used.
Resolution: NLT 1.0 between the (26S)-actein and the 23-epi-26-deoxyactein peaks,
System suitability solution
Tailing factor: NMT 2.0 for the 23-epi-26-deoxyactein peak, 100-µg/mL 23-epi-26Deoxyactein standard solution
Relative standard deviation: NMT 2.0% of the logarithm of the area responses for
replicate injections, 100-µg/mL 23-epi-26-Deoxyactein standard solution
Analysis
Samples: System suitability solution, Standard solution, 23-epi-26-Deoxyactein standard
solutions, and Sample solution
Using the chromatogram of the Standard solution and the reference chromatogram
provided with the lot of USP Powdered Black Cohosh Extract RS being used, identify the
retention times of the peaks corresponding to the triterpene glycosides. The approximate
relative retention times of the triterpene glycosides are provided in Table 2.
Table 2

Name
Cimicifugoside H-1
Cimiracemoside A
(26R)-Actein

Relative
Retention
Time
0.61
0.78
0.94

PF 40(5): Sep.-Oct. 2014

406

26-Deoxycimicifugoside
(26S)-Actein
23-epi-26-Deoxyactein
Acetyl-shengmanol–xyloside
Cimigenol–arabinoside
Cimigenol–xyloside (cimicifugoside)
26-Deoxyactein
25-Acetyl-cimigenol–arabinoside
(24S)-25-Acetyl-cimigenol–xyloside
25-O-Methyl-cimigenol–arabinoside
25-O-Methyl-cimigenol–xyloside

0.96
0.98
1.00
1.03
1.08
1.13
1.22
1.60
1.64
1.90
1.93

Plot the logarithms of the peak area responses against the logarithms of the
concentrations, in µg/mL, of the 23-epi-26-Deoxyactein standard solution, and establish
the calibration curve by least-squares regression. The correlation coefficient for the
regression line is NLT 0.995. From the plot, determine the concentration, C, in µg/mL, of
the relevant analytes in the Sample solution. Separately calculate the percentages of
cimicifugoside H-1, cimiracemoside A, (26R)-actein, 26-deoxycimicifugoside, (26S)-actein,
23-epi-26-deoxyactein, acetyl-shengmanol–xyloside, cimigenol–arabinoside, cimigenol–
xyloside (cimicifugoside), 26-deoxyactein, 25-acetyl-cimigenol–arabinoside, (24S)-25acetyl-cimigenol–xyloside, 25-O-methyl-cimigenol–arabinoside, and 25-O-methylcimigenol–xyloside as 23-epi-26-deoxyactein (C37 H56 O10 ) in the portion of Powdered Black
Cohosh taken:
Result = (V × C)/(F × W) × 100
V= volume of the Sample solution (mL)
C= concentration of the relevant analyte in the Sample solution (µg/mL)
F= factor to convert mg to µg, 1000 µg/mg
W
= weight of Powdered Black Cohosh taken to prepare the Sample solution (mg)
Calculate the percentage of of triterpene glycosides in the portion of Powdered Black
Cohosh taken by adding all of the percentages calculated for the individual analytes.
Acceptance criteria: NLT 0.4% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals

231 : NMT 10 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements
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• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
105 cfu/g; the total combined molds and yeasts count does not exceed 103 cfu/g; and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: The material is a light to dark brown powder. is odorless or has a slight odor,
and has an acrid or bitter taste
2S (USP38)

Microscopic: It shows numerous starch granules with concentric striations, simple or
compound. The individual granules are spherical or more or less polygonal and are between 3
and 15 µm in diameter, each with a somewhat central slit-shaped hilum. Vessels with bordered
pits occur, as do lignified fibers. Reddish to brown fragments of suberized epidermis with more
or less tabular cells occur.
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2 561 : NLT 8.0%, using
a mixture of alcohol and water (1:1) instead of alcohol
• Loss on Drying 731
Sample: 1 g of Powdered Black Cohosh
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561 : NMT 10.0%
• Articles of Botanical Origin, Acid-Insoluble Ash 561 : NMT 4.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers, and protect
from moisture.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant from which the article was derived. Dosage forms prepared with this article
should bear the following statement: Discontinue use and consult a healthcare practitioner
if you have a liver disorder or develop symptoms of liver trouble, such as abdominal pain,
dark urine, or jaundice.
• USP Reference Standards 11
USP Actein RS
USP Powdered Black Cohosh Extract RS
USP 23-epi-26-Deoxyactein RS
1 23-epi-26-Deoxyactein is sometimes referred to as 27-deoxyactein.

BRIEFING
Black Pepper, USP 37 page 5278. In preparation for the omission of the general chapter Heavy
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Metals 231 and all references to this general chapter from individual monographs, it is
proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin 561
proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit references to
olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148920

Comment deadline: November 30, 2014
Black Pepper
DEFINITION
Black Pepper consists of the dried fully developed unripe fruits of Piper nigrum L. (Fam.
Piperaceae). It contains NLT 2.5% of piperine, calculated on the dried basis.
IDENTIFICATION
• A. Black Pepper meets the requirements under Specific Tests, Botanical Characteristics.
• B. Thin-Layer Chromatography
Standard solution A: 0.9 mg/mL of USP Piperine RS in methanol
Standard solution B: 2.0 mg/mL of borneol in methanol
Standard solution C: 5 mg/mL of USP Powdered Black Pepper Extract RS in methanol.
Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate for 10 min about 0.5 g of Black Pepper, finely powdered, in 5
mL of methanol, centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 15 µL of Standard solution C, 7 µL of the Sample solution, and 3 µL
of the Standard solution A and Standard solution B, as bands
Developing solvent system: Hexanes and ethyl acetate (5:3)
Derivatization reagent: A mixture of 17 mL of ice-cooled methanol, 2 mL of acetic acid,
1 mL of sulfuric acid, and 0.1 mL of anisaldehyde, mixed in this order.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the Samples as bands. Use a saturated chamber, and condition the plate to a
relative humidity of about 33% using a suitable device. Develop until the solvent front
has moved up about 7 cm from the lower edge of the plate. Remove the plate from the
chamber, dry, and examine under UV light at 254 nm. Treat with the Derivatization
reagent, heat for 5 min at 100 , and examine under white light.
Acceptance criteria: Under UV 254 nm, the chromatogram of the Sample solution exhibits
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an intense quenching band at RF of about 0.15 corresponding to the piperine band in the
chromatogram of Standard solution A, a quenching band at RF of about 0.02, and three
quenching bands located between RF of about 0.3 and 0.5. Under white light, the
derivatized chromatogram of the Sample solution exhibits main bands similar in position
and color to the main bands in the chromatogram of Standard solution C. These bands
include a dark green band of the same color and RF as the piperine band in Standard
solution A (RF of about 0.15), a weak violet band at RF of about 0.47 below the position of
the band due to borneol in Standard solution B, and a greenish band in the lower part of
the chromatogram at RF of about 0.07. Other minor bands may be observed in the Sample
solution and Standard solution C chromatograms. No blue bands are detected in the
chromatogram of the Sample solution at RF of about 0.10 and 0.58 (distinction from Long
Pepper).
• C. HPLC
Analysis: Proceed as directed in the test for Content of Piperine.
Acceptance criteria: The chromatogram of the Sample solution obtained at 343 nm
exhibits a major peak at the retention time corresponding to piperine. Identify other
piperamide peaks in the Sample solution chromatogram by comparison with the
chromatogram of Standard solution B and the reference chromatogram provided with the
lot of USP Powdered Black Pepper Extract RS being used. The Sample solution
chromatogram shows an additional peak corresponding to piperyline. The chromatogram of
the Sample solution obtained at 270 nm does not exhibit a peak due to (2E,4E)-Nisobutyldecadienamide at a relative retention time of 1.14 to the piperine peak (distinction
from Long Pepper).
COMPOSITION
• Content of Piperine
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, and add 0.5 mL of phosphoric acid. Dilute with water to 1000 mL, mix, filter, and
degas.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
18
55
45
25
20
80
28
20
80
35
55
45
40
95
5
45
95
5
[Note—Proceed under subdued light or using low-actinic glassware.]
Standard solution A: 0.1 mg/mL of USP Piperine RS in methanol
Standard solution B: Sonicate a portion of USP Powdered Black Pepper Extract RS in
methanol to obtain a solution having a concentration of about 0.5 mg/mL. Before
injection, pass through a membrane filter of 0.45-µm or finer pore size, discarding the first
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few mL of the filtrate.
Sample solution: Transfer about 2.0 g of Black Pepper, finely powdered and accurately
weighed, to a 250-mL flask fitted with a reflux condenser. Add 50 mL of methanol, reflux
on a water bath for about 20 min, allow to settle, and decant the supernatant. Repeat
until the last extract is colorless. Combine the extracts, concentrate under vacuum, and
adjust the volume to 100 mL using methanol. Before injection, pass through a membrane
filter of 0.45-µm or finer pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 343 nm and 270 nm
Column: 4.6-mm × 25-cm; 5-µm, 100 packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram obtained from Standard solution B is
similar to the reference chromatogram provided with the lot of USP Powdered Black
Pepper Extract RS being used.
Tailing factor: NMT 1.5 for the piperine peak, Standard solution A
Relative standard deviation: NMT 2.5% determined from the piperine peak in replicate
injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
[Note—Standard solution A, Standard solution B, and the Sample solution are stable for 6
h at room temperature.]
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Black Pepper Extract RS being used,
identify the retention times of the peaks corresponding to piperine and piperyline in the
Sample solution chromatogram.
Calculate the percentage of piperine in the portion of Black Pepper taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of piperine from the Sample solution chromatogram at 343 nm
rS= peak area of piperine from the Standard solution A chromatogram at 343 nm
C=
S concentration of piperine in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Black Pepper used to prepare the Sample solution (mg)
Acceptance criteria: NLT 2.5% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III 231 : NMT 20 µg/g

2S (USP38)
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Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Fruit is an indehiscent, one-seeded berry, globose, ovoid to oblong, 3.5–6
mm in diameter, hard; surface is greyish-black to brownish-black, rough, with raised
reticulate wrinkles, shows remains of sessile stigma on the tip and a basal scar showing
point of attachment to the axis; characteristic aromatic odor; characteristic pungent
taste;
2S (USP38)

seed white and hollow.
Microscopic
Transverse cut: Circular in outline with corrugated margin; shows outer narrow brownish
pericarp; a seed coat encircling the wide centeral whitish perisperm, hollow in center; a
narrow vertically running channel connecting the hollow center of the fruit to a small
endosperm adherent to the remains of the stigma; a small embryo is present in the
endosperm; a conical short projection at the base showing point of attachment to the axis.
Transverse section: Shows a well differentiated pericarp, testa and perisperm; pericarp
consists of a layer of epicarp, a wide mesocarp, and a layer of endocarp; the epicarp layer is
covered with thick cuticle containing a few stomata and small prisms of calcium oxalate;
mesocarp composed of 2–3 layers of parenchyma cells showing groups of rectangular to
circular lignified sclereides, a broad zone (12–15 layers) of tangentially running parenchyma
cells containing starch grains and showing isolated oval oil cells, a broad zone (10–15 layers)
of compactly arranged parenchyma cells smaller than those of the outer zone and showing
groups of fibrovascular bundles, 1–2 layers of tangentially running oil cells, and 2–3 layers of
thick-walled parenchyma cells; endocarp is composed of one layer of three-sided thickened
pitted stone cells (beaker-shape cells); testa is composed of one layer of cells filled with
brown pigments; perisperm is very wide, composed of cells full of starch grains, some
aleurone grains, and oil cells.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

Change to read:
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 1
NLT 2S (USP38)

561 : NMT
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10.0%
Change to read:
• Articles of Botanical Origin, Water-Soluble Extractives, Method 1
NLT 2S (USP38)

561 : NMT

9.0%
• Loss on Drying 731
Sample: 1.0 g of finely powdered Black Pepper
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Black Pepper
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin, Acid-Insoluble Ash 561
Sample: 1.0 g of finely powdered Black Pepper
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Piperine RS
USP Powdered Black Pepper Extract RS
BRIEFING
Powdered Black Pepper, USP 37 page 5280. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to control arsenic, cadmium, lead, and mercury as described in
the Limits of Elemental Impurities section of the general chapter Articles of Botanical Origin
561 proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit
references to olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148921

Comment deadline: November 30, 2014
Powdered Black Pepper
DEFINITION
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Powdered Black Pepper is Black Pepper reduced to powder or very fine powder. It contains NLT
2.5% of piperine, calculated on the dried basis.
IDENTIFICATION
• A. Powdered Black Pepper meets the requirements under Specific Tests, Botanical
Characteristics.
• B. Thin-Layer Chromatography
Standard solution A: 0.9 mg/mL of USP Piperine RS in methanol
Standard solution B: 2.0 mg/mL of borneol in methanol
Standard solution C: 5 mg/mL of USP Powdered Black Pepper Extract RS in methanol.
Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate for 10 min about 0.5 g of Powdered Black Pepper in 5 mL of
methanol, centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 15 µL of Standard solution C, 7 µL of the Sample solution, and 3 µL
of Standard solution A and Standard solution B, as bands, 8 mm
Developing solvent system: Hexanes and ethyl acetate (5:3)
Derivatization reagent: A mixture of 17 mL of ice-cooled methanol, 2 mL of acetic acid,
1 mL of sulfuric acid, and 0.1 mL of anisaldehyde, mixed in this order.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the Samples as bands. Use a saturated chamber, and condition the plate to a
relative humidity of about 33% using a suitable device. Develop until the solvent front
has moved up about 7 cm from the lower edge of the plate. Remove the plate from the
chamber, dry, and examine under UV light at 254 nm. Treat with the Derivatization
reagent, heat for 5 min at 100 , and examine under white light.
Acceptance criteria: Under UV 254 nm, the chromatogram of the Sample solution exhibits
an intense quenching band at RF of about 0.15 corresponding in to the piperine band in
the chromatogram of Standard solution A, a quenching band at RF of about 0.02, and
three quenching bands of similar intensity equally spaced located between RF of about 0.3
and 0.5. Under white light, the derivatized chromatogram of the Sample solution exhibits
main bands similar in position and color to the main bands in the chromatogram of
Standard solution C. These bands include a dark green band of the same color and RF as
the piperine band in Standard solution A (RF of about 0.15), a weak violet band at RF of
about 0.47 below the position of the band due to borneol in Standard solution B, and a
greenish band in the lower part of the chromatogram at RF of about 0.07. Other minor
bands may be observed in the Sample solution and Standard solution C chromatograms.
No blue bands are detected in the chromatogram of the Sample solution at RF of about
0.10 and 0.58 (distinction from Long Pepper).
• C. HPLC
Analysis: Proceed as directed in the test for Content of Piperine.
Acceptance criteria: The chromatogram of the Sample solution obtained at 343 nm
exhibits a major peak at the retention time corresponding to piperine. Identify other
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piperamide peaks in the Sample solution chromatogram by comparison with the
chromatogram of Standard solution B and the reference chromatogram provided with the
lot of USP Powdered Black Pepper Extract RS being used. The Sample solution
chromatogram shows an additional peak corresponding to piperyline. The chromatogram of
the Sample solution obtained at 270 nm does not exhibit a peak due to (2E,4E)-Nisobutyldecadienamide at a relative retention time of 1.14 to the piperine peak (distinction
from Long Pepper).
COMPOSITION
• Content of Piperine
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, and add 0.5 mL of phosphoric acid. Dilute with water to 1000 mL, mix, filter, and
degas.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
18
55
45
25
20
80
28
20
80
35
55
45
40
95
5
45
95
5
[Note—Proceed under subdued light or using low-actinic glassware.]
Standard solution A: 0.1 mg/mL of USP Piperine RS in methanol
Standard solution B: Sonicate a portion of USP Powdered Black Pepper Extract RS in
methanol to obtain a solution having a concentration of about 0.5 mg/mL. Before
injection, pass through a membrane filter of 0.45-µm or finer pore size, discarding the first
few mL of the filtrate.
Sample solution: Transfer about 2.0 g of Powdered Black Pepper, accurately weighed, to
a 250-mL flask fitted with a reflux condenser. Add 50 mL of methanol, reflux on a water
bath for about 20 min, allow to settle, and decant the supernatant. Repeat until the last
extract is colorless. Combine the extracts, concentrate under vacuum, and adjust the
volume to 100 mL using methanol. Before injection, pass through a membrane filter of
0.45-µm or finer pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 343 nm and 270 nm
Column: 4.6-mm × 25-cm; 5-µm, 100 packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
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Suitability requirements
Chromatogram similarity: The chromatogram obtained from Standard solution B is
similar to the reference chromatogram provided with the lot of USP Powdered Black
Pepper Extract RS being used.
Tailing factor: NMT 1.5 for the piperine peak, Standard solution A
Relative standard deviation: NMT 2.5% determined from the piperine peak in replicate
injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
[Note—Standard solution A, Standard solution B, and the Sample solution are stable for 6
h at room temperature.]
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Black Pepper Extract RS being used,
identify the retention times of the peaks corresponding to piperine and piperyline in the
Sample solution chromatogram.
Calculate the percentage of piperine in the portion of Powdered Black Pepper taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of piperine from the Sample solution chromatogram at 343 nm
rS= peak area of piperine from the Standard solution A chromatogram at 343 nm
C=
S concentration of piperine in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Powdered Black Pepper used to prepare the Sample solution (mg)
Acceptance criteria: NLT 2.5% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III 231 : NMT 20 µg/g

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
Change to read:
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• Botanical Characteristics
Macroscopic: Blackish-grey powder; characteristic aromatic odor; characteristic pungent
taste.
2S (USP38)

Microscopic: Fragments of polygonal epicarp cells, some containing small prisms of calcium
oxalate; parenchyma cells containing starch grains; oil cells; lignified sclereides; three-sided
thickened pitted stone cells (beaker-shape cells) both in surface and side view; yellowishbrown polygonal cells of the testa; fragments of spiral vessels; parenchyma cells full of starch
grains; aleurone grains; oil drops; and starch grains.
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method I

561 : NLT 10.0%

• Articles of Botanical Origin, Water-Soluble Extractives, Method I 561 : NLT 9.0%
• Loss on Drying 731
Sample: 1.0 g of Powdered Black Pepper
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Powdered Black Pepper
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin, Acid-Insoluble Ash
Sample: 1.0 g of Powdered Black Pepper
Acceptance criteria: NMT 1.0%

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards 11
USP Piperine RS
USP Powdered Black Pepper Extract RS
BRIEFING
Boswellia serrata, USP 37 page 5283. In preparation for the omission of the general chapter
Heavy Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium,
lead, and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also
proposed to omit references to olfactory and gustatory qualities from Botanical
Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148883
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Comment deadline: November 30, 2014
Boswellia serrata
DEFINITION
Boswellia serrata is the oleogum resin obtained by incision or produced by spontaneous
exudation from the stem and branches of Boswellia serrata Roxb. (Fam. Burseraceae). It
contains NLT 1.0% of the keto derivatives of

-boswellic acid, calculated on the dried basis as

the sum of 11-keto- -boswellic acid and 3-acetyl-11-keto- -boswellic acid.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution: Treat a quantity of USP Boswellia serrata Extract RS with gentle
heating in methanol to obtain a solution having a known concentration of 30 mg/mL, cool,
centrifuge, and use the supernatant.
Sample solution: Use the Sample solution, prepared as directed in the test below for
Content of Keto-Derivatives of -Boswellic Acids, and concentrate to 10% of the volume.
Adsorbent: 0.25-mm layer of chromatographic silica gel
Developing solvent system: A mixture of hexane and ethyl acetate (6:4)
Derivatization reagent: Prepare a solution of 10% sulfuric acid in methanol. [Note
—Prepare immediately before use.]
Application volume: 10 µL
Analysis
Samples: Standard solution and Sample solution
Apply the samples as bands to a suitable thin-layer chromatographic plate (see
Chromatography 621 ). Use a saturated chamber. Develop until the solvent front has
moved up about 90% of the plate. Remove, dry, and examine under UV light at 254 nm.
Dip in the Derivatization reagent, heat for 5–10 min at 100 , and examine under white
light.
Acceptance criteria: Under UV light at 254 nm, the Sample solution exhibits two main
zones due to 11-keto- -boswellic acid and 3-acetyl-11-keto- -boswellic acid at RF
values of about 0.30 and 0.36, respectively, corresponding to zones from the Standard
solution. Under white light, the Sample solution exhibits two additional zones due to

-

boswellic acid and 3-acetyl- -boswellic acid at RF values of about 0.49 and 0.58,
respectively, corresponding to zones from the Standard solution. Other, less intense zones
are observed for the Sample solution and the Standard solution.
• B. The 210-nm chromatogram of the Sample solution, in the test for Content of KetoDerivatives of

-Boswellic Acids, exhibits peaks for 11-keto- -boswellic acid, 3-acetyl-11-

keto- -boswellic acid, -boswellic acid, and 3-acetyl- -boswellic acid at retention times
that correspond to those in the 210-nm chromatogram of Standard solution B and the 210nm Reference Chromatogram provided with the USP Boswellia serrata Extract RS.
COMPOSITION
Change to read:
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Change to read:

• Content of Keto-Derivatives of -Boswellic Acids
Standard solution A: Dissolve a quantity of USP 3-Acetyl-11-keto- -Boswellic Acid RS in
methanol to obtain a solution having a known concentration of 0.1 mg/mL.
Standard solution B: Treat a quantity of USP Boswellia serrata Extract RS with gentle
heating in methanol to obtain a solution having a known concentration of 10 mg/mL.
Before injection, pass through a filter of 0.45-µm pore size.
Sample solution: Transfer about 2.0 g of crushed Boswellia serrata to a round-bottom
flask, and reflux in 50 mL of methanol on a water bath for 15 min, stirring magnetically.
Repeat until the extract is colorless. Evaporate the combined extracts to about 50 mL,
transfer to a 100-mL volumetric flask, and dilute with methanol to volume. Before
injection, pass through a filter of 0.45-µm pore size, and discard the first few mL of the
filtrate.
Mobile phase: Prepare a filtered and degassed mixture of acetonitrile, water, and glacial
acetic acid (900:100:0.1). Make adjustments if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: See Table 1.
Table 1
Time
Flow Rate
(min)
(mL/min)
0
1
5
1.5
10
2
30
2
32
1
45
1
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
[Note—The relative retention times for 11-keto- -boswellic acid and 3-acetyl-11-keto-boswellic acid are about 1.0 and 1.4, respectively.]
Suitability requirements: The chromatogram of Standard solution B is similar to the
254-nm reference chromatogram provided with the lot of USP Boswellia serrata Extract
RS being used.
Relative standard deviation: NMT 2.0% for the 3-acetyl-11-keto- -boswellic acid
peak in replicate injections, Standard solution A
Tailing factor: NMT 1.5,
3-acetyl-11-keto- -boswellic acid peak,
Standard solution A
Analysis

(ERR 1-Dec-2013)
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Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution B and the reference chromatogram provided
with the lot of USP Boswellia serrata Extract RS being used, identify the retention times of
the peaks of 11-keto- -boswellic acid and 3-acetyl-11-keto- -boswellic acid in the Sample
solution.
Separately calculate the percentages of the two analytes in the portion of Boswellia serrata
taken:
Result = (rU/rS) × (CS/W) × 10F
rU= peak area of each analyte in the Sample solution
rS= peak area of 3-acetyl-11-keto- -boswellic acid in Standard solution A
C=
S concentration of USP 3-Acetyl-11-keto- -Boswellic Acid RS in Standard solution A
(mg/mL)
W= weight of Boswellia serrata taken to prepare the Sample solution (g)
F= conversion factor for each analyte (0.93 for 11-keto- -boswellic acid and 1.0 for 3acetyl-11-keto- -boswellic acid)
Acceptance criteria: Add the percentages calculated for 11-keto- -boswellic acid and 3acetyl-11-keto- -boswellic acid: NLT 1.0% on the dried basis.
IMPURITIES
Delete the following:
• Heavy Metals, Method II 231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Foreign Organic Matter

561 : Meets the

561 : NMT 2.0%

• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: It occurs as small ovoid tears, sometimes forming agglomerated masses up
to 5 cm long and 2 cm thick; whitish to golden yellow; fracture is brittle, and fractured
surface is waxy and translucent.characteristic aromatic odor; aromatic, slightly
mucilaginous taste.
2S (USP38)

• Loss on Drying 731
Sample: 1.0 g of Boswellia serrata, finely powdered
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Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561 : NMT 2.0%, determined on 2.0 g of finely
powdered Boswellia serrata.
Sample: 2.0 g of Boswellia serrata, finely powdered
Acceptance criteria: NMT 2.0%
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2

561 : NLT 56%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store in a cool place.
• Labeling: The label states the Latin binomial of the species of Boswellia from which the
oleogum resin was obtained.
• USP Reference Standards

11

USP 3-Acetyl-11-keto- -Boswellic Acid RS
USP Boswellia serrata Extract RS
BRIEFING
Calcium with Vitamin D Tablets, USP 37 page 5291. Based on the comments received, it is
proposed to eliminate the requirements for absence of Staphylococcus aureus in the test for
Absence of Specified Microorganisms since this testing is typically performed for topical and
not for oral dosage forms.
(DS: N. Davydova.)
Correspondence Number—C147785

Comment deadline: November 30, 2014
Calcium with Vitamin D Tablets
DEFINITION
Calcium with Vitamin D Tablets contain NLT 90.0% and NMT 125.0% of the labeled amount of
calcium (Ca), derived from substances generally recognized as safe, and NLT 90.0% and NMT
165.0% of the labeled amount of Vitamin D, as cholecalciferol (C27 H44 O) or ergocalciferol
(C28 H44 O). They contain no other vitamins or minerals for which nutritional value is claimed.
They may contain other labeled added substances or additional ingredients in amounts that are
unobjectionable.
STRENGTH
• Calcium
[Note—A commercially available atomic absorption standard solution for calcium may be used
where preparation of a Calcium standard stock solution is described in the following assay.
Concentrations of the Standard solutions and the Sample stock solution may be modified
to fit the linear or working range of the instrument.]
Lanthanum chloride solution: Dissolve 26.7 g of lanthanum chloride in 0.125 N
hydrochloric acid to make 100 mL.
Calcium standard stock solution: Weigh 1.001 g of calcium carbonate, previously dried at
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300 for 3 h and cooled in a desiccator for 2 h, and dissolve in 25 mL of 1 N hydrochloric
acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL to obtain a solution
having a concentration of 400 µg/mL of calcium.
Standard stock solution: 100 µg/mL of calcium from a volume of Calcium standard stock
solution in 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks, separately pipet 1.0, 1.5,
2.0, 2.5, and 3.0 mL of the Standard stock solution. To each flask add 1.0 mL of
Lanthanum chloride solution, dilute with water to volume, and obtain Standard solutions
having concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL, of calcium.
Sample stock solution: Weigh and finely powder NLT 20 Tablets. Transfer the equivalent
to 500 mg of calcium, in 25 mL of concentrated hydrochloric acid, and heat for 30 min on
a steam bath. Cool, dilute with water to 1000 mL, and filter.
Sample solution: Quantitatively dilute a volume of Sample stock solution with 0.125 N
hydrochloric acid to obtain a concentration of 100 µg/mL of calcium. Transfer 2.0 mL of
this solution to a 100-mL volumetric flask, add 1.0 mL of Lanthanum chloride solution, and
dilute with water to volume.
Spectrometric conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line, 422.7 nm
Blank: 1 mL of Lanthanum chloride solution per 100 mL of 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions, against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of calcium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Cholecalciferol or Ergocalciferol (Vitamin D)
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Ergocalciferol RS or USP Cholecalciferol RS in n-hexane
System suitability solution: Heat a volume of Standard solution at 60 for 1 h to partially
isomerize vitamin D (ergocalciferol or cholecalciferol) to its corresponding precursor.
Sample solution: Weigh, and grind NLT 20 Tablets. Transfer the equivalent to 20 µg of
cholecalciferol or ergocalciferol to a container having a polytef-lined screw cap. Add 8 mL
of dimethyl sulfoxide and 12 mL of n-hexane, and shake for 45 min on a wrist-action
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shaker with tubes in a water bath maintained at 60 . Centrifuge for 10 min, withdraw the
hexane layer by means of a pipet, and transfer to an evaporation flask. Add 12 mL of nhexane to the dimethyl sulfoxide layer, mix on a vortex mixer for 5 min, and again
withdraw the hexane layer by means of a pipet, and add to the evaporation flask. Repeat
this extraction with three additional 12-mL portions of n-hexane, adding the hexane
extracts to the evaporation flask. Evaporate the combined hexane extracts in vacuum at
room temperature to dryness. Dissolve in and dilute the residue in a volume of n-hexane
to obtain a concentration of 2 µg/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Column: 4.6-mm × 15-cm; 3-µm packing L8
Detector: UV 265 nm
Flow rate: 1 mL/min
Injection size: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements 2040 : Meet the requirements
for Dissolution with respect to calcium
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Analysis: Determine the amount of calcium (Ca) dissolved, using the procedure in Calcium,
making any necessary volumetric adjustments.
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Tolerances: NLT 75% of the labeled amount of Ca is dissolved.
• Weight Variation of Dietary Supplements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
3000 cfu/g, and the total combined molds and yeasts count does not exceed 300 cfu/g.
Change to read:
• Microbiological Procedures for Absence of Specified Microorganisms 2022 : Meets
the requirements of the tests for absence of Salmonella species Escherichia coli and
Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Calcium with Vitamin D Tablets. The label
states also the quantities of calcium and Vitamin D in terms of metric units/Tablet, and the
salt form of calcium and the chemical form of Vitamin D present in the Tablet.
• USP Reference Standards
USP Cholecalciferol RS
USP Ergocalciferol RS

11

BRIEFING
Calcium and Vitamin D with Minerals Tablets, USP 37 page 5293. Based on the comments
received, it is proposed to eliminate the requirements for absence of Staphylococcus aureus
in the test for Absence of Specified Microorganisms since this testing is typically performed
for topical and not for oral dosage forms.
(DS: N. Davydova.)
Correspondence Number—C147786

Comment deadline: November 30, 2014
Calcium and Vitamin D with Minerals Tablets
DEFINITION
Calcium and Vitamin D with Minerals Tablets contain Vitamin D as Ergocalciferol (Vitamin D2 ) or
Cholecalciferol (Vitamin D3 ), Calcium, and one or more minerals derived from substances
generally recognized as safe, furnishing one or more of the following elements in ionizable form:
copper, magnesium, manganese, and zinc. Tablets contain NLT 90.0% and NMT 165.0% of the
labeled amount of vitamin D, as cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O), and NLT
90.0% and NMT 125.0% of the labeled amounts of calcium (Ca), copper (Cu), magnesium (Mg),
manganese (Mn), and zinc (Zn). They may contain other labeled added substances that are
generally recognized as safe, in amounts that are unobjectionable.
STRENGTH
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• Cholecalciferol or Ergocalciferol (Vitamin D)
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Ergocalciferol RS or USP Cholecalciferol RS in n-hexane
System suitability solution: Heat a volume of Standard solution at 60 for 1 h to partially
isomerize vitamin D (ergocalciferol or cholecalciferol) to its corresponding precursor.
Sample solution: Weigh NLT 20 Tablets, and grind the Tablets to a fine powder. Transfer
the equivalent of 20 µg of cholecalciferol or ergocalciferol to a container having a polyteflined screw cap. Add 8 mL of dimethyl sulfoxide and 12 mL of n-hexane, and shake for 45
min on a wrist-action shaker with tubes in a water bath maintained at 60 . Centrifuge for
10 min, withdraw the hexane layer by means of a pipet, and transfer to an evaporation
flask. Add 12 mL of n-hexane to the dimethyl sulfoxide layer, mix on a vortex mixer for 5
min, and again withdraw the hexane layer by means of a pipet, and add to the
evaporation flask. Repeat this extraction with three additional 12-mL portions of nhexane, adding the hexane extracts to the evaporation flask. Evaporate the combined
hexane extracts in vacuum at room temperature to dryness. Dissolve in and dilute the
residue in a volume of n-hexane to obtain a concentration of 2 µg/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 5-µm packing L8
Flow rate: 1 mL/min
Injection size: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the responses for the vitamin D peaks. Calculate the percentage of the labeled
amount of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak height for cholecalciferol or ergocalciferol from the Sample solution
rS= peak height for cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Ergocalciferol RS or USP Cholecalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of ergocalciferol or cholecalciferol in the Sample solution
(µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of cholecalciferol (C27 H44 O) or
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ergocalciferol (C28 H44 O)
• Calcium, Method 1
[Note—A commercially available atomic absorption standard solution for calcium may be used
where preparation of a Calcium standard stock solution is described in the following
section. Concentrations of the Standard solutions and the Sample stock solution may be
modified to fit the linear or working range of the instrument.]
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard stock solution: 400 µg/mL of calcium
Dissolve 1.001 g of calcium carbonate, previously dried at 300 for 3 h and cooled in a
desiccator for 2 h, and dissolve in 25 mL of 1 N hydrochloric acid. Boil to expel carbon
dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain Standard solutions having
concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL of calcium.
Sample stock solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the
powder equivalent to a nominal amount of 500 mg of calcium with 25 mL of concentrated
hydrochloric acid, and heat for 30 min on a steam bath. Cool, dilute with water to 1000
mL, and filter.
Sample solution: Quantitatively dilute a volume of the Sample stock solution with 0.125 N
hydrochloric acid to obtain a nominal concentration of 100 µg/mL of calcium. Transfer 2.0
mL of this solution to a 100-mL volumetric flask, add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume.
Spectrometric conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line, 422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution/100 mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus concentration, in µg/mL, of calcium, and draw the straight
line best fitting the five plotted points. From the graph, determine the concentration, in
µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of Calcium (Ca)
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• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
(v/v) solution of nitric acid solution, and dilute with a 1% (v/v) solution of nitric acid to
1000 mL. This solution contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from Copper standard solution diluted with
0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer the equivalent of 5 mg
of copper from powdered Tablets to a porcelain crucible. Heat for 6–12 h in a muffle
furnace maintained at 550 , and cool. Add 15 mL of hydrochloric acid, and boil gently on a
hot plate or a steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask, rinsing the crucible with portions of 6 N hydrochloric
acid. Dilute the contents of the flask with water to volume, and filter, discarding the first
5 mL of the filtrate. Dilute the filtrate quantitatively with 0.125 N hydrochloric acid to
obtain a concentration of 2 µg/mL of copper.
Spectrometric conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Copper emission line, 324.7 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus concentration, in µg/mL, of copper, and draw the straight
line best fitting the five plotted points. From the graph, determine the concentration, C,
in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of Copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Magnesium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Magnesium standard stock solution: Transfer 1.00 g of magnesium to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution having a known concentration of 1000 µg/mL.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard stock solution
diluted with 0.125 N hydrochloric acid
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Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Finely powder NLT 20 Tablets. Transfer the equivalent of 200 mg of
magnesium to a porcelain crucible. Heat for 6–12 h in a muffle furnace maintained at 550 ,
and cool. Add 15 mL of hydrochloric acid, and boil gently on a hot plate or a steam bath
for 30 min, intermittently rinsing the inner surface of the crucible with 6 N hydrochloric
acid. Cool, and quantitatively transfer the contents of the crucible to a 100-mL volumetric
flask, rinsing the crucible with portions of 6 N hydrochloric acid. Dilute the contents of the
flask with water to volume, and filter, discarding the first 5 mL of the filtrate. Dilute the
filtrate quantitatively with 0.125 N hydrochloric acid to obtain a concentration of 0.4
µg/mL of magnesium, adding 1 mL of Lanthanum chloride solution/100 mL of the final
volume.
Spectrometric conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Magnesium emission line, 285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution/100 mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese, weighed, to a 1000mL volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from Manganese standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with concentrations of 0.5, 0.75, 1.0, 1.5,
and 2.0 µg/mL of manganese.
Sample solution: Finely powder NLT 20 Tablets. Transfer the equivalent of 9 mg of
manganese from powdered Tablets to a porcelain crucible. Heat for 6–12 h in a muffle
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furnace maintained at 550 , and cool. Add 15 mL of hydrochloric acid, and boil gently on a
hot plate or a steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask, rinsing the crucible with portions of 6 N hydrochloric
acid. Dilute the contents of the flask with water to volume, and filter, discarding the first
5 mL of the filtrate. Dilute the filtrate quantitatively with 0.125 N hydrochloric acid to
obtain a concentration of 1 µg/mL of manganese.
Spectrometric conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Manganese emission line, 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in mg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese
• Zinc, Method 1
Zinc standard stock solution: 1000 µg/mL of zinc from zinc oxide dissolved in 5 M
hydrochloric acid (3.89 mg/mL), and diluted with water to final volume. [Note—Dissolve in
5 M hydrochloric acid by warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from Zinc standard stock solution diluted with
0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of Standard stock solution to
separate 100-mL volumentric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer the equivalent of 40
mg of zinc from powdered Tablets to a porcelain crucible. Heat for 6–12 h in a muffle
furnace maintained at 550 , and cool. Add 15 mL of hydrochloric acid, and boil gently on a
hot plate or a steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask, rinsing the crucible with portions of 6 N hydrochloric
acid. Dilute the contents of the flask with water to volume, and filter, discarding the first
5 mL of the filtrate. Dilute the filtrate quantitatively with 0.125 N hydrochloric acid to
obtain a concentration of 2 µg/mL of zinc.
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Spectrometric conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Zinc emission line, 213.8 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus concentration, in µg/mL, of zinc, and draw the straight
line best fitting the five plotted points. From the graph, determine the concentration, C,
in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Calcium, Copper, Magnesium, Manganese, and Zinc, Method 2
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding one
volume of Stock aqua regia solution to two volumes of water. Dilute with additional water
to volume, and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% (v/v) nitric
acid solution and 1000 mg/L of scandium in 5% (v/v) nitric acid solution with Diluent
(1:1:198), and mix.
Standard stock solution (Ca, Cu, Mg, Mn, and Zn): [Note—It is only necessary to include
the minerals of interest in the solution.]Using commercially available element standard
(single- or multi-element) solutions in 5% (v/v) nitric acid solution, pipet the appropriate
amount of element standard solution into a volumetric flask, and dilute with 5% (v/v)
nitric acid solution to obtain a solution having final concentrations of about 1000 mg/L of
calcium, 100 mg/L of copper, 500 mg/L of magnesium, 100 mg/L of manganese, and 250
mg/L of zinc.
Standard solutions: Prepare a mixture of Standard stock solution in Diluent to prepare a
six-point calibration curve to bracket the concentration range of each mineral of interest.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion equal to the
average Tablet weight to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua regia
solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a 5-µm pore size nylon syringe filter. If necessary, make any further dilutions using
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the Diluent.
Spectrometric conditions
(See Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry, using a spectrometer set to measure
the emission of each mineral of interest at about the corresponding wavelength.
[Note—The operating conditions may be developed and optimized based on the
manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision.]
System suitability
[Note—Analyze the System suitability solution and obtain the response as directed for
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot
the emission of the Standard solutions versus concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph,
determine the concentration, C, in mg/L, for each mineral of interest in the Sample
solution. Calculate the percentage of the labeled amount for each mineral:
Result = C × (V/W) × F × (WT/L) × 100
C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
W=
T average Tablet weight (mg)
L = labeled amount of the relevant element (mg/Tablet)
Acceptance criteria: NLT 90.0%–125.0% of the labeled amount of calcium (Ca), copper
(Cu), magnesium (Mg), manganese (Mn), and zinc (Zn).
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements 2040 : Meet the requirements
for Dissolution with respect to calcium
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Analysis: Determine the amount of calcium (Ca) dissolved, using the procedure in the
assay for Calcium, making any necessary volumetric adjustments.
Tolerances: NLT 75% of the labeled amount of Ca is dissolved.
• Weight Variation of Dietary Supplements
SPECIFIC TESTS

2091 : Meet the requirements

PF 40(5): Sep.-Oct. 2014

431

• Microbial Enumeration Tests—Nutritional and Dietary Supplements 2021 : The total
aerobic microbial count does not exceed 3000 cfu/g, and the total combined molds and
yeasts count does not exceed 300 cfu/g. Tablets also meet the requirements of the tests
for absence of Salmonella species, Escherichia coli, and Staphylococcus aureus.
Change to read:
• Absence of Specified Microorganisms—Nutritional and Dietary Supplements 2022 :
Meets the requirements of the tests for absence of Salmonella species Escherichia coli and
Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Calcium and Vitamin D with Minerals Tablets.
The label also states the quantities of each mineral and vitamin D/dosage unit, the salt
form of the mineral used as the source of each element present, and the chemical form of
vitamin D present in the dosage unit.
• USP Reference Standards
USP Cholecalciferol RS
USP Ergocalciferol RS

11

BRIEFING
Cat's Claw, USP 37 page 5296. In preparation for the omission of the general chapter Heavy
Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium, lead,
and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also
proposed to omit references to gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148600

Comment deadline: November 30, 2014
Cat's Claw
DEFINITION
Cat's Claw consists of the inner bark of the stems of Uncaria tomentosa (Willd.) DC.
(Rubiaceae). It contains NLT 0.3% of pentacyclic oxindole alkaloids as isopteropodine,
calculated on the dried basis, as the sum of speciophylline, uncarine F, mitraphylline,
isomitraphylline, pteropodine, and isopteropodine.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
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Standard solution: 100 mg of USP Powdered Cat's Claw Extract RS in 2 mL of methanol.
Sonicate for 5 min, shaking occasionally, heat in a water bath at 60 for 15 min, cool, and
centrifuge.
Sample solution: 5 g of powdered Cat's Claw in 10 mL of methanol. Sonicate for 5 min,
shaking occasionally. Heat the mixture in a water bath at 60 for 15 min, cool, and filter.
Adsorbent: Chromatographic silica gel mixture with an average particle size of 10–15 µm
(TLC plates)
Application volume: 20 µL, as bands that are 1 cm in length
Developing solvent system: Ethyl acetate and hexane (95:5)
Spray reagent A: Dissolve 0.85 g of basic bismuth nitrate in 10 mL of glacial acetic acid
and 40 mL of water by heating. Filter if necessary (Solution A). Dissolve 8 g of potassium
iodide in 30 mL of water (Solution B). Mix Solution A and Solution B (1:1) to obtain a stock
solution. Dilute 1 mL of the stock solution with 2 mL of glacial acetic acid and 10 mL of
water. [Note—Use freshly mixed Solution A and Solution B.]
Spray reagent B: Use a 10% solution of sodium nitrite in water.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram to a length of NLT 12 cm, and dry the plate in a current of
air.
Acceptance criteria: Examine the plate under short-wave UV light (254 nm). The Sample
solution chromatogram shows multiple zones that correspond in RF values to those
observed in the Standard solution chromatogram. Other zones of varying intensities may
be observed in the Sample solution. Spray the plate with Spray reagent A followed by
Spray reagent B, and examine the plate under white light. The Sample solution
chromatogram shows multiple orange-brown zones that correspond in color and RF values
to those observed in the Standard solution chromatogram. Other colored zones of varying
intensities may be observed in the Sample solution.
• B. The Sample solution exhibits peaks for speciophylline, uncarine F, mitraphylline,
isomitraphylline, pteropodine, and isopteropodine at retention times that correspond to
those in Standard solution A, as obtained in the test for Content of Pentacyclic Oxindole
Alkaloids and Limit of Tetracyclic Oxindoles.
COMPOSITION
• Content of Pentacyclic Oxindole Alkaloids and Limit of Tetracyclic Oxindoles
Standard solution A: Dissolve an accurately weighed quantity of USP Powdered Cat's Claw
Extract RS in methanol, shaking for 1 min. Dilute with methanol to obtain a solution having
a known concentration of about 0.5 mg of the labeled amount of total oxindole alkaloids
per mL. Pass through a filter of 0.45-µm or finer pore size.
Standard solution B: 0.1 mg/mL of USP Isopteropodine RS in methanol. Pass through a
nylon filter of 0.45-µm or finer pore size.
Sample solution: Accurately weigh approximately 750 mg of ground Cat's Claw, and place
in a 10-mL centrifuge tube. Sonicate with 2.5 mL of methanol for 10 min. Centrifuge, and
transfer this solution to a 10-mL volumetric flask. Repeat the extraction three additional
times combining the extracts in the 10-mL volumetric flask, and dilute with methanol to
volume. Transfer about 3 mL of the solution to a test tube containing 300 mg of polyamide
powder, and shake for 1 min. Pass through a nylon filter of 0.45-µm or finer pore size,
discarding the first part of the filtrate.
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Solution A: Prepare a filtered and degassed 10 mM pH 7.0 phosphate buffer by mixing 6 mL
of 1 N sodium hydroxide, 10 mL of 1 M monobasic potassium phosphate, and sufficient
water to make 1000 mL. Adjust to a pH of 7.0 ± 0.1 by adding more of either solution.
Solution B: Acetonitrile
Solution C: Methanol and glacial acetic acid (99:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
65
35
17
65
35
25
50
50
30
50
50
31
0
0
36
0
0
39
65
35
49
65
35
Chromatographic system

Solution C
(%)
0
0
0
0
100
100
0
0

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm × 10-cm; end-capped 3-µm packing L1
Flow rate: 0.75 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram obtained using Standard solution A is
similar to the Reference Chromatogram provided with the USP Powdered Cat's Claw
Extract RS.
Tailing factor: NMT 2.0 for the isopteropodine peak, Standard solution B
Relative standard deviation: NMT 2.0% for the isopteropodine peak in repeated
injections, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Measure the areas of the analyte peaks. Identify the retention times of the peaks
corresponding to speciophylline, uncarine F, mitraphylline, isomitraphylline,
rhynchophylline, isorhynchophylline, pteropodine, and isopteropodine by comparison of
the chromatogram of Standard solution A with the Reference Chromatogram provided
with the lot of the USP Powdered Cat's Claw Extract RS used.
Separately calculate the percentages of speciophylline, uncarine F, mitraphylline,
isomitraphylline, rhynchophylline, isorhynchophylline, pteropodine, and isopteropodine, as
isopteropodine, in the portion of Cat's Claw taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each relevant alkaloid from the Sample solution
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rS= peak response for isopteropodine from Standard solution B
C=
S concentration of USP Isopteropodine RS in Standard solution B (mg/mL)
C=
U concentration of Cat's Claw in the Sample solution (mg/mL)
Calculate the content of pentacyclic oxindole alkaloids by adding the percentages of
speciophylline, uncarine F, mitraphylline, isomitraphylline, pteropodine, and
isopteropodine.
Calculate the content of tetracyclic oxindole alkaloids by adding the individual
percentages of rhynchophylline and isorhynchophylline.
Acceptance criteria
Pentacyclic oxindole alkaloids: NLT 0.3%
Tetracyclic oxindole alkaloids: NMT 0.05%
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
105/g; the total combined molds and yeasts count does not exceed 103/g; and the biletolerant Gram-negative bacteria do not exceed 103/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
[Note—The pharmacopeial article is constituted only by the stem inner bark of U. tomentosa
(Willd.) DC. Descriptions of other parts of the plant are given to aid in the collection of the
right species. Compliance should be determined using the entire monograph and not only
the botanical description.]
Macroscopic: Cat's Claw is a woody vine with a main stem up to 20 cm in diameter and up
to 30 m long. The branches are obtusely quadrangular and generally puberulous. Stipules
in the buds are densely tomentose in the upper side (different from U. guianensis in which
the stipules are glabrous) with the hairs, often with curved tips, meshed together and
with the longer hairs of the leaf helping to connect the pair of stipules along the margins,
but split when older (different from U. guianensis in which the stipules separate early in
the bud development). Thorns are straight to sickle-shaped, not spirally twisted (different
from U. guianensis), very pungent and woody, from 8 to 20 mm long and from 3 to 6 mm
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wide. When recently cut, the color of the inner bark can be whitish gray, yellowish brown,
or dark red, with longitudinal fissures and persistent rhytidome. The internal part has a
slightly dusty fibrous and laminar texture with a characteristic ferruginous dust. and an
extremely astringent taste.
2S (USP38)

The terminal branches have a quadrangular section and yellowish green internal medulla.
Microscopic: The periderm with cork (phellem) is constituted by 6–8 rows of cells having walls
evenly thickened, a compressed phellogen and a phelloderm with 1–7 rows of sclereids. [Note
—The periderm and phellogen should be absent in the pharmacopeial article.] The secondary
cortex with concentric rings of fibers are separated by rings of parenchyma; rings of fibers are
frequently interrupted by radial rows of parenchyma cells (predominately 1 cell broad) or
narrow medullary rays (few cells broad), forming rectangular bundles of fibers in a regular
network. In longitudinal view, the fibers appear with numerous conspicuous pits; calcium
oxalate microcrystals (sand-like) are abundant in the parenchyma, but usually absent as large
polyhedral crystals or in the form of styloids with bifurcated endings, the latter forms typically
present in the parenchyma of U. guianensis; a brown substance is dispersed in parenchyma
cells; starch is abundant, granules are solitary (circular in outline, up to 10 µm in diameter) or
compound (2–3 components up to 15 µm in diameter).
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Loss on Drying 731
Sample: 1.0 g of Cat's claw, finely powdered
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 7.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Cat's claw, finely powdered
Acceptance criteria: NMT 8.0%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at room
temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards 11
USP Isopteropodine RS
USP Powdered Cat's Claw Extract RS
BRIEFING
Powdered Cat's Claw, USP 37 page 5298. In preparation for the omission of the general
chapter Heavy Metals 231 , and all references thereto, it is proposed to control arsenic,
cadmium, lead, and mercury as described in the Limits of Elemental Impurities section of the
general chapter Articles of Botanical Origin

561 , proposed elsewhere in this PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(DS: A. Bzhelyansky.)
Correspondence Number—C148876

Comment deadline: November 30, 2014
Powdered Cat's Claw
DEFINITION
Powdered Cat's Claw is Cat's Claw reduced to a powder or very fine powder. It contains NLT
0.3% of pentacyclic oxindole alkaloids as isopteropodine, calculated on the dried basis, as the
sum of speciophylline, uncarine F, mitraphylline, isomitraphylline, pteropodine, and
isopteropodine.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 100 mg of USP Powdered Cat's Claw Extract RS in 2 mL of methanol.
Sonicate for 5 min, shaking occasionally, heat in a water bath at 60 for 15 min, cool, and
centrifuge.
Sample solution: 5 g of Powdered Cat's Claw in 10 mL of methanol. Sonicate for 5 min,
shaking occasionally. Heat the mixture in a water bath at 60 for 15 min, cool, and filter.
Adsorbent: Chromatographic silica gel mixture with an average particle size of 10–15 µm
(TLC plates)
Application volume: 20 µL, as bands that are 1 cm in length
Developing solvent system: Ethyl acetate and hexane (95:5)
Spray reagent A: Dissolve 0.85 g of basic bismuth nitrate in 10 mL of glacial acetic acid
and 40 mL of water by heating. Filter if necessary (Solution A). Dissolve 8 g of potassium
iodide in 30 mL of water (Solution B). Mix Solution A and Solution B (1:1) to obtain a stock
solution. Dilute 1 mL of the stock solution with 2 mL of glacial acetic acid and 10 mL of
water. [Note—Use freshly mixed Solution A and Solution B.]
Spray reagent B: Use a 10% solution of sodium nitrite in water.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram to a length of NLT 12 cm, and dry the plate in a current of
air.
Acceptance criteria: Examine the plate under short-wave UV light (254 nm). The Sample
solution chromatogram shows multiple zones that correspond in RF values to those
observed in the Standard solution chromatogram. Other zones of varying intensities may
be observed in the Sample solution. Spray the plate with Spray reagent A followed by
Spray reagent B, and examine the plate under white light. The Sample solution
chromatogram shows multiple orange-brown zones that correspond in color and RF values
to those observed in the Standard solution chromatogram. Other colored zones of varying
intensities may be observed in the Sample solution.
• B. The Sample solution exhibits peaks for speciophylline, uncarine F, mitraphylline,
isomitraphylline, pteropodine, and isopteropodine at retention times that correspond to
those in Standard solution A, as obtained in the test for Content of Pentacyclic Oxindole
Alkaloids and Limit of Tetracyclic Oxindoles.
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COMPOSITION
• Content of Pentacyclic Oxindole Alkaloids and Limit of Tetracyclic Oxindoles
Standard solution A: Dissolve an accurately weighed quantity of USP Powdered Cat's Claw
Extract RS in methanol, shaking for 1 min. Dilute with methanol to obtain a solution having
a known concentration of about 0.5 mg of the labeled amount of total oxindole alkaloids
per mL. Pass through a filter of 0.45-µm or finer pore size.
Standard solution B: 0.1 mg/mL of USP Isopteropodine RS in methanol. Pass through a
nylon filter of 0.45-µm or finer pore size.
Sample solution: Accurately weigh approximately 750 mg of Powdered Cat's Claw, and
place in a 10-mL centrifuge tube. Sonicate with 2.5 mL of methanol for 10 min. Centrifuge,
and transfer this solution to a 10-mL volumetric flask. Repeat the extraction three
additional times combining the extracts in the 10-mL volumetric flask, and dilute with
methanol to volume. Transfer about 3 mL of the solution to a test tube containing 300 mg
of polyamide powder, and shake for 1 min. Pass through a nylon filter of 0.45-µm or finer
pore size, discarding the first part of the filtrate.
Solution A: Prepare a filtered and degassed 10 mM pH 7.0 phosphate buffer by mixing 6 mL
of 1 N sodium hydroxide, 10 mL of 1 M monobasic potassium phosphate, and sufficient
water to make 1000 mL. Adjust to a pH of 7.0 ± 0.1 by adding more of either solution.
Solution B: Acetonitrile
Solution C: Methanol and glacial acetic acid (99:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
65
35
17
65
35
25
50
50
30
50
50
31
0
0
36
0
0
39
65
35
49
65
35
Chromatographic system

Solution C
(%)
0
0
0
0
100
100
0
0

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm × 10-cm; end-capped 3-µm packing L1
Flow rate: 0.75 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram obtained using Standard solution A is
similar to the Reference Chromatogram provided with the USP Powdered Cat's Claw
Extract RS.
Tailing factor: NMT 2.0 for the isopteropodine peak, Standard solution B
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Relative standard deviation: NMT 2.0% for the isopteropodine peak in repeated
injections, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Measure the areas of the analyte peaks. Identify the retention times of the peaks
corresponding to speciophylline, uncarine F, mitraphylline, isomitraphylline,
rhynchophylline, isorhynchophylline, pteropodine, and isopteropodine by comparison of the
chromatogram of Standard solution A with the Reference Chromatogram provided with the
lot of the USP Powdered Cat's Claw Extract RS used.
Separately calculate the percentages of speciophylline, uncarine F, mitraphylline,
isomitraphylline, rhynchophylline, isorhynchophylline, pteropodine, and isopteropodine, as
isopteropodine, in the portion of Powdered Cat's Claw taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each relevant alkaloid from the Sample solution
rS= peak response for isopteropodine from Standard solution B
C=
S concentration of USP Isopteropodine RS in Standard solution B (mg/mL)
C=
U concentration of Powdered Cat's Claw in the Sample solution (mg/mL)
Calculate the content of pentacyclic oxindole alkaloids by adding the percentages of
speciophylline, uncarine F, mitraphylline, isomitraphylline, pteropodine, and isopteropodine.
Calculate the content of tetracyclic oxindole alkaloids by adding the individual
percentages of rhynchophylline and isorhynchophylline.
Acceptance criteria
Pentacyclic oxindole alkaloids: NLT 0.3%
Tetracyclic oxindole alkaloids: NMT 0.05%
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
105/g; the total combined molds and yeasts count does not exceed 103/g; and the biletolerant Gram-negative bacteria do not exceed 103/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
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• Botanical Characteristics: Presence of fragments of cork and suberized cells, with cell
walls evenly thickened; presence of phelloderm sclereids; fragments of fibers crossed by
vascular rays are darkened due to the presence of sand-like calcium oxalate microcrystals;
solitary or two- to three-compound starch grains up to 15 µm in diameter; absence of
styloids, typically present in U. guianensis
• Loss on Drying 731
Sample: 1.0 g of Powdered Cat's Claw
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 7.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Powdered Cat's Claw
Acceptance criteria: NMT 8.0%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at room
temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards 11
USP Isopteropodine RS
USP Powdered Cat's Claw Extract RS
BRIEFING
Centella asiatica, USP 37 page 5303. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin 561
proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit references to
olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148901

Comment deadline: November 30, 2014
Centella asiatica
DEFINITION
Centella asiatica consists of the dried aerial parts of Centella asiatica (L.) Urb. [Syn:
Hydrocotyle asiatica L.] (Fam. Apiaceae). It is also known in commerce as gotu kola. It
contains NLT 2.0% of triterpene derivatives, calculated on the dried basis.
IDENTIFICATION
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• A. Centella asiatica meets the requirements for Specific Tests, Botanical Characteristics.
• B. Thin-Layer Chromatographic Identification Test
Standard solution A: 0.5 mg/mL of USP Asiaticoside RS in methanol
Standard solution B: 10 mg/mL of USP Powdered Centella asiatica Extract RS in methanol.
Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: About 0.5 g of Centella asiatica, finely powdered, in 5 mL of methanol.
Sonicate for 10 min, centrifuge, and use the supernatant.
Adsorbent: Chromatographic silica gel with an average particle size of 10–15 µm (TLC
plates) or with an average particle size of 5 µm (HPTLC plates)
Application volume: 10 µL (TLC plates) or 4 µL (HPTLC plates)
Developing solvent system: Methylene chloride, methanol, and water (14:6:1)
Derivatization reagent: A solution of 10% sulfuric acid in methanol. [Note—Prepare
fresh.]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands. Use a saturated chamber. Develop the chromatograms until
the solvent front has moved up about three-fourths of the plate. Remove the plate from
the chamber, dry, treat with Derivatization reagent, heat for 3 min at 120 , and
examine under white light.
Acceptance criteria: The Sample solution chromatogram exhibits a violet band in the lower
third of the plate due to asiaticoside, corresponding in color and RF to that in Standard
solution A; a violet band due to madecassoside at an RF lower than that of asiaticoside;
and two additional violet bands in the upper third of the plate due to asiatic acid and
madecassic acid. Bands detected in the Sample solution correspond in position and color
to bands in Standard solution B. Other minor bands may be observed in the Sample
solution and Standard solution B.
• C. HPLC Identification Test: The Sample solution chromatogram from the test for Content
of Triterpene Derivatives shows a peak at the retention time corresponding to that of
asiaticoside in Standard solution A. Identify other triterpene derivative peaks in the Sample
solution by comparison with the chromatogram of Standard solution B and the reference
chromatogram provided with the lot of USP Powdered Centella asiatica Extract RS being
used. The Sample solution shows additional peaks corresponding to madecassoside and
asiaticoside B (these two peaks may co-elute), madecassic acid, terminolic acid, and
asiatic acid.
COMPOSITION
• Content of Triterpene Derivatives
Solution A: Dilute 3 mL of phosphoric acid with water to 1000 mL, mix, filter, and degas.
Solution B: Acetonitrile
Mobile phase: See the gradient table below.
Time
Solution A Solution B
(min)
(%)
(%)
0
78
22
65
45
55
66
5
95
75
5
95
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76
78
22
85
78
22
Standard solution A: 0.05 mg/mL of USP Asiaticoside RS in methanol
Standard solution B: Sonicate a portion of USP Powdered Centella asiatica Extract RS in
methanol to obtain a solution with a concentration of about 5.0 mg/mL. Before injection,
pass through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of
the filtrate.
Sample stock solution: Transfer about 1.0 g of Centella asiatica, finely powdered and
accurately weighed, to a Soxhlet apparatus. Add 100 mL of methanol, extract for 8 h,
cool, and dilute with methanol to 100 mL. Pass through a membrane filter of 0.45-µm or
finer pore size, discarding the first few mL of the filtrate. [Note—Use a thimble of a
suitable size such that the volume of methanol used in the Soxhlet extraction is at least
twice the volume of the thimble.]
Sample solution: Dilute 5.0 mL of Sample stock solution with methanol to 10.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Centella asiatica
Extract RS being used.
Tailing factor: Between 0.8 and 2.0 for the asiaticoside peak, Standard solution A
Resolution: NLT 1.5 between the madecassic acid and terminolic acid peaks, Standard
solution B
Relative standard deviation: NMT 2.0% determined from the asiaticoside peak in
replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution. [Note
—Standard solution A, Standard solution B, and the Sample solution are stable for 48 h
at room temperature.]
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Centella asiatica Extract RS being
used, identify the retention times of the peaks corresponding to different triterpene
derivatives. The approximate relative retention times of the different triterpene derivatives
are provided in the following table.
Analyte
Madecassoside
Asiaticoside B

Approximate Relative
Retention Time
0.71
0.72
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Asiaticoside
Madecassic acid
Terminolic acid
Asiatic acid

1.00
2.40
2.44
3.12

Separately calculate the percentages of the sum of madecassoside and asiaticoside B
(these two peaks may co-elute), asiaticoside, the sum of madecassic acid and terminolic
acid, and asiatic acid in the portion of Centella asiatica taken:
Result = (rU/rS) × CS × (V/W) × D × F × 100
rU= peak areas of the triterpene derivatives from the Sample solution
rS= peak area of asiaticoside from Standard solution A
C=
S concentration of USP Asiaticoside RS in Standard solution A (mg/mL)
V= final volume of Sample stock solution (mL)
W= weight of Centella asiatica used to prepare Sample stock solution (mg)
D= dilution factor to prepare the Sample solution from the Sample stock solution
F= conversion factors for analytes: 1.00 for asiaticoside, 1.017 for the sum of
madecassoside and asiaticoside B, 0.526 for the sum of madecassic acid and terminolic
acid, and 0.509 for asiatic acid
Acceptance criteria: Add the percentages of different triterpene derivatives: NLT 2.0% on
the dried basis.
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined yeasts and molds count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Stem is slender, yellowish-brown, with long internodes, rooting at nodes;
leaves are grayish-green, simple, alternate or grouped together at the nodes, reniform or
oblong-elliptic, have palmate venation, usually with 7 veins, apex obtuse, margin crenate,
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base cordate, variable in size, 1–4 cm long, 2–4 cm and sometimes up to 7 cm wide,
young leaves show a few trichomes on the lower surface and adult leaves are glabrous;
petioles are long, grooved, base wider and sheathing; the inflorescence, if present, is a
single umbel and consists of 3 flowers, rarely 2 or 4; the flowers are very small (about 2
mm), pentamerous, and have an inferior ovary; the fruit, brownish-gray, orbicular
cremocarp, up to 5 mm long, is very flattened laterally and has 7–9 prominent curved
ridges. Pharmacopeial article is green to yellowish-green masses composed mostly of
leaves and stem fragments. ; odor slight; taste slightly bitter to sweet
2S (USP38)

Microscopic
Transverse section of stems: Epidermal layer, subrounded or subsquare cells; 2–4 layers of
collenchyma cells; 6–8 layers of thin-wall parenchyma cells with intercellular spaces; 6–7
collateral vascular bundles, xylem vessels radially arranged, slightly lignified fiber groups
occurring outside the phloem; pith large, composed of thin-wall parenchyma cells; secretory
canals, composed of 5–7 secretory cells, observed in cortex and medullary rays
Transverse section of leaves: Upper and lower epidermis; mesophyll composed of
parenchyma cells, some contain crystals of calcium oxalate; 2–3 layers of collenchyma
present in the midrib region next to both epidermal layers; vascular bundles in the center
with xylem on the ventral side and phloem on the dorsal side. Transverse section of petioles
has a U shape, showing an upper and a lower epidermis, followed by 2–3 layers of
collenchyma next to both epidermal layers; a broad parenchymatous zone, some cells
contain crystals of calcium oxalate; 7 vascular bundles forming a U shape in the
parenchymatous zone, the two present in the projecting arms being less developed
• Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 7.0%, of which NMT
5.0% is of underground organs and NMT 2% is of other foreign matter
• Loss on Drying 731
Sample: 1.0 g of finely powdered Centella asiatica
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Centella asiatica
Acceptance criteria: NMT 12%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 3.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article. The label states that the article is exempted from the
requirements of the General Notices with respect to the pregnancy and lactation
statement (section 10.40.50, Labeling Botanical-Containing Products).
• USP Reference Standards 11
USP Asiaticoside RS
USP Powdered Centella asiatica Extract RS
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BRIEFING
Powdered Centella asiatica, USP 37 page 5305. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to control arsenic, cadmium, lead, and mercury as described in
the Limits of Elemental Impurities section of the general chapter Articles of Botanical Origin
561 proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit
references to olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148902

Comment deadline: November 30, 2014
Powdered Centella asiatica
DEFINITION
Powdered Centella asiatica is Centella asiatica reduced to a powder or very fine powder. It
contains NLT 2.0% of triterpene derivatives, calculated on the dried basis.
IDENTIFICATION
• A. Powdered Centella asiatica meets the requirements for Specific Tests, Botanical
Characteristics.
• B. Thin-Layer Chromatographic Identification Test
Standard solution A: 0.5 mg/mL of USP Asiaticoside RS in methanol
Standard solution B: 10 mg/mL of USP Powdered Centella asiatica Extract RS in methanol.
Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: About 0.5 g of Powdered Centella asiatica in 5 mL of methanol. Sonicate
for 10 min, centrifuge, and use the supernatant.
Adsorbent: Chromatographic silica gel with an average particle size of 10–15 µm (TLC
plates) or with an average particle size of 5 µm (HPTLC plates)
Application volume: 10 µL (TLC plates) or 4 µL (HPTLC plates)
Developing solvent system: Methylene chloride, methanol, and water (14:6:1)
Derivatization reagent: A solution of 10% sulfuric acid in methanol. [Note—Prepare
fresh.]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands. Use a saturated chamber. Develop the chromatograms until
the solvent front has moved up about three-fourths of the plate. Remove the plate from
the chamber, dry, treat with Derivatization reagent, heat for 3 min at 120 , and
examine under white light.
Acceptance criteria: The Sample solution chromatogram exhibits a violet band in the lower
third of the plate due to asiaticoside, corresponding in color and RF to that in Standard
solution A; a violet band due to madecassoside at an RF lower than that of asiaticoside;
and two additional violet bands in the upper third of the plate due to asiatic acid and
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madecassic acid. Bands detected in the Sample solution correspond in position and color
to bands in Standard solution B. Other minor bands may be observed in the Sample
solution and Standard solution B.
• C. HPLC Identification Test: The Sample solution chromatogram from the test for Content
of Triterpene Derivatives shows a peak at the retention time corresponding to that of
asiaticoside in Standard solution A. Identify other triterpene derivative peaks in the Sample
solution by comparison with the chromatogram of Standard solution B and the reference
chromatogram provided with the lot of USP Powdered Centella asiatica Extract RS being
used. The Sample solution shows additional peaks corresponding to madecassoside and
asiaticoside B (these two peaks may co-elute), madecassic acid, terminolic acid, and
asiatic acid.
COMPOSITION
• Content of Triterpene Derivatives
Solution A: Dilute 3 mL of phosphoric acid with water to 1000 mL, mix, filter, and degas.
Solution B: Acetonitrile
Mobile phase: See the gradient table below.
Time
Solution A Solution B
(min)
(%)
(%)
0
78
22
65
45
55
66
5
95
75
5
95
76
78
22
85
78
22
Standard solution A: 0.05 mg/mL of USP Asiaticoside RS in methanol
Standard solution B: Sonicate a portion of USP Powdered Centella asiatica Extract RS in
methanol to obtain a solution with a concentration of about 5.0 mg/mL. Before injection,
pass through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of
the filtrate.
Sample stock solution: Transfer about 1.0 g of Powdered Centella asiatica, accurately
weighed, to a Soxhlet apparatus. Add 100 mL of methanol, extract for 8 h, cool, and
dilute with methanol to 100 mL. Pass through a membrane filter of 0.45-µm or finer pore
size, discarding the first few mL of the filtrate. [Note—Use a thimble of a suitable size
such that the volume of methanol used in the Soxhlet extraction is at least twice the
volume of the thimble.]
Sample solution: Dilute 5.0 mL of Sample stock solution with methanol to 10.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
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Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Centella asiatica
Extract RS being used.
Tailing factor: Between 0.8 and 2.0 for the asiaticoside peak, Standard solution A
Resolution: NLT 1.5 between the madecassic acid and terminolic acid peaks, Standard
solution B
Relative standard deviation: NMT 2.0% determined from the asiaticoside peak in
replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution. [Note
—Standard solution A, Standard solution B, and Sample solution are stable for 48 h at
room temperature.]
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Centella asiatica Extract RS being
used, identify the retention times of the peaks corresponding to different triterpene
derivatives. The approximate relative retention times of the different triterpene derivatives
are provided in the following table.
Analyte
Madecassoside
Asiaticoside B
Asiaticoside
Madecassic acid
Terminolic acid
Asiatic acid

Approximate Relative
Retention Time
0.71
0.72
1.00
2.40
2.44
3.12

Separately calculate the percentages of the sum of madecassoside and asiaticoside B
(these two peaks may co-elute), asiaticoside, the sum of madecassic acid and terminolic
acid, and asiatic acid in the portion of Powdered Centella asiatica taken:
Result = (rU/rS) × CS × (V/W) × D × F × 100
rU= peak areas of the triterpene derivatives from the Sample solution
rS= peak area of asiaticoside from Standard solution A
C=
S concentration of USP Asiaticoside RS in Standard solution A (mg/mL)
V= final volume of Sample stock solution (mL)
W= weight of Powdered Centella asiatica used to prepare the Sample stock solution (mg)
D= dilution factor to prepare the Sample solution from the Sample stock solution
F= conversion factors for analytes: 1.00 for asiaticoside, 1.017 for the sum of
madecassoside and asiaticoside B, 0.526 for the sum of madecassic acid and terminolic
acid, and 0.509 for asiatic acid
Acceptance criteria: Add the percentages of different triterpene derivatives: NLT 2.0% on
the dried basis.
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CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined yeast and mold count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
Change to read:
• Botanical Characteristics: Greenish-gray to greenish-brown in color ; odor slight; taste
slightly bitter to sweet
2S (USP38)

Under a microscope, factions of epidermal cells of the leaves with irregular striated cuticle,
showing anisocytic, some paracytic, and rarely anomocytic stomata; epidermal cells of young
leaves showing unicellular, occasionally multicellular, non-glandular trichomes; secretory canals
composed of 5–7 secretory cells; parenchyma cells, some showing prisms or rosettes of calcium
oxalate; bundles of narrow septate fibers from the stem; spiral vessels; fragments of the fruits,
layers of wide cells in a parquetry arrangement, annular vessels, parenchyma cells containing
simple or compound starch granules
• Loss on Drying 731
Sample: 1.0 g of Powdered Centella asiatica
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Powdered Centella asiatica
Analysis: NMT 12%
• Articles of Botanical Origin, Acid-Insoluble Ash 561 : NMT 3.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article. The label states that the article is exempted from the
requirements of the General Notices with respect to the pregnancy and lactation
statement (section 10.40.50, Labeling Botanical-Containing Products).
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• USP Reference Standards 11
USP Asiaticoside RS
USP Powdered Centella asiatica Extract RS
BRIEFING
Chaste Tree, USP 37 page 5312. In preparation for the omission of the general chapter Heavy
Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium, lead,
and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin

561 , proposed elsewhere in this PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148877

Comment deadline: November 30, 2014
Chaste Tree
DEFINITION
Chaste Tree consists of the dried ripe fruits of Vitex agnus-castus L. (Verbenaceae). It
contains NLT 0.05% of agnuside and NLT 0.08% of casticin, calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 100 mg of USP Powdered Chaste Tree Extract RS in 1 mL of methanol.
Heat in a water bath at 60 for 10 min. Centrifuge, and use the clear supernatant.
Sample solution: Transfer about 1 g of powdered plant material to a screw-capped
centrifuge tube. Add 10 mL of methanol, heat in a water bath at 60 for 10–15 min, cool,
and filter.
Adsorbent: Chromatographic silica gel with an average particle size of 10–15 µm (TLC
plates)
Application volume: 90 µL, Standard solution; 60 µL, Sample solution; in bands that are 2
cm in length
Developing solvent system: Ethyl acetate, methanol, and water (77:15:8)
Spray reagent: 10 mg/mL of p-dimethylaminobenzaldehyde in 1 N hydrochloric acid
Analysis
Samples: Standard solution and Sample solution
Develop to a length of NLT 12 cm, and dry the plate in a stream of air. Spray the plate
with Spray reagent, and heat for 10 min at 120 .
Acceptance criteria: The Sample solution shows the following: a blue zone (at an RF value
of about 0.21) due to the presence of aucubin and that corresponds in color and RF value
to a similar zone for the Standard solution; a blue zone (at an RF value of about 0.44) as a
result of the presence of agnuside that corresponds in color and RF value to a similar zone
for the Standard solution; and one broad zone, violet in the middle, near the solvent front
and that corresponds in color and RF value to a similar zone for the Standard solution.
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Other colored zones of varying intensities may be observed for the Sample solution.
• B. In the test for Content of Casticin, the chromatogram of the Sample solution shows a
peak at the retention time corresponding to the casticin peak in the chromatogram of the
Standard solution.
COMPOSITION
• Content of Casticin
Standard solution: About 0.05 mg/mL of USP Casticin RS in methanol, with sonication.
Pass through a cellulose membrane filter of 0.45-µm or finer pore size.
Sample solution: Place about 1000 mg of ground plant material in a container with a
stopper. Extract twice with 40 mL of methanol, using a hand homogenizer at 19,000 rpm
for 2 min. Filter each supernatant, and transfer to a 250-mL round-bottom flask. Rinse the
residue with methanol, and filter the resulting solution into the flask. Evaporate the
combined extract to dryness. Dissolve the residue in methanol, quantitatively transfer to a
20-mL volumetric flask, and dilute with methanol to volume. Pass through a cellulose
membrane filter of 0.45-µm or finer pore size.
Solution A: Methanol
Solution B: 5.88 g/L of phosphoric acid in water
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
50
50
0
50
50
13
65
35
18
100
0
23
50
50
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 348 nm
Column: 3.1-mm × 12.5-cm; 5-µm packing L1
Column temperature: 25
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the casticin peak
Relative standard deviation: NMT 2.0% for the casticin peak, in repeated injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of casticin in the portion of Chaste Tree taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of casticin from the Sample solution
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rS= peak response of casticin from the Standard solution
C=
S concentration of USP Casticin RS in the Standard solution (mg/mL)
C=
U concentration of Chaste Tree in the Sample solution (mg/mL)
Acceptance criteria: NLT 0.08% of casticin on the dried basis
• Content of Agnuside
Solvent: Methanol and water (1:19)
Standard solution: Dissolve a quantity of USP Agnuside RS in Solvent, with sonication.
Dilute with methanol to obtain a concentration of about 0.125 mg/mL. Pass through a
cellulose membrane filter of 0.45-µm or finer pore size.
Sample solution: Place about 1000 mg of ground plant material in a container with a
stopper. Extract twice with 40 mL of methanol, using a hand homogenizer at 19,000 rpm
for 2 min. Centrifuge, and transfer each supernatant to a 250-mL round-bottom flask.
Rinse the residue with methanol, and filter the resulting solution into the flask. Evaporate
the combined extract to dryness, and dissolve the residue in 2 mL of Solvent.
Quantitatively transfer the solution to a solid-phase extraction cartridge packed with
neutral aluminum oxide previously conditioned with 5 mL of Solvent. Connect the cartridge
to a vacuum pressure not exceeding 300 mbar, and collect the eluate. Rinse the roundbottom flask with 2 mL of Solvent, pass this solution through the cartridge, apply the
vacuum, and collect the eluate. Rinse the cartridge with 4 mL of Solvent, and collect the
eluate. Combine the eluates from the cartridge, transfer to a 10-mL volumetric flask, and
dilute with Solvent to volume.
Solution A: Acetonitrile
Solution B: 5.88 g/L of phosphoric acid in water
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
7
93
0.6
10
90
5
10
90
7
14
86
13
15
85
13.1
100
0
18
100
0
18.1
7
93
23
7
93
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 258 nm
Column: 3.1-mm × 12.5-cm; 5-µm packing L1
Column temperature: 25
Flow rate: 1.3 mL/min
Injection size: 10 µL
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System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the agnuside peak
Relative standard deviation: NMT 2.0% for the agnuside peak, in repeated injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of agnuside in the portion of Chaste Tree taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of agnuside from the Sample solution
rS= peak response of agnuside from the Standard solution
C=
S concentration of USP Agnuside RS in the Standard solution (mg/mL)
C=
U concentration of Chaste Tree in the Sample solution (mg/mL)
Acceptance criteria: NLT 0.05% of agnuside on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
105 cfu/g, the total combined molds and yeast count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Mature chaste tree fruits are spherical to ovoid, 2–4 mm in diameter, very
hard, usually with a short pedicel. The fruit is reddish brown to black, slightly rough, and
covered with glandular hairs. There are four grooves perpendicular to one another, and a
slight depression on the apex, more evident on large fruits. The internal appearance of the
fruit is yellowish. The internal structure of the fruit includes four compartments, each
containing an oblong seed. A group of up to six spongy, light tan, immature fruits may also
accompany mature fruits. The fruit is often covered by a tubular, greenish-gray, fine
tomentose calyx, which is persistent and has five teeth.
Microscopic: The exocarp is brown and narrow, consisting of parenchymatous cells with
thin walls and partially lignified cells with many pitted thickenings on the inside. In surface
view, the exocarp shows an epidermis of polygonal cells with irregular thickenings and
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glandular hairs, each with a short single-celled stalk and a four-celled head containing
essential oil. The outer mesocarp consists of several layers of brown, isodiametric
parenchyma cells. The inner mesocarp consists of finely pitted sclerenchymatous cells,
some with moderately thickened walls, others consisting of isodiametric stone cells with
small lumen. The endocarp consists of a layer of small brown sclereid cells. The seeds are
small, having large cotyledons surrounded by thin-walled, large parenchymatous cells that
have ribbed thickenings. The nutritive tissue and the cells of the germ contain aleuron
grains and oil globules. Starch is absent. The outer epidermis of calyx is composed of
polygonal cells, covered by abundant unicellular or multicellular curved trichomes. The
inner epidermis of calyx is glabrous and composed of rectangular, elongated cells with
slightly wavy walls.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 3.0%

• Loss on Drying 731
Sample: 1.0 g of Chaste Tree, finely powdered
Analysis: Dry at 105 for 2 h.
Acceptance criteria NMT 10.0
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Chaste Tree, finely powdered
Acceptance criteria NMT 8.0
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Agnuside RS
USP Casticin RS
USP Powdered Chaste Tree Extract RS
BRIEFING
Powdered Chaste Tree, USP 37 page 5313. In preparation for the omission of the general
chapter Heavy Metals 231 , and all references thereto, it is proposed to control arsenic,
cadmium, lead, and mercury as described in the Limits of Elemental Impurities section of the
general chapter Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also
proposed to omit references to olfactory and gustatory qualities from Botanical
Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148878

Comment deadline: November 30, 2014
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Powdered Chaste Tree
DEFINITION
Powdered Chaste Tree is Chaste Tree reduced to a powder or a very fine powder. It contains
NLT 0.05% of agnuside and NLT 0.08% of casticin, calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 100 mg of USP Powdered Chaste Tree Extract RS in 1 mL of methanol.
Heat in a water bath at 60 for 10 min. Centrifuge, and use the clear supernatant.
Sample solution: Transfer about 1 g of Powdered Chaste Tree to a screw-capped
centrifuge tube. Add 10 mL of methanol, heat in a water bath at 60 for 10–15 min, cool,
and filter.
Adsorbent: Chromatographic silica gel with an average particle size of 10–15 µm (TLC
plates)
Application volume: 90 µL, Standard solution; 60 µL, Sample solution; in bands that are 2
cm in length
Developing solvent system: Ethyl acetate, methanol, and water (77:15:8)
Spray reagent: 10 mg/mL of p-dimethylaminobenzaldehyde in 1 N hydrochloric acid
Analysis
Samples: Standard solution and Sample solution
Develop to a length of NLT 12 cm, and dry the plate in a current of air. Spray the plate
with Spray reagent, and heat for 10 min at 120 .
Acceptance criteria: The Sample solution shows the following: a blue zone (at an RF value
of about 0.21) due to the presence of aucubin and that corresponds in color and RF value
to a similar zone for the Standard solution; a blue zone (at an RF value of about 0.44) as a
result of the presence of agnuside that corresponds in color and RF value to a similar zone
for the Standard solution; and one broad zone, violet in the middle, near the solvent front
and that corresponds in color and RF value to a similar zone for the Standard solution.
Other colored zones of varying intensities may be observed for the Sample solution.
• B. In the test for Content of Casticin, the chromatogram of the Sample solution shows a
peak at the retention time corresponding to the casticin peak in the chromatogram of the
Standard solution.
COMPOSITION
• Content of Casticin
Standard solution: About 0.05 mg/mL of USP Casticin RS in methanol, with sonication.
Pass through a cellulose membrane filter of 0.45-µm or finer pore size.
Sample solution: Place about 1000 mg of Powdered Chaste Tree in a container with a
stopper. Extract twice with 40 mL of methanol, using a hand homogenizer at 19,000 rpm
for 2 min. Filter each supernatant, and transfer to a 250-mL round-bottom flask. Rinse the
residue with methanol, and filter the resulting solution into the flask. Evaporate the
combined extract to dryness. Dissolve the residue in methanol, quantitatively transfer to a
20-mL volumetric flask, and dilute with methanol to volume. Pass through a cellulose
membrane filter of 0.45-µm or finer pore size.
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Solution A: Methanol
Solution B: 5.88 g/L of phosphoric acid in water
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
50
50
0
50
50
13
65
35
18
100
0
23
50
50
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 348 nm
Column: 3.1-mm × 12.5-cm; 5-µm packing L1
Column temperature: 25
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the casticin peak
Relative standard deviation: NMT 2.0% for the casticin peak, in repeated injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of casticin in the portion of Powdered Chaste Tree taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of casticin from the Sample solution
rS= peak response of casticin from the Standard solution
C=
S concentration of USP Casticin RS in the Standard solution (mg/mL)
C=
U concentration of Powdered Chaste Tree in the Sample solution (mg/mL)
Acceptance criteria: NLT 0.08% of casticin on the dried basis
• Content of Agnuside
Solvent: Methanol and water (1:19)
Standard solution: Dissolve a quantity of USP Agnuside RS in Solvent, with sonication.
Dilute with methanol to obtain a concentration of about 0.125 mg/mL. Pass through a
cellulose membrane filter of 0.45-µm or finer pore size.
Sample solution: Place about 1000 mg of Powdered Chaste Tree in a container with a
stopper. Extract twice with 40 mL of methanol, using a hand homogenizer at 19,000 rpm
for 2 min. Centrifuge, and transfer each supernatant to a 250-mL round-bottom flask.
Rinse the residue with methanol, and filter the resulting solution into the flask. Evaporate
the combined extract to dryness, and dissolve the residue in 2 mL of Solvent.
Quantitatively transfer the solution to a solid-phase extraction cartridge packed with
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neutral aluminum oxide previously conditioned with 5 mL of Solvent. Connect the cartridge
to a vacuum pressure not exceeding 300 mbar, and collect the eluate. Rinse the roundbottom flask with 2 mL of Solvent, pass this solution through the cartridge, apply the
vacuum, and collect the eluate. Rinse the cartridge with 4 mL of Solvent, and collect the
eluate. Combine the eluates from the cartridge, transfer to a 10-mL volumetric flask, and
dilute with Solvent to volume.
Solution A: Acetonitrile
Solution B: 5.88 g/L of phosphoric acid in water
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
7
93
0.6
10
90
5
10
90
7
14
86
13
15
85
13.1
100
0
18
100
0
18.1
7
93
23
7
93
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 258 nm
Column: 3.1-mm × 12.5-cm; 5-µm packing L1
Column temperature: 25
Flow rate: 1.3 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the agnuside peak
Relative standard deviation: NMT 2.0% for the agnuside peak, in repeated injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of agnuside in the portion of Powdered Chaste Tree taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of agnuside from the Sample solution
rS= peak response of agnuside from the Standard solution
C=
S concentration of USP Agnuside RS in the Standard solution (mg/mL)
C=
U concentration of Powdered Chaste Tree in the Sample solution (mg/mL)
Acceptance criteria: NLT 0.05% of agnuside on the dried basis
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CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Elemental Impurities

561 : Meets the requirements

2S (USP38)

• Articles of Botanical Origin, Pesticide Residues

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
105 cfu/g, the total combined molds and yeast count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
Change to read:
• Botanical Characteristics: Powdered Chaste Tree is dark brown, with a musty, slightly
aromatic odor, and a taste resembling that of sage
2S (USP38)

. The following characteristics are present: fragments of the calyx with covering and glandular
trichomes on the outer side and rectangular, elongated cells with slightly wavy walls on the
inner side; fragments of exocarp with trichomes and cells with large pits in the outer wall; thinwalled parenchymatous cells and globules of fixed oil; stone-pitted cells from the mesocarp;
ovoid, lignified cells with bands of reticulate thickening from the testa; and endosperm and
cotyledons with fixed oil.
• Loss on Drying 731
Sample: 1.0 g of Powdered Chaste Tree
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash 561 : NMT 8.0%
Sample: 1.0 g of Powdered Chaste Tree
Acceptance criteria: NMT 8.0%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards
USP Agnuside RS

11
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USP Casticin RS
USP Powdered Chaste Tree Extract RS
BRIEFING
Horse Chestnut, USP 37 page 5459. In preparation for the omission of the general chapter
Heavy Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium,
lead, and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin

561 , proposed elsewhere in this PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148879

Comment deadline: November 30, 2014
Horse Chestnut
DEFINITION
Horse Chestnut consists of the dried seeds of Aesculus hippocastanum L. (Fam.
Hippocastanaceae) harvested in the fall. It contains NLT 3.0% of triterpene glycosides,
calculated on the dried basis as escin (C55 H86 O24 ).
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 5 mg/mL of USP Escin RS in methanol
Sample solution: Transfer 1 g of the powdered plant material to a screw-capped
centrifuge tube, add 10 mL of a mixture of alcohol and water (7:3), and heat on a steam
bath for 10 min. Centrifuge, and use the clear supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel (TLC plates)
Application volume: 10 µL
Developing solvent system: Use the upper phase of a mixture of 1-butanol, glacial
acetic acid, and water (5:1:4).
Derivatization reagent: Methanol, glacial acetic acid, sulfuric acid, and p-anisaldehyde
(85: 10: 5: 0.5)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms to a length of NLT 15 cm, and dry the plate in a stream of
air. Spray the plate with Derivatization reagent, heat at 100 for 5 min, and examine
under white light.
Acceptance criteria: The chromatogram of the Sample solution shows a blue-violet zone
corresponding to escin, comparable in position and color to the main zone in the
chromatogram of the Standard solution. Above this zone, the chromatogram of the
Sample solution shows several narrow, brown to brownish-red zones that are less intense
than the zone corresponding to escin.
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COMPOSITION
• Content of Triterpene Glycosides
Solvent A: Methanol and water (13:7)
Solvent B: Use the lower phase of a mixture of chloroform, 0.1 N hydrochloric acid, and 1propanol (5:3:2).
Reagent: Dissolve 75 mg of ferric chloride in 50 mL of ice-cold glacial acetic acid. Add 50
mL of sulfuric acid, while swirling on an ice bath. Prepare immediately before use.
Standard solution A: 0.2 mg/mL of USP Escin RS in glacial acetic acid, shaken for 1 min
Standard solution B: 0.4 mg/mL of USP Escin RS in glacial acetic acid, shaken for 1 min
Standard solution C: 0.6 mg/mL of USP Escin RS in glacial acetic acid, shaken for 1 min
Sample solution: Accurately weigh about 1 g of ground seeds, and transfer into a 250-mL
round-bottom flask. Add exactly 100 mL of Solvent A, and weigh the filled flask with a
precision of ±0.1 g. Attach a condenser, reflux for 30 min, and allow to cool. Adjust to the
initial weight by adding Solvent A, and filter. Transfer 30.0 mL of the filtrate to a roundbottom flask, and evaporate under vacuum. Dissolve the residue in 20 mL of 0.1 N
hydrochloric acid, and quantitatively transfer with the aid of two additional 5-mL portions
of 0.1 N hydrochloric acid to a 250-mL separatory funnel. Add 20 mL of 1-propanol and 50
mL of chloroform, and shake vigorously for 2 min. Collect and retain the lower chloroform
layer, and add 50 mL of Solvent B to the upper layer remaining in the separatory funnel.
Shake vigorously for 2 min, collect and retain the lower chloroform layer. Combine the
retained chloroform layers in a round-bottom flask, and evaporate to near-dryness under
vacuum. Evaporate the remaining solvent under a stream of air. Wash the residue with
two 10-mL aliquots of ether, filter, wash the filter with 10 mL of ether, and discard the
ether filtrates. After evaporation of the residual ether, suspend the residue in 10 mL of
glacial acetic acid, and pass through the previously used dried filter into a 50-mL
volumetric flask. Repeat the addition of glacial acetic acid followed by filtration two
additional times, combining the filtrates in the 50-mL volumetric flask. Wash the roundbottom flask with small quantities of glacial acetic acid, and filter into the volumetric flask.
Dilute with glacial acetic acid to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Visible
Wavelength: 540 nm
Blank: Glacial acetic acid
Analysis: Accurately transfer 1.0 mL each of Standard solutions A, B, and C, Sample
solution, and Blank into separate screw-cap test tubes. Add 4.0 mL of Reagent to each
tube, cap the tubes, and keep them on a water bath at 60 for 25 min, shaking
occasionally. Measure the absorbances of the reacted Sample solution and Standard
solutions A, B and C, corrected for the Blank. Plot the absorbances of Standard solutions
A, B, and C against their respective concentrations, and establish the calibration line by
linear regression. From the plot, determine the concentration, C, in mg/mL, of triterpene
glycosides as escin in the Sample solution.
Calculate the percentage of triterpene glycosides as escin in the portion of Horse
Chestnut taken:
Result = (C/W) × (50/3)
C= concentration of triterpene glycosides in the Sample solution as obtained above (mg/mL)
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W
= weight of Horse Chestnut taken to prepare the Sample solution (g)
Acceptance criteria: NLT 3.0% of triterpene glycosides, calculated as escin (C55 H86 O24 ),
on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 µg/g

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
106 cfu/g, the total combined molds and yeast count does not exceed 104 cfu/g, and the
bile-tolerant Gram-negative bacteria count is NMT 103 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Horse chestnut seeds are dense and hard, subspherical to oval, slightly
flattened, and from 2 to 4 cm in diameter. They have a dark brown seed coat from 1 to
1.5 mm thick, with a large, round, light brown spot (hilum). The seed coat is shiny, but
only in fresh condition. The space under the coat is totally filled with the shiny, massive
embryo and its large, pale yellow cotyledons lacking endosperm.
Microscopic: The epidermis of the testa in surface view has yellowish-brown cells of fairly
uniform size, with the majority of cells rounded to polygonal, and a few that are square to
obscurely triangular. The walls of these cells are considerably but rather unevenly
thickened, and lack pits. In the sectional view, the cells are columnar, approximately 3–4
times as high as they are wide, with the outer periclinal wall markedly thickened, uneven,
and becoming thinner toward the base; beneath the epidermis there are a few layers of
small collenchymatously thickened cells with small intercellular spaces; the greater part of
the testa consists of larger, loosely packed parenchymatous cells forming a spongy tissue;
the walls are variably and unevenly thickened, with intercellular and large circular spaces
well marked; the inner layer of the testa is a narrow zone, with ill-defined and thinnerwalled cells. All the parenchymatous cells of the testa are darkly pigmented. The embryo
has an outer layer of small colorless cells, almost square in sectional view, with outer and
side walls thickened. In the surface view, only the irregular and more or less polygonal
lumens are discernible, giving a reticulate, pitted appearance. Cotyledons are moderately
thickened and indistinctly pitted, having round to ovoid parenchymatous cells densely
filled with starch. Starch granules, mainly simple, are present in two size ranges: from 15
to 30 µm and from 3 to 10 µm. The largest granules vary from circular, ovoid, and bluntly
polygonal to pyriform, most of them with a well-marked cleft or stellate hilum, and lacking
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striations. The smaller starch granules are less variable, spherical to ovoid, with the hilum
more often a point. Compound starch granules are found very infrequently.
• Extractable Matter
Analysis: Proceed as directed for Articles of Botanical Origin 561 , Alcohol-Soluble
Extractives, Method 2, except use a mixture of methanol and water (8:2) instead of
alcohol.
Acceptance criteria: NLT 18.0%
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Loss on Drying 731 : Dry a sample at 105 for 2 h: it loses NMT 10.0% of its weight.
• Articles of Botanical Origin, Total Ash

561 : NMT 4.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in a well-closed, light-resistant container, protected from
moisture.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards
USP Escin RS

11
BRIEFING

Powdered Horse Chestnut, USP 37 page 5461. In preparation for the omission of the general
chapter Heavy Metals 231 , and all references thereto, it is proposed to control arsenic,
cadmium, lead, and mercury as described in the Limits of Elemental Impurities section of the
general chapter Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also
proposed to omit references to olfactory and gustatory qualities from Botanical
Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148880

Comment deadline: November 30, 2014
Powdered Horse Chestnut
DEFINITION
Powdered Horse Chestnut is Horse Chestnut reduced to a powder or very fine powder. It
contains NLT 3.0% of triterpene glycosides, calculated on the dried basis as escin (C55 H86 O24 )
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 5 mg/mL of USP Escin RS in methanol
Sample solution: Transfer 1 g of the Powdered Horse Chestnut to a screw-capped
centrifuge tube, add 10 mL of a mixture of alcohol and water (7:3), and heat on a steam
bath for 10 min. Centrifuge, and use the clear supernatant.
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Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel (TLC plates)
Application volume: 10 µL
Developing solvent system: Use the upper phase of a mixture of 1-butanol, glacial
acetic acid, and water (5:1:4).
Derivatization reagent: Methanol, glacial acetic acid, sulfuric acid, and p-anisaldehyde
(85: 10: 5: 0.5)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms to a length of NLT 15 cm, and dry the plate in a current of
air. Spray the plate with Derivatization reagent, heat at 100 for 5 min, and examine
under white light.
Acceptance criteria: The chromatogram of the Sample solution shows a blue-violet zone
corresponding to escin, comparable in position and color to the main zone in the
chromatogram of the Standard solution. Above this zone, the chromatogram of the
Sample solution shows several narrow, brown to brownish-red zones that are less intense
than the zone corresponding to escin.
COMPOSITION
• Content of Triterpene Glycosides
Solvent A: Methanol and water (13:7)
Solvent B: Use the lower phase of a mixture of chloroform, 0.1 N hydrochloric acid, and 1propanol (5:3:2).
Reagent: Dissolve 75 mg of ferric chloride in 50 mL of ice-cold glacial acetic acid. Add 50
mL of sulfuric acid, while swirling on an ice bath. Prepare immediately before use.
Standard solution A: 0.2 mg/mL of USP Escin RS in glacial acetic acid, shaken for 1 min
Standard solution B: 0.4 mg/mL of USP Escin RS in glacial acetic acid, shaken for 1 min
Standard solution C: 0.6 mg/mL of USP Escin RS in glacial acetic acid, shaken for 1 min
Sample solution: Accurately weigh about 1 g of Powdered Horse Chestnut, and transfer
into a 250-mL round-bottom flask. Add exactly 100 mL of Solvent A, and weigh the filled
flask with a precision of ±0.1 g. Attach a condenser, reflux for 30 min, and allow to cool.
Adjust to the initial weight by adding Solvent A, and filter. Transfer 30.0 mL of the filtrate
to a round-bottom flask, and evaporate under vacuum. Dissolve the residue in 20 mL of
0.1 N hydrochloric acid, and quantitatively transfer with the aid of two additional 5-mL
portions of 0.1 N hydrochloric acid to a 250-mL separatory funnel. Add 20 mL of 1propanol and 50 mL of chloroform, and shake vigorously for 2 min. Collect and retain the
lower chloroform layer, and add 50 mL of Solvent B to the upper layer remaining in the
separatory funnel. Shake vigorously for 2 min, collect and retain the lower chloroform
layer. Combine the retained chloroform layers in a round-bottom flask, and evaporate to
near-dryness under vacuum. Evaporate the remaining solvent under a stream of air. Wash
the residue with two 10-mL aliquots of ether, filter, wash the filter with 10 mL of ether,
and discard the ether filtrates. After evaporation of the residual ether, suspend the
residue in 10 mL of glacial acetic acid, and pass through the previously used dried filter
into a 50-mL volumetric flask. Repeat the addition of glacial acetic acid followed by
filtration two additional times, combining the filtrates in the 50-mL volumetric flask. Wash
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the round-bottom flask with small quantities of glacial acetic acid, and filter into the
volumetric flask. Dilute with glacial acetic acid to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Wavelength: 540 nm
Mode: Visible
Blank: Glacial acetic acid
Analysis: Accurately transfer 1.0 mL each of Standard solutions A, B, and C, the Sample
solution, and the Blank into separate screw-cap test tubes. Add 4.0 mL of Reagent to
each tube, cap the tubes, and keep them on a water bath at 60 for 25 min, shaking
occasionally. Measure the absorbances of the reacted Sample solution and Standard
solutions A, B, and C, corrected for the Blank. Plot the absorbances of Standard solutions
A, B, and C against their respective concentrations, and establish the calibration line by
linear regression. From the plot, determine the concentration, C, in mg/mL, of triterpene
glycosides as escin in the Sample solution.
Calculate the percentage of triterpene glycosides as escin in the portion of Powdered
Horse Chestnut taken:
Result = (C/W) × (50/3)
C= concentration of triterpene glycosides in the Sample solution as obtained above (mg/mL)
W
= weight of Powdered Horse Chestnut taken to prepare the Sample solution (g)
Acceptance criteria: NLT 3.0% of triterpene glycosides, calculated as escin (C55 H86 O24 ),
on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
106 cfu/g, the total combined molds and yeast count does not exceed 104 cfu/g, and the
bile-tolerant Gram-negative bacteria count is NMT 103 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
Change to read:
• Botanical Characteristics: Yellowish-brown powder., odorless, with a somewhat mealy,
disagreeably bitter, and lingering taste.
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2S (USP38)

It shows numerous, different-sized fatty oil droplets that are free or within the thin-walled,
colorless tissue of the cotyledons. Fragments of the testa consist of thick-walled pitted
sclerenchymatous cells. The following are also present: pyriform, roundish or reniform larger
individual starch granules from 15 to 30 µm in diameter, smaller individual granules from 3 to 10
µm, and only a few compounded granules consisting of 2–4 single grains that form rows up to
45 µm in length. Many of the starch granules have a bistellate or polystellate, but rarely simple,
hilum.
• Extractable Matter
Analysis: Proceed as directed for Articles of Botanical Origin 561 , Alcohol-Soluble
Extractives, Method 2, except use a mixture of methanol and water (8:2) instead of
alcohol.
Acceptance criteria: NLT 18.0%
• Loss on Drying 731 : Dry a sample at 105 for 2 h: it loses NMT 10.0% of its weight.
• Articles of Botanical Origin, Total Ash

561 : NMT 4.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers, protected from
moisture.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards
USP Escin RS

11
BRIEFING

Cinnamomum cassia Bark. Because there is no existing USP monograph for this substance, a
new dietary supplement monograph is being proposed. The HPTLC procedure used in
Identification test A was developed on HPTLC Silica Gel 60 F 254 plates from EMD Millipore.
The liquid chromatographic procedure in the test for Content of Phenylpropanoids and
Coumarin is conducted on an Agilent Technologies Zorbax SB-C18 brand of column with 3.5µm packing L1. The typical retention times for coumarin, cinnamyl alcohol, cinnamic acid,
cinnamaldehyde, and 2'-methoxycinnamaldehyde are 10.5, 12.1, 13.5, 15.2, and 18.1 min,
respectively. The European Union has enacted a Tolerable Daily Intake limit of NMT 0.1 mg
of coumarin per kg of body weight; this limit may be exceeded with sufficient ingestion of
Cinnamomum cassia Bark. USP acknowledges limited utility of the Folin-Ciocalteu procedure,
and solicits input on analytical methodologies possessing superior specificity and scope in
quantitation of polyphenolic constituents of significance. USP is also seeking public comment
on the limits proposed for Cinnamomum cassia Bark.
(DS: A. Bzhelyansky.)
Correspondence Number—C142049

Comment deadline: November 30, 2014
Add the following:
Cinnamomum cassia
Bark

PF 40(5): Sep.-Oct. 2014

464

DEFINITION
Cinnamomum cassia Bark is the dried bark, separated from cork and the underlying
parenchyma, of the trunk of Cinnamomum cassia J. Presl. [syn. Cinnamomum aromaticum
Nees] (Fam. Lauraceae). It contains 0.90%–3.60% cinnamaldehyde, 0.030%–0.10% cinnamic
acid, and 0.17%–0.60% coumarin, calculated on the anhydrous basis. Its total phenolic content
is NLT 80 mg/g, calculated as gallic acid equivalents (GAE), on the anhydrous basis.
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution: 0.5 mg/mL each of cinnamaldehyde1 and coumarin 2 in methanol
Sample solution: 2 g of Cinnamomum cassia Bark, finely powdered, in 10 mL of methanol.
Sonicate for 10 min, centrifuge, withdraw the supernatant, and evaporate to dryness
under reduced pressure. Suspend the residue, with sonication, in 2 mL of toluene,
centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL each of the Standard solution and the Sample solution, as 8mm bands
Temperature: Room temperature
Humidity: Condition the plate at a relative humidity of about 33%.
Developing solvent system: Toluene and ethyl acetate (19:1)
Derivatization reagent: Methanol, acetic acid, sulfuric acid, and p-anisaldehyde
(170:20:10:1). [Note—Prepare fresh. Slowly add sulfuric acid to ice-cold methanol,
followed by acetic acid and p-anisaldehyde.]
System suitability
Sample: Standard solution
Suitability requirements
Chromatographic pattern: Prior to derivatization, in short-wave UV light at 254 nm, in
the lower part of the middle third of the chromatogram, a quenching band due to
cinnamaldehyde is observed at an RF of approximately 0.39, while in the upper part of
the lower third of the chromatogram, a quenching band due to coumarin appears with
an RF of approximately 0.26. Upon derivatization, in long-wave UV light at 355 nm, the
cinnamaldehyde band is seen as light-blue, while the coumarin band assumes a deeper
blue color.
Analysis
Samples: Standard solution and Sample solution
Apply the Samples as bands and dry in air. Condition at a relative humidity of about
33%. Develop in a saturated chamber until the solvent front has migrated over a path of
60 mm past the point of application. Dry in air and examine in short-wave (254 nm) and
long-wave (365 nm) UV light. Treat with Derivatization reagent, heat for 3 min at 100 ,
and examine in white light and in long-wave UV light at 365 nm.
Acceptance criteria: Prior to derivatization, in short-wave UV light at 254 nm, the Sample
solution shows, in the lower part of its middle third, an intense quenching band
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corresponding to cinnamaldehyde in the Standard solution at an RF of approximately 0.34;
a weaker quenching band due to coumarin is observed at an RF of approximately 0.26. In
long-wave UV light at 365 nm, the lower third of the underivatized chromatogram displays
a series of alternating medium-intensity blue and red bands near the origin: two blue
bands with approximate RF of 0.07 and 0.18; and three red bands with approximate RF of
0.09, 0.16, and 0.22. An intense blue band with an approximate RF of 0.36 is also seen,
coincident with the cinnamaldehyde band in the Standard solution.
The derivatized chromatogram, in white light, presents a series of brown bands proximate
to the origin. At the bottom of the middle third of the chromatogram, a yellow band is
seen with an approximate RF of 0.33, immediately below the intense dark-brown band at
an approximate RF of 0.39; the latter is coincident with the cinnamaldehyde band in the
Standard solution. A lone medium-intensity brown band appears in the upper part of the
middle third of the chromatogram at an approximate RF of 0.61. In the upper third of the
chromatogram, a series of several merged, diffuse, light-purple bands are seen within the
approximate RF range of 0.79–0.85. In long-wave UV light at 365 nm, the derivatized
chromatogram of the Sample solution exhibits a series of colorful bands in its lower third;
in particular, an intense white band at an approximate RF of 0.08, and red and deep-blue
bands at approximate RF of 0.22 and 0.25, respectively. At the bottom of the middle third
of the chromatogram, a distinct yellow band appears at an approximate RF of 0.34,
immediately below an intense light-blue band at an approximate RF of 0.38; the latter is
coincident with the cinnamaldehyde band in the Standard solution. Further upwards, a
somewhat darker blue, and less intense, band appears at an approximate RF of 0.48. In
the upper part of the middle third of the chromatogram, a pinkish-mauve, mediumintensity band is seen at an approximate RF of 0.62. In the upper third of the
chromatogram, two or three diffuse pinkish-mauve bands are seen within the approximate
RF range of 0.81–0.86. [Note—The Sample solution is stable for at least 8 h.]
• B. HPLC
Analysis: Proceed as directed in the test for Content of Phenylpropanoids and Coumarin.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to those of coumarin, cinnamic acid (minor peaks), and
cinnamaldehyde (major peak) in the Standard solution.
COMPOSITION
• Content of Phenylpropanoids and Coumarin
Solution A: 0.01% Phosphoric acid
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
20
60
40
22
10
90
25
10
90
26
90
10
30
90
10
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Standard solution: 0.2 mg/mL of cinnamaldehyde, 0.01 mg/mL of USP Cinnamic Acid RS,
and 0.03 mg/mL of coumarin in methanol
Sample solution: Reduce to fine powder 75–100 g of Cinnamomum cassia Bark sampled
extensively throughout the batch. Accurately weigh about 500 mg of the resulting
powder, suspend in 45 mL of methanol, and sonicate for 30 min. Centrifuge to sediment
the solids, withdraw and save the supernatant, and repeat extraction with a second 45mL aliquot of methanol. Centrifuge, combine both supernatants into a 100-mL volumetric
flask, adjust to volume with methanol, and mix well. Pass through a nylon filter of 0.45-µm
pore size, and discard the initial 3 mL of the filtrate. [Note—Representative sampling is
crucial to accurate content assessment. Individual bark fragments may exhibit high
variability, while a properly compiled composite is likely to yield a consistent and
representative result.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 10-cm; 3.5-µm base-deactivated packing L1
Column temperature: 30
Flow rate: 1.2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for cinnamaldehyde peak
Relative standard deviation: NMT 2.0% determined from the cinnamaldehyde peak in
replicate injections
Analysis
Samples: Standard solution and Sample solution
Using the chromatogram of the Standard solution, identify all specified phenylpropanoids in
the Sample solution. The approximate relative retention times are provided in Table 2.
Table 2
Analyte
Relative Retention Time
Coumarin
0.69
Cinnamic acid
0.89
Cinnamaldehyde
1.00
Calculate the content of cinnamaldehyde, cinnamic acid, and coumarin in the portion of
Cinnamomum cassia Bark taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of the relevant component from the Sample solution
rS= peak area of the relevant component from the Standard solution
C=
S concentration of the relevant component in the Standard solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Cinnamomum cassia Bark taken to prepare the Sample solution (mg)
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Acceptance criteria
Cinnamaldehyde: 0.90%–3.60% on the anhydrous basis
Cinnamic acid: 0.030%–0.10% on the anhydrous basis
Coumarin: 0.17%–0.60% on the anhydrous basis
• Total Phenolic Content
Solution A: Alcohol and water (1:1)
Solution B: Anhydrous sodium carbonate, saturated
Dilute Folin-Ciocalteu reagent: Combine Folin-Ciocalteu phenol TS with water (1:1)
immediately before use.
Standard solutions: Prepare solutions of gallic acid3 at concentrations of 250 µg/mL, 75
µg/mL, and 25 µg/mL in Solution A.
Sample solution: Transfer about 200 mg of carefully weighed and pulverized Cinnamomum
cassia Bark into a microcentrifuge tube and add 2 mL of Solution A. Cap tightly, sonicate
for 60 s, then vortex for 30 s, and centrifuge for 5 min. Withdraw the supernatant and
transfer into a 10-mL volumetric flask. Resuspend the sediment in a fresh 2-mL aliquot of
Solution A, and repeat the procedure four additional times, combining the supernatants
into the same 10-mL flask. Dilute with Solution A to volume and mix well. [Note—Prepare
just before analysis.]
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength: 750 nm
Blank: Water
Analysis
Samples: Standard solutions, Sample solution, and Blank
Prepare the Standard solutions and the Sample solution in duplicate and determine all
values as averages of replicate preparations. To each screw-top glass tube containing
250 µL of the Standard solutions, or 250 µL of the Sample solution, or 250 µL of the
Blank, add 250 µL of Dilute Folin-Ciocalteu reagent, 500 µL of Solution B, and 4.0 mL of
water. Mix all solutions immediately and vigorously, and incubate at ambient temperature
for 25 min. Centrifuge the Sample solution for 10 min and use the supernatant.
Determine the absorbance of the Standard solutions and the Sample solution against the
Blank. Construct a calibration curve by plotting the absorbance of the Standard
solutions against corresponding gallic acid concentrations, and applying least-squares
regression. From the graph, determine the equivalent concentration of gallic acid in the
Sample solution (µg/mL).
Calculate the total phenolic content in terms of mg gallic acid equivalents (GAE) per g of
Cinnamomum cassia Bark:
Result = C × V/W
C= calculated equivalent concentration of gallic acid in the Sample solution (µg/mL)
V= volume of diluent used to prepare the Sample solution (mL)
W
= weight of Cinnamomum cassia Bark used to prepare the Sample solution (mg)
Acceptance criteria: NLT 80 mg GAE per g on the anhydrous basis
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CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 0.5 µg/g
Cadmium: NMT 0.3 µg/g
Lead: NMT 2.0 µg/g
Mercury: NMT 0.1 µg/g

233

• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined yeasts and molds count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Channeled or quilled, 0.2–0.9 cm in thickness, 5–50 cm in length, 1.5–5 cm
in diameter; the outer surface is dark red-brown, rough, with fine wrinkles and transverse
bulged lenticels irregularly arranged, sometimes with greyish-white wavy streaks visible.
The inner surface is yellowish-brown to red-brown and smooth, with longitudinal
striations; it exhibits an oily trace on scratching. The texture is hard and fragile, easily
broken; fractured surface is slightly fibrous, uneven; the outer layer is brown, the inner
layer is reddish-brown and oily, with a yellowish-brown line present between the two
layers.
Microscopic: The transverse section of Cinnamomum cassia Bark displays cork consisting
of several layers of cork cells, the innermost layer of cells with thickened and lignified
outer walls. The cortex contains scattered oil cells and stone cells. The stone cells of the
pericycle are arranged in an almost continuous ring, sometimes with fiber bundles outside.
Phloem rays are 1–2 cells wide, some containing fine raphides of calcium oxalate; fibers
are scattered, or grouped 2–3 into bundles; oil cells are scattered throughout.
Parenchymatous cells contain starch granules.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 1%

• Water Determination, Method II 921
Sample: 30 g of powdered Cinnamomum cassia Bark
Acceptance criteria: NMT 15%
• Articles of Botanical Origin, Total Ash 561
Sample: 2.0 g of powdered Cinnamomum cassia Bark
Acceptance criteria: NMT 4.0%
• Articles of Botanical Origin, Acid-Insoluble Ash 561
Sample: 1.0 g of powdered Cinnamomum cassia Bark
Acceptance criteria: NMT 0.8%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
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• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards
USP Cinnamic Acid RS

11

2S (USP38)

1 trans-C innamaldehyde, C AS: 14371-10-9, NLT 98.0%.

2 1,2-Benzopyrone, CAS: 91-64-5, NLT 99.0%.
3 3,4,5,-Trixydroxybenzoic acid monohydrate, CAS: 5995-86-8, NLT 99.0%.
BRIEFING
Cinnamomum cassia Bark Powder. Because there is no existing USP monograph for this
substance, a new dietary supplement monograph is being proposed. The HPTLC procedure
used in Identification test A was developed on HPTLC Silica Gel 60 F 254 plates from EMD
Millipore. The liquid chromatographic procedure in the test for Content of Phenylpropanoids
and Coumarin is conducted on an Agilent Technologies Zorbax SB-C18 brand of column with
3.5-µm packing L1. The typical retention times for coumarin, cinnamyl alcohol, cinnamic
acid, cinnamaldehyde, and 2'-methoxycinnamaldehyde are 10.5, 12.1, 13.5, 15.2, and 18.1
min, respectively. The European Union has enacted a Tolerable Daily Intake limit of NMT 0.1
mg of coumarin per kg of body weight; this limit may be exceeded with sufficient ingestion of
Cinnamomum cassia Bark Powder. USP acknowledges limited utility of the Folin-Ciocalteu
procedure, and solicits input on analytical methodologies possessing superior specificity and
scope in quantitation of polyphenolic constituents of significance. USP is also seeking public
comment on the limits proposed for Cinnamomum cassia Bark Powder.
(DS: A. Bzhelyansky.)
Correspondence Number—C142051

Comment deadline: November 30, 2014
Add the following:
Cinnamomum cassia
Bark Powder
DEFINITION
Cinnamomum cassia Bark Powder is the dried bark, separated from cork and the underlying
parenchyma, of the trunk of Cinnamomum cassia J. Presl. [syn. Cinnamomum aromaticum
Nees] (Fam. Lauraceae) reduced to powder or very fine powder. It contains 0.90%–3.60%
cinnamaldehyde, 0.030%–0.10% cinnamic acid, and 0.17%–0.60% coumarin, calculated on the
anhydrous basis. Its total phenolic content is NLT 80 mg/g, calculated as gallic acid equivalents
(GAE), on the anhydrous basis.
IDENTIFICATION
• A. Thin-Layer Chromatography
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Standard solution: 0.5 mg/mL each of cinnamaldehyde1 and coumarin2 in methanol
Sample solution: 2 g of Cinnamomum cassia Bark Powder in 10 mL of methanol. Sonicate
for 10 min, centrifuge, withdraw the supernatant, and evaporate to dryness under
reduced pressure. Suspend the residue, with sonication, in 2 mL of toluene, centrifuge,
and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL each of the Standard solution and the Sample solution, as 8mm bands
Temperature: Room temperature
Humidity: Condition the plate at a relative humidity of about 33%.
Developing solvent system: Toluene and ethyl acetate (19:1)
Derivatization reagent: Methanol, acetic acid, sulfuric acid, and p-anisaldehyde
(170:20:10:1). [Note—Prepare fresh. Slowly add sulfuric acid to ice-cold methanol,
followed by acetic acid and p-anisaldehyde.]
System suitability
Sample: Standard solution
Suitability requirements
Chromatographic pattern: Prior to derivatization, in short-wave UV light at 254 nm, in
the lower part of the middle third of the chromatogram, a quenching band due to
cinnamaldehyde is observed at an RF of approximately 0.39, while in the upper part of
the lower third of the chromatogram, a quenching band due to coumarin appears with
an RF of approximately 0.26. Upon derivatization, in long-wave UV light at 355 nm, the
cinnamaldehyde band is seen as light-blue, while the coumarin band assumes a deeper
blue color.
Analysis
Samples: Standard solution and Sample solution
Apply the Samples as bands and dry in air. Condition at a relative humidity of about
33%. Develop in a saturated chamber until the solvent front has migrated over a path of
60 mm past the point of application. Dry in air and examine in short-wave (254 nm) and
long-wave (365 nm) UV light. Treat with Derivatization reagent, heat for 3 min at 100 ,
and examine in white light and in long-wave UV light at 365 nm.
Acceptance criteria: Prior to derivatization, in short-wave UV light at 254 nm, the Sample
solution shows, in the lower part of its middle third, an intense quenching band
corresponding to cinnamaldehyde in the Standard solution at an RF of approximately 0.34;
a weaker quenching band due to coumarin is observed at an RF of approximately 0.26. In
long-wave UV light at 365 nm, the lower third of the underivatized chromatogram displays
a series of alternating medium-intensity blue and red bands near the origin: two blue
bands with approximate RF of 0.07 and 0.18; and three red bands with approximate RF of
0.09, 0.16, and 0.22. An intense blue band with an approximate RF of 0.36 is also seen,
coincident with the cinnamaldehyde band in the Standard solution.
The derivatized chromatogram, in white light, presents a series of brown bands proximate
to the origin. At the bottom of the middle third of the chromatogram, a yellow band is
seen with an approximate RF of 0.33, immediately below the intense dark-brown band at

PF 40(5): Sep.-Oct. 2014

471

an approximate RF of 0.39; the latter is coincident with the cinnamaldehyde band in the
Standard solution. A lone medium-intensity brown band appears in the upper part of the
middle third of the chromatogram at an approximate RF of 0.61. In the upper third of the
chromatogram, a series of several merged, diffuse, light-purple bands are seen within the
approximate RF range of 0.79–0.85. In long-wave UV light at 365 nm, the derivatized
chromatogram of the Sample solution exhibits a series of colorful bands in its lower third;
in particular, an intense white band at an approximate RF of 0.08, and red and deep-blue
bands at approximate RF of 0.22 and 0.25, respectively. At the bottom of the middle third
of the chromatogram, a distinct yellow band appears at an approximate RF of 0.34,
immediately below an intense light-blue band at an approximate RF of 0.38; the latter is
coincident with the cinnamaldehyde band in the Standard solution. Further upwards, a
somewhat darker blue, and less intense, band appears at an approximate RF of 0.48. In
the upper part of the middle third of the chromatogram, a pinkish-mauve, mediumintensity band is seen within the approximate RF range of 0.62. In the upper third of the
chromatogram, two or three diffuse pinkish-mauve bands are seen at an approximate RF of
0.81–0.86.
[Note—The Sample solution is stable for at least 8 h.]
• B. HPLC
Analysis: Proceed as directed in the test for Content of Phenylpropanoids and Coumarin.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to those of coumarin, cinnamic acid (minor peaks), and
cinnamaldehyde (major peak) in the Standard solution.
COMPOSITION
• Content of Phenylpropanoids and Coumarin
Solution A: 0.01% Phosphoric acid
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
20
60
40
22
10
90
25
10
90
26
90
10
30
90
10
Standard solution: 0.2 mg/mL of cinnamaldehyde, 0.01 mg/mL of USP Cinnamic Acid RS,
and 0.03 mg/mL of coumarin in methanol
Sample solution: Accurately weigh about 500 mg of Cinnamomum cassia Bark Powder,
suspend in 45 mL of methanol, and sonicate for 30 min. Centrifuge to sediment the solids,
withdraw and save the supernatant, and repeat extraction with a second 45-mL aliquot of
methanol. Centrifuge, combine both supernatants into a 100-mL volumetric flask, adjust to
volume with methanol, and mix well. Pass through a nylon filter of 0.45-µm pore size, and
discard the initial 3 mL of the filtrate.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 10-cm; 3.5-µm base-deactivated packing L1
Column temperature: 30
Flow rate: 1.2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for cinnamaldehyde peak
Relative standard deviation: NMT 2.0% determined from the cinnamaldehyde peak in
replicate injections
Analysis
Samples: Standard solution and Sample solution
Using the chromatogram of the Standard solution, identify all specified phenylpropanoids in
the Sample solution. The approximate relative retention times are provided in Table 2.
Table 2
Analyte
Relative Retention Time
Coumarin
0.69
Cinnamic acid
0.89
Cinnamaldehyde
1.00
Calculate the content of cinnamaldehyde, cinnamic acid, and coumarin in the portion of
Cinnamomum cassia Bark Powder taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of the relevant component from the Sample solution
rS= peak area of the relevant component from the Standard solution
C=
S concentration of the relevant component in the Standard solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Cinnamomum cassia Bark Powder taken to prepare the Sample solution (mg)
Acceptance criteria
Cinnamaldehyde: 0.90%–3.60% on the anhydrous basis
Cinnamic acid: 0.030%–0.10% on the anhydrous basis
Coumarin: 0.17%–0.60% on the anhydrous basis
• Total Phenolic Content
Solution A: Alcohol and water (1:1)
Solution B: Anhydrous sodium carbonate, saturated
Dilute Folin-Ciocalteu reagent: Combine Folin-Ciocalteu phenol TS with water (1:1)
immediately before use.
Standard solutions: Prepare solutions of gallic acid3 at concentrations of 250 µg/mL, 75
µg/mL, and 25 µg/mL in Solution A.
Sample solution: Transfer about 200 mg of carefully weighed Cinnamomum cassia Bark
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Powder into a microcentrifuge tube and add 2 mL of Solution A. Cap tightly, sonicate for
60 s, then vortex for 30 s, and centrifuge for 5 min. Withdraw the supernatant and
transfer into a 10-mL volumetric flask. Resuspend the sediment in a fresh 2-mL aliquot of
Solution A, and repeat the procedure four additional times, combining the supernatants
into the same 10-mL flask. Dilute with Solution A to volume and mix well. [Note—Prepare
just before analysis.]
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength: 750 nm
Blank: Water
Analysis
Samples: Standard solutions, Sample solution, and Blank
Prepare the Standard solutions and the Sample solution in duplicate and determine all
values as averages of replicate preparations. To each screw-top glass tube containing
250 µL of the Standard solutions, or 250 µL of the Sample solution, or 250 µL of the
Blank, add 250 µL of Dilute Folin-Ciocalteu reagent, 500 µL of Solution B, and 4.0 mL of
water. Mix all solutions immediately and vigorously, and incubate at ambient temperature
for 25 min. Centrifuge the Sample solution for 10 min and use the supernatant.
Determine the absorbance of the Standard solutions and the Sample solution against the
Blank. Construct a calibration curve by plotting the absorbance of the Standard
solutions against corresponding gallic acid concentrations, and applying least-squares
regression. From the graph, determine the equivalent concentration of gallic acid in the
Sample solution (µg/mL).
Calculate the total phenolic content in terms of mg gallic acid equivalents (GAE) per g of
Cinnamomum cassia Bark Powder:
Result = C × V/W
C= calculated equivalent concentration of gallic acid in the Sample solution (µg/mL)
V= volume of diluent used to prepare the Sample solution (mL)
W
= weight of Cinnamomum cassia Bark Powder used to prepare the Sample solution (mg)
Acceptance criteria: NLT 80 mg GAE per g on the anhydrous basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 0.5 µg/g
Cadmium: NMT 0.3 µg/g
Lead: NMT 2.0 µg/g
Mercury: NMT 0.1 µg/g

233

• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined yeasts and molds count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms

2022 : Meets the requirements of the tests for
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absence of the Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Reddish-brown to brown powder
Microscopic: Singly scattered, or 2–3 in bundles; long fusiform, 17–50 µm in diameter, with
thickened walls, cell cavities linear, pits indistinct; brightly polychromatic in polarized light.
Stone cells in groups or singly scattered, subrectangular or subrounded, 20–90 µm in
diameter, walls thickened and sometimes thin at one side, pits and pit canals visible;
bright yellow under polarized light. Raphides of calcium oxalate small, 15–50 µm long;
scattered or grouped into bundles in parenchymatous cells of rays; polychromatic in
polarized light. Simple starch granules spherical or subrounded, 3–25 µm in diameter, hilum
dotted or slit-shaped, striations indistinct; compound starch granules composed of 2–5
components; black and cruciate in polarized light. Oil cells subrounded or oblong, with pale
yellow or pale yellowish-brown content, 40–110 µm in diameter. Cork cells polygonal in
surface view, with reddish-brown content.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 1%

• Water Determination, Method II 921
Sample: 30 g of Cinnamomum cassia Bark Powder
Acceptance criteria: NMT 14%
• Articles of Botanical Origin, Total Ash 561
Sample: 2.0 g of Cinnamomum cassia Bark Powder
Acceptance criteria: NMT 4.0%
• Articles of Botanical Origin, Acid-Insoluble Ash 561
Sample: 1.0 g of Cinnamomum cassia Bark Powder
Acceptance criteria: NMT 0.8%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards
USP Cinnamic Acid RS

11

2S (USP38)

1 trans-C innamaldehyde, C AS: 14371-10-9, NLT 98.0%.

2 1,2-Benzopyrone, CAS: 91-64-5, NLT 99.0%.
3 3,4,5,-Trixydroxybenzoic acid monohydrate, CAS: 5995-86-8, NLT 99.0%.
BRIEFING
Cinnamomum verum Bark. Because there is no existing USP monograph for this substance, a
new dietary supplement monograph is being proposed. The HPTLC procedure used in
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Identification test A was developed on HPTLC Silica Gel 60 F 254 plates from EMD Millipore.
The liquid chromatographic procedure in the test for Content of Phenylpropanoids and
Coumarin is conducted on an Agilent Technologies Zorbax SB-C18 brand of column with 3.5µm packing L1. The typical retention times for coumarin, cinnamyl alcohol, cinnamic acid,
cinnamaldehyde, and 2'-methoxycinnamaldehyde are 10.5, 12.1, 13.5, 15.2, and 18.1 min,
respectively. The gas chromatographic procedure in the test for Content of Eugenol is
conducted on an Agilent Technologies DB-5 brand capillary column of G36 phase. Typical
retention times for the internal standard, cinnamaldehyde, and eugenol are 11.4 min, 19.2
min, and 22.6 min, respectively. USP acknowledges limited utility of the Folin-Ciocalteu
procedure, and solicits input on analytical methodologies possessing superior specificity and
scope in quantitation of polyphenolic constituents of significance. USP is also seeking public
comment on the limits proposed for Cinnamomum verum Bark.
(DS: A. Bzhelyansky.)
Correspondence Number—C141720

Comment deadline: November 30, 2014
Add the following:
Cinnamomum verum
Bark
DEFINITION
Cinnamomum verum Bark is the dried bark, separated from cork and the underlying
parenchyma, of young branches and shoots of Cinnamomum verum J. Presl. [syn.
Cinnamomum zeylanicum Blume] (Fam. Lauraceae). It contains 0.75%–3.0% cinnamaldehyde,
NMT 0.030% cinnamic acid, NMT 0.17% coumarin, and 0.015%–0.40% eugenol, calculated on
the anhydrous basis. Its total phenolic content is NLT 100 mg/g, calculated as gallic acid
equivalents (GAE), on the anhydrous basis.
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution: 0.5 mg/mL of each cinnamaldehyde1 and coumarin2 in methanol
Sample solution: 2 g of Cinnamomum verum Bark, finely powdered, in 10 mL of methanol.
Sonicate for 10 min, centrifuge, withdraw the supernatant, and evaporate to dryness
under reduced pressure. Suspend the residue, with sonication, in 2 mL of toluene,
centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL each of the Standard solution and the Sample solution, as 8mm bands
Temperature: Room temperature
Humidity: Condition the plate at a relative humidity of about 33%.
Developing solvent system: Toluene and ethyl acetate (19:1)
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Derivatization reagent: Methanol, acetic acid, sulfuric acid, and p-anisaldehyde
(170:20:10:1). [Note—Prepare fresh. Slowly add sulfuric acid to ice-cold methanol,
followed by acetic acid and p-anisaldehyde.]
System suitability
Sample: Standard solution
Suitability requirements
Chromatographic pattern: Before derivatization, in short-wave UV light at 254 nm, in
the lower part of the middle third of the chromatogram, a quenching band due to
cinnamaldehyde is observed at an RF of approximately 0.39, while in the upper part of
the lower third of the chromatogram, a quenching band due to coumarin appears with
an RF of approximately 0.26. Upon derivatization, in long-wave UV light at 355 nm, the
cinnamaldehyde band is seen as light-blue, while the coumarin band is of a deeper blue
color.
Analysis
Samples: Standard solution and Sample solution
Apply the Samples as bands and dry in air. Condition the plate at a relative humidity of
about 33%. Develop in a saturated chamber until the solvent front has migrated over a
path of 60 mm past the point of application. Dry in air and examine in short-wave (254
nm) and long-wave (365 nm) UV light. Treat with Derivatization reagent, heat for 3 min
at 100 , and examine in white light and in long-wave UV light at 365 nm.
Acceptance criteria: Before derivatization, in short-wave UV light at 254 nm, the Sample
solution shows, in the lower part of its middle third, an intense quenching band
corresponding to cinnamaldehyde in the Standard solution at an RF of approximately 0.39;
a weaker quenching band is seen above it at an RF of approximately 0.44; no band
corresponding to coumarin is visible. In long-wave UV light at 365 nm, the lower third of
the underivatized chromatogram displays a series of alternating medium-intensity blue and
red bands near the origin: two blue bands with approximate RF of 0.07 and 0.18; and three
red bands with approximate RF of 0.09, 0.16, and 0.22. An intense blue band with an
approximate RF of 0.36 is also seen, coincident with the cinnamaldehyde band in the
Standard solution.
The derivatized chromatogram, in white light, presents a series of brown bands proximate
to the origin. At the bottom of the middle third of the chromatogram, a weak yellow band
is seen with an approximate RF of 0.33, immediately below the intense dark-brown band at
an approximate RF of 0.40; the latter is coincident with the cinnamaldehyde band in the
Standard solution. A medium-intensity brown band is seen at an approximate RF of 0.44. A
further medium-intensity brown band appears in the upper part of the middle third of the
chromatogram at an approximate RF of 0.61. In the upper third of the chromatogram, a
series of several merged, diffuse, light-purple bands are seen within the approximate RF
range of 0.79–0.85. In long-wave UV light at 365 nm, the derivatized chromatogram of the
Sample solution exhibits a series of colorful bands in its lower third; in particular, a lightblue band at an approximate RF of 0.08, and red and deep-blue bands at approximate RF of
0.22 and 0.25, respectively. At the bottom of the middle third of the chromatogram, a
faint yellow band appears at an approximate RF of 0.34, immediately below a prominant
light-blue band at an approximate RF of 0.38; the latter is coincident with the
cinnamaldehyde band in the Standard solution. Further upwards, a dark-pink band at an
approximate RF of 0.45 is seen. In the upper part of the middle third of the chromatogram,
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a weak diffuse band is seen at an approximate RF of 0.62. In the upper third of the
chromatogram, two or three diffuse pinkish-mauve bands are seen within the approximate
RF range of 0.81–0.86.
[Note—The Sample solution is stable for at least 8 h.]
• B. HPLC
Analysis: Proceed as directed in the test for Content of Phenylpropanoids and Coumarin.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to those of cinnamic acid (minor peak) and cinnamaldehyde
(major peak) in the Standard solution. The peak due to coumarin, if present, meets the
limit specified in Content of Phenylpropanoids and Coumarin.
• C. GC
Analysis: Proceed as directed in the test for Content of Eugenol.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to those of eugenol (minor peak) and cinnamaldehyde
(major peak) in the Standard solution.
COMPOSITION
• Content of Phenylpropanoids and Coumarin
Solution A: 0.01% Phosphoric acid
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
20
60
40
22
10
90
25
10
90
26
90
10
30
90
10
Standard solution: 0.2 mg/mL of cinnamaldehyde, 0.01 mg/mL of USP Cinnamic Acid RS,
and 0.03 mg/mL of coumarin in methanol
Sample solution: Reduce to fine powder 75–100 g of Cinnamomum verum Bark sampled
extensively throughout the batch. Accurately weigh about 500 mg of the resulting
powder, suspend in 45 mL of methanol, and sonicate for 30 min. Centrifuge to sediment
the solids, withdraw and save the supernatant, and repeat extraction with a second 45mL aliquot of methanol. Centrifuge, combine both supernatants in a 100-mL volumetric
flask, adjust to volume with methanol, and mix well. Pass through a nylon filter of 0.45-µm
pore size, and discard the initial 3 mL of the filtrate. [Note—Representative sampling is
crucial for accurate content assessment. Individual bark fragments may exhibit high
variability, while a properly compiled composite is likely to yield a consistent and
representative result.]
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 275 nm

621 , System Suitability.)

PF 40(5): Sep.-Oct. 2014

478

Column: 4.6-mm × 10-cm; 3.5-µm base-deactivated packing L1
Column temperature: 30
Flow rate: 1.2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for cinnamaldehyde peak
Relative standard deviation: NMT 2.0% determined from the cinnamaldehyde peak in
replicate injections
Analysis
Samples: Standard solution and Sample solution
Using the chromatogram of the Standard solution, identify all specified phenylpropanoids in
the Sample solution. The approximate relative retention times are provided in Table 2.
Table 2
Analyte
Relative Retention Time
Coumarin
0.69
Cinnamic acid
0.89
Cinnamaldehyde
1.00
Calculate the content of cinnamaldehyde, cinnamic acid, and coumarin in the portion of
Cinnamomum verum Bark taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of the relevant component from the Sample solution
rS= peak area of the relevant component from the Standard solution
C=
S concentration of the relevant component in the Standard solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Cinnamomum verum Bark taken to prepare the Sample solution (mg)
Acceptance criteria
Cinnamaldehyde: 0.75%–3.0% on the anhydrous basis
Cinnamic acid: NMT 0.030% on the anhydrous basis
Coumarin: NMT 0.17% on the anhydrous basis
• Total Phenolic Content
Solution A: Alcohol and water (1:1)
Solution B: Anhydrous sodium carbonate, saturated
Dilute Folin-Ciocalteu reagent: Combine Folin-Ciocalteu phenol TS with water (1:1)
immediately before use.
Standard solutions: Prepare solutions of gallic acid3 at concentrations of 250 µg/mL, 75
µg/mL, and 25 µg/mL in Solution A.
Sample solution: Transfer about 200 mg of accurately weighed and pulverized
Cinnamomum verum Bark into a microcentrifuge tube and add 2 mL of Solution A. Cap
tightly, sonicate for 60 s, then vortex for 30 s, and centrifuge for 5 min. Withdraw the
supernatant and transfer into a 10-mL volumetric flask. Resuspend the sediment in a fresh
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2-mL aliquot of Solution A, and repeat the procedure four additional times, combining the
supernatants into the same 10-mL flask. Dilute with Solution A to volume and mix well.
[Note—Prepare just before analysis.]
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength: 750 nm
Blank: Water
Analysis
Samples: Standard solutions, Sample solution, and Blank
Prepare the Standard solutions and the Sample solution in duplicate and determine all
values as averages of replicate preparations. To each screw-top glass tube containing
250 µL of the Standard solutions, or 250 µL of the Sample solution, or 250 µL of the
Blank, add 250 µL of Dilute Folin-Ciocalteu reagent, 500 µL of Solution B, and 4.0 mL of
water. Mix all solutions immediately and vigorously, and incubate at ambient temperature
for 25 min. Centrifuge the Sample solution for 10 min and use the supernatant.
Determine the absorbance of the Standard solutions and the Sample solution against the
Blank. Construct a calibration curve by plotting the absorbance of the Standard
solutions against corresponding gallic acid concentrations, and applying least-squares
regression. From the graph, determine the equivalent concentration of gallic acid in the
Sample solution (µg/mL).
Calculate the total phenolic content in terms of mg gallic acid equivalents (GAE) per g of
Cinnamomum verum Bark:
Result = C × V/W
C= calculated equivalent concentration of gallic acid in the Sample solution (µg/mL)
V= volume of diluent used to prepare the Sample solution (mL)
W
= weight of Cinnamomum verum Bark used to prepare the Sample solution (mg)
Acceptance criteria: NLT 100 mg GAE per g on the anhydrous basis
• Content of Eugenol
Internal standard solution: 2 mg/mL of methyl benzoate in ethyl acetate
Standard solution: Accurately weigh an amount of USP Eugenol RS to prepare 0.40 mg/mL
solution in ethyl acetate, and mix well. Quantitatively combine 10.0 mL of the resulting
solution with 1.0 mL of the Internal standard solution and mix well.
Sample solution: Transfer 1.0 g of pulverized and accurately weighed Cinnamomum
verum Bark into a 30-mL screw-top glass tube, accurately add 1.0 mL of the Internal
standard solution, and about 10 mL of ethyl acetate. Cap tightly and sonicate for 30 min.
Pass through a nylon filter of 0.45-µm pore size, and discard the initial 3 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused-silica capillary; coated with a 0.25-µm film of phase G36
Temperatures
Injector: 240
Detector: 250
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Column: See Table 3.
Table 3
Final
Temperature
( )
90
115
220

Initial
Temperature
Hold Time
Temperature
Ramp
at Final Temperature
( )
( /min)
(min)
90
0
3
90
3
0
115
6
3
Carrier gas: Helium
Flow rate: 1.25 mL/min
Injection volume: 1 µL
Injection type: Split, ratio 10:1
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for eugenol peak
Relative standard deviation: NMT 2.0% for the ratio of the eugenol peak area to the
methyl benzoate peak area
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of eugenol in the portion of Cinnamomum verum Bark taken:
Result = (RU/RS) × (WS/WU) × 100
RU= ratio of the peak area of eugenol to the peak area of methyl benzoate from the Sample
solution
RS= ratio of the peak area of eugenol to the peak area of methyl benzoate from the
Standard solution
W=
S mass of USP Eugenol RS in the Standard solution (mg)
W=
U weight of Cinnamomum verum Bark taken to prepare the Sample solution (mg)
Acceptance criteria: 0.015%–0.40%
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 0.5 µg/g
Cadmium: NMT 0.3 µg/g
Lead: NMT 2.0 µg/g
Mercury: NMT 0.1 µg/g

233

• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined yeasts and molds count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms

2022 : Meets the requirements of the tests for
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the absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Channeled or quilled, 0.1–0.5 cm in thickness, 15–50 cm in length, 2–6 cm in
diameter; the outer surface is greyish-brown to yellowish-brown, rough, with irregular fine
wrinkles and transverse bulged lenticels. The inner surface is yellowish-brown to brown
and relatively smooth, with longitudinal striations; it exhibits an oily trace on scratching.
The texture is hard and fragile, easily broken. Fracture is uneven, the outer layer is
brown, the inner layer is yellowish-brown and oily, with a yellow line present between the
two layers.
Microscopic: The transverse section of Cinnamomum verum Bark displays cork with
several layers of cells, the innermost layer consists of cells with thickened and lignified
outer walls. The cortex contains scattered oil cells and stone cells. The pericycle consists
of several layers of stone cells arranged in an interrupted ring, sometimes with fiber
bundles around. Phloem rays are 1–2 cells wide; fine raphides of calcium oxalate are
occasionally found in parenchymatous cells of rays; fibers singly scattered, or assembled
2–3 into bundles; some stone cells arranged in groups, and oil cells visible. Some
parenchymatous cells contain starch granules.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2%

• Water Determination, Method II 921
Sample: 30 g of powdered Cinnamomum verum Bark
Acceptance criteria: NMT 14%
• Articles of Botanical Origin, Total Ash 561
Sample: 2.0 g of powdered Cinnamomum verum Bark
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin, Acid-Insoluble Ash 561
Sample: 1.0 g of powdered Cinnamomum verum Bark
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards
USP Cinnamic Acid RS
USP Eugenol RS

11

2S (USP38)

1 trans-C innamaldehyde, C AS: 14371-10-9, NLT 98.0%.

2 1,2-Benzopyrone, CAS: 91-64-5, NLT 99.0%.
3 3,4,5,-Trixydroxybenzoic acid monohydrate, CAS: 5995-86-8, NLT 99.0%.
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BRIEFING
Cinnamomum verum Bark Powder. Because there is no existing USP monograph for this
substance, a new dietary supplement monograph is being proposed. The HPTLC procedure
used in Identification test A was developed on HPTLC Silica Gel 60 F 254 plates from EMD
Millipore. The liquid chromatographic procedure in the test for Content of Phenylpropanoids
and Coumarin is conducted on an Agilent Technologies Zorbax SB-C18 brand of column with
3.5-µm packing L1. The typical retention times for coumarin, cinnamyl alcohol, cinnamic
acid, cinnamaldehyde, and 2'-methoxycinnamaldehyde are 10.5, 12.1, 13.5, 15.2, and 18.1
min, respectively. The gas chromatographic procedure in the test for Content of Eugenol is
conducted on an Agilent Technologies DB-5 brand capillary column of G36 phase. Typical
retention times for the internal standard, cinnamaldehyde, and eugenol are 11.4 min, 19.2
min, and 22.6 min, respectively. USP acknowledges limited utility of the Folin-Ciocalteu
procedure, and solicits input on analytical methodologies possessing superior specificity and
scope in quantitation of polyphenolic constituents of significance. USP is also seeking public
comment on the limits proposed for Cinnamomum verum Bark Powder.
(DS: A. Bzhelyansky.)
Correspondence Number—C142052

Comment deadline: November 30, 2014
Add the following:
Cinnamomum verum
Bark Powder
DEFINITION
Cinnamomum verum Bark Powder is the dried bark, separated from cork and the underlying
parenchyma, of young branches and shoots of Cinnamomum verum J. Presl. [syn.
Cinnamomum zeylanicum Blume] (Fam. Lauraceae), reduced to a powder or very fine powder.
It contains 0.75%–3.0% cinnamaldehyde, NMT 0.030% cinnamic acid, NMT 0.17% coumarin,
and 0.015%–0.40% eugenol, calculated on the anhydrous basis. Its total phenolic content is
NLT 100 mg/g, calculated as gallic acid equivalents (GAE), on the anhydrous basis.
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution: 0.5 mg/mL each of cinnamaldehyde1 and coumarin2 in methanol
Sample solution: 2 g of Cinnamomum verum Bark Powder in 10 mL of methanol. Sonicate
for 10 min, centrifuge, withdraw the supernatant, and evaporate to dryness under
reduced pressure. Suspend the residue, with sonication, in 2 mL of toluene, centrifuge,
and use the supernatant.
Chromatographic system
(See Chromatography 621 Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL each of the Standard solution and the Sample solution, as 8mm bands
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Temperature: Room temperature
Humidity: Condition the plate at a relative humidity of about 33%.
Developing solvent system: Toluene and ethyl acetate (19:1)
Derivatization reagent: Methanol, acetic acid, sulfuric acid, and p-anisaldehyde
(170:20:10:1). [Note—Prepare fresh. Slowly add sulfuric acid to ice-cold methanol,
followed by acetic acid and p-anisaldehyde.]
System suitability
Sample: Standard solution
Suitability requirements
Chromatographic pattern: Before derivatization, in short-wave UV light at 254 nm, in
the lower part of the middle third of the chromatogram, a quenching band due to
cinnamaldehyde is observed at an RF of approximately 0.39, while in the upper part of
the lower third of the chromatogram, a quenching band due to coumarin appears with
an RF of approximately 0.26. Upon derivatization, in long-wave UV light at 355 nm, the
cinnamaldehyde band is seen as light-blue, while the coumarin band is of a deeper blue
color.
Analysis
Samples: Standard solution and Sample solution
Apply the Samples as bands and dry in air. Condition at relative humidity of about 33%.
Develop in a saturated chamber until the solvent front has migrated over a path of 60
mm past the point of application. Dry in air and examine in short-wave (254 nm) and
long-wave (365 nm) UV light. Treat with Derivatization reagent, heat for 3 min at 100 ,
and examine in white and in long-wave UV light at 365 nm.
Acceptance criteria: Before derivatization, in short-wave UV light at 254 nm, the Sample
solution shows, in the lower part of its middle third, an intense quenching band
corresponding to cinnamaldehyde in the Standard solution at an RF of approximately 0.39;
a weaker quenching band is seen above it at an RF of approximately 0.44; no band
corresponding to coumarin is visible. In long-wave UV light at 365 nm, the lower third of
the underivatized chromatogram displays a series of alternating medium-intensity blue and
red bands near the origin: two blue bands with approximate RF of 0.07 and 0.18; and three
red bands with approximate RF of 0.09, 0.16, and 0.22. An intense blue band with an
approximate RF of 0.36 is also seen, coincident with the cinnamaldehyde band in the
Standard solution.
The derivatized chromatogram, in white light, presents a series of brown bands proximate
to the origin. At the bottom of the middle third of the chromatogram, a weak yellow band
is seen with an approximate RF of 0.33, immediately below the intense dark-brown band at
an approximate RF of 0.40; the latter is coincident with the cinnamaldehyde band in the
Standard solution. A medium-intensity brown band is seen at an approximate RF of 0.44. A
further medium-intensity brown band appears in the upper part of the middle third of the
chromatogram at an approximate RF of 0.61. In the upper third of the chromatogram, a
series of several merged, diffuse, light-purple bands are seen within the approximate RF
range of 0.79–0.85. In long-wave UV light at 365 nm, the derivatized chromatogram of the
Sample solution exhibits a series of colorful bands in its lower third; in particular, a lightblue band at an approximate RF of 0.08, and red and deep-blue bands at approximate RF of
0.22 and 0.25, respectively. At the bottom of the middle third of the chromatogram, a
faint yellow band appears at an approximate RF of 0.34, immediately below a prominent
light-blue band at an approximate RF of 0.38; the latter is coincident with the
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cinnamaldehyde band in the Standard solution. Further upwards, a dark-pink band at an
approximate RF of 0.45 is seen. In the upper part of the middle third of the chromatogram,
a weak diffuse band is seen at an approximate RF of 0.62. In the upper third of the
chromatogram, two or three diffuse pinkish-mauve bands are seen within the approximate
RF range of 0.81–0.86.
[Note—The Sample solution is stable for at least 8 h.]
• B. HPLC
Analysis: Proceed as directed in the test for Content of Phenylpropanoids and Coumarin.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to those of cinnamic acid (minor peak) and cinnamaldehyde
(major peak) in the Standard solution. The peak due to coumarin, if present, meets the
limit specified in Content of Phenylpropanoids and Coumarin.
• C. GC
Analysis: Proceed as directed in the test for Content of Eugenol.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to those of eugenol (minor peak) and cinnamaldehyde
(major peak) in the Standard solution.
COMPOSITION
• Content of Phenylpropanoids and Coumarin
Solution A: 0.01% Phosphoric acid
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
20
60
40
22
10
90
25
10
90
26
90
10
30
90
10
Standard solution: 0.2 mg/mL of cinnamaldehyde, 0.01 mg/mL of USP Cinnamic Acid RS,
and 0.03 mg/mL of coumarin in methanol
Sample solution: Accurately weigh about 500 mg of Cinnamomum verum Bark Powder,
suspend in 45 mL of methanol, and sonicate for 30 min. Centrifuge to sediment the solids,
withdraw and save the supernatant, and repeat extraction with a second 45-mL aliquot of
methanol. Centrifuge, combine both supernatants in a 100-mL volumetric flask, adjust to
volume with methanol, and mix well. Pass through a nylon filter of 0.45-µm pore size, and
discard the initial 3 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 10-cm; 3.5-µm base-deactivated packing L1
Column temperature: 30
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Flow rate: 1.2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for cinnamaldehyde peak
Relative standard deviation: NMT 2.0% determined from the cinnamaldehyde peak in
replicate injections
Analysis
Samples: Standard solution and Sample solution
Using the chromatogram of the Standard solution, identify all specified phenylpropanoids in
the Sample solution. The approximate relative retention times are provided in Table 2.
Table 2
Analyte
Relative Retention Time
Coumarin
0.69
Cinnamic acid
0.89
Cinnamaldehyde
1.00
Calculate the content of cinnamaldehyde, cinnamic acid, and coumarin in the portion of
Cinnamomum verum Bark Powder taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of the relevant component from the Sample solution
rS= peak area of the relevant component from the Standard solution
C=
S concentration of the relevant component in the Standard solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Cinnamomum verum Bark Powder taken to prepare the Sample solution (mg)
Acceptance criteria
Cinnamaldehyde: 0.75%–3.0% on the anhydrous basis
Cinnamic acid: NMT 0.030% on the anhydrous basis
Coumarin: NMT 0.17% on the anhydrous basis
• Total Phenolic Content
Solution A: Alcohol and water (1:1)
Solution B: Anhydrous sodium carbonate, saturated
Dilute Folin-Ciocalteu reagent: Combine Folin-Ciocalteu phenol TS with water (1:1)
immediately before use.
Standard solutions: Prepare solutions of gallic acid3 at concentrations of 250 µg/mL, 75
µg/mL, and 25 µg/mL in Solution A.
Sample solution: Transfer about 200 mg of accurately weighed Cinnamomum verum Bark
Powder into a microcentrifuge tube and add 2 mL of Solution A. Cap tightly, sonicate for
60 s, then vortex for 30 s, and centrifuge for 5 min to sediment the solids. Withdraw the
supernatant and transfer into a 10-mL volumetric flask. Resuspend the sediment in a fresh
2-mL aliquot of Solution A, and repeat the procedure four additional times, combining the
supernatants into the same 10-mL flask. Dilute with Solution A to volume and mix well.
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[Note—Prepare just before analysis.]
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength: 750 nm
Blank: Water
Analysis
Samples: Standard solutions, Sample solution, and Blank
Prepare the Standard solutions and the Sample solution in duplicate and determine all
values as averages of replicate preparations. To each screw-top glass tube containing
250 µL of the Standard solutions, or 250 µL of the Sample solution, or 250 µL of the
Blank, add 250 µL of Dilute Folin-Ciocalteu reagent, 500 µL of Solution B, and 4.0 mL of
water. Mix all solutions immediately and vigorously, and incubate at ambient temperature
for 25 min. Centrifuge the Sample solution for 10 min and use the supernatant.
Determine the absorbance of the Standard solutions and the Sample solution against the
Blank. Construct a calibration curve by plotting the absorbance of the Standard
solutions against corresponding gallic acid concentrations, and applying least-squares
regression. From the graph, determine the equivalent concentration of gallic acid in the
Sample solution (µg/mL).
Calculate the total phenolic content in terms of mg gallic acid equivalents (GAE) per g of
Cinnamomum verum Bark Powder:
Result = C × V/W
C= calculated equivalent concentration of gallic acid in the Sample solution (µg/mL)
V= volume of diluent used to prepare the Sample solution (mL)
W
= weight of Cinnamomum verum Bark Powder used to prepare the Sample solution (mg)
Acceptance criteria: NLT 100 mg GAE per g on the anhydrous basis
• Content of Eugenol
Internal standard solution: 2 mg/mL of methyl benzoate in ethyl acetate
Standard solution: Accurately weigh an amount of USP Eugenol RS to prepare 0.40 mg/mL
solution in ethyl acetate, and mix well. Quantitatively combine 10.0 mL of the resulting
solution with 1.0 mL of the Internal standard solution and mix well.
Sample solution: Transfer 1.0 g of accurately weighed Cinnamomum verum Bark Powder
into a 30-mL screw-top glass tube, accurately add 1.0 mL of the Internal standard
solution, and about 10 mL of ethyl acetate. Cap tightly and sonicate for 30 min. Pass
through a nylon filter of 0.45-µm pore size, and discard the initial 3 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused-silica capillary; coated with a 0.25-µm film of phase G36
Temperatures
Injector: 240
Detector: 250
Column: See Table 3.
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Table 3
Final
Temperature
( )
90
115
220

Initial
Temperature
Hold Time
Temperature
Ramp
at Final Temperature
( )
( /min)
(min)
90
0
3
90
3
0
115
6
3
Carrier gas: Helium
Flow rate: 1.25 mL/min
Injection volume: 1 µL
Injection type: Split, ratio 10:1
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for eugenol peak
Relative standard deviation: NMT 2.0% for the ratio of the eugenol peak area to the
methyl benzoate peak area
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage eugenol in the portion of Cinnamomum verum Bark Powder
taken:
Result = (RU/RS) × (WS/WU) × 100
RU= ratio of the peak area of eugenol to the peak area of methyl benzoate from the Sample
solution
RS= ratio of the peak area of eugenol to the peak area of methyl benzoate from the
Standard solution
W=
S mass of USP Eugenol RS in the Standard solution (mg)
W=
U weight of Cinnamomum verum Bark Powder taken to prepare the Sample solution (mg)
Acceptance criteria: 0.015%–0.40%
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 0.5 µg/g
Cadmium: NMT 0.3 µg/g
Lead: NMT 2.0 µg/g
Mercury: NMT 0.1 µg/g

233

• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined yeasts and molds count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms

2022 : Meets the requirements of the tests for
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the absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Reddish-brown powder
Microscopic: Fibers usually broken, singly scattered, or 2–3 in bundles; long fusiform, 10–
35 µm in diameter, with thickened walls, cell cavities linear, pits and pit canals indistinct;
bright yellow to brightly polychromatic in polarized light. Stone cells in groups or singly
scattered, subrectangular or subrounded, 16–95 µm in diameter, walls thickened and
sometimes thin at one side, pits and pit canals obvious. Raphides of calcium oxalate small,
10–40 µm long, scattered or grouped into bundles, polychromatic in polarized light. Oil
cells subrounded or oblong, containing yellow or pale yellowish-brown secretions, 32–75
µm in diameter. Starch granules few; simple granules spherical or subrounded; compound
granules composed of 2–5 components. Cork cells polygonal in surface view, with reddishbrown content.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2%

• Water Determination, Method II 921
Sample: 30 g of Cinnamomum verum Bark Powder
Acceptance criteria: NMT 12%
• Articles of Botanical Origin, Total Ash 561
Sample: 2.0 g of Cinnamomum verum Bark Powder
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin, Acid-Insoluble Ash 561
Sample: 1.0 g of Cinnamomum verum Bark Powder
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards
USP Cinnamic Acid RS
USP Eugenol RS

11

2S (USP38)

1 trans-C innamaldehyde, C AS: 14371-10-9, NLT 98.0%.

2 1,2-Benzopyrone, CAS: 91-64-5, NLT 99.0%.
3 3,4,5,-Trixydroxybenzoic acid monohydrate, CAS: 5995-86-8, NLT 99.0%.
BRIEFING
Crypthecodinium cohnii Oil, USP 37 page 5332. In preparation for the omission of the general
chapter Heavy Metals

231

and all references to this general chapter from individual
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monographs, it is proposed to replace the reference to Lead Nitrate Stock Solution, as
currently described in 231 , with a reference to Lead Nitrate Stock Solution TS, which
was proposed in PF 40(1) to be added to the Reagents, Indicators and Solutions section.
(DS: H. Dinh.)
Correspondence Number—C149430

Comment deadline: November 30, 2014
Crypthecodinium cohnii Oil
DEFINITION
Crypthecodinium cohnii Oil is obtained from the fermentation and extraction of algae of the
species Crypthecodinium cohnii and contains NLT 35.0% (w/w) of docosahexaenoic acid (DHA,
C22 H32 O2 ) (C22: 6 n 3), as the only significant polyunsaturated fatty acid present. Suitable
antioxidants in appropriate concentration may be added.
IDENTIFICATION
• Long-Chain Unsaturated Fatty Acid Profile: Proceed as directed in Content of DHA.
Analysis
Samples: Standard Solution 2 and Test Solution 1
Calculate the area percentage for each fatty acid as methyl ester in Test Solution 1:
Result = (rU/rT) × 100
r=
U peak response of each individual fatty acid as methyl ester
r=
T sum of all the peak responses, except the solvent and butylated hydroxytoluene peaks
Acceptance criteria: The retention time of the peaks of the docosahexaenoic acid methyl
ester and the eicosapentaenoic acid methyl ester from Test Solution 1 corresponds to
that from Standard Solution 2, as obtained in the test for Content of EPA and DHA. The
area percent for the methyl esters of the fatty acids from Test Solution 1 in the test for
Content of EPA and DHA meet the requirements for each fatty acid indicated in the table
below.
Fatty
Acid
Linoleic acid

Relative
Lower
Upper
Retention Shorthand
Limit
Limit
Time
Notation
(Area, %)
(Area, %)
0.52

18:2 n 6

0

1.0

Eicosapentanoic acid

0.79

20:5 n 3

0

0.1

Docosapentaenoic acid

0.94

22:5 n 6

0

0.1

Docosahexaenoic acid

1.00

22:6 n 3

35.0

47.0

COMPOSITION
• Content of DHA
Analysis: Proceed as directed in Fats and Fixed Oils

401 , Omega-3 Fatty Acids
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Determination and Profile, Content of EPA and DHA.
Acceptance criteria: NLT 35.0% (w/w) docosahexaenoic acid (DHA)
IMPURITIES
Change to read:
Inorganic Impurities
2S (USP38)

• Limit of Arsenic
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of arsenic as practicable, and store all reagent solutions in containers of
borosilicate glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm
8 N nitric acid for 30 min and by rinsing with deionized water.]
Solution A: Transfer 1 g of ultrapure palladium metal into a Teflon beaker. Add 20 mL of
water and 10 mL of nitric acid, and warm on a hot plate to dissolve. Allow the solution to
cool to room temperature, transfer it into a 100-mL volumetric flask, and dilute with
deionized water to volume.
Solution B: Transfer 1 g of ultrapure magnesium nitrate into a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it into a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid (3:2:5). A volume of 5 µL provides
0.015 mg of palladium and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution: Transfer 10.0 mL of Standard Arsenic Solution, prepared as
directed under Arsenic 211 , to a 100-mL volumetric flask. Add 40 mL of water and 5
mL of nitric acid, and dilute with water to volume. This solution contains 0.10 µg/mL of
arsenic.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of arsenic.
Sample solution: For preparation of the Sample solution, use a microwave oven with a
magnetron frequency of 2455 MHz and a selectable output power of 0–950 watts in 1%
increments, equipped with advanced composite vessels with 100-mL polytef liners. Use
rupture membranes to vent vessels should the pressure exceed 125 psi. The vessels fit
into a turntable, and each vessel can be vented into an overflow container. Equip the
microwave oven with an exhaust tube to ventilate fumes. [Caution—Wear proper eye
protection and protective clothing and gloves.]
Transfer approximately 500 mg of Crypthecodinium cohnii Oil, weighed to the nearest 0.1
mg, into a Teflon digestion vessel liner. Prepare samples in duplicate. Add 15 mL of nitric
acid, and swirl gently. Cover the vessels with lids, leaving the vent fitting off. Predigest
overnight under a hood. Place the rupture membrane in the vent fitting, and tighten the
lid. Place all vessels on the microwave oven turntable. Connect the vent tubes to the
vent trap, and connect the pressure-sensing line to the appropriate vessel. Initiate a
two-stage digestion procedure by heating the microwave at 15% power for 15 min,
followed by 25% power for 45 min. Remove the turntable of vessels from the oven, and
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allow the vessels to cool to room temperature. [Note—A cool water bath may be used to
speed the cooling process.] Vent the vessels when they reach room temperature. Remove
the lids, and slowly add 2 mL of 30% hydrogen peroxide to each. Allow the reactions to
subside, and seal the vessels. Return the vessels on the turntable to the microwave oven,
and heat for an additional 15 min at 30% power. Remove the vessels from the oven, and
allow them to cool to room temperature. Transfer the cooled digests into 25-mL
volumetric flasks, and dilute with water to volume.
Analysis: Program the graphite furnace as follows. Dry at 115 , using a 1-s ramp, a 65-s
hold, and an argon flow of 300 mL/min; char the sample at 1000 , using a 1-s ramp, a 20s hold, and an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10
s, using a 20 set temperature and an argon flow of 300 mL/min; atomize at 2400 , using
a 0-s ramp and a 5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions,
the Sample solution, and the Blank, followed by an injection of 5 µL of Solution C for each
of the samples, into the graphite tube of a suitable graphite furnace atomic absorption
spectrometer equipped with a hollow-cathode lamp for arsenic. Determine the peak area
at the arsenic emission line at 193.7 nm, corrected for background absorption. Plot the
corrected peak areas of the Standard solutions versus their contents of arsenic, in µg/mL,
and calculate the regression line best fitting the points. Determine the concentration, C,
in µg/mL, of arsenic in each mL of the Sample solution by interpolation from the regression
line.
Calculate the content of arsenic in the portion of Crypthecodinium cohnii Oil taken:
Result = (C/W) × 25
C= concentration as obtained above
W
= weight of Crypthecodinium cohnii Oil taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
Change to read:
• Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of lead as practicable, and store all reagent solutions in containers of borosilicate
glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm 8 N nitric
acid for 30 min and by rinsing with deionized water.]
Solution A: 10 g of ultrapure monobasic ammonium phosphate in 1 mL of nitric acid and 40
mL of water to dissolve the phosphate. Dilute with deionized water to 100 mL.
Solution B: Transfer 1 g of ultrapure magnesium nitrate to a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid (2:1:2). A volume of 5 µL provides 0.2
mg of phosphate and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution: Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as
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directed in Heavy Metals 231
lead nitrate stock solution TS 2S (USP38)
to a 100-mL volumetric flask. Add 40 mL of water and 5 mL of nitric acid, and dilute with water
to volume. Transfer 1.0 mL of this solution to a second 100-mL volumetric flask, add 50 mL of
water and 1 mL of nitric acid, and dilute with water to volume. This solution contains 0.10
µg/mL of lead.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain concentrations
of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of lead.
Sample solution: Prepare as directed for Sample solution in the test for Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 , using a 1-s ramp, a 55-s hold,
and an argon flow of 300 mL/min; char the sample at 850 , using a 1-s ramp, a 30-s hold, and
an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10 s, using a 20
set temperature and an argon flow of 300 mL/min; atomize at 2100 , using a 0-s ramp and a
5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s ramp and a 5-s hold.
Separately inject equal volumes (20 µL) of the Standard solutions, the Sample solution, and
the Blank, followed by an injection of 5 µL of Solution C for each of the samples, into the
graphite tube of a suitable graphite furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for lead. Determine the peak area at the lead emission line at 283.3 nm,
corrected for background absorption. Plot the corrected peak areas of the Standard solutions
versus their contents of lead, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of lead in each mL of the Sample solution by
interpolation from the regression line.
Calculate the content of lead in the portion of Crypthecodinium cohnii Oil taken:
Result = (C/W) × 25
C= concentration, as obtained above
W
= weight of Crypthecodinium cohnii Oil taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
• Limit of Cadmium
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of cadmium as practicable, and store all reagent solutions in containers of
borosilicate glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm
8 N nitric acid for 30 min and by rinsing with deionized water.]
Solution A: 10 g of ultrapure monobasic ammonium phosphate in 40 mL of water and 1 mL
of nitric acid to dissolve the phosphate. Dilute with deionized water to 100 mL.
Solution B: Transfer 1 g of ultrapure magnesium nitrate to a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid to volume (2:1:2). A volume of 5 µL
provides 0.2 mg of phosphate and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
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Standard stock solution A: 0.1372 mg/mL of cadmium nitrate
Standard stock solution B: Standard stock solution A, nitric acid, and water (2:1:97).
This solution contains 0.10 µg/mL of cadmium. [Note—Before make up to final volume
dissolve in a portion of water and nitric acid.]
Standard solutions: Dilute Standard stock solution B with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of cadmium.
Sample solution: Prepare as directed for the Sample solution in the test for Limit of
Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 , using a 1-s ramp, a 55-s
hold, and an argon flow of 300 mL/min; char the sample at 850 , using a 1-s ramp, a 30-s
hold, and an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10
s, using a 20 set temperature and an argon flow of 300 mL/min; atomize at 2400 , using
a 0-s ramp and a 5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions,
the Sample solution, and the Blank, followed by an injection of 5 µL of Solution C for each
of the samples, into the graphite tube of a suitable graphite furnace atomic absorption
spectrometer equipped with a hollow-cathode lamp for cadmium. Determine the peak area
at the cadmium emission line at 228.8 nm, corrected for background absorption. Plot the
corrected peak areas of the Standard solutions versus their contents of cadmium, in
µg/mL, and calculate the regression line best fitting the points.
Determine the concentration, C, in µg/mL, of cadmium in each mL of the Sample solution
by interpolation from the regression line.
Calculate the content of cadmium in the Crypthecodinium cohnii Oil taken:
Result = (C/W) × 25
C= concentration, as obtained above
W
= weight of Crypthecodinium cohnii Oil taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
• Limit of Mercury: Proceed as directed in Mercury 261 , Method IIa, except use a
Standard Mercury Solution having the equivalent of 0.1 µg/mL of mercury.
Sample solution: Prepare as directed for the Sample solution in the test for Limit of
Arsenic, combining the two duplicate cooled digests into 1.0 mL of Potassium
Permanganate Solution.
Acceptance criteria: NMT 0.1 µg/g
SPECIFIC TESTS
• Fats and Fixed Oils, Anisidine Value

401 : NMT 20.0

• Fats and Fixed Oils, Acid Value (Free Fatty Acids) 401 : The free fatty acids in 10 g
require for neutralization NMT 1.42 mL of 0.1 N sodium hydroxide.
• Fats and Fixed Oils, Peroxide Value

401 : NMT 5.0

• Fats and Fixed Oils, Total Oxidation Value (TOTOX)

401 : NMT 26, calculated as

Result = (2 × PV) + AV
PV
= peroxide value
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AV
= anisidine value
• Fats and Fixed Oils, Unsaponifiable Matter
• Specific Gravity

401 : NMT 3.5%

841 : 0.91–0.93

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and avoid exposure to
excessive heat.
• Labeling: The label states the content of docosahexaenoic acid in mg/g. It also states the
name and concentration of any added antioxidant.
• USP Reference Standards 11
USP Docosahexaenoic Acid Ethyl Ester RS
USP Eicosapentaenoic Acid Ethyl Ester RS
USP Methyl Tricosanoate RS
BRIEFING
Crypthecodinium cohnii Oil Capsules, USP 37 page 5334. In preparation for the omission of
the general chapter Heavy Metals 231 and all references to this general chapter from
individual monographs, it is proposed to replace the reference to Lead Nitrate Stock
Solution, as currently described in 231 , with a reference to Lead Nitrate Stock Solution
TS, which was proposed in PF 40(1) to be added to the Reagents, Indicators and Solutions
section.
(DS: N. Davydova.)
Correspondence Number—C148528

Comment deadline: November 30, 2014
Crypthecodinium cohnii Oil Capsules
DEFINITION
Crypthecodinium cohnii Oil Capsules are prepared from Crypthecodinium cohnii Oil and contain
NLT 95.0% and NMT 105.0% of the labeled amount of docosahexaenoic acid (DHA, C22 H32 O2 )
(C22:6 n 3).
IDENTIFICATION
• Long-Chain Unsaturated Fatty Acid Profile: Proceed as directed in Content of DHA.
Analysis
Samples: Standard Solution 2 and Test solution 1
Calculate the area percentage for each fatty acid as methyl ester in Test solution 1:
Result = (rU/rT) × 100
r=
U peak response of each individual fatty acid as methyl ester
r=
T sum of all the peak responses, except the solvent and butylated hydroxytoluene peaks
Acceptance criteria: The retention time of the peaks of the docosahexaenoic acid methyl
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ester and the eicosapentaenoic acid methyl ester from Test solution 1 corresponds to
that from Standard Solution 2, as obtained in the test for Content of EPA and DHA. The
area percent for the methyl esters of the fatty acids from Test solution 1 in the test for
Content of EPA and DHA meet the requirements for each fatty acid indicated in Table 1.
Table 1
Fatty
Acid

Relative
Retention Shorthand
Time
Notation

Lower
Limit
(Area, %)

Upper
Limit
(Area, %)

Linoleic acid

0.52

18:2 n 6

0

1.0

Eicosapentanoic acid

0.79

20:5 n 3

0

0.1

Docosapentaenoic acid

0.94

22:5 n 6

0

0.1

Docosahexaenoic acid

1.00

22:6 n 3

35.0

47.0

STRENGTH
• Content of DHA
Test solution 1 and Test solution 2: Weigh NLT 10 Capsules in a tared weighing bottle.
With a sharp blade or other appropriate means, carefully open the Capsules, without loss
of the shell material, and transfer the combined Capsule contents to a 100-mL beaker.
Remove any adhering substance from the emptied capsules by washing with several small
portions of isooctane. Discard the washings, and allow the empty capsules to dry in a
current of dry air until the isooctane is completely evaporated. Weigh the empty capsules
in the original tared weighing bottle, and calculate the average fill weight (AFW) of
Crypthecodinium cohnni oil/Capsule. Proceed with the content of capsules as directed in
the Analysis.
Analysis: Proceed as directed in Fats and Fixed Oils 401 , Omega-3 Fatty Acids
Determination and Profile, Content of EPA and DHA.
Calculate the percentage of the labeled amount of docosahexaenoic acid (DHA) in the
Capsules taken:
Result = R × AFW/L
R= determined percentage of DHA in the portion of oil taken from the Capsules (%)
AFW
= average fill weight of the Capsules taken (mg)
L= labeled amount of DHA (mg/Capsule)
Acceptance criteria: NLT 95.0% and NMT 105.0% of the labeled amount of DHA
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Rupture Test for Soft Shell Capsules
• Weight Variation of Dietary Supplements
IMPURITIES
• Limit of Arsenic

2040 : Meet the requirements

2091 : Meet the requirements
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[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of arsenic as practicable, and store all reagent solutions in containers of
borosilicate glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm
8 N nitric acid for 30 min and by rinsing with deionized water.]
Solution A: Transfer 1 g of ultrapure palladium metal into a Teflon beaker. Add 20 mL of
water and 10 mL of nitric acid, and warm on a hot plate to dissolve. Allow the solution to
cool to room temperature, transfer it into a 100-mL volumetric flask, and dilute with
deionized water to volume.
Solution B: Transfer 1 g of ultrapure magnesium nitrate into a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it into a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid (3:2:5). A volume of 5 µL provides
0.015 mg of palladium and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution: Transfer 10.0 mL of Standard Arsenic Solution, prepared as
directed in the test for Arsenic 211 , to a 100-mL volumetric flask. Add 40 mL of water
and 5 mL of nitric acid, and dilute with water to volume. This solution contains 0.10 µg/mL
of arsenic.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of arsenic.
Sample solution: For preparation of the Sample solution, use a microwave oven with a
magnetron frequency of 2455 MHz and a selectable output power of 0–950 watts in 1%
increments, equipped with advanced composite vessels with 100-mL polytef liners. Use
rupture membranes to vent vessels should the pressure exceed 125 psi. The vessels fit
into a turntable, and each vessel can be vented into an overflow container. Equip the
microwave oven with an exhaust tube to ventilate fumes. [Caution—Wear proper eye
protection and protective clothing and gloves.]
Transfer approximately 500 mg of Crypthecondinium cohnii oil from Capsules, weighed to
the nearest 0.1 mg, into a Teflon digestion vessel liner. Prepare samples in duplicate. Add
15 mL of nitric acid, and swirl gently. Cover the vessels with lids, leaving the vent fitting
off. Predigest overnight under a hood. Place the rupture membrane in the vent fitting, and
tighten the lid. Place all vessels on the microwave oven turntable. Connect the vent tubes
to the vent trap, and connect the pressure-sensing line to the appropriate vessel. Initiate
a two-stage digestion procedure by heating the microwave at 15% power for 15 min,
followed by 25% power for 45 min. Remove the turntable of vessels from the oven, and
allow the vessels to cool to room temperature. [Note—A cool water bath may be used to
speed the cooling process.] Vent the vessels when they reach room temperature. Remove
the lids, and slowly add 2 mL of 30% hydrogen peroxide to each. Allow the reactions to
subside, and seal the vessels. Return the vessels on the turntable to the microwave oven,
and heat for an additional 15 min at 30% power. Remove the vessels from the oven, and
allow them to cool to room temperature. Transfer the cooled digests into 25-mL
volumetric flasks, and dilute with water to volume.
Analysis: Program the graphite furnace as follows. Dry at 115 , using a 1-s ramp, a 65-s
hold, and an argon flow of 300 mL/min; char the sample at 1000 , using a 1-s ramp, a 20-
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s hold, and an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10
s, using a 20 set temperature and an argon flow of 300 mL/min; atomize at 2400 , using
a 0-s ramp and a 5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions,
the Sample solution, and the Blank, followed by an injection of 5 µL of Solution C for each
of the samples, into the graphite tube of a suitable graphite furnace atomic absorption
spectrometer equipped with a hollow-cathode lamp for arsenic. Determine the peak area
at the arsenic emission line at 193.7 nm, corrected for background absorption. Plot the
corrected peak areas of the Standard solutions versus their contents of arsenic, in µg/mL,
and calculate the regression line best fitting the points. Determine the concentration, C,
in µg/mL, of arsenic in each mL of the Sample solution by interpolation from the regression
line.
Calculate the content of arsenic in the portion of Capsules taken:
Result = (C/W) × 25
C= concentration as obtained above
W
= weight of Capsules content taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
Change to read:
• Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of lead as practicable, and store all reagent solutions in containers of borosilicate
glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm 8 N nitric
acid for 30 min and by rinsing with deionized water.]
Solution A: 10 g of ultrapure monobasic ammonium phosphate in 1 mL of nitric acid and 40
mL of water to dissolve the phosphate. Dilute with deionized water to 100 mL.
Solution B: Transfer 1 g of ultrapure magnesium nitrate to a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid (2:1:2). A volume of 5 µL provides 0.2
mg of phosphate and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution: Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as
directed in Heavy Metals 231
lead nitrate stock solution TS 2S (USP38)
to a 100-mL volumetric flask. Add 40 mL of water and 5 mL of nitric acid, and dilute with water
to volume. Transfer 1.0 mL of this solution to a second 100-mL volumetric flask, add 50 mL of
water and 1 mL of nitric acid, and dilute with water to volume. This solution contains 0.10
µg/mL of lead.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain concentrations
of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of lead.
Sample solution: Prepare as directed for Sample solution in the test for Limit of Arsenic.
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Analysis: Program the graphite furnace as follows. Dry at 120 , using a 1-s ramp, a 55-s hold,
and an argon flow of 300 mL/min; char the sample at 850 , using a 1-s ramp, a 30-s hold, and
an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10 s, using a 20
set temperature and an argon flow of 300 mL/min; atomize at 2100 , using a 0-s ramp and a
5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s ramp and a 5-s hold.
Separately inject equal volumes (20 µL) of the Standard solutions, the Sample solution, and
the Blank, followed by an injection of 5 µL of the Solution C for each of the samples, into the
graphite tube of a suitable graphite furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for lead. Determine the peak area at the lead emission line at 283.3 nm,
corrected for background absorption. Plot the corrected peak areas of the Standard solutions
versus their contents of lead, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of lead in each mL of the Sample solution by
interpolation from the regression line.
Calculate the content of lead in the portion of Capsules taken:
Result = (C/W) × 25
C= concentration as obtained above
W
= weight of Capsules content taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
• Limit of Cadmium
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of cadmium as practicable, and store all reagent solutions in containers of
borosilicate glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm
8 N nitric acid for 30 min and by rinsing with deionized water.]
Solution A: 10 g of ultrapure monobasic ammonium phosphate in 40 mL of water and 1 mL
of nitric acid to dissolve the phosphate. Dilute with deionized water to 100 mL.
Solution B: Transfer 1 g of ultrapure magnesium nitrate to a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid to volume (2:1:2). A volume of 5 µL
provides 0.2 mg of phosphate and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution A: 0.1372 mg/mL of cadmium nitrate
Standard stock solution B: Standard stock solution A, nitric acid, and water (2:1:97).
This solution contains 0.10 µg/mL of cadmium. [Note—Before make up to final volume
dissolve in a portion of water and nitric acid.]
Standard solutions: Dilute Standard stock solution B with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of cadmium.
Sample solution: Prepare as directed for Sample solution in the test for Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 , using a 1-s ramp, a 55-s
hold, and an argon flow of 300 mL/min; char the sample at 850 , using a 1-s ramp, a 30-s
hold, and an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10
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s, using a 20 set temperature and an argon flow of 300 mL/min; atomize at 2400 , using
a 0-s ramp and a 5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions,
the Sample solution, and the Blank, followed by an injection of 5 µL of the Solution C for
each of the samples, into the graphite tube of a suitable graphite furnace atomic
absorption spectrometer equipped with a hollow-cathode lamp for cadmium. Determine the
peak area at the cadmium emission line at 228.8 nm, corrected for background absorption.
Plot the corrected peak areas of the Standard solutions versus their contents of cadmium,
in µg/mL, and calculate the regression line best fitting the points. Determine the
concentration, C, in µg/mL, of cadmium in each mL of the Sample solution by interpolation
from the regression line.
Calculate the content of cadmium in the Capsules taken:
Result = (C/W) × 25
C= concentration as obtained above
W
= weight of Capsules content taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
• Limit of Mercury: Proceed as directed in Mercury 261 , Method IIa, except use a
Standard Mercury Solution having the equivalent of 0.1 µg/mL of mercury.
Sample solution: Prepare as directed for the Sample solution in the test for Limit of
Arsenic, combining the two duplicate cooled digests into 1.0 mL of Potassium
Permanganate Solution.
Acceptance criteria: NMT 0.1 µg/g
SPECIFIC TESTS
• Fats and Fixed Oils, Anisidine Value
Capsules

401 : NMT 20.0, determined on the contents of the

• Fats and Fixed Oils, Free Fatty Acids 401 : The free fatty acids in 10 g require for
neutralization NMT 1.42 mL of 0.1 N sodium hydroxide.
• Fats and Fixed Oils, Peroxide Value
Capsules

401 : NMT 5.0, determined on the contents of the

• Fats and Fixed Oils, Total Oxidation Value (TOTOX)
contents of the Capsules), calculated as

401 : NMT 26 (determined on the

Result = (2 × PV) + AV
PV
= peroxide value
AV
= anisidine value
• Fats and Fixed Oils, Unsaponifiable Matter
of the Capsules
• Specific Gravity

401 : NMT 3.5%, determined on the contents

841 : 0.91–0.93, determined on the contents of the Capsules

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and avoid exposure to
excessive heat.
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• Labeling: The label states the content of docosahexaenoic acid in mg/Capsule. It also
states the name and concentration of any added antioxidant.
• USP Reference Standards 11
USP Docosahexaenoic Acid Ethyl Ester RS
USP Eicosapentaenoic Acid Ethyl Ester RS
USP Methyl Tricosanoate RS
BRIEFING
Eleuthero, USP 37 page 5374. In preparation for the omission of the general chapter Heavy
Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium, lead,
and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin

561 , proposed elsewhere in this PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148896

Comment deadline: November 30, 2014
Eleuthero
DEFINITION
Eleuthero is the dried rhizome with roots of Eleutherococcus senticosus (Rupr. & Maxim.)
Maxim. (Fam. Araliaceae) [Acanthopanax senticosus (Rupr. & Maxim.) Harms]. It contains NLT
0.08% of the sum of eleutheroside B and eleutheroside E, calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution A: 1 mg/mL of USP Eleutheroside E RS in methanol
Standard solution B: 1 mg/mL of USP Eleutheroside B RS in methanol
Standard solution C: 0.1 g of USP Powdered Eleuthero Extract RS in 5 mL of aqueous
ethanol 50%. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution: Transfer about 1 g of finely powdered Eleuthero to a centrifuge tube,
add 5 mL of aqueous ethanol 50%, and mix well. Sonicate for 10 min. Centrifuge or filter
the solution, and use the supernatant or the filtrate.
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC plates)
Application volume: 10 µL, as bands
Developing solvent system: Chloroform, methanol, and water (35:15:2)
Derivatization reagent: To 18 mL of ice-cold methanol slowly and carefully add 2 mL of
sulfuric acid, and mix well. Allow the mixture to adjust to room temperature.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Before the development of the chromatogram, saturate the chamber for 20 min with
Developing solvent system. If the ambient relative humidity exceeds 50%, condition the
plate to about 30% relative humidity, using a suitable device. Develop the plate over a
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path of 6 cm, dry, and spray with Derivatization reagent. Heat the plate at 100 for 5
min, and examine under white light and under UV light (365 nm).
Acceptance criteria: Under white light, the Sample solution exhibits two brown bands due
to eleutheroside E and eleutheroside B at RF values of about 0.34 and 0.45, corresponding
in color and RF to the bands exhibited by Standard solution A and Standard solution B,
respectively. The Sample solution also exhibits two additional brown bands near the
application zone, corresponding in color and RF values to the bands exhibited by Standard
solution C. Other bands may be observed in the Sample solution and Standard solution C
chromatograms. Under UV light, the Sample solution shows a brown band due to
eleutheroside E corresponding in color and RF to the band exhibited by Standard solution
A.
• B. HPLC: The chromatogram of the Sample solution obtained in the test for Content of
Eleutherosides B and E shows a peak at the retention time corresponding to that of
eleutheroside B in the chromatogram of Standard solution B and a peak at the retention
time corresponding to that of eleutheroside E in the chromatogram of Standard solution A.
COMPOSITION
• Content of Eleutherosides B and E
Solvent: Methanol and water (1:1)
Solution A: Acetonitrile and water (5:95)
Solution B: Acetonitrile and water (60:40)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
97
3
5
97
3
30
60
40
31
5
95
45
5
95
45.1
97
3
60
97
3
Standard solution A: 0.1 mg/mL of USP Eleutheroside E RS in methanol. Transfer 2.0 mL to
a 5-mL volumetric flask, and dilute with Solvent to volume.
Standard solution B: 0.1 mg/mL of USP Eleutheroside B RS in methanol. Transfer 2.0 mL to
a 5-mL volumetric flask, and dilute with Solvent to volume.
Standard solution C: 5.0 mg/mL of USP Powdered Eleuthero Extract RS in Solvent.
Sonicate for 30 min, cool to room temperature, decant, and pass through a nylon filter of
0.45-µm or finer pore size.
Sample solution: Transfer about 5.0 g of finely ground Eleuthero, accurately weighed, to
a round-bottom flask equipped with a condenser. Add 50 mL of Solvent, and heat under
reflux for 30 min. Filter the supernatant through cotton wool into a 100-mL volumetric
flask. Transfer the cotton wool to the round-bottom flask, and repeat the extraction
twice, using 22 mL of Solvent for each extraction. Filter through cotton wool into the
volumetric flask, wash the residue and the cotton wool with Solvent, cool to room
temperature, dilute with Solvent to volume, and mix. Before injection, pass through a
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nylon filter of 0.45-µm or finer pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.0-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution B and Standard solution C
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution C is similar to
the reference chromatogram provided with the lot of USP Powdered Eleuthero Extract
RS being used.
Relative standard deviation: NMT 2.0% determined from the eleutheroside B peak in
repeated injections, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Identify the eleutheroside B and eleutheroside E peaks in the Sample solution by
comparison with the chromatograms of Standard solution B and Standard solution A,
respectively.
Separately calculate the percentages of eleutheroside B and eleutheroside E in the portion
of Eleuthero taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of the relevant analyte in the Sample solution
rS= peak area of eleutheroside E or eleutheroside B in Standard solution A or Standard
solution B, respectively
C=
S concentration of eleutheroside E or eleutheroside B in Standard solution A or Standard
solution B, respectively (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Eleuthero taken to prepare the Sample solution (mg)
Acceptance criteria: Add the percentages of eleutheroside B and eleutheroside E: NLT
0.08% on the dried basis.
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)

561 : Meets the
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• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: The rhizome is knotty and of irregular cylindrical shape with a diameter of
15–40 mm. The heartwood area is light brown, and the connecting splint wood is pale
yellow. The bark is approximately 2 mm thick and is firmly affixed to the xylem. The
surface is gray-brown or black-brown, coarse, and longitudinally valleculate and plicate. A
broken rhizome is coarse and fibrous, particularly inside the xylem. The fractured surface
of the bark shows short, thin fibers. Numerous roots spring from the underside of the
rhizome. These roots are 35–150 mm long, cylindrical and knotty, with a diameter of 3–15
mm. The surface of the roots is gray-brown to black-brown, smoother than the rhizome,
and has longitudinal stripes. A 0.5-mm thin bark is tightly affixed to the pale yellow xylem.
A broken root is sparsely fibrous and appears yellowish-gray where the thin epidermis is
flaked off.
Microscopic: The roots have five to seven rows of brown cork cells. Secretory canals with
brown contents appear in groups of four or five and are not more than 20 µm in diameter.
Phloem fibers with thick lignified walls occur singly or in small groups; there are cluster
crystals of calcium oxalate in the phloem parenchyma. Parenchymatous cells surround the
secretory cells, and medullary ray cells contain small starch granules. The xylem shows
reticulately thickened and pitted vessels. The rhizome is similar to the roots except for
larger secretory canals, up to 25 µm in diameter, and the presence of a pith with
parenchymatous cells containing starch granules.
• Loss on Drying 731 : Dry a sample at 105 to constant weight: it loses NMT 14.0% of its
weight.
• Articles of Botanical Origin, Total Ash

561 : NMT 8.0%

• Articles of Botanical Origin, Water-Soluble Extractives, Method 2
• Articles of Botanical Origin, Foreign Organic Matter

561 : NLT 4.0%

561 : NMT 3.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards
USP Eleutheroside B RS

11

-d-Glucopyranoside, 4-(3-hydroxy-1-propenyl)-2,6-dimethoxyphenyl.
C17 H24 O9
372.37
USP Eleutheroside E RS
-d-Glucopyranoside, (tetrahydro-1H,3H-furo(3,4-c)furan-1,4-diyl)bis(2,6-dimethoxy-
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4,1-phenylene)bis-.
C34 H46 O18
742.70
USP Powdered Eleuthero Extract RS
BRIEFING
Powdered Eleuthero, USP 37 page 5376. In preparation for the omission of the general
chapter Heavy Metals 231 , and all references thereto, it is proposed to control arsenic,
cadmium, lead, and mercury as described in the Limits of Elemental Impurities section of the
general chapter Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also
proposed to omit references to olfactory and gustatory qualities from Botanical
Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148897

Comment deadline: November 30, 2014
Powdered Eleuthero
DEFINITION
Powdered Eleuthero is Eleuthero reduced to a powder or very fine powder. It contains NLT
0.08% of the sum of eleutheroside B and eleutheroside E, calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution A: 1 mg/mL of USP Eleutheroside E RS in methanol
Standard solution B: 1 mg/mL of USP Eleutheroside B RS in methanol
Standard solution C: 0.1 g of USP Powdered Eleuthero Extract RS in 5 mL of aqueous
ethanol 50%. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution: Transfer about 1 g of Powdered Eleuthero to a centrifuge tube, add 5 mL
of aqueous ethanol 50%, and mix well. Sonicate for 10 min. Centrifuge or filter the
solution, and use the supernatant or the filtrate.
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC plates)
Application volume: 10 µL, as bands
Developing solvent system: Chloroform, methanol, and water (35:15:2)
Derivatization reagent: To 18 mL of ice-cold methanol slowly and carefully add 2 mL of
sulfuric acid, and mix well. Allow the mixture to adjust to room temperature.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Before the development of the chromatogram, saturate the chamber for 20 min with
Developing solvent system. If the ambient relative humidity exceeds 50%, condition the
plate to about 30% relative humidity, using a suitable device. Develop the plate over a
path of 6 cm, dry, and spray with Derivatization reagent. Heat the plate at 100 for 5
min, and examine under white light and under UV light (365 nm).
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Acceptance criteria: Under white light, the Sample solution exhibits two brown bands due
to eleutheroside E and eleutheroside B at RF values of about 0.34 and 0.45, corresponding
in color and RF to the bands exhibited by Standard solution A and Standard solution B,
respectively. The Sample solution also exhibits two additional brown bands near the
application zone, corresponding in color and RF values to the bands exhibited by Standard
solution C. Other bands may be observed in the Sample solution and Standard solution C
chromatograms. Under UV light, the Sample solution shows a brown band due to
eleutheroside E corresponding in color and RF to the band exhibited by Standard solution
A.
• B. HPLC: The chromatogram of the Sample solution obtained in the test for Content of
Eleutherosides B and E shows a peak at the retention time corresponding to that of
eleutheroside B in the chromatogram of Standard solution B and a peak at the retention
time corresponding to that of eleutheroside E in the chromatogram of Standard solution A.
COMPOSITION
• Content of Eleutherosides B and E
Solvent: Methanol and water (1:1)
Solution A: Acetonitrile and water (5:95)
Solution B: Acetonitrile and water (60:40)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
97
3
5
97
3
30
60
40
31
5
95
45
5
95
45.1
97
3
60
97
3
Standard solution A: 0.1 mg/mL of USP Eleutheroside E RS in methanol. Transfer 2.0 mL to
a 5-mL volumetric flask, and dilute with Solvent to volume.
Standard solution B: 0.1 mg/mL of USP Eleutheroside B RS in methanol. Transfer 2.0 mL to
a 5-mL volumetric flask, and dilute with Solvent to volume.
Standard solution C: 5.0 mg/mL of USP Powdered Eleuthero Extract RS in Solvent.
Sonicate for 30 min, cool to room temperature, decant, and pass through a nylon filter of
0.45-µm or finer pore size.
Sample solution: Transfer 5.0 g of Powdered Eleuthero, accurately weighed, to a roundbottom flask equipped with a condenser. Add 50 mL of Solvent, and heat under reflux for
30 min. Filter the supernatant through cotton wool into a 100-mL volumetric flask.
Transfer the cotton wool to the round-bottom flask, and repeat the extraction twice,
using 22 mL of Solvent for each extraction. Filter through cotton wool into the volumetric
flask, wash the residue and the cotton wool with Solvent, cool to room temperature,
dilute with Solvent to volume, and mix. Before injection, pass through a nylon filter of
0.45-µm or finer pore size, discarding the first few mL of the filtrate.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.0-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution B and Standard solution C
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution C is similar to
the reference chromatogram provided with the lot of USP Powdered Eleuthero Extract
RS being used.
Relative standard deviation: NMT 2.0%, determined from the eleutheroside B peak in
repeated injections, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Identify the eleutheroside B and eleutheroside E peaks in the Sample solution by
comparison with the chromatograms of Standard solution B and Standard solution A,
respectively.
Separately calculate the percentages of eleutheroside B and eleutheroside E in the portion
of Powdered Eleuthero taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of eleutheroside E or eleutheroside B from Standard solution A or Standard
solution B, respectively
C=
S concentration of eleutheroside E or eleutheroside B in Standard solution A or Standard
solution B, respectively (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Eleuthero taken to prepare the Sample solution (mg)
Acceptance criteria: Add the percentages of eleutheroside B and eleutheroside E: NLT
0.08% on the dried basis.
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis
• Microbial Enumeration Tests

561 : Meets the

561 : Meets the requirements

2021 : The total aerobic bacterial count does not exceed
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105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
Change to read:
• Botanical Characteristics: The powder is brown. with a faint aromatic odor and a slightly
acrid, persistent taste
2S (USP38)

Groups of secretory canals with brown contents are surrounded by parenchymatous cells
containing cluster crystals of calcium oxalate. The parenchymatous cells show small starch
granules, thick-walled lignified fibers, and fragments of reticulate and pitted vessels. It turns
bright yellow when mounted in sodium hydroxide solution.
• Loss on Drying 731 : Dry a sample at 105 to constant weight: it loses NMT 14.0% of its
weight.
• Articles of Botanical Origin, Total Ash

561 : NMT 8.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards
USP Eleutheroside B RS

11

-d-Glucopyranoside, 4-(3-hydroxy-1-propenyl)-2,6-dimethoxyphenyl.
C17 H24 O9
372.37
USP Eleutheroside E RS
-d-Glucopyranoside, (tetrahydro-1H,3H-furo(3,4-c)furan-1,4-diyl)bis(2,6-dimethoxy4,1-phenylene)bis-.
C34 H46 O18
742.70
USP Powdered Eleuthero Extract RS
BRIEFING
Evening Primrose Oil Capsules. Because there is no existing USP monograph for this dietary
supplement dosage form, a new monograph is being proposed.
(DS: N. Davydova.)
Correspondence Number—C144471

Comment deadline: November 30, 2014
Add the following:
Evening Primrose Oil Capsules
DEFINITION

PF 40(5): Sep.-Oct. 2014

508

Evening Primrose Oil Capsules are prepared with Evening Primrose Oil and contain NLT 95.0% of
the sum of the labeled amounts of each,
(C18:1 n–9) acids.

-linolenic (C18:3 n–6), linoleic (C18:2 n–6), and oleic

IDENTIFICATION
• A. Fatty Acid Profile
System suitability solution and Chromatographic system: Proceed as directed in
Strength.
Sample solution: Proceed as directed for the Sample solution in Strength, beginning with
“Transfer 80 mg” but without the addition of the Internal standard.
Analysis: Identify the specified fatty acid methyl ester peaks by comparing them to the
reference chromatogram provided with the lot of USP Evening Primrose Oil RS being used.
Determine the percentage of each constituent relative to the total integrated area.
Acceptance criteria: The Sample solution conforms to the fatty acids composition profile
in Table 1.

Fatty Acid
Palmitic acid
Stearic acid
Oleic acid
Linoleic acid

Table 1
Shorthand Percentage
Notation
(%)
16:0
4.0–10.0
18:0
1.0–4.0
18:1 n–9
5.0–12.0
18:2 n–6
65.0–85.0

-Linolenic acid 18:3 n–6

7.0–14.0

STRENGTH
• Content of -Linolenic, Linoleic, and Oleic Acids
[Note— -Linolenic acid is quantitated against USP Methyl Linolenate RS.]
0.5 N methanolic sodium hydroxide solution: Dissolve 2 g of sodium hydroxide in 100 mL
of methanol.
Internal standard: Methyl pentadecanoic acid
Sample solution: Weigh NLT 10 Capsules. With a sharp blade, carefully slice open the
Capsules, avoiding loss of shell material. Combine the Capsule contents in a suitable
container and mix well. Remove any adhering substance from the emptied Capsules by
washing with several portions of diethyl ether, and discard the washings. Allow the empty
Capsule shells to air-dry over a period of NMT 30 min, taking precautions to avoid uptake
or loss of moisture. Weigh the empty Capsule shells and calculate the average fill
weight/Capsule (AF). Transfer 80 mg of the combined Capsule contents directly into a
tared 30-mL screw-top glass centrifuge tube and weigh accurately. Re-tare and
accurately weigh about 40 mg of the Internal standard into the same tube. Add 2 mL of
0.5 N methanolic sodium hydroxide solution, tightly cap, and transfer to a heating block
or another appropriate heating device. Reflux the solution until fat globules disappear
(usually 5–10 min). Add 2 mL of 0.14 g/mL boron trifluoride in methanol, cap, and reflux for
2 min. Add 4 mL of chromatographic n-heptane, cap, and reflux for 1 min. Cool, add about
8 mL of saturated sodium chloride solution, shake, and centrifuge to separate the layers.
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Dilute an aliquot of the upper (heptane) layer with chromatographic n-heptane (1:8) and
mix well.
System suitability solution: Using about 80 mg of USP Evening Primrose Oil RS, proceed
as directed for the Sample solution, beginning with “Transfer 80 mg” but without the
addition of the Internal standard.
Standard solution: Accurately weigh about 20 mg of USP Methyl Oleate RS, 70 mg of USP
Methyl Linoleate RS, and 20 mg of USP Methyl Linolenate RS directly into a tared 30-mL
screw-top glass centrifuge tube. Proceed as directed for the Sample solution, beginning
with “Re-tare”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m fused silica capillary; coated with a 1.0-µm film of G16
Temperatures
Injection port: 220
Detector: 260
Column: See Table 2.
Table 2
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
70
0
70
2
70
5
240
5
Carrier gas: Helium
Linear velocity: 50 cm/s
Split mode: Splitless
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Chromatogram similarity: The System suitability solution chromatogram is similar to
the reference chromatogram provided with the lot of USP Evening Primrose Oil RS being
used.
Resolution: NLT 1.5 between methyl stearate and methyl oleate, System suitability
solution
Relative standard deviation: NMT 2% for the peak area ratios of specified analytes to
the internal standard, Standard solution
Analysis
Samples: Sample solution and Standard solution
[Note—The relative retention times for
about 0.98 and 1.0, respectively.]

-methyl linolenate and

-methyl linolenate are

Identify the retention times of the relevant fatty acid methyl esters by comparing the
peaks in the chromatogram of the System suitability solution with those in the reference
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chromatogram. Identify the locus for the internal standard peak by comparison of the
chromatograms of the Standard solution and the System suitability solution.
Calculate the content, in mg/g, of
Capsule content taken:

-linolenic, linoleic, and oleic acids in the portion of

Result = (RU/RS) × (AU/AS) × (mS/W) × (Mr1/Mr2)
RU= peak area ratio of the relevant methyl ester peak to the internal standard peak from
the Sample solution
RS= peak area ratio of the relevant methyl ester peak to the internal standard peak from
the Standard solution
AU= weight of the Internal standard in the Sample solution (mg)
AS= weight of the Internal standard in the Standard solution (mg)
m=
S weight of USP Methyl Ester RS in the Standard solution (mg)
W= sample weight used to prepare the Sample solution (g)
Mr1
= molecular weight of the relevant fatty acid (g/mol)
Mr2
= molecular weight of the relevant fatty acid methyl ester (g/mol)
Calculate the percentage of the labeled sum of
portion of Capsules taken:

-linolenic, linoleic, and oleic acids in the

Result = S × AF × (100/L)
S= combined content of -linolenic, linoleic, and oleic acids in the portion of Capsule
content taken (mg/g)
A=F average fill weight (g/Capsule)
L= combined labeled content of -linolenic, linoleic, and oleic acids (mg/Capsule)
Calculate the percentage of the labeled amounts of each ( -linolenic, linoleic, and oleic)
acid in the portion of Capsules taken:
Result = A × AF × (100/L)
A= content of the relevant fatty acid in the portion of Capsule content taken (mg/g)
A=F average fill weight (g/Capsule)
L= labeled content of the relevant fatty acid (mg/Capsule)
Acceptance criteria
-Linolenic, linoleic, and oleic acids: NLT 95.0% of the labeled amount of each
PERFORMANCE TESTS
• Disintegration and Dissolution 2040 : Meet the requirements in Rupture Test for Soft
Shell Capsules
• Weight Variation 2091 : Meet the requirements
SPECIFIC TESTS
• Fats and Fixed Oils, Peroxide Value

401 : NMT 10.0
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CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 1
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms
the absence of Escherichia coli

2022 : Meet the requirements of the tests for

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tightly-closed, light-resistant containers.
• Labeling: The label states the article that the Capsules were prepared with and the content
of

-linolenic, linoleic, and oleic acids in mg/Capsule.

• USP Reference Standards 11
USP Evening Primrose Oil RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Oleate RS
2S (USP38)

BRIEFING
Feverfew, USP 37 page 5379. In preparation for the omission of the general chapter Heavy
Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium, lead,
and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin

561 , proposed elsewhere in this PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148887

Comment deadline: November 30, 2014
Feverfew
DEFINITION
Feverfew consists of the dried leaves of Tanacetum parthenium (L.) Sch. Bip. (Fam.
Asteraceae), collected when the plant is in flower.
IDENTIFICATION
• A. The retention time of the parthenolide peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the test for Content of Parthenolide.
• B. Thin-Layer Chromatographic Identification Test
Standard solution: 1.0 mg/mL of USP Parthenolide RS in methanol
Sample solution: Transfer 1.0 g of finely powdered Feverfew to a suitable flask. Add 20
mL of methanol, heat the flask over a water bath at 60 for 15 min, cool, and filter.
Evaporate the filtrate under reduced pressure to dryness, and dissolve the residue in 2.0
mL of methanol.
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Adsorbent: 0.5-mm layer of chromatographic silica gel, typically 20 cm long (TLC plates)
Application volume: 20 µL
Developing solvent system: Toluene and acetone (85:15)
Spray reagent: 0.5% solution of vanillin in a mixture of sulfuric acid and alcohol (4:1)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved three-fourths of the
length of the plate. Remove the plate from the chromatographic chamber, mark the
solvent front, and allow it to air-dry. Spray the plate with Spray reagent. After 5 min,
examine the plate under white light.
Acceptance criteria: A blue spot in the middle portion of the chromatogram of the Sample
solution that corresponds in color and RF value to the principal spot obtained in the
chromatogram of the Standard solution indicates the presence of parthenolide. The lower
one-third of the chromatogram of the Sample solution may exhibit two pink spots, and the
upper one-third may exhibit one pink spot.
• C. Thin-Layer Chromatographic Identification Test
Standard solution: 0.25 mg/mL of USP Rutin RS in methanol
Sample solution: To 1 g of finely powdered Feverfew, add 10 mL of methanol, and heat on
a water bath at 60 for 15 min. Cool, and filter.
Adsorbent: 0.25-mm layer of chromatographic silica gel, typically 20 cm long (TLC plates)
Application volume: 20 µL
Developing solvent system: Ethyl acetate, anhydrous formic acid, glacial acetic acid,
and water (10: 1.1: 1.1: 2.7)
Spray reagent A: 1% solution of 2-aminoethyl diphenylborinate in methanol
Spray reagent B: 5% (w/v) solution of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent front has moved three-fourths of the length
of the plate. Remove the plate from the chromatographic chamber, and allow it to airdry. Spray the plate with Spray reagent A followed by Spray reagent B, and examine the
plate under UV light at 366 nm.
Acceptance criteria: Relative to the RF value of the principal spot of the Standard
solution, the chromatogram of the Sample solution exhibits no blue spot at RF 1.1
(distinction from Roman chamomile) but exhibits a green spot at RF 2.3 (distinction from
Matricaria), and colored spots at the RF values indicated are as follows: 1.5 (yellowish
orange), 1.65 (yellowish green), 2.0 (greenish blue), and 2.25 (whitish blue).
COMPOSITION
• Content of Parthenolide
Mobile phase: Acetonitrile and water (9:11)
Standard solution: 0.04 mg/mL of USP Parthenolide RS in methanol
Sample stock solution: Reduce 100 g of Feverfew to a fine powder. Transfer about 1.0 g
of the finely powdered Feverfew, accurately weighed, to a suitable flask. Add 100 mL of
methanol, and heat on a water bath at 60 for 10 min. Remove the flask from the water
bath, cool, and filter. Rinse the flask with three 5-mL portions of methanol, and filter,
adding the rinsings to the filtrate. Transfer the residue left within the filter to the same
flask. Add 50 mL of methanol, and continue the rinse procedure as described above.
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Evaporate the combined filtrates under reduced pressure to dryness, and dissolve the
residue in 20.0 mL of methanol.
Sample solution: Transfer 10 mL of the Sample stock solution to a 25-mL volumetric flask,
and dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the parthenolide peak
Relative standard deviation: NMT 2.0% for the parthenolide peak in repeated
injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of parthenolide in the portion of Feverfew taken to prepare the
Sample solution:
Result = (rU/rS) × [CS × (V/W)] × D × 100
rU= peak area of the parthenolide peak in the Sample solution
rS= peak area of the parthenolide peak in the Standard solution
C=
S concentration of USP Parthenolide RS in the Standard solution (mg/mL)
V= final volume of the Sample stock solution (mL)
W= weight of Feverfew used to prepare the Sample stock solution (mg)
D= dilution factor to prepare the Sample solution from the Sample stock solution
Acceptance criteria: NLT 0.2% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms

2022 It meets the requirements of the tests for
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the absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Yellowish green, petiolate, usually 2–5 cm in length but sometimes up to 10
cm, ovate, deeply divided into 5 or occasionally 7 segments, each with a coarsely crenate
margin and obtuse apex; both surfaces downy and the mid-rib prominent on the lower
surface
Microscopic: Upper and lower epidermal cells with wavy anticlinical walls, striated cuticle
and anomocytic stomata, more frequent on the lower epidermis; trichomes, more
abundant on the lower epidermis, of two types; covering trichomes uniseriate with up to 6
small isodiametric basal cells and elongated, tapering apical cells, often at right angles to
the axis of the basal cells; glandular trichomes slightly sunken, composed of a short,
biseriate, 2- or 4-celled stalk and a biseriate head of 4 cells, around which the cuticle
forms a bladder-like covering
• Articles of Botanical Origin, Foreign Organic Matter
stalk

561 : NMT 10.0%, including the

• Articles of Botanical Origin, Water-Soluble Extractives, Method 2

561 : NLT 15.0%

• Loss on Drying 731
Sample: 1.0 g of finely powdered Feverfew
Analysis: Dry the Sample at 105 for 1 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Feverfew
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 3.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store in a dry place,
protected from light.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards
USP Parthenolide RS
USP Rutin RS

11

BRIEFING
Powdered Feverfew, USP 37 page 5380. In preparation for the omission of the general chapter
Heavy Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium,
lead, and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin

561 , proposed elsewhere in this PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
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Correspondence Number—C148888

Comment deadline: November 30, 2014
Powdered Feverfew
DEFINITION
Powdered Feverfew is Feverfew pulverized to a fine or very fine powder.
IDENTIFICATION
• A. The retention time of the parthenolide peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the test for Content of Parthenolide.
• B. Thin-Layer Chromatographic Identification Test
Standard solution: 1.0 mg/mL of USP Parthenolide RS in methanol
Sample solution: Transfer 1.0 g of Powdered Feverfew to a suitable flask. Add 20 mL of
methanol, heat the flask over a water bath at 60 for 15 min, cool, and filter. Evaporate
the filtrate under reduced pressure to dryness, and dissolve the residue in 2.0 mL of
methanol.
Adsorbent: 0.5-mm layer of chromatographic silica gel, typically 20 cm long (TLC plates)
Application volume: 20 µL
Developing solvent system: Toluene and acetone (85:15)
Spray reagent: 0.5% solution of vanillin in a mixture of sulfuric acid and alcohol (4:1)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved three-fourths of the
length of the plate. Remove the plate from the chromatographic chamber, mark the
solvent front, and allow it to air-dry. Spray the plate with Spray reagent. After 5 min,
examine the plate under white light.
Acceptance criteria: A blue spot in the middle portion of the chromatogram of the Sample
solution that corresponds in color and RF value to the principal spot obtained in the
chromatogram of the Standard solution indicates the presence of parthenolide. The lower
one-third of the chromatogram of the Sample solution may exhibit two pink spots, and the
upper one-third may exhibit one pink spot.
• C. Thin-Layer Chromatographic Identification Test
Standard solution: 0.25 mg/mL of USP Rutin RS in methanol
Sample solution: To 1 g of Powdered Feverfew, add 10 mL of methanol, and heat on a
water bath at 60 for 15 min. Cool, and filter.
Adsorbent: 0.25-mm layer of chromatographic silica gel, typically 20 cm long (TLC plates)
Application volume: 20 µL
Developing solvent system: Ethyl acetate, anhydrous formic acid, glacial acetic acid,
and water (10: 1.1: 1.1: 2.7)
Spray reagent A: 1% solution of 2-aminoethyl diphenylborinate in methanol
Spray reagent B: 5% (w/v) solution of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent front has moved three-fourths of the length
of the plate. Remove the plate from the chromatographic chamber, and allow it to air-
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dry. Spray the plate with Spray reagent A followed by Spray reagent B, and examine the
plate under UV light at 366 nm.
Acceptance criteria: Relative to the RF value of the principal spot of the Standard
solution, the chromatogram of the Sample solution exhibits no blue spot at RF 1.1
(distinction from Roman chamomile) but exhibits a green spot at RF 2.3 (distinction from
Matricaria), and colored spots at the RF values indicated are as follows: 1.5 (yellowish
orange), 1.65 (yellowish green), 2.0 (greenish blue), and 2.25 (whitish blue).
COMPOSITION
• Content of Parthenolide
Mobile phase: Acetonitrile and water (9:11)
Standard solution: 0.04 mg/mL of USP Parthenolide RS in methanol
Sample stock solution: Transfer about 1.0 g of the Powdered Feverfew, accurately
weighed, to a suitable flask. Add 100 mL of methanol, and heat on a water bath at 60 for
10 min. Remove the flask from the water bath, cool, and filter. Rinse the flask with three
5-mL portions of methanol, and filter, adding the rinsings to the filtrate. Transfer the
residue left within the filter to the same flask. Add 50 mL of methanol, and continue the
rinse procedure as described above. Evaporate the combined filtrates under reduced
pressure to dryness, and dissolve the residue in 20.0 mL of methanol.
Sample solution: Transfer 10 mL of the Standard stock solution to a 25-mL volumetric
flask, and dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the parthenolide peak
Relative standard deviation: NMT 2.0% for the parthenolide peak in repeated
injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of parthenolide in the portion of Powdered Feverfew taken to
prepare the Sample solution:
Result = (rU/rS) × CS × (V/W) × D × 100
rU= area of the parthenolide peak in the Sample solution
rS= area of the parthenolide peak in the Standard solution
C=
S concentration of USP Parthenolide RS in the Standard solution (mg/mL)
V= final volume of the Sample stock solution (mL)
W= weight of Powdered Feverfew used to prepare the Sample stock solution (mg)
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D= dilution factor to prepare the Sample solution from the Sample stock solution
Acceptance criteria: NLT 0.2% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Articles of Botanical Origin, Water-Soluble Extractives, Method 2

561 : NLT 15.0%

• Loss on Drying 731
Sample: 1.0 g of Powdered Feverfew
Analysis: Dry the Sample at 105 for 1 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash
Sample: 1.0 g of Powdered Feverfew
Acceptance criteria: NMT 12.0%

561

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 3.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant source from which the article was derived.
• USP Reference Standards
USP Parthenolide RS
USP Rutin RS

11

BRIEFING
Fish Oil Containing Omega-3 Acids, page 6532 of the First Supplement to USP 37 and PF
39(3) [May–June 2013]. In preparation for the omission of the general chapter Heavy Metals
231

and all references to this general chapter from individual monographs, it is proposed

to replace the reference to Lead Nitrate Stock Solution, as currently described in the

231
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, with the reference to Lead Nitrate Stock Solution TS, which was proposed in PF 40(1) to
be added to the Reagents, Indicators, and Solution section.
(DS: H. Dinh.)
Correspondence Number—C149436

Comment deadline: November 30, 2014
Fish Oil Containing Omega-3 Acids
DEFINITION
Fish Oil Containing Omega-3 Acids is the purified, winterized, and deodorized fatty oil obtained
from fish of the families Engraulidae, Carangidae, Clupeidae, Osmeridae, Scombroidae, and
Ammodytidae. The omega-3 acids are defined as the following: alpha-linolenic acid (C18:3 n
3), moroctic acid (C18:4 n 3), eicosatetraenoic acid (C20:4 n 3), eicosapentaenoic acid
(EPA) (C20:5 n 3), heneicosapentaenoic acid (C21:5 n 3), docosapentaenoic acid (C22:5 n
3), and docosahexaenoic acid (DHA) (C22:6 n 3). It contains NLT 28.0% (w/w) of total
omega-3 acids, expressed as free acids, consisting of NLT 13.0% of EPA and NLT 9.0% of DHA.
Suitable antioxidants in appropriate concentrations may be added.
IDENTIFICATION
Change to read:
• A.
The retention times of the docosahexaenoic acid methyl ester and eicosapentanoic acid
methyl ester peaks from Test solution 1 in Content of EPA and DHA correspond to those of
the docosahexaenoic acid methyl ester and eicosapentanoic acid methyl ester peaks from
Standard solution 2a and Standard solution 2b, respectively, in Fats and Fixed Oils
Content of EPA and DHA. 1S (USP37)

401 ,

The sum of the area for EPA and DHA methyl esters is NLT 22% of the total detected area for
the methyl esters, and no other peak has an area higher than 20% of the total detected area
for the methyl esters.
In addition to the EPA and DHA peaks, Test solution 1 exhibits at least 15 more peaks with
retention times similar to those of the Fish oil standard solution, as obtained in the test for
Content of EPA and DHA. 1S (USP37)
COMPOSITION
Change to read:
• Content of EPA and DHA
(See Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile.)
Standard solution 1a, Standard solution 1b, Standard solution 2a, Standard
solution 2b, Test solution 1, Test solution 2, System suitability solution 1, System
suitability solution 2, Chromatographic system, System suitability, and Analysis:
Proceed as directed in Fats and Fixed Oils

401 , Content of EPA and DHA for
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triglycerides.
Fish oil standard solution: Transfer 300 mg of USP Fish Oil RS into a 10-mL volumetric
flask, and dissolve in and dilute with Antioxidant Solution to volume. Proceed as
directed for Test Solution 1 (for triglycerides) in Fats and Fixed Oils
EPA and DHA, starting with “Transfer 2.0 mL“.

401 , Content of

Identify the relevant fatty acid methyl esters in the Fish oil standard solution by
comparing their retention times with those in the reference chromatogram supplied with
the USP Fish Oil RS. 1S (USP37)
Acceptance criteria: NLT 13.0% (w/w) of EPA and NLT 9.0% (w/w) of DHA
Change to read:
• Content of Total Omega-3 Acids
(See Fats and Fixed Oils
Analysis:

401 , Omega-3 Fatty Acids Determination and Profile.)

Proceed as directed in Fats and Fixed Oils
triglycerides). 1S (USP37)

401 , Content of Total Omega-3-Acids (for

Acceptance criteria: NLT 28.0% (w/w) of total omega-3 acids, expressed as free acids
CONTAMINANTS
• Limit of Arsenic
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed first through a strong-acid,
strong-base, mixed-bed ion-exchange resin. Select all reagents to have as low a content
of arsenic as practicable, and store all reagent solutions in containers of borosilicate glass.
Cleanse glass, polytef, and plastic vessels before use by soaking in warm 8 N nitric acid for
30 min and by rinsing with deionized water.]
1% Palladium stock solution: Transfer 1 g of ultrapure palladium metal into a Teflon
beaker. Add 20 mL of water and 10 mL of nitric acid, and warm on a hot plate to dissolve.
Allow the solution to cool to room temperature, transfer into a 100-mL volumetric flask,
and dilute with deionized water to volume.
1% Magnesium nitrate stock solution: Transfer 1 g of ultrapure magnesium nitrate into a
Teflon beaker. Add 40 mL of water and 1 mL of nitric acid, and warm on a hot plate to
dissolve the solids. Allow the solution to cool to room temperature, transfer into a 100-mL
volumetric flask, and dilute with deionized water to volume.
Modifier working solution: 1% Palladium stock solution, 1% Magnesium nitrate stock
solution, and 2% nitric acid (3:2:5). A volume of 5 µL provides 0.015 mg of palladium and
0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (5 in 100)
Standard stock solution: Transfer 10.0 mL of Standard Arsenic Solution, prepared as
directed in Arsenic 211 , to a 100-mL volumetric flask. Add 40 mL of water and 5 mL of
nitric acid, and dilute with water to volume. This solution contains 0.10 µg/mL of arsenic.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of arsenic.
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Sample solution: For preparation of the Sample solution, use a microwave oven with a
magnetron frequency of 2455 MHz and a selectable output power of 0–950 watts in 1%
increments, equipped with advanced composite vessels with 100-mL polytef liners. Use
rupture membranes to vent vessels should the pressure exceed 125 psi. The vessels fit
into a turntable, and each vessel can be vented into an overflow container. Equip the
microwave oven with an exhaust tube to ventilate fumes. [Caution—Wear proper eye
protection and protective clothing and gloves.] Transfer approximately 500 mg of Fish Oil
Containing Omega-3 Acids, weighed to the nearest 0.1 mg, into a Teflon digestion vessel
liner. Prepare samples in duplicate. Add 15 mL of nitric acid, and swirl gently. Cover the
vessels with lids, leaving the vent fitting off. Predigest overnight under a hood. Place the
rupture membrane in the vent fitting, and tighten the lid. Place all vessels on the
microwave oven turntable. Connect the vent tubes to the vent trap, and connect the
pressure-sensing line to the appropriate vessel. Initiate a two-stage digestion procedure
by heating the microwave at 15% power for 15 min, followed by 25% power for 45 min.
Remove the turntable of vessels from the oven, and allow the vessels to cool to room
temperature. [Note—A cool water bath may be used to speed the cooling process.] Vent
the vessels when they reach room temperature. Remove the lids, and slowly add 2 mL of
30% hydrogen peroxide to each. Allow the reactions to subside, and seal the vessels.
Return the vessels on the turntable to the microwave oven, and heat for an additional 15
min at 30% power. Remove the vessels from the oven, and allow them to cool to room
temperature. Transfer the cooled digests into 25-mL volumetric flasks, and dilute with
water to volume.
Analysis: Program the graphite furnace as follows. Dry at 115 using a 1-s ramp, a 65-s
hold, and an argon flow of 300 mL/min. Char the sample at 1000 using a 1-s ramp, a 20-s
hold, and an airflow of 300 mL/min. Cool down, and purge the air from the furnace for 10 s
using a 20 set temperature and an argon flow of 300 mL/min. Atomize at 2400 using a
0-s ramp and a 5-s hold with the argon flow stopped. Clean out at 2600 using a 1-s ramp
and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions, the
Sample solution, and the Blank, followed by a 5-µL injection of the Modifier working
solution for each of the samples, into the graphite tube of a suitable graphite furnace
atomic absorption spectrometer equipped with a hollow-cathode lamp for arsenic.
Determine the peak area at the arsenic emission line at 193.7 nm, corrected for
background absorption. Plot the corrected peak areas of the Standard solutions versus
their contents of arsenic, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of arsenic in each mL of the Sample
solution by interpolation from the regression line.
Calculate the content of arsenic in the portion of Fish Oil Containing Omega-3 Acids
taken:
Result = (C/W) × 25
C= concentration of arsenic in each mL of the Sample solution (µg/mL)
W
= weight of Fish Oil Containing Omega-3 Acids taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
Change to read:
• Limit of Lead
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[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of lead as practicable, and store all reagent solutions in containers of borosilicate
glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm 8 N nitric
acid for 30 min and by rinsing with deionized water.]
10% Monobasic ammonium phosphate solution: 10 g of ultrapure monobasic ammonium
phosphate in 1 mL of nitric acid and 40 mL of water to dissolve the phosphate. Dilute with
deionized water to 100 mL.
1% Magnesium nitrate solution: Transfer 1 g of ultrapure magnesium nitrate to a Teflon
beaker. Add 40 mL of water and 1 mL of nitric acid, and warm on a hot plate to dissolve
the solids. Allow the solution to cool to room temperature, transfer to a 100-mL volumetric
flask, and dilute with deionized water to volume.
Modifier working solution: 10% Monobasic ammonium phosphate solution, 1% Magnesium
nitrate solution, and 2% nitric acid (2:1:2). A volume of 5 µL provides 0.2 mg of
phosphate plus 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (5 in 100)
Standard stock solution: Transfer 10.0 mL of Lead Nitrate Stock Solution , prepared as
directed in Heavy Metals
TS, 2S (USP38)
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to a 100-mL volumetric flask. Add 40 mL of water and 5 mL of nitric acid, and dilute with water
to volume. Transfer 1.0 mL of this solution to a second 100-mL volumetric flask. Add 50 mL of
water and 1 mL of nitric acid, and dilute with water to volume. This solution contains 0.10
µg/mL of lead.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain concentrations
of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of lead.
Sample solution: Prepare as directed in Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 using a 1-s ramp, a 55-s hold,
and an argon flow of 300 mL/min. Char the sample at 850 using a 1-s ramp, a 30-s hold, and
an airflow of 300 mL/min. Cool down, and purge the air from the furnace for 10 s using a 20
set temperature and an argon flow of 300 mL/min. Atomize at 2100 using a 0-s ramp and a 5s hold with the argon flow stopped. Clean out at 2600 using a 1-s ramp and a 5-s hold.
Separately inject equal volumes (20 µL) of the Standard solutions, the Sample solution, and
the Blank, followed by a 5-µL injection of the Modifier working solution for each of the
samples, into the graphite tube of a suitable graphite furnace atomic absorption spectrometer
equipped with a hollow-cathode lamp for lead. Determine the peak area at the lead emission
line at 283.3 nm, corrected for background absorption. Plot the corrected peak areas of the
Standard solutions versus their contents of lead, in µg/mL, and calculate the regression line
best fitting the points. Determine the concentration, C, in µg/mL, of lead in each mL of the
Sample solution by interpolation from the regression line.
Calculate the content of lead in the portion of Fish Oil Containing Omega-3 Acids taken:
Result = (C/W) × 25
C= concentration of lead in each mL of the Sample solution (µg/mL)
W
= weight of Fish Oil Containing Omega-3 Acids taken to prepare the Sample solution (g)
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Acceptance criteria: NMT 0.1 µg/g
• Limit of Cadmium
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of cadmium as practicable, and store all reagent solutions in containers of
borosilicate glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm
8 N nitric acid for 30 min and by rinsing with deionized water.]
10% Monobasic ammonium phosphate solution: 10 g of ultrapure monobasic ammonium
phosphate in 40 mL of water and 1 mL of nitric acid to dissolve the phosphate. Dilute with
deionized water to 100 mL.
1% Magnesium nitrate solution: Transfer 1 g of ultrapure magnesium nitrate to a Teflon
beaker. Add 40 mL of water and 1 mL of nitric acid, and warm on a hot plate to dissolve
the solids. Allow the solution to cool to room temperature, transfer to a 100-mL volumetric
flask, and dilute with deionized water to volume.
Modifier working solution: 10% Monobasic ammonium phosphate solution, 1% Magnesium
nitrate solution, and 2% nitric acid (2:1:2). A volume of 5 µL provides 0.2 mg of
phosphate and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (5 in 100)
Standard stock solution A: 0.1372 mg/mL of cadmium nitrate in water
Standard stock solution B: Standard stock solution A, nitric acid, and water (2:1:97).
This solution contains 0.10 µg/mL of cadmium. [Note—Before diluting to final volume,
dissolve in a portion of water and nitric acid.]
Standard solutions: Dilute Standard stock solution B with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of cadmium.
Sample solution: Prepare as directed in Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 using a 1-s ramp, a 55-s
hold, and an argon flow of 300 mL/min. Char the sample at 850 using a 1-s ramp, a 30-s
hold, and an airflow of 300 mL/min. Cool down, and purge the air from the furnace for 10 s
using a 20 set temperature and an argon flow of 300 mL/min. Atomize at 2400 using a
0-s ramp and a 5-s hold with the argon flow stopped. Clean out at 2600 using a 1-s ramp
and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions, the
Sample solution, and the Blank, followed by a 5-µL injection of the Modifier working
solution for each of the samples, into the graphite tube of a suitable graphite furnace
atomic absorption spectrometer equipped with a hollow-cathode lamp for cadmium.
Determine the peak area at the cadmium emission line at 228.8 nm, corrected for
background absorption. Plot the corrected peak areas of the Standard solutions versus
their contents of cadmium, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of cadmium in each mL of the Sample
solution by interpolation from the regression line.
Calculate the content of cadmium in the Fish Oil Containing Omega-3 Acids taken:
Result = (C/W) × 25
C= concentration of cadmium in each mL of the Sample solution (µg/mL)
W
= weight of Fish Oil Containing Omega-3 Acids taken to prepare the Sample solution (g)
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Acceptance criteria: NMT 0.1 µg/g
• Limit of Mercury: Proceed as directed in Mercury 261 , Method IIa, except use a
Standard Mercury Solution having the equivalent of 0.1 µg/mL of mercury.
Sample solution: Prepare as directed for the Sample solution in Limit of Arsenic, combining
the two duplicate cooled digests into 1.0 mL of Potassium Permanganate Solution.
Acceptance criteria: NMT 0.1 µg/g
• Limit of Dioxins, Furans, and Polychlorinated Biphenyls
Analysis: Determine the content of polychlorinated dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) by Method No. 1613 Revision B of the
Environmental Protection Agency. Determine the content of polychlorinated biphenyls
(PCBs) by Method No. 1668 Revision A of the Environmental Protection Agency.
Acceptance criteria: The sum of PCDDs and PCDFs is NMT 2.0 pg/g of WHO toxic
equivalents. The sum of PCDDs, PCDFs, and dioxin-like PCBs (polychlorinated biphenyls,
nonortho IUPAC congeners PCB-77, PCB-81, PCB-126, and PCB-169, and mono-ortho
IUPAC congeners PCB-105, PCB-114, PCB-118, PCB-123, PCB-156, PCB-157, PCB-167, and
PCB-189) is NMT 10.0 pg/g of WHO toxic equivalents.
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : NMT 3

• Fats and Fixed Oils, Anisidine Value

401 : NMT 20.0

• Fats and Fixed Oils, Peroxide Value

401 : NMT 5.0

• Fats and Fixed Oils, Total Oxidation Value (TOTOX)
Analysis: Calculate TOTOX as follows:

401

Result = (2 × PV) + AV
PV= peroxide value
AV= anisidine value
Acceptance criteria: NMT 26
• Fats and Fixed Oils, Unsaponifiable Matter
• Stearin
Sample: 10 mL

401 : NMT 1.5%

Analysis: Cool the Sample at 0 for 3 h.
Acceptance criteria: The Sample remains clear.
• Absorbance
Sample solution: 0.24 mg/mL in isooctane
Acceptance criteria: The absorbance is NMT 0.70, determined at 233 nm.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature. It may be bottled or otherwise packaged in containers from
which air has been expelled by the production of a vacuum or by an inert gas.
• Labeling: The label states the average content of DHA and EPA in mg/g. It also states the
name and concentration of any added antioxidant.
• USP Reference Standards

11
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USP Docosahexaenoic Acid Ethyl Ester RS
All cis-4,7,10,13,16,19-docosahexaenoic ethyl ester.
C24 H36 O2
356.55
USP Eicosapentaenoic Acid Ethyl Ester RS
All cis-5,8,11,14,17-eicosapentaenoic ethyl ester.
C22 H34 O2
330.51
USP Fish Oil RS
USP Methyl Tricosanoate RS
Tricosanoic acid methyl ester.
C24 H48 O2
368.64
BRIEFING
Fish Oil Containing Omega-3 Acids Capsules, page 7028 of the Second Supplement to USP
37 and PF 39(4) [July–Aug. 2013]. In preparation for the omission of the general chapter
231 Heavy Metals and all references to this general chapter from individual monographs, it
is proposed to replace the reference to Lead Nitrate Stock Solution, as currently described
in the 231 Heavy Metals, with the reference to Lead Nitrate Stock Solution TS, which
was proposed in PF 40(5) to be added to the Reagents, Indicators, and Solution section.
(DS: N. Davydova.)
Correspondence Number—C148529

Comment deadline: November 30, 2014
Fish Oil Containing Omega-3 Acids Capsules
DEFINITION
Fish Oil Containing Omega-3 Acids Capsules contain NLT 95.0% and NMT 105.0% of the labeled
amount of Fish Oil Containing Omega-3 Acids where Fish Oil Containing Omega-3 Acids is the
purified, winterized, and deodorized fatty oil obtained from fish of the families Engraulidae,
Carangidae, Clupeidae, Osmeridae, Scombroidae, and Ammodytidae. The omega-3 acids are
defined as the following: alpha-linolenic acid (C18:3 n 3), moroctic acid (C18:4 n 3),
eicosatetraenoic acid (C20:4 n 3), eicosapentaenoic acid (EPA) (C20:5 n 3),
heneicosapentaenoic acid (C21:5 n 3), docosapentaenoic acid (C22:5 n 3), and
docosahexaenoic acid (DHA) (C22:6 n 3). It contains NLT 28.0% (w/w) of total omega-3
acids, expressed as free acids, consisting of NLT 13.0% of EPA and NLT 9.0% of DHA. Suitable
antioxidants in appropriate concentrations may be added.
IDENTIFICATION
Change to read:
• A. The oil contained in the Capsules meet the requirements for the following test.
The retention times of the docosahexaenoic acid methyl ester and eicosapentanoic acid
methyl ester peaks from Test solution 1 in Content of EPA and DHA correspond to those of
the docosahexaenoic acid methyl ester and eicosapentanoic acid methyl ester peaks from
Standard solution 2a and Standard solution 2b, respectively, in Fats and Fixed Oils

401 ,
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The sum of the areas for EPA and DHA methyl esters is NLT 22% of the total detected area for
the methyl esters, and no other peak in the chromatogram has an area higher than 20% of the
total detected area for the methyl esters.
In addition to the EPA and DHA peaks, Test solution 1 exhibits at least 15 more peaks with
retention times similar to those of the Fish oil standard solution, as obtained in the test for
Content of EPA and DHA. 2S (USP37)
STRENGTH
• Content of Fish Oil
Analysis: Weigh NLT 10 Capsules in a tared weighing bottle; carefully open the Capsules,
without loss of shell material; and transfer the combined Capsule contents to a 100-mL
beaker. Remove any adhering substance from the emptied Capsules by washing with
several small portions of 2,2,4-trimethylpentane. Discard the washings, and allow the
empty Capsules to dry in a current of dry air until the 2,2,4-trimethylpentane is
completely evaporated. Weigh the empty Capsules in the original tared weighing bottle,
and calculate the average net weight per Capsule.
Acceptance criteria: 95.0%–105.0% of the labeled amount
Change to read:
• Content of EPA and DHA
(See Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile.)
System suitability solution 1, System suitability solution 2, Standard solution 1a,
Standard solution 1b, Standard solution 2a, Standard solution 2b, Test solution 1,
Test solution 2, Chromatographic system, System suitability, and Analysis:
Proceed as directed in Fats and Fixed Oils 401 , Content of EPA and DHA, for
triglycerides.
Fish oil standard solution: Transfer 300 mg of USP Fish Oil RS into a 10-mL volumetric
flask, and dissolve in and dilute with Antioxidant Solution to volume. Proceed as
directed for Test Solution 1 (for triglycerides) in Fats and Fixed Oils
EPA and DHA, starting with “Transfer 2.0 mL”.

401 , Content of

Identify the relevant fatty acid methyl esters in the Fish oil standard solution by
comparing their retention times with those in the reference chromatogram supplied with
the USP Fish Oil RS.
Calculate the percentage of EPA and DHA in the portion of fish oil containing omega-3
acids taken from the Capsules. 2S (USP37)
Acceptance criteria: NLT 13.0% (w/w) of EPA and NLT 9.0% (w/w) of DHA
Change to read:
• Content of Total Omega-3 Acids
(See Fats and Fixed Oils
Analysis:

401 , Omega-3 Fatty Acids Determination and Profile.)

Proceed as directed in Fats and Fixed Oils

401 , Content of Total Omega-3-Acids (for
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Acceptance criteria: NLT 28.0% (w/w) of total omega-3 acids, expressed as free acids
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Rupture Test for Soft Shell Capsules
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Limit of Arsenic
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has first been passed through a strong-acid,
strong-base, mixed-bed ion-exchange resin. Select all reagents to have as low a content
of arsenic as practicable, and store all reagent solutions in containers of borosilicate glass.
Cleanse glass, polytef, and plastic vessels before use by soaking them in warm 8 N nitric
acid for 30 min and by rinsing them with deionized water.]
1% Palladium stock solution: Transfer 1 g of ultrapure palladium metal into a Teflon
beaker. Add 20 mL of water and 10 mL of nitric acid, and warm on a hot plate to dissolve.
Allow the solution to cool to room temperature, transfer into a 100-mL volumetric flask,
and dilute with deionized water to volume.
1% Magnesium nitrate stock solution: Transfer 1 g of ultrapure magnesium nitrate to a
Teflon beaker. Add 40 mL of water and 1 mL of nitric acid, and warm on a hot plate to
dissolve the solids. Allow the solution to cool to room temperature, transfer to a 100-mL
volumetric flask, and dilute with deionized water to volume.
Modifier working solution: 1% Palladium stock solution, 1% Magnesium nitrate stock
solution, and 2% nitric acid (3:2:5). A volume of 5 µL provides 0.015 mg of palladium and
0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (5 in 100)
Standard stock solution: Transfer 10.0 mL of Standard Arsenic Solution, prepared as
directed in the test for Arsenic 211 , to a 100-mL volumetric flask. Add 40 mL of water
and 5 mL of nitric acid, and dilute with water to volume. This solution contains 0.10 µg/mL
of arsenic.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of arsenic.
Sample solution: For the preparation of the Sample solution, use a microwave oven with a
magnetron frequency of 2455 MHz and a selectable output power of 0–950 W in 1%
increments, equipped with advanced composite vessels with 100-mL polytef liners. Use
rupture membranes to vent vessels should the pressure exceed 125 psi. The vessels fit
into a turntable, and each vessel can be vented into an overflow container. Equip the
microwave oven with an exhaust tube to ventilate fumes. [Caution—Wear proper eye
protection and protective clothing and gloves.] Transfer approximately 500 mg from
content of Capsules, weighed to the nearest 0.1 mg, into a Teflon digestion vessel liner.
Prepare samples in duplicate. Add 15 mL of nitric acid, and swirl gently. Cover the vessels
with lids, leaving the vent fitting off. Predigest overnight under a hood. Place the rupture
membrane in the vent fitting, and tighten the lid. Place all vessels on the microwave oven
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turntable. Connect the vent tubes to the vent trap, and connect the pressure-sensing
line to the appropriate vessel. Initiate a two-stage digestion procedure by heating the
microwave at 15% power for 15 min, followed by 25% power for 45 min. Remove the
turntable of vessels from the oven, and allow the vessels to cool to room temperature.
[Note—A cool water bath may be used to speed the cooling process.] Vent the vessels
when they reach room temperature. Remove the lids, and slowly add 2 mL of 30%
hydrogen peroxide to each. Allow the reactions to subside, and seal the vessels. Return
the vessels on the turntable to the microwave oven, and heat for an additional 15 min at
30% power. Remove the vessels from the oven, and allow them to cool to room
temperature. Transfer the cooled digests into 25-mL volumetric flasks, and dilute with
water to volume.
Analysis: Program the graphite furnace as follows. Dry at 115 using a 1-s ramp, a 65-s
hold, and an argon flow of 300 mL/min. Char the sample at 1000 using a 1-s ramp, a 20-s
hold, and an airflow of 300 mL/min. Cool down, and purge the air from the furnace for 10 s
by using a 20 set temperature and an argon flow of 300 mL/min. Atomize at 2400 using
a 0-s ramp and a 5-s hold with the argon flow stopped. Clean out at 2600 using a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Blank, the Standard
solutions, and the Sample solution, followed by a 5-µL injection of the Modifier working
solution for each of the samples, into the graphite tube of a suitable graphite furnace
atomic absorption spectrometer equipped with a hollow-cathode lamp for arsenic.
Determine the peak area at the arsenic emission line at 193.7 nm, corrected for
background absorption. Plot the corrected peak areas of the Standard solutions versus
their contents of arsenic, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of arsenic in each mL of the Sample
solution by interpolation from the regression line.
Calculate the content of arsenic in the portion of Capsules taken:
Result = (C/W) × 25
C= concentration of arsenic in each mL of the Sample solution (µg/mL)
W
= weight of fish oil containing omega-3 acids taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
Change to read:
• Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has first been passed through a strong-acid,
strong-base, mixed-bed ion-exchange resin. Select all reagents to have as low a content
of lead as practicable, and store all reagent solutions in containers of borosilicate glass.
Cleanse glass, polytef, and plastic vessels before use by soaking them in warm 8 N nitric
acid for 30 min and by rinsing them with deionized water.]
10% Monobasic ammonium phosphate solution: 10 g of ultrapure monobasic ammonium
phosphate in 1 mL of nitric acid and 40 mL of water to dissolve the phosphate. Dilute with
deionized water to 100 mL.
1% Magnesium nitrate solution: Transfer 1 g of ultrapure magnesium nitrate to a Teflon
beaker. Add 40 mL of water and 1 mL of nitric acid, and warm on a hot plate to dissolve
the solids. Allow the solution to cool to room temperature, transfer to a 100-mL volumetric
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flask, and dilute with deionized water to volume.
Modifier working solution: 10% Monobasic ammonium phosphate solution, 1% Magnesium
nitrate solution, and 2% nitric acid (2:1:2). A volume of 5 µL provides 0.2 mg of
phosphate plus 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (5 in 100)
Standard stock solution: Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as
directed in the test for Heavy Metals 231 ,
Lead Nitrate Stock Solution TS 2S (USP38)
to a 100-mL volumetric flask. Add 40 mL of water and 5 mL of nitric acid, and dilute with water
to volume. Transfer 1.0 mL of this solution to a second 100-mL volumetric flask. Add 50 mL of
water and 1 mL of nitric acid, and dilute with water to volume. This solution contains 0.10
µg/mL of lead.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain concentrations
of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of lead.
Sample solution: Prepare as directed in Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 using a 1-s ramp, a 55-s hold,
and an argon flow of 300 mL/min. Char the sample at 850 using a 1-s ramp, a 30-s hold, and
an airflow of 300 mL/min. Cool down, and purge the air from the furnace for 10 s by using a 20
set temperature and an argon flow of 300 mL/min. Atomize at 2100 using a 0-s ramp and a
5-s hold with the argon flow stopped. Clean out at 2600 using a 1-s ramp and a 5-s hold.
Separately inject equal volumes (20 µL) of the Blank, the Standard solutions, and the Sample
solution, followed by a 5-µL injection of the Modifier working solution for each of the samples,
into the graphite tube of a suitable graphite furnace atomic absorption spectrometer equipped
with a hollow-cathode lamp for lead. Determine the peak area at the lead emission line at
283.3 nm, corrected for background absorption. Plot the corrected peak areas of the Standard
solutions versus their contents of lead, in µg/mL, and calculate the regression line best fitting
the points. Determine the concentration, C, in µg/mL, of lead in each mL of the Sample
solution by interpolation from the regression line.
Calculate the content of lead in the portion of Capsules taken:
Result = (C/W) × 25
C= concentration of lead in each mL of the Sample solution (µg/mL)
W
= weight of fish oil containing omega-3 acids taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
• Limit for Cadmium
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has first been passed through a strong-acid,
strong-base, mixed-bed ion-exchange resin. Select all reagents to have as low a content
of cadmium as practicable, and store all reagent solutions in containers of borosilicate
glass. Cleanse glass, polytef, and plastic vessels before use by soaking them in warm 8 N
nitric acid for 30 min and by rinsing them with deionized water.]
10% Monobasic ammonium phosphate solution: 10 g of ultrapure monobasic ammonium
phosphate in 40 mL of water and 1 mL of nitric acid to dissolve the phosphate. Dilute with
deionized water to 100 mL.
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1% Magnesium nitrate solution: Transfer 1 g of ultrapure magnesium nitrate to a Teflon
beaker. Add 40 mL of water and 1 mL of nitric acid, and warm on a hot plate to dissolve
the solids. Allow the solution to cool to room temperature, transfer to a 100-mL volumetric
flask, and dilute with deionized water to volume.
Modifier working solution: 10% Monobasic ammonium phosphate solution, 1% Magnesium
nitrate solution, and 2% nitric acid to volume (2:1:2). A volume of 5 µL provides 0.2 mg of
phosphate and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (5 in 100)
Standard stock solution A: 0.1372 mg/mL of cadmium nitrate in water
Standard stock solution B: Standard stock solution A, nitric acid, and water (2:1:97).
This solution contains 0.10 µg/mL of cadmium. [Note—Before diluting to final volume,
dissolve in a portion of water and nitric acid.]
Standard solutions: Dilute Standard stock solution B with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of cadmium.
Sample solution: Prepare as directed in Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 using a 1-s ramp, a 55-s
hold, and an argon flow of 300 mL/min. Char the sample at 850 using a 1-s ramp, a 30-s
hold, and an airflow of 300 mL/min. Cool down and purge the air from the furnace for 10 s
by using a 20 set temperature and an argon flow of 300 mL/min. Atomize at 2400 using
a 0-s ramp and a 5-s hold with the argon flow stopped. Clean out at 2600 using a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Blank, the Standard
solutions, and the Sample solution, followed by a 5-µL injection of the Modifier working
solution for each of the samples, into the graphite tube of a suitable graphite furnace
atomic absorption spectrometer equipped with a hollow-cathode lamp for cadmium.
Determine the peak area at the cadmium emission line at 228.8 nm, corrected for
background absorption. Plot the corrected peak areas of the Standard solutions versus
their contents of cadmium, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of cadmium in each mL of the Sample
solution by interpolation from the regression line.
Calculate the content of cadmium in the portion of Capsules taken:
Result = (C/W) × 25
C= concentration of cadmium in each mL of the Sample solution (µg/mL)
W
= weight of fish oil containing omega-3 acids taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
• Limit of Mercury
Sample solution: Prepare as directed in Limit of Arsenic, combining the two duplicate
cooled digests into 1.0 mL of Potassium Permanganate Solution in Mercury
Method IIa and IIb, Reagents.

261 ,

Analysis: Proceed as directed for Mercury 261 , Method IIa, except use a Standard
Mercury Solution having the equivalent of 0.1 µg/mL of mercury.
Acceptance criteria: NMT 0.1 µg/g
• Limit of Dioxins, Furans, and Polychlorinated Biphenyls
Analysis: Determine the content of polychlorinated dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) by Method 1613, Revision B, of the Environmental
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Protection Agency. Determine the content of polychlorinated biphenyls (PCBs) by Method
1668, Revision A, of the Environmental Protection Agency.
Acceptance criteria: The sum of PCDDs and PCDFs is NMT 2.0 pg/g of World Health
Organization (WHO) toxic equivalents. The sum of PCDDs, PCDFs, and dioxin-like PCBs
(polychlorinated biphenyls, nonortho IUPAC congeners PCB-77, PCB-81, PCB-126, and
PCB-169, and mono-ortho IUPAC congeners PCB-105, PCB-114, PCB-118, PCB-123, PCB156, PCB-157, PCB-167, and PCB-189) is NMT 10.0 pg/g of WHO toxic equivalents.
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : NMT 3

• Fats and Fixed Oils, Anisidine Value

401 : NMT 20.0

• Fats and Fixed Oils, Peroxide Value

401 : NMT 5.0

• Fats and Fixed Oils, Total Oxidation Value (TOTOX)

401 : NMT 26, calculated:

Result = (2 × PV) + AV
PV
= peroxide value
AV
= anisidine value
• Fats and Fixed Oils, Unsaponifiable Matter

401 : NMT 1.5%

• Stearin: 10 mL remains clear after cooling at 0 for 3 h.
• Absorbance
Sample solution: 0.24 mg/mL in isooctane
Acceptance criteria: The absorbance is NMT 0.70, determined at 233 nm.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature,
protected from light.
• Labeling: The label states the amount of docosahexaenoic acid (DHA) and eicosapentaenoic
acid (EPA) in mg per Capsule.
• USP Reference Standards 11
USP Docosahexaenoic Acid Ethyl Ester RS
All cis-4,7,10,13,16,19-docosahexaenoic ethyl ester.
C24 H36 O2
356.55
USP Eicosapentaenoic Acid Ethyl Ester RS
All cis-5,8,11,14,17-eicosapentaenoic ethyl ester.
C22 H34 O2
330.51
USP Fish Oil RS
USP Methyl Tricosanoate RS
Tricosanoic acid methyl ester.
C24 H48 O2
368.64
BRIEFING
Forskohlii, USP 37 page 5388. In preparation for the omission of the general chapter Heavy
Metals 231 and all references to this general chapter from individual monographs, it is
proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin

561
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proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit references to
olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148914

Comment deadline: November 30, 2014
Forskohlii
DEFINITION
Forskohlii consists of the dried roots of Plectranthus barbatus Andrews, also known as Coleus
barbatus (Andrews) Benth. and Coleus forskohlii Briq. (Fam. Lamiaceae). It contains NLT 0.4%
of forskolin, calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution A: 50 µg/mL of USP Forskolin RS in acetonitrile. Sonicate for about 10
min.
Standard solution B: 5 mg/mL of USP Powdered Forskohlii Extract RS in acetonitrile.
Sonicate for about 15 min, centrifuge, and use the supernatant.
Sample stock solution: Use the Sample solution, prepared as directed in the test for
Content of Forskolin.
Sample solution: Dilute 10 mL of the Sample stock solution with acetonitrile to 25 mL.
Adsorbent: Chromatographic silica gel with an average particle size of 10–15 µm (TLC
plates)
Application volume: 10 µL as 4-mm bands
Developing solvent system: Toluene and ethyl acetate (85:15)
Spray reagent: 5% vanillin in glacial acetic acid and 10% sulfuric acid in water (1:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands. Use a saturated chamber. Develop the chromatograms until
the solvent front has moved up about 90% of the plate. Remove the plate from the
chamber, dry, spray with the Spray reagent, heat for 5–10 min at 105 , and examine
under white light.
Acceptance criteria: The chromatogram of the Sample solution exhibits the following: a
violet zone due to forskolin at an RF value of approximately 0.3, corresponding in color and
RF to that in the chromatogram of Standard solution A; a minor violet zone, a pink zone,
and a brick-red zone at RF values of approximately 0.1, 0.62, and 0.69, due to isoforskolin,
1,9-dideoxyforskolin and crocetindialdehyde, respectively. Zones detected in the Sample
solution chromatogram correspond in position and color to those in Standard solution B.
Other minor zones may be observed in the Sample solution and Standard solution B
chromatograms.
• B. The chromatogram of the Sample solution obtained in the test for Content of Forskolin
shows a main peak at a retention time corresponding to that of forskolin in the
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chromatogram of Standard solution A. Identify other diterpene peaks in the Sample solution
chromatogram by comparison with the chromatogram of Standard solution B and the
reference chromatogram provided with the lot of USP Powdered Forskohlii Extract RS. The
Sample solution chromatogram shows an additional peak corresponding to isoforskolin.
COMPOSITION
• Content of Forskolin
Solution A: Acetonitrile, filtered and degassed
Solution B: Water, filtered and degassed
Standard solution A: Sonicate a quantity of USP Forskolin RS in acetonitrile to obtain a
solution having a known concentration of about 1.0 mg/mL.
Standard solution B: 5 mg/mL of USP Powdered Forskohlii Extract RS in acetonitrile,
sonicate for about 15 min, centrifuge, and use the supernatant. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Transfer about 3.0 g of Forskohlii, finely powdered and accurately
weighed, to a 100-mL round-bottom flask fitted with a reflux condenser. Add 50 mL of
acetonitrile, reflux for 20 min, cool to room temperature, and decant the supernatant.
Repeat until the extract is colorless. Combine the extracts, filter, concentrate under
vacuum, and adjust the volume with acetonitrile to 100 mL. Before injection, pass through
a membrane filter of 0.45-µm or finer pore size, discarding the first 5 mL of the filtrate.
System suitability solution: Standard solution A and 0.01% toluene in acetonitrile (1:1)
Mobile phase: See the gradient table below.
Time
Solution A Solution B
(min)
(%)
(%)
0
45
55
25
45
55
28
95
5
35
95
5
36
45
55
45
45
55
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 220 nm

621 , System Suitability.)

Column: 4.6-mm × 25-cm; 5-µm, 100
Column temperature: 30
Flow rate: 1.8 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A, Standard solution B, and System suitability solution
[Note—The approximate relative retention times for isoforskolin and forskolin are 0.51 and
1.00, respectively.]
Suitability requirements: The chromatogram from Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Forskohlii Extract RS
being used.
Resolution: NLT 1.5 between the forskolin and toluene peaks, System suitability
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solution
Relative standard deviation: NMT 2% determined from the forskolin peak for replicate
injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Forskohlii Extract RS being used,
identify the retention times of the peaks corresponding to isoforskolin and forskolin.
Calculate the percentage of forskolin in the portion of Forskohlii taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of forskolin from the Sample solution
rS= peak area of forskolin from Standard solution A
C=
S concentration of USP Forskolin RS in Standard solution A (mg/mL)
C=
U concentration of Forskohlii in the Sample solution (mg/mL)
Acceptance criteria: NLT 0.4% on the dried basis
IMPURITIES
• Articles of Botanical Origin, Acid-Insoluble Ash 561 : NMT 2%
Delete the following:
• Heavy Metals, Method III 231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Foreign Organic Matters
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : NMT 2.0%
561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Fresh root, pale pinkish yellow, cylindrical to subcylindrical, with tapering
ends, 5–12 in length, 1–2 cm in diameter; surface rough, shows lateral rootlets or scars of
rootlets and transversely running lenticels. Pharmacopeial article, dark brown; surface
rough, irregularly cylindrical, longitudinally wrinkled, showing irregular grooves and
prominent ridges; fracture short; cut surface is yellowish-white. ; characteristic and
pleasant aromatic odor, and slightly bitter to pungent taste.
2S (USP38)

Microscopic
Transverse section of roots: Irregular circular in outline; showing narrow cork, 10–15 rows
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of tangentially elongated radially arranged cork cells; cortex composed of 10–15 rows of
thin-wall parenchyma cells showing sclereids and crystals of calcium oxalate; vascular
cambium in the form of a continuous ring; xylem showing narrow rays of vessels, few lignified
fibers are present in older roots, 3–8 cell-wide medullary rays, and parenchyma showing few
sclereids, oleoresin canals and simple starch grains; pith composed of parenchyma cells in
young roots and is replaced by compactly arranged vessels, fibers, and tracheids in mature
roots.
• Loss on Drying 731
Sample: 1.0 g of finely powdered Forskohlii
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Forskohlii
Acceptance criteria: NMT 6%
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2

561 : NLT 25.0%

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Microbiological Procedures for Absence of Specified Microorganisms 2022 : Meets
the requirements of the tests for absence of Salmonella species and Escherichia coli
• Articles of Botanical Origin, Test for Aflatoxins

561 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards 11
USP Forskolin RS
USP Powdered Forskohlii Extract RS
BRIEFING
Powdered Forskohlii, USP 37 page 5390. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to control arsenic, cadmium, lead, and mercury as described in
the Limits of Elemental Impurities section of the general chapter Articles of Botanical Origin
561 proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit
references to olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148915

Comment deadline: November 30, 2014
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Powdered Forskohlii
DEFINITION
Powdered Forskohlii is Forskohlii reduced to a powder or very fine powder. It contains NLT 0.4%
of forskolin, calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution A: 50 µg/mL of USP Forskolin RS in acetonitrile. Sonicate for about 10
min.
Standard solution B: 5 mg/mL of USP Powdered Forskohlii Extract RS in acetonitrile.
Sonicate for about 15 min, centrifuge, and use the supernatant.
Sample stock solution: Use the Sample solution, prepared as directed in the test for
Content of Forskolin.
Sample solution: Dilute 10 mL of the Sample stock solution with acetonitrile to 25 mL.
Adsorbent: Chromatographic silica gel with an average particle size of 10–15 µm (TLC
plates)
Application volume: 10 µL, as 4-mm bands
Developing solvent system: A mixture of toluene and ethyl acetate (85:15)
Spray reagent: A mixture of 5% vanillin in glacial acetic acid and 10% sulfuric acid in
water (1:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands. Use saturated chamber. Develop the chromatograms until
the solvent front has moved up about 90% of the plate. Remove the plate from the
chamber, dry, spray with the Spray reagent, heat for 5–10 min at 105 , and examine
under white light.
Acceptance criteria: The Sample solution exhibits a violet zone due to forskolin at an RF
value of approximately 0.3, corresponding in color and RF to that in the chromatogram of
Standard solution A; and a minor violet zone, a pink zone, and a brick-red zone at RF
values of approximately 0.1, 0.62, and 0.69, due to isoforskolin, 1,9-dideoxyforskolin, and
crocetindialdehyde, respectively. Zones detected in the Sample solution correspond in
position and color to those in Standard solution B. Other minor zones may be observed
from the Sample solution and Standard solution B.
• B. The Sample solution from the test for Content of Forskolin shows a main peak at a
retention time corresponding to that of forskolin from Standard solution A. Identify other
diterpene peaks in the Sample solution by comparison with Standard solution B and the
reference chromatogram provided with the lot of USP Powdered Forskohlii Extract RS being
used. The Sample solution shows an additional peak corresponding to isoforskolin.
COMPOSITION
• Content of Forskolin
Solution A: Acetonitrile, filtered and degassed
Solution B: Water, filtered and degassed
Standard solution A: Sonicate a quantity of USP Forskolin RS in acetonitrile to obtain a
solution having a known concentration of about 1.0 mg/mL.
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Standard solution B: 5 mg/mL of USP Powdered Forskohlii Extract RS in acetonitrile.
Sonicate for about 15 min, centrifuge, and use the supernatant. Before injection, pass
through a membrane filter having a 0.45-µm or finer pore size.
Sample solution: Transfer about 3.0 g of accurately weighed Powdered Forskohlii to a
100-mL round-bottom flask fitted with a reflux condenser. Add 50 mL of acetonitrile, reflux
for 20 min, cool to room temperature, and decant the supernatant. Repeat until the
extract is colorless. Combine the extracts, filter, concentrate under vacuum, and adjust
the volume with acetonitrile to 100 mL. Before injection, pass through a membrane filter
having a 0.45-µm or finer pore size, discarding the first 5 mL of the filtrate.
System suitability solution: A mixture of Standard solution A and 0.01% toluene in
acetonitrile (1:1)
Mobile phase: See the gradient table below.
Time
Solution A Solution B
(min)
(%)
(%)
0
45
55
25
45
55
28
95
5
35
95
5
36
45
55
45
45
55
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 220 nm

621 , System Suitability.)

Column: 4.6-mm × 25-cm; 5-µm, 100
Column temperature: 30
Flow rate: 1.8 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A, Standard solution B, and System suitability solution
[Note—The relative retention times for isoforskolin and forskolin are 0.51 and 1.00,
respectively.]
Suitability requirements: The chromatogram from Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Forskohlii Extract RS
being used.
Relative standard deviation: NMT 2% determined from the forskolin peak in repeated
injections, Standard solution A
Resolution: NLT 1.5 between the forskolin and toluene peaks, System suitability
solution
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Forskohlii Extract RS being used,
identify the retention times of the peaks corresponding to isoforskolin and forskolin.
Calculate the percentage of forskolin in the portion of Powdered Forskohlii taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area of forskolin from the Sample solution
rS= peak area of forskolin from Standard solution A
C=
S concentration of USP Forskolin RS in Standard solution A (mg/mL)
C=
U concentration of Powdered Forskohlii in the Sample solution (mg/mL)
Acceptance criteria: NLT 0.4% is found on the dried basis.
IMPURITIES
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2%

Delete the following:
• Heavy Metals, Method III 231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical Characteristics Yellowish brown powder; characteristic and pleasant aromatic
odor; and slightly bitter to pungent taste. Under a microscope, it shows the presence of
parenchyma cells with oleoresin canals, starch grains and prisms of calcium oxalate; oil
globules; simple starch grains, cork cells; sclereids; stone cells; pitted vessels; and thinwall fibers.
Macroscopic: Yellowish brown powder
Microscopic: It shows parenchyma cells with oleoresin canals, starch grains and prisms
of calcium oxalate; oil globules; simple starch grains, cork cells; sclereids; stone cells;
pitted vessels; and thin-wall fibers. 2S (USP38)
USP38

• Loss on Drying 731
Sample: 1.0 g of Powdered Forskohlii
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash
Sample: 1.0 g of Powdered Forskohlii
Acceptance criteria: NMT 6%

561

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2

561 : NLT 25.0%

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g; the total combined molds and yeasts count does not exceed 103 cfu/g; and the
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bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Microbiological Procedures for Absence of Specified Microorganisms 2022 : Meets
the requirements of the tests for absence of Salmonella species and Escherichia coli
• Articles of Botanical Origin, Test for Aflatoxins

561 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards 11
USP Forskolin RS
USP Powdered Forskohlii Extract RS
BRIEFING
Garcinia cambogia, USP 37 page 5392. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin 561
proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit references to
olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148903

Comment deadline: November 30, 2014
Garcinia cambogia
DEFINITION
Garcinia cambogia consists of the dried pericarp of the fruits of Garcinia gummi-gutta (L.) N.
Robson, also known as Garcinia cambogia (Gaertn.) Desr. (Fam. Clusiaceae). It contains NLT
12% of the sum of (–)-hydroxycitric acid and (–)-hydroxycitric acid lactone, on the dried basis.
IDENTIFICATION
• A. Garcinia cambogia meets the requirements under Specific Tests, Botanical
Characteristics.
• B. HPLC Identification Test: The Sample solution chromatogram exhibits a peak for
hydroxycitric acid at a retention time corresponding to that of Standard solution A, as
obtained in the test for Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid
Lactone. The Sample solution also exhibits a peak for hydroxycitric acid lactone. The
hydroxycitric acid and the hydroxycitric acid lactone peaks are the main peaks in the
Sample solution chromatogram.
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COMPOSITION
• Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone
Solution A: 30% Phosphoric acid in water
Mobile phase: Dissolve 1.36 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, adjust with Solution A to a pH of 2.5, dilute to 1000 mL with water, mix, filter, and
degas.
Solvent: A mixture of Solution A and water (1:9)
Standard solution A: A solution of USP Calcium (–)-Hydroxycitrate RS equivalent to about
2.5 mg/mL of (–)-hydroxycitric acid in Solvent. Before injection, pass through a membrane
filter of 0.45-µm or finer pore size, discarding the first few mL of the filtrate.
Standard solution B: 5 mg/mL of USP Powdered Garcinia Hydroxycitrate Extract RS in
Solvent. Before injection, pass through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Transfer about 5 g of Garcinia cambogia, finely powdered and accurately
weighed, to a 250-mL round-bottom flask fitted with a reflux condenser. Add 50 mL of
Solvent, reflux while stirring for 30 min, set aside to settle, and decant the supernatant.
Repeat the extraction using four 50-mL portions of water, combine all extracts, cool, filter
into a 250-mL volumetric flask, and dilute with water to volume. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 25
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A, Standard solution B, and Sample solution
[Note—The relative retention times for the hydroxycitric acid lactone and hydroxycitric
acid peaks are about 0.9 and 1.0, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Garcinia
Hydroxycitrate Extract RS being used.
Resolution: NLT 1.0 between hydroxycitric acid lactone and hydroxycitric acid, Sample
solution
Tailing factor: NMT 2.0 for the hydroxycitric acid peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the hydroxycitric acid peak
in repeated injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution. [Note
—Standard solution A, Standard solution B, and Sample solution are stable for 6 h.]
Calculate the percentages of (–)-hydroxycitric acid and (–)-hydroxycitric acid lactone in
the portion of Garcinia cambogia taken:
Result = (rU/rS) × CS × (V/W) × F × 100
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rU= peak area of the relevant analyte from the Sample solution
rS= peak area of hydroxycitric acid from Standard solution A
C=
S concentration of (–)-hydroxycitric acid in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Garcinia cambogia used to prepare the Sample solution (mg)
F= conversion factor: 2.17 for (–)-hydroxycitric acid lactone, and 1.00 for (–)hydroxycitric acid
Acceptance criteria: The sum of percentages of (–)-hydroxycitric acid and (–)hydroxycitric acid lactone: NLT 12% on the dried basis.
IMPURITIES
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2.0%

Delete the following:
• Heavy Metals, Method III 231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Foreign Organic Matter
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : NMT 2.0%
561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Fresh fruits are spherical to oval in shape, 4–8 cm in height, 3–6 cm in
width, yellowish to pale pinkish when ripe, resemble a miniature pumpkin, with 7–13 deep
longitudinal grooves, extending up to a circular elevated base of stigma with blackish tip,
situated in the depressed end of the fruit, containing 6–8 seeds surrounded by a
succulent aril. Compendial article consists of dried pieces of pericarp, longitudinal, of
variable size and shape, strongly curved inward; leathery; externally rough, irregularly
wrinkled, longitudinally grooved; internally smooth, longitudinally faintly striated and
ridged. Dark brown to blackish-brown odor characteristic; taste sour, astringent, and
slightly bitter
2S (USP38)

Microscopic: Transverse section of the pericarp shows a layer of epicarp, composed of
rectangular to tangentially elongated cells covered with thin cuticle; wide mesocarp,
composed of 100–150 rows of parenchyma cells of variable size and shape, the outer rows
composed of relatively larger cells with wide intercellular spaces; vascular bundles appear
throughout the mesocarp, more toward the inner zone; dark brown gummy exudates, simple
and compound starch granules and prisms of calcium oxalate are present in the parenchyma
cells throughout the mesocarp.
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• Limit of Citric Acid
Solvent and Chromatographic system: Prepare as directed in the test for Content of
(–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone.
Standard solution: 0.5 mg/mL of USP Citric Acid RS in Solvent. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Analysis
Sample: Standard solution
Calculate the percentage of citric acid in the portion of Garcinia cambogia taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of citric acid from the Sample solution in the test for Content of (–)Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone (mg/mL)
rS= peak area of citric acid from the Standard solution
C=
S concentration of USP Citric Acid RS in the Standard solution (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Garcinia cambogia used to prepare the Sample solution in the test for
Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone (mg)
Acceptance criteria: NMT 2% of citric acid on the dried basis
• Loss on Drying 731
Sample: 2.0 g of Garcinia cambogia, finely powdered
Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561 : Determined on 1.0 g of finely powdered
Garcinia cambogia: NMT 3.0%; and NMT 8.0% if sodium chloride was added as a
preservative during collection of the fruits
• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria do not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Calcium (–)-Hydroxycitrate RS
USP Citric Acid RS
USP Powdered Garcinia Hydroxycitrate Extract RS
BRIEFING
Powdered Garcinia cambogia, USP 37 page 5394. In preparation for the omission of the
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general chapter Heavy Metals 231 and all references to this general chapter from
individual monographs, it is proposed to control arsenic, cadmium, lead, and mercury as
described in the Limits of Elemental Impurities section of the general chapter Articles of
Botanical Origin 561 proposed elsewhere in this Pharmacopeial Forum. It is also proposed
to omit references to olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148904

Comment deadline: November 30, 2014
Powdered Garcinia cambogia
DEFINITION
Powdered Garcinia cambogia is Garcinia cambogia reduced to a powder or very fine powder. It
contains NLT 12% of the sum of (–)-hydroxycitric acid and (–)-hydroxycitric acid lactone, on
the dried basis.
IDENTIFICATION
• A. Powdered Garcinia cambogia meets the requirements under Specific Tests, Botanical
Characteristics.
• B. HPLC Identification Test: The Sample solution chromatogram exhibits a peak for
hydroxycitric acid at a retention time corresponding to that of Standard solution A, as
obtained in the test for Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid
Lactone. The Sample solution also exhibits a peak for hydroxycitric acid lactone. The
hydroxycitric acid and the hydroxycitric acid lactone peaks are the main peaks in the
Sample solution chromatogram.
COMPOSITION
• Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone
Solution A: 30% phosphoric acid in water
Mobile phase: Dissolve 1.36 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, adjust with Solution A to a pH of 2.5, dilute with water to 1000 mL, mix, filter, and
degas.
Solvent: Solution A and water (1:9)
Standard solution A: A solution of USP Calcium (–)-Hydroxycitrate RS equivalent to about
2.5 mg/mL of (–)-hydroxycitric acid in Solvent. Before injection, pass through a membrane
filter of 0.45-µm or finer pore size.
Standard solution B: 5 mg/mL of USP Powdered Garcinia Hydroxycitrate Extract RS in
Solvent. Before injection, pass through a membrane filter of 0.45-µm or finer pore size,
discarding the first few mL of filtrate.
Sample solution: Transfer about 5 g of Powdered Garcinia cambogia, accurately weighed,
to a 250-mL round-bottom flask fitted with a reflux condenser. Add 50 mL of Solvent,
reflux while stirring for 30 min, set aside to settle, and decant the supernatant. Repeat
the extraction using four 50-mL portions of water, combine all extracts, Cool, filter into a
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250-mL volumetric flask, and dilute with water to volume. Before injection, pass through a
membrane filter of 0.45-µm or finer pore size, discarding the first few mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 25
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A, Standard solution B, and Sample solution
[Note—The relative retention times for the hydroxycitric acid lactone and hydroxycitric
acid peaks are about 0.9 and 1.0, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Garcinia
Hydroxycitrate Extract RS being used.
Resolution: NLT 1.0 between the hydroxycitric acid lactone and hydroxycitric acid
peaks, Sample solution
Tailing factor: NMT 2.0 for the hydroxycitric acid peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the hydroxycitric acid peak
for replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
[Note—Standard solution A, Standard solution B, and the Sample solution are stable for 6
h.]
Calculate the percentages of (–)-hydroxycitric acid and (–)-hydroxycitric acid lactone in
the portion of Powdered Garcinia cambogia taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of hydroxycitric acid from Standard solution A
C=
S concentration of (–)-hydroxycitric acid in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Powdered Garcinia cambogia used to prepare the Sample solution (mg)
F= conversion factor: 2.17 for (–)-hydroxycitric acid lactone, and 1.00 for (–)hydroxycitric acid
Acceptance criteria: The sum of percentages of (–)-hydroxycitric acid and (–)hydroxycitric acid lactone: NLT 12% on the dried basis
IMPURITIES
• Articles of Botanical Origin, Acid-Insoluble Ash
Delete the following:

561 : NMT 2.0%
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• Heavy Metals, Method III 231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical Characteristics: Dark brown powder. ; odor characteristic; taste sour, astringent
and slightly bitter
2S (USP38)

Under a microscope, it shows parenchyma cells containing dark reddish-brown gummy
exudates; parenchyma cells containing simple and compound starch granules; prisms of calcium
oxalate; and fragments of spiral and annular vessels.
• Limit of Citric Acid
Solvent: Prepare as directed in the test for Content of (–)-Hydroxycitric Acid and (–)Hydroxycitric Acid Lactone.
Standard solution: 0.5 mg/mL of USP Citric Acid RS in Solvent. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of
filtrate.
Analysis
Sample: Standard solution
Calculate the percentage of citric acid in the portion of Powdered Garcinia cambogia
taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of citric acid from the Sample solution in the test for Content of (–)Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone
rS= peak area of citric acid from the Standard solution
C=
S concentration of USP Citric Acid RS in the Standard solution (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Powdered Garcinia cambogia used to prepare the Sample solution in the test
for Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone (mg)
Acceptance criteria: NMT 2% of citric acid, calculated on the dried basis
• Loss on Drying 731
Sample: 2.0 g of Powdered Garcinia cambogia
Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561 : Determined on 1.0 g of Powdered Garcinia
cambogia: NMT 3.0%; and NMT 8.0% if sodium chloride was added as a preservative
during collection of the fruits
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• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria do not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Calcium (–)-Hydroxycitrate RS
USP Citric Acid RS
USP Powdered Garcinia Hydroxycitrate Extract RS
BRIEFING
Garcinia indica, USP 37 page 5396. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin 561
proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit references to
olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148918

Comment deadline: November 30, 2014
Garcinia indica
DEFINITION
Garcinia indica consists of the dried pericarp of the fruits of Garcinia indica (Thouars) Choisy
(Fam. Clusiaceae). It contains NLT 12% of the sum of (–)-hydroxycitric acid and (–)hydroxycitric acid lactone, on the dried basis.
IDENTIFICATION
• A. Garcinia indica meets the requirements under Specific Tests, Botanical Characteristics.
• B. Thin-Layer Chromatographic Identification Test
Standard solution: 0.5 mg/mL of garcinol in alcohol
Sample solution: Transfer about 2.0 g of Garcinia indica, finely powdered, to a Soxhlet
apparatus, add 100 mL of alcohol, and extract for 6 h. Filter and concentrate under
vacuum to about 10 mL. [Note—Use a thimble of suitable size such that the volume of
alcohol used in the Soxhlet extraction is at least twice the volume of the thimble.]
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Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 5 µL, as 8-mm bands
Developing solvent system: Toluene, ethyl acetate, and formic acid (4:1:0.5)
Spray reagent: A mixture of 1% vanillin in alcohol and 10% sulfuric acid in alcohol (1:1)
Analysis
Samples: Standard solution and Sample solution
Apply the samples as bands to a suitable thin-layer chromatographic plate (see
Chromatography 621 ). Use a saturated chamber. Develop the chromatograms until
the solvent front has moved up about three-fourths of the length of the plate. Remove
the plate from the chamber, dry, spray with Spray reagent, heat for 5–10 min at 105 ,
and examine under white light.
Acceptance criteria: The Sample solution chromatogram exhibits a main greenish-gray
band due to garcinol at an RF value of approximately 0.6, which corresponds in position
and color to the main band in the chromatogram of the Standard solution. The Sample
solution exhibits the following additional bands: two purple bands, two greenish-gray
bands, two blue bands and a purple band at RF values of approximately 0.31, 0.34, 0.37,
0.47, 0.54, 0.83, and 0.93, respectively. Other bands may be observed in the Sample
solution.
• C. HPLC Identification Test: The Sample solution chromatogram exhibits a peak for
hydroxycitric acid at a retention time corresponding to that of Standard solution A, as
obtained in the test for Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid
Lactone. The Sample solution also exhibits a peak for hydroxycitric acid lactone. The
hydroxycitric acid and the hydroxycitric acid lactone peaks are the main peaks in the
Sample solution chromatogram.
COMPOSITION
• Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone
Solution A: 30% phosphoric acid in water
Mobile phase: Dissolve 1.36 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, adjust with Solution A to a pH of 2.5, dilute with water to 1000 mL, mix, filter, and
degas.
Solvent: A mixture of Solution A and water (1:9)
Standard solution A: A solution of USP Calcium (–)-Hydroxycitrate RS equivalent to about
4 mg/mL of (–)-hydroxycitric acid in Solvent. Before injection, pass through a membrane
filter of 0.45-µm or finer pore size, discarding the first few mL of the filtrate.
Standard solution B: 8 mg/mL of USP Powdered Garcinia Hydroxycitrate Extract RS in
Solvent. Before injection, pass through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Transfer about 5 g of Garcinia indica, finely powdered and accurately
weighed, to a 250-mL round-bottom flask fitted with a reflux condenser. Add 50 mL of
Solvent, reflux while stirring for 30 min, set aside to settle, and decant the supernatant.
Repeat the extraction using four 50-mL portions of water, combine all extracts, cool, filter
into a 250-mL volumetric flask, and dilute with water to volume. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 25
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A, Standard solution B, and Sample solution
[Note—The relative retention times for the hydroxycitric acid lactone and hydroxycitric acid
peaks are about 0.9 and 1.0, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Garcinia
Hydroxycitrate Extract RS being used.
Resolution: NLT 1.0 between the hydroxycitric acid lactone and hydroxycitric acid
peaks, Sample solution
Tailing factor: NMT 2.0 for the hydroxycitric acid peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the hydroxycitric acid peak
for replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution. [Note
—Standard solution A, Standard solution B, and the Sample solution are stable for 6 h.]
Calculate the percentages of (–)-hydroxycitric acid and (–)-hydroxycitric acid lactone in
the portion of Garcinia indica taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of hydroxycitric acid from Standard solution A
C=
S concentration of (–)-hydroxycitric acid in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Garcinia indica used to prepare the Sample solution (mg)
F= conversion factor: 2.17 for (–)-hydroxycitric acid lactone, and 1.00 for (–)hydroxycitric acid
Acceptance criteria: The sum of percentages of (–)-hydroxycitric acid and (–)hydroxycitric acid lactone is NLT 12% on the dried basis.
IMPURITIES
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 0.5%

Delete the following:
• Heavy Metals, Method III 231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities

561 : Meets the
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2S (USP38)

• Articles of Botanical Origin, Foreign Organic Matter
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : NMT 2.0%
561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Fresh fruits are globular in shape, 3–4 cm in diameter, purplish to pinkish
orange when ripe, with persistant calyx lobes at the base and flattened radiating sessile
stigma at the apex; containing 5–8 seeds surrounded by a succulant aril. Compendial
article consists of dried pieces of pericarp, bluish black, of various size and shapes,
flattened, flexible; remains of pedicels, calyx, and stigma may be present. ; odor
characteristic; taste sour.
2S (USP38)

Microscopic: Transverse section of the pericarp shows a layer of epicarp, composed of
isodiametric cells, with thin cuticle and stomata; hypodermis consisting of several rows of
compactly arranged, tangentially elongated, thick-wall cells, containing dark brown contents,
showing narrow irregular elongated cavities; outer mesocarp consisting of loosely arranged,
tangentially elongated, parenchyma cells, few are full of starch grains, traversed by narrow
bands of collapsed cells and oleoresin ducts; inner mesocarp consisting of collapsed and
compactly arranged cells, showing rows of fibrovascular bundles; endocarp is not distinct,
consisting of thin-wall collapsed cells, with dark brown content.
• Limit of Citric Acid
Solvent and Chromatographic system: Prepare as directed in the test for Content of
(–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone.
Standard solution: 0.5 mg/mL of USP Citric Acid RS in Solvent. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Analysis
Sample: Standard solution
Calculate the percentage of citric acid in the portion of Garcinia indica taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of citric acid from the Sample solution in the test for Content of (–)Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone
rS= peak area of citric acid from the Standard solution
C=
S concentration of USP Citric Acid RS in the Standard solution (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Garcinia indica used to prepare the Sample solution in the test for Content of
(–)-Hydroxycitric Acid and Limit of (–)-Hydroxycitric Acid Lactone (mg)
Acceptance criteria: NMT 2% of citric acid on the dried basis
• Loss on Drying 731
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Sample: 2.0 g of Powdered Garcinia indica
Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561 : Determined on 1.0 g of finely powdered
Garcinia indica: NMT 3.0%; and NMT 8.0% if sodium chloride was added as a preservative
during collection of the fruits.
• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria do not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Calcium (–)-Hydroxycitrate RS
USP Citric Acid RS
USP Powdered Garcinia Hydroxycitrate Extract RS
BRIEFING
Powdered Garcinia indica, USP 37 page 5398. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to control arsenic, cadmium, lead, and mercury as described in
the Limits of Elemental Impurities section of the general chapter Articles of Botanical Origin
561 proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit
references to olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148919

Comment deadline: November 30, 2014
Powdered Garcinia indica
DEFINITION
Powdered Garcinia indica is Garcinia indica reduced to a fine or very fine powder. It contains
NLT 12% of the sum of (–)-hydroxycitric acid and (–)-hydroxycitric acid lactone, on the dried
basis.
IDENTIFICATION
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• A. Powdered Garcinia indica meets the requirements under Specific Tests, Botanical
Characteristics.
• B. Thin-Layer Chromatographic Identification Test
Standard solution: 0.5 mg/mL of garcinol in alcohol
Sample solution: Transfer about 2.0 g of Powdered Garcinia indica to a Soxhlet apparatus,
add 100 mL of alcohol, and extract for 6 h. Filter and concentrate under vacuum to about
10 mL. [Note—Use a thimble of a suitable size such that the volume of alcohol used in the
Soxhlet extraction is at least twice the volume of the thimble.]
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 5 µL, as 8 mm-bands
Developing solvent system: Toluene, ethyl acetate, and formic acid (4:1:0.5)
Spray reagent: A mixture of 1% vanillin in alcohol and 10% sulfuric acid in alcohol (1:1)
Analysis
Samples: Standard solution and Sample solution
Apply the samples as bands to a suitable thin-layer chromatographic plate (see
Chromatography 621 ). Use a saturated chamber. Develop the chromatograms until
the solvent front has moved up about three-fourths of the length of the plate. Remove
the plate from the chamber, dry, spray with Spray reagent, heat for 5–10 min at 105 ,
and examine under white light.
Acceptance criteria: The Sample solution chromatogram exhibits a main greenish-gray
band due to garcinol at an RF value of approximately 0.6, which corresponds in position
and color to the main band in the chromatogram of the Standard solution. The Sample
solution exhibits the following additional bands: two purple bands, two greenish-gray
bands, two blue bands, and a purple band at RF values of approximately 0.31, 0.34, 0.37,
0.47, 0.54, 0.83, and 0.93, respectively. Other bands may be observed for the Sample
solution.
• C. HPLC Identification Test: The Sample solution chromatogram exhibits a peak for
hydroxycitric acid at a retention time corresponding to that in the chromatogram of
Standard solution A, as obtained in the test for Content of (–)-Hydroxycitric Acid and (–)Hydroxycitric Acid Lactone. The Sample solution also exhibits a peak for hydroxycitric acid
lactone. The hydroxycitric acid and the hydroxycitric acid lactone peaks are the main
peaks in the Sample solution chromatogram.
COMPOSITION
• Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone
Solution A: 30% phosphoric acid in water
Mobile phase: Dissolve 1.36 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, adjust with Solution A to a pH of 2.5, dilute with water to 1000 mL, mix, filter, and
degas.
Solvent: A mixture of Solution A and water (1:9)
Standard solution A: A solution of USP Calcium (–)-Hydroxycitrate RS equivalent to about
4 mg/mL of (–)-hydroxycitric acid in Solvent. Before injection, pass through a membrane
filter of 0.45-µm or finer pore size, discarding the first few mL of the filtrate.
Standard solution B: 8 mg/mL of USP Powdered Garcinia Hydroxycitrate Extract RS in
Solvent. Before injection, pass through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Transfer about 5 g of Powdered Garcinia indica, accurately weighed, to
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a 250-mL round-bottom flask fitted with a reflux condenser. Add 50 mL of Solvent, reflux
while stirring for 30 min, set aside to settle, and decant the supernatant. Repeat the
extraction using four 50-mL portions of water, combine all extracts, cool, filter into a 250mL volumetric flask, and dilute with water to volume. Before injection, pass through a
membrane filter of 0.45-µm or finer pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 25
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A, Standard solution B, and Sample solution
[Note—The relative retention times for the hydroxycitric acid lactone and hydroxycitric acid
peaks are about 0.9 and 1.0, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Garcinia
Hydroxycitrate Extract RS being used.
Resolution: NLT 1.0 between the hydroxycitric acid lactone and hydroxycitric acid
peaks, Sample solution
Tailing factor: NMT 2.0 for the hydroxycitric acid peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the hydroxycitric acid peak
for replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution. [Note
—Standard solution A, Standard solution B, and the Sample solution are stable for 6 h.]
Calculate the percentages of (–)-hydroxycitric acid and (–)-hydroxycitric acid lactone in
the portion of Powdered Garcinia indica taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of hydroxycitric acid from Standard solution A
C=
S concentration of (–)-hydroxycitric acid in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Powdered Garcinia indica used to prepare the Sample solution (mg)
F= conversion factor: 2.17 for (–)-hydroxycitric acid lactone, and 1.00 for (–)hydroxycitric acid
Acceptance criteria: The sum of percentages of (–)-hydroxycitric acid and (–)hydroxycitric acid lactone is NLT 12% on the dried basis.
IMPURITIES
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• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 0.5%

Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Dark brown powder ; odor characteristic; taste sour.
2S (USP38)

Microscopic: It shows cells containing dark brown content; cells containing yellow content,
parenchyma cells containing simple and compound starch granules; fragments of epicarp cells
containing stomata; and fragments of spiral and annular vessels.
• Limit of Citric Acid
Solvent and Chromatographic system: Prepare as directed in the test for Content of
(–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone.
Standard solution: 0.5 mg/mL of USP Citric Acid RS in Solvent. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Analysis
Sample: Standard solution
Calculate the percentage of citric acid in the portion of Powdered Garcinia indica taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of citric acid from the Sample solution in the test for Content of (–)Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone
rS= peak area of citric acid from the Standard solution
C=
S concentration of USP Citric Acid RS in the Standard solution (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Powdered Garcinia indica used to prepare the Sample solution in the test for
Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone (mg)
Acceptance criteria: NMT 2% of citric acid on the dried basis
• Loss on Drying 731
Sample: 2.0 g of Powdered Garcinia indica
Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: NMT 12.0%
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• Articles of Botanical Origin, Total Ash 561 : Determined on 1.0 g of Powdered Garcinia
indica: NMT 3.0%; and NMT 8.0% if sodium chloride was added as a preservative during
collection of the fruits.
• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria do not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Calcium (–)-Hydroxycitrate RS
USP Citric Acid RS
USP Powdered Garcinia Hydroxycitrate Extract RS
BRIEFING
Garlic, USP 37 page 5399. In preparation for the omission of the general chapter Heavy Metals
231 , and all references thereto, it is proposed to control arsenic, cadmium, lead, and
mercury as described in the Limits of Elemental Impurities section of the general chapter
Articles of Botanical Origin

561 , which appears elsewhere in this issue of PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148928

Comment deadline: November 30, 2014
Garlic
DEFINITION
Garlic consists of the fresh or dried compound bulbs of Allium sativum L. (Fam. Liliaceae). It
contains NLT 0.5% of alliin and NLT 0.2% of
dried basis.

-glutamyl-(S)-allyl-l-cysteine, calculated on the

IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP l-Methionine RS in a mixture of methanol and
water (1:1)
Standard solution B: 0.5 mg/mL of USP Alliin RS in a mixture of methanol and water (1:1)
Sample solution: Cut a freeze-dried garlic bulb into small pieces, transfer 1 g of the cut
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pieces to an extractor, and extract with two 20-mL portions of a mixture of methanol and
water (1:1), combining the extracts. Concentrate to a small volume (about 5 mL), using a
rotary evaporator.
Chromatographic system
Adsorbent: 0.25-mm layer of chromatographic silica gel, typically 20-cm long (TLC
plates)
Application volume: 20 µL, applied separately as 10-mm bands
Developing solvent system: Butyl alcohol, n-propyl alcohol, glacial acetic acid, and
water (3:1:1:1)
Derivatization reagent: 0.2% solution of ninhydrin in a mixture of butyl alcohol and 2 N
acetic acid (19:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved up about three-fourths of
the plate, in a saturated chamber. Remove the plate, and allow the solvent to evaporate.
Spray with the Derivatization reagent, heat at 100 –105 for 10 min, and immediately
examine the plate under white light.
Acceptance criteria: The chromatogram of the Sample solution shows the following zones:
a violet zone having an RF value of about 0.89; a pink zone having an RF value of about
0.5 and corresponding in color and RF value to that obtained from the chromatogram of
Standard solution A; a pinkish zone having an RF value of about 0.43; a strong orange
zone having an RF value of about 0.38; a pinkish violet zone having an RF value of about
0.3 and corresponding in color and RF value to that of the chromatogram of Standard
solution B; and additional pinkish orange zones situated very close to each other just
below the zone corresponding to alliin in the chromatogram of Standard solution B.
• B.
Sample: About 10 g of garlic bulbs that have been cut into small pieces
Analysis: Transfer to a suitable flask. Add 10 mL of 1 N sodium hydroxide and 10 mL of
water, heat the flask in boiling water for 10 min, cool, and filter. Add a few drops of
freshly prepared sodium nitroferricyanide TS to 2 mL of the filtrate.
Acceptance criteria: The appearance of a red or orange-red color indicates the presence
of sulfur-containing compounds in the Sample.
• C. The retention time of the major peak in the Sample solution corresponds to that of one of
the alliin diastereomer peaks in the Standard solution, as obtained in the test for Content
of Alliin.
• D. Thin-Layer Chromatography
Extraction column: 1-cm × 5-cm solid-phase extraction column containing styrenedivinylbenzene copolymer packing with a 75- to 150-µm diameter and a 400- to 600pore size. Condition column before use by washing with 50 mL of methanol and with 50 mL
of a mixture of methanol and water (3:7). [Note—Do not allow the column to dry.]
Standard solution: 0.2 mg/mL each of USP -Chlorogenin RS and USP Agigenin RS in
methanol
Sample solution: Transfer about 10 g of freshly peeled garlic cloves to a 37-mL
homogenizing cup, and homogenize with 25 mL of methanol at the highest speed for 1 min.
Centrifuge the mixture, and decant the supernatant to a flask. Add 70 mL of water.
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Transfer to the Extraction column, allow to drain, and discard the eluate. Wash the
column with 50 mL of a mixture of methanol and water (3:7), allow the solvent mixture to
drain, and discard the eluate. Finally, elute the crude saponin fraction off the column with
20 mL of methanol, collect the eluate, and evaporate to dryness. Dissolve the residue in 4
mL of a mixture of 8% sulfuric acid and alcohol (1:1), transfer the solution to a screwcapped test tube, and heat on a boiling water bath for 5 h. Cool the test tube, add 20 mL
of water, and transfer the solution to a freshly conditioned Extraction column, allow to
drain, and discard the eluate. Wash the column with 30 mL of a mixture of methanol and
water (7:3), and discard the eluate. Finally, elute the column with 50 mL of methanol.
Collect the eluate, evaporate it to dryness, and dissolve the residue in 0.5 mL of
methanol.
Chromatographic system
Adsorbent: 0.25-mm layer of chromatographic silica gel, typically 20-cm long (TLC
plates)
Application volume: 20 µL, as 7-mm bands
Developing solvent system: Methylene chloride and methanol (15:2)
Derivatization reagent: Dissolve 0.5 mL of 4-methoxybenzaldehyde and 0.5 mL of
sulfuric acid in sufficient alcohol to make 10 mL.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved up about three-fourths of
the plate, in a saturated chamber. Remove the plate, and allow the solvent to
evaporate. Spray the plate with Derivatization reagent, heat the plate at 100 –105 for
5 min, and examine the plate under white light.
Acceptance criteria: The chromatogram of the Sample solution exhibits, among several
yellowish and grayish green spots, a grayish green spot at an RF value of about 0.4,
corresponding to the grayish green spot due to -chlorogenin of the Standard solution.
The chromatogram of the Sample solution does not exhibit a spot at an RF value of about
0.2, corresponding to agigenin of the Standard solution.
COMPOSITION
• Content of Alliin
Allinase inhibitor solution: Dissolve 109 mg of carboxymethoxylamine hemihydrochloride in
100.0 mL of water.
Solution A: Monobasic sodium phosphate 0.045 M in water, adjusted with 0.2 M sodium
hydroxide to a pH of 7.1
Buffer: Monobasic sodium phosphate 0.05 M in water, adjusted with 0.2 M sodium
hydroxide to a pH of 9.5
Derivatization reagent: Dissolve 140 mg of o-phthaldialdehyde in 5 mL of methanol, add
100 µL of t-butylthiol, and dilute with Buffer to 50 mL. [Note—This reagent may
occasionally become opaque during preparation. Store at room temperature, and use
within 1 week.]
Mobile phase: Acetonitrile, 1,4-dioxane, tetrahydrofuran, and Solution A (25: 2.9: 2.2:
69.9)
Standard solution: 0.05 mg/mL of USP Alliin RS in a mixture of methanol and water (1:1)
Sample stock solution: Transfer about 10.0 g of freshly peeled garlic cloves, accurately
weighed, to a 110-mL homogenizing cup. Add 70.0 mL of Allinase inhibitor solution, and
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blend at the highest speed for 30 s. Centrifuge, and decant the supernatant into a 100mL volumetric flask. Mix the remaining solids in the cup with 20 mL of Allinase inhibitor
solution, centrifuge, and add the supernatant to the volumetric flask. Dilute the contents
of the flask with Allinase inhibitor solution to volume.
Sample solution: Dilute a portion of the Sample stock solution 1 in 10 with a mixture of
methanol and water (1:1).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 337 nm
Column: 4-mm × 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—Alliin exhibits two major peaks representing its diastereomers.]
Suitability requirements
Relative standard deviation: NMT 2.0% for each of the major peaks, in repeated
injections
Analysis
Samples: Standard solution and Sample solution
Using a syringe, transfer 0.1 mL of the Standard solution or Sample solution to separate
septum-capped vials, and add 0.5 mL of the Derivatization reagent to each vial. Allow a
reaction time of NLT 2 min before injection into the chromatograph. Record the
chromatograms, and measure the areas of the alliin diastereomer peaks.
Calculate the percentage of alliin in the portion of Garlic taken:
Result = (rU/rS) × CS × (V/W) × D × 100
rU= peak area of alliin from the Sample solution
rS= peak areas of alliin diastereomers from the Standard solution
C=
S concentration of USP Alliin RS in the Standard solution (mg/mL)
V= volume of the Sample stock solution (mL)
W= weight of Garlic used to prepare the Sample stock solution (mg)
D= dilution factor to prepare the Sample solution from the Sample stock solution, 10
Acceptance criteria: NLT 0.5% on the dried basis
• Content of -Glutamyl-(S)-allyl-l-cysteine
Solution A: Dissolve 6.80 g of monobasic potassium phosphate in 900 mL of water, and
adjust with phosphoric acid to a pH of 2.6. Dilute with water to 1000.0 mL, and mix.
Mobile phase: Methanol and Solution A (3:17)
Standard solution: 0.08 mg/mL of USP -Glutamyl-(S)-allyl-l-cysteine RS in a mixture of
methanol and water (1:1)
Sample solution: Transfer about 10 g of freshly peeled garlic cloves, accurately weighed,
to a 110-mL homogenizing cup. Add 80 mL of a mixture of methanol and water (1:1), and
homogenize at the highest speed for 1 min. Centrifuge the mixture, and decant the
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supernatant into a 250-mL volumetric flask. Mix the remaining solids with two 70-mL
portions of a mixture of methanol and water (1:1), centrifuge, and transfer the
supernatants to the volumetric flask. Dilute the contents of the flask with a mixture of
methanol and water (1:1) to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% for the
in repeated injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of

-glutamyl-(S)-allyl-l-cysteine peak

-glutamyl-(S)-allyl-l-cysteine in the portion of Garlic taken:

Result = (rU/rS) × CS × (V/W) × 100
rU= peak response of
rS= peak response of

-glutamyl-(S)-allyl- l-cysteine from the Sample solution
-glutamyl-(S)-allyl- l-cysteine from the Standard solution

C=
S concentration of USP -Glutamyl-(S)-allyl- l-cysteine RS in the Standard solution
(mg/mL)
V= volume of the Sample solution (mL)
W= weight of Garlic used to prepare the Sample solution (mg)
Acceptance criteria: NLT 0.2% on the dried basis
CONTAMINANTS
Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Subglobular compound bulbs, 3–5 cm in width, consisting of 8–20 cloves, the
whole surrounded by 2–5 layers of white scale leaves attached to a flattened, circular
base; cloves ovoid and 3- to 4-sided, summit acute, narrowed into a threadlike portion of
fiber base, truncate, each clove covered with a white scale leaf and a pinkish white
epidermis, easily separated from the solid portion, consisting of two flaky scale leaves and
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two yellowish green conduplicate foliage leaves
Microscopic: The protective leaf contains an epidermis enclosing a mesophyll free from
chlorophyll. The outer epidermis consists of lignified sclereid cells of thick, pitted walls,
elongated, covered with thin cuticle, long fibers up to 500 µm in length and 30 µm in
width.
The cortical cells are thick-walled, nonlignified, tending to collapse on maturity,
isodiametric, and contain purple pigments. The vascular bundles consist of lignified spiral
and annular vessels. The storage leaves show an outer epidermis of thin, delicate cells of
variable shape, arranged in somewhat irregular rows, 60 µm in length and 30 µm in width.
Stomata are present on the outer epidermis only at the extreme tip near the base of the
foliage leaves.
The mesophyll consists of swollen storage parenchyma cells filled with fine granular
reserve material; scattered in the cortex are 20 laticiferous tubes, 500–1000 µm in length.
Two series of vascular bundles consisting of narrow lignified spiral and annular vessels are
arranged in the mesophyll.
• Articles of Botanical Origin, Water Content
7.0% for dried bulbs
• Articles of Botanical Origin, Total Ash

561 : NMT 65.0% for fresh bulbs, and NMT

561 : NMT 5.0%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in well-closed containers in a cool, dry place, protected from
light.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards
USP Agigenin RS
USP Alliin RS
USP

11

-Chlorogenin RS

USP -Glutamyl-(S)-allyl-l-cysteine RS
USP l-Methionine RS
BRIEFING
Powdered Garlic, USP 37 page 5401. In preparation for the omission of the general chapter
Heavy Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium,
lead, and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin

561 , proposed elsewhere in this PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148889

Comment deadline: November 30, 2014
Powdered Garlic
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DEFINITION
Powdered Garlic is produced from Garlic that has been cut, freeze-dried or dried at a
temperature not exceeding 65 , and powdered. It contains NLT 0.3% of alliin and NLT 0.1% of
-glutamyl-(S)-allyl-l-cysteine, calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution A: 0.5 mg/mL of USP l-Methionine RS in a mixture of methanol and
water (1:1)
Standard solution B: 0.5 mg/mL of USP Alliin RS in a mixture of methanol and water (1:1)
Sample solution: Transfer 1 g of the Powdered Garlic to an extractor, and extract with
two 20-mL portions of a mixture of methanol and water (1:1), combining the extracts.
Concentrate to a small volume (about 5 mL), using a rotary evaporator.
Adsorbent: 0.25-mm layer of chromatographic silica gel, typically 20 cm long (TLC plates)
Application volume: 20 µL, applied separately as 10-mm bands
Developing solvent system: Butyl alcohol, n-propyl alcohol, glacial acetic acid, and water
(3:1:1:1)
Derivatization reagent: 0.2 in 100 solution of ninhydrin in a mixture of butyl alcohol and 2
N acetic acid (19:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved up about three-fourths of
the plate, in a saturated chamber. Remove the plate, and allow the solvent to
evaporate. Spray with Derivatization reagent, heat at 100 –105 for 10 min, and
immediately examine the plate under white light.
Acceptance criteria: The chromatogram of the Sample solution shows the following zones:
a violet zone having an RF value of about 0.89; a pink zone having an RF value of about
0.5 and corresponding in color and RF value to that obtained from the chromatogram of
Standard solution A; a pinkish zone having an RF value of about 0.43; a strong orange
zone having an RF value of about 0.38; a pinkish violet zone having an RF value of about
0.3 and corresponding in color and RF value to that of the chromatogram of Standard
solution B; and additional pinkish orange zones situated very close to each other just
below the zone corresponding to alliin in the chromatogram of Standard solution B.
• B.
Sample: About 10 g of Powdered Garlic
Analysis: Transfer to a suitable flask. Add 10 mL of 1 N sodium hydroxide and 10 mL of
water, heat the flask in boiling water for 10 min, cool, and filter. Add a few drops of
freshly prepared sodium nitroferricyanide TS to 2 mL of the filtrate.
Acceptance criteria: The appearance of a red or orange-red color indicates the presence
of sulfur-containing compounds in the Sample.
• C. The retention time of the major peak in the Sample solution corresponds to that of one of
the alliin diastereometer peaks in the Standard solution, as obtained in the test for Content
of Alliin.
• D. Thin-Layer Chromatographic Identification Test
Extraction column: 1-cm × 5-cm solid-phase extraction column containing styrene-
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divinylbenzene copolymer packing with a 75- to 150-µm diameter and a 400- to 600pore size. Condition column before use by washing with 50 mL of methanol and with 50 mL
of a mixture of methanol and water (3:7). [Note—Do not allow the column to dry.]
Standard solution: 0.2 mg/mL each of USP -Chlorogenin RS and USP Agigenin RS in
methanol
Sample solution: Transfer about 10 g of Powdered Garlic to a 37-mL homogenizing cup,
and homogenize with 25 mL of methanol at the highest speed for 1 min. Centrifuge the
mixture, and decant the supernatant to a flask. Add 70 mL of water. Transfer to the
Extraction column, allow to drain, and discard the eluate. Wash the column with 50 mL of
a mixture of methanol and water (3:7), allow the solvent mixture to drain, and discard the
eluate. Finally, elute the crude saponin fraction off the column with 20 mL of methanol,
collect the eluate, and evaporate to dryness. Dissolve the residue in 4 mL of a mixture of
8% sulfuric acid and alcohol (1:1), transfer the solution to a screw-capped test tube, and
heat on a boiling water bath for 5 h. Cool the test tube, add 20 mL of water, and transfer
the solution to a freshly conditioned Extraction column, allow to drain, and discard the
eluate. Wash the column with 30 mL of a mixture of methanol and water (7:3), and
discard the eluate. Finally, elute the column with 50 mL of methanol. Collect the eluate,
evaporate it to dryness, and dissolve the residue in 0.5 mL of methanol.
Adsorbent: 0.25-mm layer of chromatographic silica gel, typically 20 cm long (TLC plates)
Application volume: 20 µL, as 7-mm bands
Developing solvent system: Methylene chloride and methanol (15:2)
Derivatization reagent: Dissolve 0.5 mL of 4-methoxybenzaldehyde and 0.5 mL of sulfuric
acid in sufficient alcohol to make 10 mL.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved up about three-fourths of
the plate, in a saturated chamber. Remove the plate, and allow the solvent to
evaporate. Spray the plate with Derivatization reagent, heat the plate at 100 –105 for
5 min, and examine the plate under white light.
Acceptance criteria: The chromatogram of the Sample solution exhibits, among several
yellowish and grayish green spots, a grayish green spot at an RF value of about 0.4,
corresponding to the grayish green spot due to -chlorogenin of the Standard solution.
The chromatogram of the Sample solution does not exhibit a spot at an RF value of about
0.2, corresponding to agigenin of the Standard solution.
COMPOSITION
• Content of Alliin
Alliinase inhibitor solution: Dissolve 109 mg of carboxymethoxylamine hemihydrochloride
in 100.0 mL of water.
Solution A: 0.045 M monobasic sodium phosphate in water. Adjust with 0.2 M sodium
hydroxide to a pH of 7.1.
Buffer: 0.05 M monobasic sodium phosphate in water. Adjust with 0.2 M sodium hydroxide
to a pH of 9.5.
Derivatization reagent: Dissolve 140 mg of o-phthaldialdehyde in 5 mL of methanol, add
100 µL of t-butylthiol, and dilute with Buffer to 50 mL. [Note—This reagent may
occasionally become opaque during preparation. Store at room temperature, and use
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within 1 week.]
Mobile phase: Acetonitrile, 1,4-dioxane, tetrahydrofuran, and Solution A (25: 2.9: 2.2:
69.9)
Standard solution: 0.05 mg/mL of USP Alliin RS in a mixture of methanol and water (1:1)
Sample stock solution: Transfer about 1.0 g of Powdered Garlic, accurately weighed, to a
flask. Add 30.0 mL of Alliinase inhibitor solution, and shake vigorously until the powder is
fully dispersed. Centrifuge to obtain a clear solution.
Sample solution: Transfer 5.0 mL of the Sample stock solution to a 10-mL volumetric
flask, and dilute with Alliinase inhibitor solution to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 337 nm
Column: 4-mm × 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
[Note—Alliin exhibits two major peaks representing its diastereomers.]
Relative standard deviation: NMT 2.0% for each of the major peaks, in repeated
injections
Analysis
Samples: Standard solution and Sample solution
Using a syringe, transfer 0.1 mL of the Standard solution or the Sample solution to
separate septum-capped vials, add 0.5 mL of the Derivatization reagent to each vial, and
mix. Allow a reaction time of NLT 2 min before injection into the chromatograph. Record
the chromatograms, and measure the areas of the alliin diastereomer peaks.
Calculate the percentage of alliin in the portion of Powdered Garlic taken:
Result = (rU/rS) × CS × (V/W) × D × 100
rU= peak area of alliin from the Sample solution
rS= sum of the peak areas of alliin diastereomers from the Standard solution
C=
S concentration of USP Alliin RS in the Standard solution (mg/mL)
V= volume of the Sample stock solution (mL)
W= weight of Powdered Garlic used to prepare the Sample stock solution (mg)
D= dilution factor to prepare the Sample solution from the Sample stock solution, 2
Acceptance criteria: NLT 0.3% on the dried basis
• Content of -Glutamyl-(S)-allyl-l-cysteine
Solution A: Dissolve 6.80 g of monobasic potassium phosphate in 900 mL of water, and
adjust with phosphoric acid to a pH of 2.6. Dilute with water to 1000.0 mL, and mix.
Mobile phase: Methanol and Solution A (3:17)
Standard solution: 0.08 mg/mL of USP
methanol and water (1:1)

-Glutamyl-(S)-allyl-l-cysteine RS in a mixture of
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Sample solution: Transfer about 1.0 g of Powdered Garlic, accurately weighed, to a 50-mL
volumetric flask. Add 30 mL of methanol and water (1:1), and shake vigorously until the
powder is fully dispersed. Dilute the contents of the flask with a mixture of methanol and
water (1:1) to volume. Centrifuge to obtain a clear solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% for the
in repeated injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
Garlic taken:

-glutamyl-(S)-allyl-l-cysteine peak

-glutamyl-(S)-allyl-l-cysteine in the portion of Powdered

Result = (rU/rS) × CS × (V/W) × 100
rU= peak response for
rS= peak response for

-glutamyl-(S)-allyl- l-cysteine from the Sample solution
-glutamyl-(S)-allyl- l-cysteine from the Standard solution

C=
S concentration of USP -Glutamyl-(S)-allyl- l-cysteine RS in the Standard solution
(mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Garlic used to prepare the Sample solution (mg)
Acceptance criteria: NLT 0.1% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method I 231 : NMT 10 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

SPECIFIC TESTS
• Botanical Characteristics: Under a microscope, Powdered Garlic shows numerous fragments
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of parenchyma with large cells containing crystals of calcium oxalate and small triangular or
quadrangular intercellular spaces at the corners; spiral vessels accompanied by
subquadratic cells; elongated epidermal cells with thick, pitted walls.
• Absence of Starch: A water slurry of Powdered Garlic shows no blue color when iodine TS is
added.
• Loss on Drying 731
Sample: 1.0 g of Powdered Garlic
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 7.0%
• Articles of Botanical Origin, Total Ash
Sample: 1.0 g of Powdered Garlic
Acceptance criteria: NMT 5.0%

561

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in well-closed containers in a cool, dry place, protected from
light.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
• USP Reference Standards
USP Agigenin RS
USP Alliin RS
USP

11

-Chlorogenin RS

USP -Glutamyl-(S)-allyl-l-cysteine RS
USP l-Methionine RS
BRIEFING
Ginger, USP 37 page 5407. In preparation for the omission of the general chapter Heavy Metals
231 and all references thereto, it is proposed to control arsenic, cadmium, lead, and
mercury as described in the Limits of Elemental Impurities section of the general chapter
Articles of Botanical Origin

561 , proposed elsewhere in this PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148929

Comment deadline: November 30, 2014
Ginger
DEFINITION
Ginger is the dried rhizome of Zingiber officinale Roscoe (Fam. Zingiberaceae), scraped, partially
scraped, or unscraped. It is known in commerce as unbleached ginger.
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IDENTIFICATION
• A.
Analysis: Pulverize 5 g of Ginger. To 1 g of the pulverized Ginger add 5 mL of dilute acetic
acid, prepared by diluting 1 part of glacial acetic acid with 1 part of water, and shake for
15 min. Filter, and add a few drops of ammonium oxalate TS to the filtrate.
Acceptance criteria: NMT a slight turbidity is produced.
• B.
Sample: 50 mg of the residue obtained in the test for Articles of Botanical Origin, AlcoholSoluble Extractives
Analysis: Dissolve the Sample in 25 mL of water, and extract this solution with two 15-mL
portions of ether. Combine the ether extracts, and evaporate in a porcelain dish. To the
residue add 5 mL of sulfuric acid solution (7.5 in 10.0) and 5 mg of vanillin. Allow to stand
for 15 min, and add an equal volume of water.
Acceptance criteria: The solution turns azure blue.
• C. Thin-Layer Chromatographic Identification Test
Standard solution A: Proceed as directed for the Sample solution, except to use 0.2 g of
USP Powdered Ginger RS.
Standard solution B: Use the System suitability solution, prepared as directed in the test
for Content of Gingerols and Gingerdiones.
Sample solution: Pulverize 5 g of Ginger. Transfer 0.2 g of pulverized Ginger to a test
tube, add 5 mL of methanol, shake for 30 min, and centrifuge. Apply the supernatant to
the plate.
Adsorbent: 0.50-mm layer of chromatographic silica gel mixture
Application volume: 20 µL for the Sample solution and Standard solution A; 40 µL for
Standard solution B
Developing solvent system: Ether and hexanes (7:3)
Spray reagent: 10% sulfuric acid in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed in the chapter. Examine the plate under UV light at 254 nm. Spray
the plate with Spray reagent, heat at 100 –105 for 10 min, and examine under
daylight.
Acceptance criteria: The chromatogram of the Sample solution exhibits a spot due to
gingerols that occurs at an RF value of 0.2. A spot of shogaols may occur at an RF value
of 0.4, corresponding to those shown in the chromatogram of Standard solution B. [Note
—The chromatograms of the Sample solution and Standard solution A may exhibit other
spots in the upper region and at the origin of the plate.]
COMPOSITION
• Content of Gingerols and Gingerdiones
Solution A: Acetonitrile, dilute phosphoric acid (1 in 1000), and methanol (55:44:1)
Solution B: Acetonitrile
Mobile phase: Use Solution A for NLT seven times the retention time of capsaicin.
Column washing: After each chromatographic run, wash the column, using Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
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0
100
0
2
0
100
12
0
100
14
100
0
29
100
0
Standard solution: 0.1 mg/mL of USP Capsaicin RS in methanol
System suitability solution: Reconstitute the content of 1 vial of USP Ginger Constituent
Mixture RS in 1 mL of the Standard solution.
Sample solution: Use the filtrate retained from the test for Articles of Botanical Origin,
Alcohol-Soluble Extractives.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 282 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for 6-gingerol, capsaicin, and 6-shogaol are about 0.8,
1.0, and 1.9, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 3.0 between the 6-gingerol and capsaicin peaks and NLT 10.0
between the capsaicin and 6-shogaol peaks, System suitability solution
Tailing factors: NMT 2.0 for the 6-gingerol, capsaicin, and 6-shogaol peaks, System
suitability solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution, Sample solution, and System suitability solution
Calculate the sum of the peak responses due to gingerols and gingerdiones occurring at
about the following retention times, relative to 1.0 for capsaicin: 0.8 for 6-gingerol, 1.5
for 8-gingerol A, 2.2 for 8-gingerol B, 2.5 for 6-gingerdiol, 2.6 for 6-gingerdione, 3.4 for
10-gingerol, and 5.2 for 8-gingerdione.
Calculate the percentage of gingerols and gingerdiones in the sample taken:
Result = (rT/rS) × (CS/W) × 10
rT= sum of the peak responses for gingerols and gingerdiones from the Sample solution
rS= peak response of capsaicin from the Standard solution
C=
S concentration of USP Capsaicin RS in the Standard solution (mg/mL)
W= weight of Ginger used in the test for Articles of Botanical Origin, Alcohol-Soluble
Extractives (g)
Acceptance criteria: NLT 0.8%
CONTAMINANTS
Add the following:
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Add the following:
• Articles of Botanical Origin, Elemental Impurities

561 : Meets the requirements

2S (USP38)

• Articles of Botanical Origin, Pesticide Residues

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 105
cfu/g; the total combined molds and yeasts count does not exceed 103 cfu/g; the biletolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Ginger occurs in horizontal, laterally flattened, sympodially branching pieces.
Whole rhizomes are 5–15 cm long, 1.5–6 cm wide, and up to 2 cm thick, sometimes split
longitudinally, pale yellowish buff or light brown externally, longitudinally striated,
somewhat fibrous; branches flattish, obovate, short, about 2 cm long, each ending with a
depressed stem scar; fracture, short with projecting fibers, or sometimes resinous;
internally yellowish brown, showing a yellow endodermis separating the narrow cortex from
the wide stele, and numerous yellowish points, secretion cells and numerous bigger greyish
points, vascular bundles, scattered on the whole surface. The unscraped rhizome shows in
addition an outer layer of dark brown cork. Morphological characteristics of different
varieties and forms of Ginger from different geographical areas are listed in Table 1 of the
general information chapter Supplemental Information for Articles of Botanical Origin
2030 .
Microscopic: The scraped rhizome in transverse section shows a cortex composed of
multiple layers of parenchyma cells rich in simple, large, flattened, ovoid or sack-shaped
starch granules, 5–15 µm wide and 30–60 µm long having an eccentric hilum, some
showing faint transverse striations. The cortex also shows numerous oleoresin cells with a
yellow or yellowish-brown content and scattered collateral vascular bundles; a single layer
of endodermal cells free from starch; a wide central stele composed of parenchyma cells
rich in starch and oleoresin cells similar to those of the cortex, and containing scattered
collateral vascular bundles, some enclosed in a sheath of septate nonlignified fibers with
wide lumen. In addition to the above, the unscraped rhizome shows an outer zone of dark
brown cork cells.
• Limit of Shogaols
Analysis: From the chromatograms obtained in the test for Content of Gingerols and
Gingerdiones, calculate the sum of the peak responses due to shogaols, occurring at the
following retention times, relative to 1.0 for capsaicin: 1.9 for 6-shogaol, 4.2 for 8shogaol, and 5.8 for 10-shogaol.
Calculate the percentage of shogaols in the portion taken:
Result = (rT/rS) × (CS/W) × 10
rT= sum of the peak responses of shogaols from the Sample solution
rS= peak response of capsaicin from the Standard solution
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C=
S concentration of USP Capsaicin RS in the Standard solution, prepared as directed in the
test for Content of Gingerols and Gingerdiones (mg/mL)
W= weight of Ginger used in the test for Articles of Botanical Origin, Alcohol-Soluble
Extractives (g)
Acceptance criteria: NMT 0.18%
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2 561
Analysis: Collect the filtrate in a 100-mL volumetric flask, and dilute with alcohol to
volume. Evaporate 50 mL of the filtrate at a temperature not exceeding 90 . [Note—Save
the residue for use in Identification test B and the remaining volume of the filtrate for the
tests for Limit of Shogaols and Content of Gingerols and Gingerdiones.]
Acceptance criteria: NLT 4.5% residue
• Articles of Botanical Origin, Content of Starch, Method 1
the General Procedures being used
• Articles of Botanical Origin, Foreign Organic Matter
• Articles of Botanical Origin, Total Ash

561 : NLT 42%, Method Ia of

561 : NMT 1.0%

561 : NMT 8.0%

• Articles of Botanical Origin, Acid-Insoluble Ash
• Articles of Botanical Origin, Volatile Oil Content
• Articles of Botanical Origin, Water-Soluble Ash

561 : NMT 2.0%
561 : NLT 1.8 mL/100 g
561 : NLT 1.9%

• Articles of Botanical Origin, Water-Soluble Extractives, Method 2
• Water Determination, Method Ia

561 : NLT 10.0%

921 : NMT 10%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store in a cool area.
• Labeling: The label states the Latin binominal and, following the official name, the part of
the plant contained in the article. This article is exempted from the requirements of the
General Notices with respect to the pregnancy and lactation statement (section 10.40.50,
Labeling Botanical-Containing Products).
• USP Reference Standards 11
USP Capsaicin RS
USP Ginger Constituent Mixture RS
USP Powdered Ginger RS
BRIEFING
Powdered Ginger, USP 37 page 5409. In preparation for the omission of the general chapter
Heavy Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium,
lead, and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin

561 , proposed elsewhere in this PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148890
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Comment deadline: November 30, 2014
Powdered Ginger
DEFINITION
Powdered Ginger is Ginger reduced to a fine or a very fine powder.
IDENTIFICATION
• A.
Analysis: To 1 g of the Powdered Ginger add 5 mL of dilute acetic acid, prepared by
diluting 1 part of glacial acetic acid with 1 part of water, and shake for 15 min. Filter, and
add a few drops of ammonium oxalate TS to the filtrate.
Acceptance criteria: NMT a slight turbidity is produced.
• B.
Sample: 50 mg of the residue obtained in the test for Articles of Botanical Origin, AlcoholSoluble Extractives
Analysis: Dissolve the Sample in 25 mL of water, and extract this solution with two 15-mL
portions of ether. Combine the ether extracts, and evaporate in a porcelain dish. To the
residue add 5 mL of sulfuric acid solution (7.5 in 10.0) and 5 mg of vanillin. Allow to stand
for 15 min, and add an equal volume of water.
Acceptance criteria: The solution turns azure blue.
• C.Thin-Layer Chromatographic Identification Test
Standard solution A: Proceed as directed for the Sample solution, except to use 0.2 g of
USP Powdered Ginger RS.
Standard solution B: Use the System suitability solution, prepared as directed in the test
for Content of Gingerols and Gingerdiones.
Sample solution: Transfer 0.2 g of Powdered Ginger to a test tube, add 5 mL of methanol,
shake for 30 min, and centrifuge. Apply the supernatant to the plate.
Adsorbent: 0.50-mm layer of chromatographic silica gel mixture
Application volume: 20 µL for the Sample solution and Standard solution A; 40 µL for
Standard solution B
Developing solvent system: Ether and hexanes (7:3)
Spray reagent: 10% sulfuric acid in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed in the chapter. Examine the plate under UV light at 254 nm. Spray
the plate with Spray reagent, heat at 100 –105 for 10 min, and examine under
daylight.
Acceptance criteria: The chromatogram of the Sample solution exhibits a spot due to
gingerols that occurs at an RF value of 0.2. A spot of shogaols may occur at an RF value
of 0.4, corresponding to those shown in the chromatogram of Standard solution B. [Note
—The chromatograms of the Sample solution and Standard solution A may exhibit other
spots in the upper region and at the origin of the plate.]
COMPOSITION
• Content of Gingerols and Gingerdiones
Solution A: Acetonitrile, dilute phosphoric acid (1 in 1000), and methanol (55:44:1)
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Solution B: Acetonitrile
Mobile phase: Use Solution A for NLT seven times the retention time of capsaicin.
Column washing: After each chromatographic run, wash the column, using Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
2
0
100
12
0
100
14
100
0
29
100
0
Standard solution: 0.1 mg/mL of USP Capsaicin RS in methanol
System suitability solution: Reconstitute the content of 1 vial of USP Ginger Constituent
Mixture RS in 1 mL of the Standard solution.
Sample solution: Use the filtrate retained from the test for Articles of Botanical Origin,
Alcohol-Soluble Extractives.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 282 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for 6-gingerol, capsaicin, and 6-shogaol are about 0.8,
1.0, and 1.9, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 3.0 between the 6-gingerol and capsaicin peaks and NLT 10.0
between the capsaicin and 6-shogaol peaks, System suitability solution
Tailing factors: NMT 2.0 for the 6-gingerol, capsaicin, and 6-shogaol peaks, System
suitability solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution, Sample solution, and System suitability solution
Calculate the sum of the peak responses due to gingerols and gingerdiones, occurring at
about the following retention times, relative to 1.0 for capsaicin: 0.8 for 6-gingerol, 1.5
for 8-gingerol A, 2.2 for 8-gingerol B, 2.5 for 6-gingerdiol, 2.6 for 6-gingerdione, 3.4 for
10-gingerol, and 5.2 for 8-gingerdione.
Calculate the percentage of gingerols and gingerdiones in the sample taken:
Result = (rT/rS) × (CS/W) × 10
rT= sum of the peak responses of gingerols and gingerdiones from the Sample solution
rS= peak response of capsaicin from the Standard solution
C=
S concentration of USP Capsaicin RS in the Standard solution (mg/mL)
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W= weight of Powdered Ginger used in the test for Articles of Botanical Origin, AlcoholSoluble Extractives (g)
Acceptance criteria: NLT 0.8%
CONTAMINANTS
Delete the following:
• Heavy Metals

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 105
cfu/g; the total combined molds and yeasts count does not exceed 103 cfu/g; the biletolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Microorganisms 2022 : It meets the requirements of the tests for absence
of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanical Characteristics: Under a microscope, Powdered Ginger reveals mainly starch
granules and parenchyma cells containing them; simple, large, flattened, ovoid or sackshaped starch granules, 5–15 µm wide and 30–60 µm long having an eccentric hilum, some
showing faint transverse striations; parenchyma cells containing yellow-brown to dark
brown resinous substances; groups of large, thin-walled nonlignified septate fibers with
wide lumen; portions of septate fibers with attached vessels; large vessels with annular,
spiral, or reticulate thickening and often accompanied by parenchyma cells containing
brown content; oleoresin in fragments or droplets, staining with iodine TS and potassium
iodide TS; and, rarely, fragments of brown cork tissue, usually seen in surface view.
Sclerenchymatous cells, trichomes, and calcium oxalate are absent.
• Limit of Shogaols
Analysis: From the chromatograms obtained in the test for Content of Gingerols and
Gingerdiones, calculate the sum of the peak responses due to shogaols, occurring at the
following retention times, relative to 1.0 for capsaicin: 1.9 for 6-shogaol, 4.2 for 8shogaol, and 5.8 for 10-shogaol.
Calculate the percentage of shogaols in the portion of Powdered Ginger taken:
Result = (rT/rS) × (CS/W) × 10
rT= sum of the peak responses of shogaols from the Sample solution
rS= peak response of capsaicin from the Standard solution
C=
S concentration of USP Capsaicin RS in the Standard solution, prepared as directed in the
test for Content of Gingerols and Gingerdiones (mg/mL)
W= weight of Powdered Ginger used in the test for Articles of Botanical Origin, AlcoholSoluble Extractives (g)
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Acceptance criteria: NMT 0.18%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2 561
Analysis: Collect the filtrate in a 100-mL volumetric flask, and dilute with alcohol to
volume. Evaporate 50 mL of the filtrate at a temperature not exceeding 90 .
Acceptance criteria: NLT 4.5% residue. [Note—Save the residue for use in Identification
test B, and the remaining volume of the filtrate for the tests for Limit of Shogaols and
Content of Gingerols and Gingerdiones.]
• Articles of Botanical Origin, Content of Starch, Method 1
the General Procedures being used
• Articles of Botanical Origin, Total Ash

561 : NLT 42%, Method Ia of

561 : NMT 8.0%

• Articles of Botanical Origin, Volatile Oil Content
• Articles of Botanical Origin, Water-Soluble Ash

561 : NLT 1.8 mL/100 g
561 : NLT 1.9%

• Articles of Botanical Origin, Water-Soluble Extractives, Method 2
• Water Determination, Method Ia

561 : NLT 10.0%

921 : NMT 10%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store in a cool area.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived. This article is exempted from the requirements of
the General Notices with respect to the pregnancy and lactation statement (section
10.40.50, Labeling Botanical-Containing Products).
• USP Reference Standards 11
USP Capsaicin RS
USP Ginger Constituent Mixture RS
USP Powdered Ginger RS
BRIEFING
Ginkgo, USP 37 page 5413. In preparation for the omission of the general chapter Heavy Metals
231 , and all references thereto, it is proposed to control arsenic, cadmium, lead, and
mercury as described in the Limits of Elemental Impurities section of the general chapter
Articles of Botanical Origin

561 , proposed elsewhere in this PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148891

Comment deadline: November 30, 2014
Ginkgo
DEFINITION
Change to read:
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Change to read:
Ginkgo consists of the dried leaf of Ginkgo biloba L. (Fam. Ginkgoaceae). It contains NLT 0.5%
of flavonoids, calculated as flavonol glycosides; with a mean molecular mass of 756.7;
2S (USP38)

and NLT 0.1% of terpene lactones, calculated as the sum of bilobalide (C15 H18 O8 ), ginkgolide A
(C20 H24 O9 ), ginkgolide B (C20 H24 O10 ), and ginkgolide C (C20 H24 O11 ), both on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Test for flavonoids
Standard solution: A solution of 0.6 mg/mL of USP Rutin RS, 0.2 mg/mL of USP
Chlorogenic Acid RS, and 0.2 mg/mL of USP Quercetin RS in methanol
Sample solution: Transfer 1.0 g of finely powdered Ginkgo to a 50-mL round-bottom
flask fitted with a reflux condenser. Add 10 mL of methanol, reflux on a water bath for
10 min, allow to cool to room temperature, and filter. [Note—Reserve some of the
Sample solution for use in the Test for terpene lactones.]
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL
Developing solvent system: Ethyl acetate, water, anhydrous formic acid, and glacial
acetic acid (100:26:11:11)
Spray reagent 1: 5 mg/mL of 2-aminoethyl diphenylborinate in methanol
Spray reagent 2: 50 mg/mL of polyethylene glycol 400 in alcohol
Analysis
Samples: Standard solution and Sample solution
Before development of the chromatograms, saturate the chamber for 20 min with
Developing solvent system. If the relative humidity in the laboratory exceeds 50%,
condition the plate to about 35% relative humidity using a suitable device. Apply the
samples separately as bands (see Chromatography 621 ), and allow to dry. Develop
the plate over a path of 6 cm, remove from the chromatographic chamber, and dry in
a circulating air oven at 105 for 5 min. Immediately spray the hot plate with Spray
reagent 1, then with Spray reagent 2, dry, and examine under long-wave UV light
(365 nm).
Acceptance criteria: The Standard solution shows in its lower part with increasing RF
values a yellowish-brown fluorescent zone due to rutin (RF 0.28), a light blue fluorescent
zone due to chlorogenic acid (RF 0.36), and a yellow fluorescent zone due to quercetin
(RF 0.92). The Sample solution shows a yellowish-brown fluorescent zone, a light blue
fluorescent zone, and a yellowish-brown fluorescent zone at RF similar to those of rutin,
chlorogenic acid, and quercetin, respectively, in the Standard solution. Additional
yellowish to yellowish-green zones due to flavonoids detected in the Sample solution
chromatogram include one zone below the rutin zone, two zones between the rutin and
chlorogenic acid zones, and two zones above the chlorogenic acid zone. Other zones
may be seen in the Sample solution chromatogram.
Test for terpene lactones
Standard solution: Dissolve an amount of USP Ginkgo Terpene Lactones RS in methanol
to obtain a solution containing in each mL about 1.0, 0.9, 0.6, 0.7, and 0.2 mg of
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bilobalide, ginkgolide A, ginkgolide B, ginkgolide C, and ginkgolide J, respectively.
Sample solution: Use the Sample solution prepared in the Test for flavonoids.
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL
Developing solvent system: Toluene, ethyl acetate, acetone, and methanol (20: 10:
10: 1.2)
Spray reagent: Acetic anhydride
Analysis
Samples: Standard solution and Sample solution
Immerse the plate for 2 s in an 8 g/200 mL solution of sodium acetate in methanol.
Allow the excess liquid to drip from the plate, dry in a forced-air oven at 70 for 30
min, and cool in a desiccator. Apply the samples separately as bands to the
impregnated plate (see Chromatography 621 ), and allow to air-dry. Before
development of the chromatograms, saturate the chamber for 20 min with Developing
solvent system. If the relative humidity in the laboratory exceeds 50%, condition the
plate to about 35% relative humidity, using a suitable device. Develop the plate over a
path of 6 cm, remove from the chromatographic chamber, and dry in cold air. Spray
the plate with Spray reagent, heat at 180 for 10 min, cool, and examine under shortwave UV light (254 nm).
Acceptance criteria: The Standard solution chromatogram shows five distinct quenching
zones corresponding to the different ginkgo terpene lactones: ginkgolide C, ginkgolide J,
ginkgolide B, ginkgolide A, and bilobalide at RF values of about 0.13, 0.18, 0.32, 0.38,
and 0.45, respectively. The Sample solution chromatogram shows a strong quenching
zone at the application position, a broad quenching zone near the solvent front, and five
distinct quenching zones corresponding to different ginkgo terpene lactones at RF similar
to those detected in the Standard solution chromatogram.
[Note—RF values may differ from one plate to another due to the impregnation step.]
COMPOSITION
Change to read:
• Content of Flavonol Glycosides
Extraction solvent: Alcohol, hydrochloric acid, and water (25:4:10)
Mobile phase: Methanol, water, and phosphoric acid (100:100:1)
Standard solution A: 0.02 mg/mL of USP Quercetin RS in methanol
Standard solution B: 0.02 mg/mL of USP Kaempferol RS in methanol
Standard solution C: 0.005 mg/mL of USP Isorhamnetin RS in methanol
Sample solution: Transfer about 1.0 g of Ginkgo, finely powdered, to a 250-mL flask fitted
with a reflux condenser. Add 78 mL of Extraction solvent, and reflux on a water bath for
135 min. [Note—The solution will turn deep red. The color of the solution is not a
definitive indication of reaction completeness.] Allow to cool to room temperature. Decant
into a 100-mL volumetric flask. Add 20 mL of methanol to the 250-mL flask, and sonicate
for 30 min. Filter, transfer the filtrate into the 100-mL volumetric flask, wash the residue
on the filter with a small amount of methanol, transfer the rinsate into the same 100-mL
volumetric flask, dilute with methanol to volume, and mix.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 370 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
[Note—The relative retention times for quercetin, kaempferol, and isorhamnetin are about
1.0, 1.8, and 2.0, respectively; Standard solution A, Standard solution B, and Standard
solution C.]
Suitability requirements
Relative standard deviation: NMT 2.0% determined from the quercetin peak in
repeated injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Calculate the percentage of each flavonol glycoside in the portion of Ginkgo taken:
Result = (rU/rS) × (CS/W) × F × 10
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of the relevant analyte from Standard solution A, Standard solution B, or
Standard solution C
C=
S concentration of the relevant analyte in Standard solution A, Standard solution B, or
Standard solution C (mg/mL)
W= weight of Ginkgo taken to prepare the Sample solution (g)
F= mean molecular mass factor to convert each analyte into flavonol glycoside with a mean
molecular mass of 756.7:
factor to convert each flavonol aglycone into its respective flavonol glycoside:
2S (USP38)

2.504 for quercetin, 2.437 for isorhamnetin, and 2.588 for kaempferol
Calculate the total percentage of flavonol glycosides by adding the individual percentages
calculated.
Acceptance criteria: NLT 0.5% of flavonoids, as flavonol glycosides, with a mean molecular
mass of 756.7,
2S (USP38)

on the dried basis
• Content of Terpene Lactones
Solvent: Methanol and water (9:1)
Buffer solution: Dissolve 1.19 g of dibasic sodium phosphate and 8.25 g of monobasic
potassium phosphate in 1000 mL of water, and adjust to a pH of 5.8.
Diluent: Methanol and water (1:1)
Solution A: Water
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
23
52
48
28
52
48
30
25
75
35
10
90
40
75
25
50
75
25
Standard solutions: Using the labeled content of the individual terpene lactones, prepare
five solutions of the USP Ginkgo Terpene Lactones RS in Diluent within the range of 5–500
µg/mL for each of the relevant terpene lactones. Use sonication to dissolve the analytes if
necessary. Pass through a filter of 0.45-µm or finer pore size.
Sample solution: Transfer about 2.5 g of Ginkgo, accurately weighed, to a 30-mL glass
centrifuge tube with a screw cap and a PTFE gasket. Add 10 mL of Solvent, seal the tube,
and mix well on a vortex mixer. Heat on a water bath at 90 for 30 min. Mix the hot
suspension on a vortex mixer, and repeat the heating at 90 for 30 min. Cool, centrifuge,
transfer the supernatant into a round-bottom flask, and keep the residue in the glass
tube. Repeat the extraction two more times, each time using 10 mL of Solvent. Combine
the extracts, and evaporate to dryness under vacuum on a water bath maintained at 50 .
Add 10 mL of Buffer solution to the residue, and sonicate for 5 min. Quantitatively transfer
the solution to a glass chromatographic tube filled with chromatographic siliceous earth
capable of holding 20 mL of aqueous phase.1 Rinse the beaker with two 5-mL portions of
Buffer solution, and transfer the rinsates to the column. [Note—Do not exceed 20 mL of
total aqueous phase or the holding capacity of the chromatographic tube.]
Allow the Buffer solution to be absorbed into the column. After 15 min, elute the column
with 100 mL of ethyl acetate, collect the eluate, and evaporate to dryness under vacuum
on a water bath maintained at 50 . Dissolve the residue in 10.0 mL of Diluent.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Evaporative light-scattering detector. [Note—The parameters of the detector
are adjusted to achieve the best signal-to-noise ratio, according to manufacturer
recommendations.]
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 25
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Samples: Standard solutions
Suitability requirements
Chromatogram similarity: The chromatograms of the Standard solutions are similar to
the reference chromatogram provided with the lot of USP Ginkgo Terpene Lactones RS
being used.
Relative standard deviation: NMT 2.0% determined from the bilobalide peak in

PF 40(5): Sep.-Oct. 2014

576

replicate injections
Correlation coefficient: NLT 0.995 for the regression line as determined in Analysis
Analysis
Samples: Standard solutions and Sample solution
Record the chromatograms, and identify the peaks of the relevant analytes in the
chromatograms of the Standard solutions by comparison with the reference chromatogram
of the USP Ginkgo Terpene Lactones RS lot being used. Plot the logarithms of the relevant
peak areas against the logarithms of respective concentrations, in mg/mL, of each analyte
from the Standard solutions, and determine the regression line by least-squares
regression.
From the graphs, determine the concentrations, C, in mg/mL, of each relevant analyte in
the Sample solution.
Separately calculate the percentages of bilobalide (C15 H18 O8 ), ginkgolide A (C20 H24 O9 ),
ginkgolide B (C20 H24 O10 ), and ginkgolide C (C20 H24 O11 ) in the portion of Ginkgo taken:
Result = (C/W) × 1000
C= concentration of the relevant analyte in the Sample solution (mg/mL)
W
= weight of Ginkgo taken to prepare the Sample solution (mg)
Calculate the total percentage of terpene lactones in the portion of Ginkgo taken by
adding the percentages calculated for each analyte.
Acceptance criteria: NLT 0.1% of terpene lactones, calculated as the sum of bilobalide,
ginkgolide A, ginkgolide B, and ginkgolide C, on the dried basis
CONTAMINANTS
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the requirements

Delete the following:
• Heavy Metals, Method III

231 : NMT 20 µg/g

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)

561 : Meets the

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Dried whole, folded, or fragmented leaves, with or without attached petiole,
vary from khaki green to greenish brown in color; often more brown at the apical edge,
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and darker on the adaxial surface. Lamina are broadly obcuneate (fan-shaped), 2–12 cm
in width and 2–9.5 cm in length from petiole to apical margin; mostly 1.5–2 times wider
than long. The base margins are entire, concave; apical margin sinuate, usually truncate
or centrally cleft, and rarely multiply cleft. The surface is glabrous, with wrinkled
appearance due to prominent dichotomous venation appearing parallel and extending from
the lamina base to the apical margin. Petioles, similar color to leaf, are channeled on the
adaxial surface, and 2–8 cm in length.
Microscopic
Transverse section of lamina: A thin but marked cuticle occurs over a single layer of
epidermal cells on both surfaces. Stomata are present on the lower surface only, with
guard cells sunken with respect to adjacent epidermal cells. Palisade elements,
elongated, at right angles to the surface and often irregular in appearance, occur just
below the upper epidermis. Vascular bundles occur at intervals along the width of the
blade, with adjacent cluster crystals of calcium oxalate. Cells of the mesophyll are
smaller than the palisade cells, elongated, parallel to the leaf surface, and separated by
large intercellular spaces.
Powdered lamina and petiole: Under the microscope, transverse fragments of the leaf
display a smooth cuticle, present on both leaf surfaces and staining pinkish orange with
sudan III TS. In surface view, cells of the upper epidermis are elongated and wavywalled, with abundant yellow droplets 2–12 µm in diameter visible in mature and old
leaves but not in young leaves. Cells of the lower epidermis are similar in shape but have
straighter walls and are interrupted by anisocytic stomata. Numerous lignified elements
derived from the lamina and petiole are present, including xylem vessels with annular
thickening, tracheids, and vessels with bordered pits. The extent of lignification,
particularly in the petiole, increases with age of leaf. Calcium oxalate crystals are
numerous, present scattered or associated with vessels, ranging in size from 5–50 µm in
young leaves and 15–100 µm in mature leaves. Under crossed polarizers, numerous
smaller prism- or tear-shaped shiny features of indeterminate nature may be present.
Very occasional, highly elongated, uniseriate, covering trichomes with no obvious cross
walls and smooth or warty surfaces may be seen. Mature leaves may show the presence
of very rare, polygonal to circular starch granules approximately 20 µm in diameter, with
a central hilum and exhibiting a marked Maltese cross under crossed polarizers.
• Articles of Botanical Origin, Foreign Organic Matter
2.0% of other foreign organic matter

561 : NMT 3.0% of stems and NMT

• Loss on Drying 731
Sample: 1.0 g of finely powdered Ginkgo
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 11.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Ginkgo
Acceptance criteria: NMT 11.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
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plant contained in the article.
• USP Reference Standards 11
USP Chlorogenic Acid RS
USP Ginkgo Terpene Lactones RS
USP Isorhamnetin RS
USP Kaempferol RS
USP Quercetin RS
USP Rutin RS
1 Suitable commercially available material is Extrelut® NT 20 from E Merck Science.

BRIEFING
Goldenseal, USP 37 page 5433. In preparation for the omission of the general chapter Heavy
Metals 231 and all references to this general chapter from individual monographs, it is
proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin
proposed elsewhere in this Pharmacopeial Forum.

561

(DS2010: A. Bzhelyansky.)
Correspondence Number—C148909

Comment deadline: November 30, 2014
Goldenseal
DEFINITION
Goldenseal consists of the dried roots and rhizomes of Hydrastis canadensis L. (Fam.
Ranunculaceae). It contains NLT 2.0% of hydrastine (C21 H21 NO6 ) and NLT 2.5% of berberine
(C20 H18 NO4 ), calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 0.5 mg/mL each of USP Berberine Chloride RS and USP Hydrastine RS in
methanol
Sample solution: Finely powder the rhizome and the root. Transfer 0.5 g of the powder to
a suitable glass vial, and add 0.5 mL of 10% sodium carbonate. Add 5 mL of methanol, and
heat for 10 min in a water bath at 60 . Cool to room temperature, filter, and dry under a
stream of nitrogen. Add 0.5 mL of methanol to dissolve the residue.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10–20 µL, as bands
Developing solvent system: Ethyl acetate, butyl alcohol, formic acid, and water
(5:3:1:1)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved about three-fourths of
the length of the plate, in a saturated chamber. Remove the plate, air-dry, and examine
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under UV light at 365 nm.
Acceptance criteria: The chromatograms show zones having a lemon-yellow fluorescence
due to berberine at an RF value of about 0.53 and a blue-white fluorescence due to
hydrastine at an RF value of about 0.42.
COMPOSITION
Change to read:
• Content of Berberine and Hydrastine and Limit of Palmatine
Mobile phase: Dissolve 9.93 g of monobasic potassium phosphate in 730 mL of water, add
270 mL of acetonitrile, mix, filter, and degas.
Solvent: A mixture of 0.1 M monobasic potassium phosphate and acetonitrile (60:40)
Standard solution: 0.05 mg/mL each of USP Berberine Chloride RS and USP Hydrastine RS
in a mixture of methanol and water (1:1)
System suitability solution: Prepare a solution of palmatine in a mixture of water and
methanol (1:1) having a known concentration of about 0.05 mg/mL. Mix equal volumes of
this solution and the Standard solution.
Sample solution: Finely powder a quantity of Goldenseal, and transfer about 0.12 g,
accurately weighed, to a 50-mL volumetric flask. Add 40 mL of Solvent, sonicate for 5
min, and shake for 10 min. Dilute with Solvent to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 150-mm; packing L1
Flow rate: 1.8 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between the berberine and palmatine peaks, and NLT 1.5 between
the hydrastine and palmatine peaks, System suitability solution
Capacity factor: NLT 3.0, determined from the hydrastine and berberine peaks
for the hydrastine peak, 2S (USP38)
Standard solution
Column efficiency: NLT 5000 theoretical plates determined from the hydrastine and berberine
peaks, Standard solution
Tailing factor: NMT 2.0 determined from the hydrastine and berberine peaks, Standard solution
Relative standard deviation: NMT 2.5% determined from the hydrastine and berberine peaks
in repeated injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of berberine and hydrastine in the portion of Goldenseal taken:
Result = (rU/rS) × CS × (V/W) × 100
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rU= peak area of berberine or hydrastine in the Sample solution
rS= peak area of berberine or hydrastine in the Standard solution
C=
S concentration of berberine or hydrastine in the Standard solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of powdered Goldenseal used to prepare the Sample solution (mg)
Using the values obtained from the chromatogram of the Sample solution, divide the peak area
of berberine by the area of any peak at the locus for palmatine (if present).
Acceptance criteria: NLT 2.0% of hydrastine (C21 H21 NO6 ) and NLT 2.5% of berberine
(C20 H18 NO4 ), on the dried basis. The ratio of the berberine peak area to any peak area at
the locus for palmatine is more than 50:1.
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Elemental Impurities

561 : Meets the requirements

2S (USP38)

• Articles of Botanical Origin, Pesticide Residues

561 : Meets the requirements

SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: The rhizome is knotty, subcylindrical, and occasionally has an aerial stem. It
is 1–5 cm in length and 2–10 mm in diameter. Externally, the rhizome is brown to dusky
yellowish orange, deeply furrowed, and marked by numerous stem and bud scale scars.
Numerous brittle roots arise roughly from the same side of the main axis. Fractures are
short and resinous, with a dark yellow to yellowish-brown bark, greenish-yellow margins,
and a yellowish-orange center that is waxy in appearance. An interrupted circle of small,
radially elongated fibrovascular bundles are also present. The roots are filiform, up to 35
cm in length and 1 mm in diameter, and are either curved or twisted, tangled together, or
broken. Fractures are short and brittle, and show an internal color of yellowish orange to
greenish yellow.
Microscopic:
Transverse section of rhizome and root: The rhizome has polygonal, yellowish-brown,
thin- to slightly thick-walled cork cells. Wedge-shaped vascular bundles are separated
by wide medullary rays. Tracheary elements are lignified and have slit-shaped pits. A
few large vessels with reticulate thickenings are also present. The parenchyma tissue is
composed of polygonal cells with abundant simple or compound starch grains up to 8 µm
in diameter. A few irregularly shaped resin cells are present in the cortex and the pith.
Masses of granular, orange-brown matter are present in the parenchyma tissues. The
roots have a single layer of irregularly elongated cork cells. The tracheary elements are
associated with lignified fibers. Fragments of the epidermis are sometimes present near
the base of the rhizome and are composed of cells with thick, lignified, beaded walls.
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• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Loss on Drying 731
Sample: 2.0 g of Goldenseal, finely powdered
Analysis: Dry at 100 for 5 h
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561 : NMT 9%
Sample: 1.0 g of Goldenseal, finely powdered
Acceptance criteria: NMT 9.0%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store protected from light,
moisture, and heat.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards
USP Berberine Chloride RS
USP Hydrastine RS

11

BRIEFING
Powdered Goldenseal, USP 37 page 5434. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to control arsenic, cadmium, lead, and mercury as described in
the Limits of Elemental Impurities section of the general chapter Articles of Botanical Origin
561 proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit
references to olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148910

Comment deadline: November 30, 2014
Powdered Goldenseal
DEFINITION
Powdered Goldenseal is Goldenseal reduced to a fine or very fine powder. It contains NLT 2.0%
of hydrastine (C21 H21 NO6 ) and NLT 2.5% of berberine (C20 H18 NO4 ), calculated on the dried
basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 0.5 mg/mL each of USP Berberine Chloride RS and USP Hydrastine RS in
methanol
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Sample solution: Transfer about 0.5 g of Powdered Goldenseal, accurately weighed, to a
suitable glass vial, and add 0.5 mL of 10% sodium carbonate. Add 5 mL of methanol, and
heat for 10 min in a water bath at 60 . Cool to room temperature, filter, and dry under a
stream of nitrogen. Add 0.5 mL of methanol to dissolve the residue.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10–20 µL, as bands
Developing solvent system: Ethyl acetate, butyl alcohol, formic acid, and water
(5:3:1:1)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved about three-fourths of
the length of the plate, in a saturated chamber. Remove the plate, air-dry, and examine
under UV light at 365 nm.
Acceptance criteria: The chromatograms show zones having a lemon-yellow fluorescence
due to berberine at an RF value of about 0.53 and a blue-white fluorescence due to
hydrastine at an RF value of about 0.42.
COMPOSITION
Change to read:
• Content of Berberine and Hydrastine and Limit of Palmatine
Mobile phase: Dissolve 9.93 g of monobasic potassium phosphate in 730 mL of water, add
270 mL of acetonitrile, mix, filter, and degas.
Solvent: A mixture of 0.1 M monobasic potassium and acetonitrile (60:40)
Standard solution: 0.05 mg/mL each of USP Berberine Chloride RS and USP Hydrastine RS
in a mixture of methanol and water (1:1)
System suitability solution: Prepare a solution of palmatine in a mixture of water and
methanol (1:1) having a known concentration of about 0.05 mg/mL. Mix equal volumes of
this solution and the Standard solution.
Sample solution: Transfer about 0.12 g of Powdered Goldenseal, accurately weighed, to a
50-mL volumetric flask. Add 40 mL of Solvent, sonicate for 5 min, and shake for 10 min.
Dilute with Solvent to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 150-mm; packing L1
Flow rate: 1.8 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between the berberine and palmatine peaks, and NLT 1.5 between
the hydrastine and palmatine peaks, System suitability solution
Capacity factor: NLT 3.0, determined from the hydrastine and berberine peaks
for the hydrastine peak 2S (USP38)
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, Standard solution
Column efficiency: NLT 5000 theoretical plates determined from the hydrastine and berberine
peaks, Standard solution
Tailing factor: NMT 2.0 determined from the hydrastine and berberine peaks, Standard solution
Relative standard deviation: NMT 2.5% determined from the hydrastine and berberine peaks
in repeated injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of berberine and hydrastine in the portion of Powdered Goldenseal
taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of berberine or hydrastine from the Sample solution
rS= peak area of berberine or hydrastine from the Standard solution
C=
S concentration of berberine or hydrastine in the Standard solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Goldenseal used to prepare the Sample solution (mg)
Using the values from the chromatogram of the Sample solution, divide the peak area of
berberine by the area of any peak at the locus for palmatine (if present).
Acceptance criteria: NLT 2.0% of hydrastine (C21 H21 NO6 ) and NLT 2.5% of berberine
(C20 H18 NO4 ), on the dried basis. The ratio of the berberine peak area to any peak area at the
locus for palmatine is more than 50:1.
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical Characteristics: The powder is dark yellow to moderately greenish-yellow. with
an aromatic odor and bitter taste.
2S (USP38)

Abundant starch granules are present and are either spherical or ovoid; the granules are simple
or compounded, with an occasional slit-shaped hilum. Parenchyma cells range from polygonal to
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round and are filled with starch or brown resin. Tracheary elements with slit-shaped pits and a
few large reticulated vessels are present, as are beaded, thick-walled elongated epidermal
cells. Thin fragments of cork layer are also present.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Loss on Drying 731
Sample: 2 g of Powdered Goldenseal, finely powdered
Analysis: Dry at 100 for 5 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561 : NMT 9%
• Articles of Botanical Origin, Acid-Insoluble Ash 561 : NMT 5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store protected from light and
moisture.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards
USP Berberine Chloride RS
USP Hydrastine RS

11

BRIEFING
Guggul, USP 37 page 5440. In preparation for the omission of the general chapter Heavy Metals
231 , and all references thereto, it is proposed to control arsenic, cadmium, lead, and
mercury as described in the Limits of Elemental Impurities section of the general chapter
Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also proposed to omit
references to olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148884

Comment deadline: November 30, 2014
Guggul
DEFINITION
Guggul is the oleo-gum-resin obtained by incision or produced by spontaneous exudation from
the stem and branches of Commiphora wightii (Arnott) Bhandari, also known as Commiphora
mukul (Hook. ex. Stocks) Engl. or Balsamodendrum mukul (Hook.) (Fam. Burseraceae). It
contains NLT 1.0% of guggulsterones E and Z, calculated on the dried basis as guggulsterone
Z.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 10 mg/mL of USP Purified Guggul Extract RS with heating, in
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acetonitrile
Sample solution: Transfer about 0.5 g of crushed Guggul to a centrifuge tube. Add 25 mL
of acetonitrile, and shake for 1 min. Heat in a water bath for 10–15 min with occasional
shaking, cool, centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Developing solvent system: A mixture of hexane and ethyl acetate (6:4)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm in length
(TLC plates)
Application volume: 10 µL
Analysis
Samples: Standard solution and Sample solution
Apply the Samples as bands. Use a saturated chamber. Develop until the solvent front has
moved about three-fourths the length of the plate, dry the plate, and examine under
short-wave UV light (254 nm).
Acceptance criteria: The chromatogram of the Sample solution exhibits bands at RF values
of about 0.38 and 0.47, due to guggulsterones E and Z, respectively. Both bands
correspond in RF values to bands from the Standard solution.
• B. HPLC Identification Test
Analysis: Proceed as directed in the test for Content of Guggulsterones E and Z
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks for
guggulsterones E and Z at retention times that correspond to those of Standard solution
A.
COMPOSITION
• Content of Guggulsterones E and Z
Mobile phase: A mixture of acetonitrile and water (45:55)
Standard solution A: 10 mg/mL of USP Purified Guggul Extract RS with heating, in
acetonitrile. Pass the solution through a filter of 0.45-µm pore size before injection.
Standard solution B: 0.1 mg/mL of USP Guggulsterone Z RS in acetonitrile. Pass the
solution through a filter of 0.45-µm pore size before injection.
Sample solution: Transfer about 2.0 g of crushed Guggul to a conical flask, and extract
four times with 50-mL portions of acetonitrile. Shake for 1 min, and reflux in a water bath
for 30 min, stirring magnetically. Evaporate the combined extracts to about 50 mL, and
transfer to a 100-mL volumetric flask. Dilute with acetonitrile to volume, and pass through
a filter of 0.45-µm pore size before injection.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2.0 mL/min
Injection volume: 20 µL
Column temperature: 27 ± 1
System suitability
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Samples: Standard solution A and Standard solution B
[Note—The relative retention times for guggulsterones E and Z are about 0.69 and 1.0,
respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution A is similar to the
reference chromatogram provided with the lot of USP Purified Guggul Extract RS being
used.
Resolution: NLT 2.0 between the guggulsterone Z peak and the peak before, Standard
solution A
Tailing factor: NMT 1.5 for the guggulsterone Z peak, Standard solution B
Relative standard deviation: NMT 2.0% for replicate injections for the guggulsterone
Z peak, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Allow Standard solution A to elute for NLT two times the retention time of guggulsterone
Z, as determined from Standard solution B. Using the chromatogram of Standard solution A
and the reference chromatogram provided with the lot of USP Purified Guggul Extract RS
being used, identify the retention times of the peaks corresponding to guggulsterone E
and guggulsterone Z.
Calculate the percentage of guggulsterones E and Z as guggulsterone Z in the portion of
Guggul taken:
Result = (rU/rS) × Cs × (V/W) × 100
rU= sum of the peak responses of guggulsterones E and Z from the Sample solution
rS= peak response of guggulsterone Z from Standard solution B
C=
S concentration of USP Guggulsterone Z RS in Standard solution B (mg/mL)
V= final volume of the Sample solution, 100 mL
W= weight of Guggul taken to prepare the Sample solution (mg)
Acceptance criteria: NLT 1.0% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 µg/g

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis
SPECIFIC TESTS
Change to read:
• Botanical Characteristics

561 : Meets the

561 : Meets the requirements
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Macroscopic: Guggul occurs in rounded or irregular conglomerates of tears, of variable
sizes, light to dark brown, slightly sticky to touch. , with characteristic and aromatic odor,
and an aromatic, astringent taste.
2S (USP38)

• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 1%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2 561 : NLT 33%
• Ethyl Acetate Soluble Extractives
Sample: About 5.0 g of coarsely powdered Guggul
Analysis: Transfer the Sample to a glass-stoppered, conical flask. Add 25 mL of solvent
hexane, insert a stopper into the flask, shake for 1 h, filter, and discard the filtrate.
Repeat twice, and dry the residue in a vacuum over phosphorus pentoxide at room
temperature for 8 h. Crush the dried material, and extract with four 25-mL quantities of
ethyl acetate, by shaking each time for 1 h at room temperature, followed by filtration
through a sintered glass funnel (porosity No. 3). Evaporate the combined filtrates under
reduced pressure in a tared flask, dry the residue in a vacuum over phosphorus pentoxide
at room temperature for 12 h, and weigh. Determine the percentage of the ethyl acetate
soluble extractives calculated from the weight of Guggul taken.
Acceptance criteria: 22%-30%
• Loss on Drying 731
Sample: 1.0 g of Guggul
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 8.0%
• Residue on Ignition 281 : NMT 10.0%, ignited at 800 ± 25
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store in a cool place.
• Labeling: The label states the Latin binomial of the species of Commiphora from which the
oleo-gum-resin was obtained and the official name.
• USP Reference Standards 11
USP Guggulsterone Z RS
USP Purified Guggul Extract RS
BRIEFING
Gymnema, USP 37 page 5444. In preparation for the omission of the general chapter Heavy
Metals 231 and all references to this general chapter from individual monographs, it is
proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin 561
proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit references to
gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(DS: A. Bzhelyansky.)
Correspondence Number—C148911

Comment deadline: November 30, 2014
Gymnema
DEFINITION
Gymnema consists of the dried leaves of Gymnema sylvestre (Retz.) R. Br. ex Schult. (Fam.
Asclepiadaceae). It contains NLT 1.0% of gymnemic acids, calculated as gymnemagenin on the
dried basis.
IDENTIFICATION
• A. Meets the requirements for Specific Tests, Botanical Characteristics
Change to read:
• B. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Gymnemagenin RS in methanol
Standard solution B: 20 mg/mL of USP Native Gymnema Extract RS in methanol. Sonicate
for 10 min, centrifuge, and use the supernatant.
Sample solution: About 0.5 g of Gymnema, finely powdered, in 5 mL of methanol. Sonicate
for 10 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of
5 µm (ERR 1-Aug-2013)
(HPTLC plates)
Application volume: 5 µL as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a suitable
device.
Developing solvent system: A mixture of dichloromethane, methanol, and formic acid
(75:25:10)
Developing distance: 6 cm
Derivatization reagent: A mixture of methanol and sulfuric acid (9:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution. Apply the samples
as bands. Develop in a saturated chamber, remove the plate from the chamber, dry in air,
treat with Derivatization reagent, heat at 110 for 3 min, and examine under white light and
UV at 365 nm.
System suitability: The chromatogram of Standard solution B shows two bands clearly
separated at an RF of about 0.6–0.7 below the band due to gymnemagenin in Standard
solution A. The most prominent band is located at about one-third of the chromatogram,
visible as brown in color under white light and blue under UV.
Acceptance criteria: The chromatogram of the Sample solution shows the following bands
corresponding in color and position to bands in the chromatogram of Standard solution B: two
bands at an RF of about 0.6–0.7, below the band due to gymnemagenin in Standard solution A.
The most prominent band at about one-third of the chromatogram, visible as brown in color
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under white light and blue under UV; and in the lower third of the chromatogram, under UV,
one light blue-greenish band and a dark band underneath.
• C. HPLC
Analysis: Proceed as directed in the test for Content of Gymnemic Acids.
Acceptance criteria: The chromatogram of the Sample solution shows a major peak at a
retention time corresponding to that of the gymnemagenin peak in the chromatogram of
Standard solution A and an additional peak corresponding to deacylgymnemic acid.
COMPOSITION
• Content of Gymnemic Acids
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, and add 0.5 mL of phosphoric acid. Dilute with water to 1000 mL, mix, filter, and
degas.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
20
45
55
25
40
60
30
40
60
35
75
25
40
75
25
Solvent: 50% ethanol in water
Potassium hydroxide solution: 12% potassium hydroxide in water
Hydrochloric acid solution: 4 N hydrochloric acid
Standard solution A: 0.3 mg/mL of USP Gymnemagenin RS in methanol
Standard solution B: Transfer about 0.25 g of USP Native Gymnema Extract RS to a 100mL round-bottom flask fitted with a reflux condenser. Add 25 mL of Solvent and 2 mL of
Potassium hydroxide solution, reflux for 1 h, and cool to room temperature. Add 5.5 mL of
Hydrochloric acid solution, reflux for 2 h, and cool to room temperature. Adjust the
solution with Potassium hydroxide solution to a pH of 7.5–8.5, transfer to a 50-mL
volumetric flask, dilute with Solvent to volume, and mix. Before injection, pass through a
membrane filter having a 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Sample solution: Transfer about 0.75 g of Gymnema, finely powdered and accurately
weighed, to a 100-mL round-bottom flask fitted with a reflux condenser. Add 25 mL of
Solvent and 2 mL of Potassium hydroxide solution, reflux for 1 h, and cool to room
temperature. Add 5.5 mL of Hydrochloric acid solution, reflux for 2 h, and cool to room
temperature. Adjust the solution with Potassium hydroxide solution to a pH of 7.5–8.5,
filter into a 100-mL volumetric flask, dilute with Solvent to volume, and mix. Before
injection, pass through a membrane filter having a 0.45-µm or finer pore size, discarding
the first few mL of the filtrate.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm, 100

, packing L1

Column temperature: 25
Flow rate: 1.6 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Native Gymnema Extract RS
being used.
Tailing factor: NMT 1.5 for the gymnemagenin peak, Standard solution A
Relative standard deviation: NMT 2.0% for the gymnemagenin peak, Standard
solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Native Gymnema Extract RS being used,
identify the retention times of the peaks corresponding to deacylgymnemic acid and
gymnemagenin from the Sample solution.
Calculate the percentage of gymnemic acids, calculated as gymnemagenin, in the portion
of Gymnema taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of gymnemagenin from the Sample solution
rS= peak area of gymnemagenin from Standard solution A
C=
S concentration of gymnemagenin in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Gymnema used to prepare the Sample solution (mg)
Acceptance criteria: NLT 1.0% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 µg/g

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
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bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Leaves opposite; petiolate; simple, elliptic or ovate, acute apex, margin
entire, acute to acuminate at base; reticulate venation; pubescent on both surfaces, the
dorsal surface is more pubescent; about 2–6 cm long, 1–4 cm broad; upper surface is
yellowish-brown, lower surface is dark green; bitter taste, when chewed has the property
of paralyzing the sense of taste for a few hours for both sweet and bitter substances and
in particular sweet substances
2S (USP38)

. Pharmacopeial article consists of dry, brittle, and green to yellowish-green leaves.
Microscopic
Transverse section of petiole: Horse-shoe shaped. Trichomes present profusely all over the
periphery, and are uniseriate, multicellular and thick-walled. A layer of epidermis, thick-walled
cells; 4–5 layers of collenchymatous cortex; and inner parenchyma. The vascular bundles
occur as an arc in the middle, three in number—two small lateral, and one large median. The
median bundle consists of xylem elements arranged in radial rows, surrounded by phloem.
Xylem consists of vessel elements, tracheids, and fibers. Rosette crystals are present in the
collenchyma and parenchyma cells, with more in the cells toward the center. The starch
grains are polygonal, simple or compound, in two to many in groups, hilum indistinct.
Transverse section of lamina: Upper and lower epidermal cells, thin wall, covered with thin
striated cuticle. Trichomes are present on both surfaces, uniseriate, uni- to tricellular, and
thick-walled. A single layer of palisade cells below the upper epidermis occupies one-third of
the thickness of the lamina, followed by 3–5 layers of parenchyma cells with large
intercellular spaces.
Transverse section of midrib: Upper and lower epidermal cells, thin wall, covered with thin
striated cuticle. Trichomes are present, uniseriate, uni- to tricellular, and thick walled,
followed by 4–5 layers of compact parenchyma cells on both sides of the midrib; collateral
vascular bundles are present, forming an arc shape.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method I
• Articles of Botanical Origin, Water-Soluble Extractives, Method I
• Loss on Drying 731
Sample: 1.0 g of finely powdered Gymnema
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 7.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Gymnema
Acceptance criteria: NMT 15%
• Articles of Botanical Origin, Acid-Insoluble Ash

561

561 : NLT 20%
561 : NLT 20%
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Sample: 1.0 g of finely powdered Gymnema
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture. Store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Gymnemagenin RS
USP Native Gymnema Extract RS
BRIEFING
Powdered Gymnema, USP 37 page 5447. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to control arsenic, cadmium, lead, and mercury as described in
the Limits of Elemental Impurities section of the general chapter Articles of Botanical Origin
561

proposed elsewhere in this Pharmacopeial Forum.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148922

Comment deadline: November 30, 2014
Powdered Gymnema
DEFINITION
Powdered Gymnema is Gymnema reduced to powder or very fine powder. It contains NLT 1.0%
of gymnemic acids, calculated as gymnemagenin on the dried basis.
IDENTIFICATION
• A. Meets the requirements for Specific Tests, Botanic Characteristics
Change to read:
• B. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Gymnemagenin RS in methanol
Standard solution B: 20 mg/mL of USP Native Gymnema Extract RS in methanol. Sonicate
for 10 min, centrifuge, and use the supernatant.
Sample solution: About 0.5 g of Powdered Gymnema in 5 mL of methanol. Sonicate for 10
min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of
5 µm (ERR 1-Aug-2013)
(HPTLC plates)
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Application volume: 5 µL as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33%, using a suitable
device.
Developing solvent system: A mixture of dichloromethane, methanol, and formic acid
(75:25:10)
Developing distance: 6 cm
Derivatization reagent: A mixture of methanol and sulfuric acid (9:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution. Apply the samples
as bands, and dry in air. Develop the chromatograms in a saturated chamber, remove the
plate from the chamber, dry in air, derivatize the plate with Derivatization reagent, heat at
110 for 3 min, and examine under white light and under UV at 365 nm.
System suitability: The chromatogram of Standard solution B shows two bands clearly
separated at an RF of about 0.6–0.7 below the band due to gymnemagenin in Standard
solution A. The most prominent band is located at about one-third of the chromatogram,
visible as brown in color under white light and blue under UV.
Acceptance criteria: The chromatogram of the Sample solution shows the following bands
corresponding in color and position to bands in the chromatogram of Standard solution B: two
bands at an RF of about 0.6–0.7, below the band due to gymnemagenin in Standard solution A.
The most prominent band at about one-third of the chromatogram, visible as brown in color
under white light and blue under UV; and in the lower third of the chromatogram, under UV,
one light blue-greenish band and a dark band underneath.
• C. HPLC
Analysis: Proceed as directed in the test for Content of Gymnemic Acids.
Acceptance criteria: The chromatogram of the Sample solution shows a major peak at a
retention time corresponding to that of the gymnemagenin peak in the chromatogram of
Standard solution A and an additional peak corresponding to deacylgymnemic acid.
COMPOSITION
• Content of Gymnemic Acids
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, and add 0.5 mL of phosphoric acid. Dilute with water to 1000 mL, mix, filter, and
degas.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
20
45
55
25
40
60
30
40
60
35
75
25
40
75
25
Solvent: 50% ethanol in water
Potassium hydroxide solution: 12% potassium hydroxide in water
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Hydrochloric acid solution: 4 N hydrochloric acid
Standard solution A: 0.3 mg/mL of USP Gymnemagenin RS in methanol
Standard solution B: Transfer about 0.25 g of USP Native Gymnema Extract RS to a 100mL round-bottom flask fitted with a reflux condenser. Add 25 mL of Solvent and 2 mL of
Potassium hydroxide solution, reflux on a water bath for 1 h, and cool to room
temperature. Add 5.5 mL of Hydrochloric acid solution, reflux on a water bath for 2 h, and
cool to room temperature. Adjust the solution with Potassium hydroxide solution to a pH
of 7.5–8.5, transfer to a 50-mL volumetric flask, dilute with Solvent to volume, and mix.
Before injection, pass through a membrane filter having a 0.45-µm or finer pore size,
discarding the first few mL of the filtrate.
Sample solution: Transfer about 0.75 g of Powdered Gymnema, accurately weighed, to a
100-mL round-bottom flask fitted with a reflux condenser. Add 25 mL of Solvent and 2 mL
of Potassium hydroxide solution, reflux on a water bath for 1 h, and cool to room
temperature. Add 5.5 mL of Hydrochloric acid solution, reflux on a water bath for 2 h, and
cool to room temperature. Adjust the solution with Potassium hydroxide solution to a pH
of 7.5–8.5, filter into a 100-mL volumetric flask, dilute with Solvent to volume, and mix.
Before injection, pass through a membrane filter having a 0.45-µm or finer pore size,
discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 210 nm

621 , System Suitability.)

Column: 4.6-mm × 25-cm; 5-µm, 100

, packing L1

Column temperature: 25
Flow rate: 1.6 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Native Gymnema Extract RS
being used.
Tailing factor: NMT 1.5 for the gymnemagenin peak, Standard solution A
Relative standard deviation: NMT 2.0% for the gymnemagenin peak, Standard
solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Native Gymnema Extract RS being used,
identify the retention times of the peaks corresponding to deacylgymnemic acid and
gymnemagenin from the Sample solution.
Calculate the percentage of gymnemic acids, calculated as gymnemagenin, in the portion
of Powdered Gymnema taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of gymnemagenin from the Sample solution
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rS= peak area of gymnemagenin from Standard solution A
C=
S concentration of gymnemagenin in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Powdered Gymnema used to prepare the Sample solution (mg)
Acceptance criteria: NLT 1.0% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III 231 : NMT 20 µg/g

2S (USP38)

Add the following:
• Articles of Botanical Origin, Elemental Impurities

561 : Meets the requirements

2S (USP38)

• Articles of Botanical Origin, Pesticide Residues

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanical Characteristics
Microscopic
Under a microscope, it shows fragments of upper and lower epidermal cells, polygonal, thin
and straight walls, covered with striated cuticle, anomocytic stomata; trichomes are
present on both surfaces, uniseriate, uni- to tricellular, and thick walled; fragments of
collenchyma and parenchyma cells, some containing rosettes of calcium oxalate; starch
grains, polygonal, simple or compound, hilum indistinct; fragments of reticulate and spiral
vessels, and tracheids.
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method I
• Articles of Botanical Origin, Water-Soluble Extractives, Method I
• Loss on Drying 731
Sample: 1.0 g of Powdered Gymnema
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 7.0%
• Articles of Botanical Origin, Total Ash
Sample: 1.0 g of Powdered Gymnema
Acceptance criteria: NMT 15%

561

• Articles of Botanical Origin, Acid-Insoluble Ash
Sample: 1.0 g of Powdered Gymnema
Acceptance criteria: NMT 2.0%

561

561 : NLT 20%
561 : NLT 20%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture. Store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant used to prepare the article.
• USP Reference Standards 11
USP Gymnemagenin RS
USP Native Gymnema Extract RS
BRIEFING
Hawthorn Leaf with Flower, USP 37 page 5450. In preparation for the omission of the general
chapter Heavy Metals 231 , and all references thereto, it is proposed to control arsenic,
cadmium, lead, and mercury as described in the Limits of Elemental Impurities section of the
general chapter Articles of Botanical Origin

561 , proposed elsewhere in this PF.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C149868

Comment deadline: November 30, 2014
Hawthorn Leaf with Flower
DEFINITION
Hawthorn Leaf with Flower consists of the dried tips of the flower-bearing branches up to 7 cm
in length of Crataegus monogyna Jacq. emend Lindman. or Crataegus laevigata (Poir.) DC., also
known as Crataegus oxycantha Linné (Fam. Rosaceae). It contains NLT 0.6% of C-glycosylated
flavones, expressed as vitexin (C21 H20 O10 ), and NLT 0.45% of O-glycosylated flavones,
expressed as hyperoside (C21 H20 O12 ), calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution: 0.1 mg/mL each of chlorogenic acid, rutin, USP Hyperoside RS, and
USP Vitexin RS in methanol. [Note—Reserve a portion of this solution for use in
Identification test B.]
Sample solution: Finely powder 10 g of Hawthorn Leaf with Flower. Transfer 1 g of the
powder to a flask, and add 10 mL of methanol. Heat the flask on a water bath maintained
at 65 for 5 min, cool, filter, and use the filtrate.
Adsorbent: 0.50-mm layer of chromatographic silica gel mixture (TLC plates)
Developing solvent system: Ethyl acetate, glacial acetic acid, formic acid, and water
(10:1.1:1.1:2.6)
Spray reagent A: 2-Aminoethyl diphenylborinate in methanol (1 in 100)
Spray reagent B: Polyethylene glycol 4000 in methanol (5 in 100)
Analysis
Samples: Standard solution and Sample solution
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Proceed as directed in the chapter, except to dry the plate at 105 , and spray the plate
while still hot with 10 mL of Spray reagent A and then with 10 mL of Spray reagent B.
Allow the plate to air-dry for 30 min, and examine under long-wave UV light (365 nm).
Acceptance criteria: The chromatogram of the Standard solution exhibits an intense
orange zone (at RF value of 0.3) due to rutin; a light blue fluorescent zone (at RF value of
0.4) due to chlorogenic acid; a yellowish-orange zone (at RF value of 0.55) due to
hyperoside; and a yellowish-green zone (at RF value of 0.65) due to vitexin. The
chromatogram of the Sample solution, in addition to the zones due to rutin, chlorogenic
acid, hyperoside, and vitexin, exhibits a yellowish-green zone (at RF value of 0.35) due to
vitexin-2-rhamnoside; a light blue fluorescent zone (at RF value of 0.6) due to spiraeoside;
and a light blue fluorescent zone near the solvent front (at RF value of 0.9) due to caffeic
acid. The chromatogram of the Sample solution also exhibits additional zones of weaker
intensity.
• B. Procedure
Solution A: Tetrahydrofuran, acetonitrile, and methanol (92.4:3.4:4.2)
Solution B: 0.5% Phosphoric acid in water
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
12
88
12
12
88
25
18
82
30
18
82
Standard solution: Use the Standard solution reserved from Identification test A.
Sample solution: Transfer 3 g of finely powdered Hawthorn Leaf with Flower to a 100-mL
round-bottom flask, add 60 mL of a mixture of methanol and water (4:1), and maintain
under reflux for 1 h. Cool, filter, and collect the filtrate in a separate flask. Transfer the
residue from the filter back to the flask, add 40 mL of a mixture of methanol and water
(4:1), and maintain under reflux for 10 min. Cool, filter, and combine the filtrate with the
filtrate obtained from the first extraction. Evaporate the solvent from the combined
filtrates under vacuum to a volume of 20 mL. Dilute the resulting solution with a mixture of
methanol and water (4:1) to 25.0 mL. Pass 5.0 mL of this solution through a freshly
conditioned solid-phase extraction column containing 360 mg of packing L1, collect the
eluate in a 10-mL volumetric flask, and dilute with a mixture of methanol and water (4:1)
to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 336 nm
Column: 4.0-mm × 10-cm; 5-µm packing L1
Column temperature: 25
Flow rate: 1 mL/min
Injection volume: 5 µL
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System suitability
Sample: Standard solution
[Note—The relative retention times for chlorogenic acid, vitexin, rutin, and hyperoside are
0.26, 1.0, 1.16, and 1.4, respectively.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for acetyl vitexin-2¢¢-O-rhamnoside, vitexin, isovitexin,
and vitexin-2¢¢-O-rhamnoside are 1.53, 1.0, 0.73, and 0.67, respectively.]
Measure the retention times for the major peaks.
Acceptance criteria: The retention times of the peaks for chlorogenic acid, vitexin, rutin,
and hyperoside of the Sample solution correspond to those of the Standard solution.
COMPOSITION
• Content of C-Glycosylated Flavones
Solution A: 0.5% solution of phosphoric acid in water
Solution B: Tetrahydrofuran, isopropyl alcohol, and acetonitrile (10:8:3)
Mobile phase: Solution A and Solution B (22:3)
Standard solution: 0.3 mg/mL of USP Vitexin RS in Solution B, with heating if necessary
Sample solution: Finely powder 100 g of Hawthorn Leaf with Flower. Transfer about 4 g of
the powder, accurately weighed, to a continuous-extraction apparatus fitted with a flask
containing 80 mL of methanol, and extract for 5 h. Cool, remove the flask, and evaporate
the solvent from the extract under vacuum to 40 mL. Transfer this solution to a 50-mL
volumetric flask, and dilute with methanol to volume. Transfer 10.0 mL of the solution to a
suitable flask fitted with a reflux condenser, add 4 mL of 25% hydrochloric acid, and
maintain under reflux for 90 min. Cool, transfer the contents of the flask to a 50-mL
volumetric flask, and dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 336 nm
Column: 4-mm × 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3000 theoretical plates
Tailing factor: 0.8–2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of C-glycosylated
flavones, expressed as vitexin (C21 H20 O10 ), in the portion of Hawthorn Leaf with Flower
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taken:
Result = (CS/CU) × (SrU/rS) × 100
CS= concentration of USP Vitexin RS in the Standard solution (mg/mL)
CU= concentration of Hawthorn Leaf with Flower in the Sample solution (mg/mL)
Sr=
U sum of the peak areas of vitexin and isovitexin, with a relative retention time of about
1.0 and 0.85, respectively, in the chromatogram of the Sample solution
rS= vitexin peak area in the Standard solution
Acceptance criteria: NLT 0.6% of C-glycosylated flavones, expressed as vitexin
(C21 H20 O10 ) on the dried basis
• Content of O-Glycosylated Flavones
Mobile phase: Methanol, phosphoric acid, and water (100:1:100)
Standard solution: 0.05 mg/mL of USP Quercetin RS in methanol
Sample solution: Proceed as directed for the Sample solution under Content of CGlycosylated Flavones, except to use 1 mL of 25% hydrochloric acid for 60 min instead of
4 mL of 25% hydrochloric acid for 90 min.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 370 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3000 theoretical plates
Tailing factor: 0.8–2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of O-glycosylated
flavones, expressed as hyperoside (C21 H20 O12 ), in the portion of Hawthorn Leaf with
Flower taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= quercetin peak area in the Sample solution
rS= quercetin peak area in the Standard solution
CS= concentration of USP Quercetin RS in the Standard solution (mg/mL)
CU= concentration of Hawthorn Leaf with Flower in the Sample solution (mg/mL)
Mr1
= molecular weight of hyperoside, 464.38
Mr2
= molecular weight of quercetin, 302.24
Acceptance criteria: NLT 0.45% of O-glycosylated flavones, expressed as hyperoside
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(C21 H20 O12 ) on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 It meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: It shows fragments of dark brown, lignified branches, usually from 1 mm to
NMT 2.5 mm in diameter, bearing alternate petiolate leaves, with small, often deciduous
styles, and bearing numerous white flowers in a corymbose arrangement. The leaves are
more or less strongly lobate, and their margins are slightly or very slightly serrate. C.
laevigata has pinnatilobate to pinnatifid leaves, divided into three, five, or seven obtuse
lobes; the leaves of C. monogyna are almost pinnatisect with three to five acute lobes.
The adaxial surface of the leaf is dark green to brownish-green; the abaxial surface is
lighter, greyish-green, and shows a dense network of clearly visible veinlets and slightly
prominent principal veins. The leaves of C. laevigata and C. monogyna are glabrous or
bear isolated trichomes. The flowers consist of a brownish-green tubulous calyx, ending in
its upper part in five triangular segments, and of five yellowish-white to brownish free
petals, rounded to widely oval, shortly unguiculate, and with numerous stamens. The
ovary, fused to the tubulous calyx, bears one to three long styles and consists of the
same number of carpels, each containing one fertile ovule. C. monogyna has one style
and one carpel, and C. laevigata has two or three styles and carpels.
Microscopic: When reduced to a fine powder, it shows the following characteristics:
unicellular covering trichomes, usually with thick walls and wide lumens, almost straight to
somewhat curved, pitted at the base; fragments of leaf epidermis with cells that have
sinuous to polygonal walls and large anomocytic stomata surrounded by four to seven
subsidiary cells; clusters of parenchymatous cells containing calcium oxalate crystals,
usually from 10–20 µm in length; fragments of petals showing rounded polygonal epidermal
cells, strongly papillose, with thick walls, the cuticle of which clearly shows wavy
striations; fragments of anthers whose endothecium has an arched and regularly
thickened margin; fragments of stems containing collenchymatous cells, vessels and fibers
of lignified sclerenchyma, with narrow lumens; numerous rounded to elliptical triangular
pollen grains up to 45 µm in diameter, with free exines and three germinal pores.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 8.0% of lignified matter
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• Loss on Drying 731
Sample: 1.0 g of Hawthorn Leaf with Flower, finely powdered
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash

561 : NMT 9.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in a well-closed container, protected from light.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards
USP Hyperoside RS
USP Quercetin RS
USP Vitexin RS

11

BRIEFING
Powdered Hawthorn Leaf with Flower, USP 37 page 5452. In preparation for the omission of
the general chapter Heavy Metals 231 , and all references thereto, it is proposed to
control arsenic, cadmium, lead, and mercury as described in the Limits of Elemental
Impurities section of the general chapter Articles of Botanical Origin
elsewhere in this PF.

561 , proposed

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C149867

Comment deadline: November 30, 2014
Powdered Hawthorn Leaf with Flower
DEFINITION
Powdered Hawthorn Leaf with Flower is Hawthorn Leaf with Flower reduced to a fine or very
fine powder.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution: 0.1 mg/mL each of chlorogenic acid, rutin, USP Hyperoside RS, and
USP Vitexin RS in methanol. [Note—Reserve a portion of this solution for use in
Identification test B.]
Sample solution: Transfer about 1 g of Powdered Hawthorn Leaf with Flower to a flask,
and add 10 mL of methanol. Heat the flask on a water bath maintained at 65 for 5 min,
cool, filter, and use the filtrate.
Adsorbent: 0.50-mm layer of chromatographic silica gel mixture (TLC plates)
Developing solvent system: Ethyl acetate, glacial acetic acid, formic acid, and water
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(10:1.1:1.1:2.6)
Spray reagent A: 2-Aminoethyl diphenylborinate in methanol (1 in 100)
Spray reagent B: Polyethylene glycol 4000 in methanol (5 in 100)
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter, except to dry the plate at 105 , and spray the plate
while still hot with 10 mL of Spray reagent A and then with 10 mL of Spray reagent B.
Allow the plate to air-dry for 30 min, and examine under long-wave UV light (365 nm).
Acceptance criteria: The chromatogram of the Standard solution exhibits an intense
orange zone (at RF value of 0.3) due to rutin; a light blue fluorescent zone (at RF value of
0.4) due to chlorogenic acid; a yellowish-orange zone (at RF value of 0.55) due to
hyperoside; and a yellowish-green zone (at RF value of 0.65) due to vitexin. The
chromatogram of the Sample solution, in addition to the zones due to rutin, chlorogenic
acid, hyperoside, and vitexin, exhibits a yellowish-green zone (at RF value of 0.35) due to
vitexin-2-rhamnoside; a light blue fluorescent zone (at RF value of 0.6) due to spiraeoside;
and a light blue fluorescent zone near the solvent front (at RF value of 0.9) due to caffeic
acid. The chromatogram of the Sample solution also exhibits additional zones of weaker
intensity.
• B. Procedure
Solution A: Tetrahydrofuran, acetonitrile, and methanol (92.4:3.4:4.2)
Solution B: 0.5% Phosphoric acid in water
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
12
88
12
12
88
25
18
82
30
18
82
Standard solution: Use the Standard solution reserved from Identification test A.
Sample solution: Transfer about 3 g of Powdered Hawthorn Leaf with Flower to a 100-mL
round-bottom flask, add 60 mL of a mixture of methanol and water (4:1), and maintain
under reflux for 1 h. Cool, filter, and collect the filtrate in a separate flask. Transfer the
residue from the filter back to the flask, add 40 mL of a mixture of methanol and water
(4:1), and maintain under reflux for 10 min. Cool, filter, and combine the filtrate with the
filtrate obtained from the first extraction. Evaporate the solvent from the combined
filtrates under vacuum to a volume of 20 mL. Dilute the resulting solution with a mixture of
methanol and water (4:1) to 25.0 mL. Pass 5.0 mL of this solution through a freshly
conditioned solid-phase extraction column containing 360 mg of packing L1, collect the
eluate in a 10-mL volumetric flask, and dilute with a mixture of methanol and water (4:1)
to volume.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 336 nm

621 , System Suitability.)
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Column: 4.0-mm × 10-cm; 5-µm packing L1
Column temperature: 25
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for chlorogenic acid, vitexin, rutin, and hyperoside are
0.26, 1.0, 1.16, and 1.4, respectively.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for acetyl vitexin-2¢¢-O-rhamnoside, vitexin, isovitexin,
and vitexin-2¢¢-O-rhamnoside are 1.53, 1.0, 0.73, and 0.67, respectively.]
Measure the retention times for the major peaks.
Acceptance criteria: The retention times of the peaks for chlorogenic acid, vitexin, rutin,
and hyperoside of the Sample solution correspond to those of the Standard solution.
COMPOSITION
• Content of C-Glycosylated Flavones
Solution A: 0.5% Solution of phosphoric acid in water
Solution B: Tetrahydrofuran, isopropyl alcohol, and acetonitrile (10:8:3)
Mobile phase: Solution A and Solution B (22:3)
Standard solution: 0.3 mg/mL of USP Vitexin RS in Solution B, with heating if necessary
Sample solution: Transfer about 4 g of Powdered Hawthorn Leaf with Flower, accurately
weighed, to a continuous-extraction apparatus fitted with a flask containing 80 mL of
methanol, and extract for 5 h. Cool, remove the flask, and evaporate the solvent from the
extract under vacuum to 40 mL. Transfer this solution to a 50-mL volumetric flask, and
dilute with methanol to volume. Transfer 10.0 mL of the solution to a suitable flask fitted
with a reflux condenser, add 4 mL of 25% hydrochloric acid, and maintain under reflux for
90 min. Cool, transfer the contents of the flask to a 50-mL volumetric flask, and dilute
with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 336 nm
Column: 4-mm × 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3000 theoretical plates
Tailing factor: 0.8–2
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of C-glycosylated
flavones, expressed as vitexin (C21 H20 O10 ), in the portion of Powdered Hawthorn Leaf
with Flower taken:
Result = (SrU/rS) × (CS/CU) × 100
Sr=
U sum of the peak areas of vitexin and isovitexin in the Sample solution, with relative
retention times of about 1.0 and 0.85, respectively
rS= vitexin peak area in the Standard solution
CS= concentration of USP Vitexin RS in the Standard solution (mg/mL)
CU= concentration of Powdered Hawthorn Leaf with Flower in the Sample solution (mg/mL)
Acceptance criteria: NLT 0.6% of C-glycosylated flavones, expressed as vitexin
(C21 H20 O10 ) on the dried basis
• Content of O-Glycosylated Flavones
Mobile phase: Methanol, phosphoric acid, and water (100:1:100)
Standard solution: 0.05 mg/mL of USP Quercetin RS in methanol
Sample solution: Proceed as directed for the Sample solution under Content of CGlycosylated Flavones, except to use 1 mL of 25% hydrochloric acid for 60 min instead of
4 mL of 25% hydrochloric acid for 90 min.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 370 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3000 theoretical plates
Tailing factor: 0.8–2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of O-glycosylated
flavones, expressed as hyperoside (C21 H20 O12 ), in the portion of Powdered Hawthorn Leaf
with Flower taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= quercetin peak area in the Sample solution
rS= quercetin peak area in the Standard solution
CS= concentration of USP Quercetin RS in the Standard solution (mg/mL)
CU= concentration of Powdered Hawthorn Leaf with Flower in the Sample solution (mg/mL)
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Mr1
= molecular weight of hyperoside, 464.38
Mr2
= molecular weight of quercetin, 302.24
Acceptance criteria: NLT 0.45% of O-glycosylated flavones, expressed as hyperoside
(C21 H20 O12 ) on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III 231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 It meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanical Characteristics
Microscopic: The yellowish-green powder shows the following characteristics: unicellular
covering trichomes, usually with thick walls and wide lumens, almost straight to somewhat
curved, pitted at the base; fragments of leaf epidermis with cells that have sinuous to
polygonal walls and large anomocytic stomata surrounded by four to seven subsidiary
cells; clusters of parenchymatous cells containing calcium oxalate crystals, usually from
10–20 µm in length; fragments of petals showing rounded polygonal epidermal cells,
strongly papillose, with thick walls, the cuticle of which clearly shows wavy striations;
fragments of anthers whose endothecium has an arched and regularly thickened margin;
fragments of stems containing collenchymatous cells, vessels, and fibers of lignified
sclerenchyma, with narrow lumens; and numerous rounded to elliptical triangular pollen
grains up to 45 µm in diameter, with free exines and three germinal pores.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 8.0% of lignified matter

• Loss on Drying 731
Sample: 1.0 g of Powdered Hawthorn Leaf with Flower
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash

561 : NMT 9.0%

ADDITIONAL REQUIREMENTS
• Packaging and storage: Store in a well-closed container, protected from light.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
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the plant source from which the article was derived.
• USP Reference Standards
USP Hyperoside RS
USP Quercetin RS
USP Vitexin RS

11

BRIEFING
Licorice, USP 37 page 5463. In preparation for the omission of the general chapter Heavy
Metals 231 and all references to this general chapter from individual monographs, it is
proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin
proposed elsewhere in this Pharmacopeial Forum.

561

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148912

Comment deadline: November 30, 2014
Licorice
DEFINITION
Licorice consists of the roots, rhizomes, and stolons of Glycyrrhiza glabra L. or Glycyrrhiza
uralensis Fish. ex DC. (Fam. Fabaceae). It contains NLT 2.5% of glycyrrhizic acid (C42 H62 O16 ),
calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 5 mg/mL of USP Glycyrrhizic Acid RS in a mixture of alcohol and water
(7:3)
Sample solution: 2 g of pulverized Licorice in 10 mL of a mixture of alcohol and water
(7:3). Heat by shaking on a water bath for 5 min, cool, and filter.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture (TLC plates)
Application volume: 2 µL
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (7:1:2)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram in an unsaturated chamber to a length of 10 cm. Examine the
plate under 254-nm light.
Acceptance criteria: The chromatograms show a dark purple zone, among other spots,
due to glycyrrhizic acid at an RF value of 0.4.
COMPOSITION
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• Content of Glycyrrhizic Acid
Diluent: Alcohol and water (1:1)
Solution A: Dilute acetic acid (1:15)
Mobile phase: Acetonitrile and Solution A (2:3)
Standard solution: 0.25 mg/mL of USP Glycyrrhizic Acid RS in Diluent
Sample solution: Transfer 500 mg of Licorice, reduced to a powder, to a suitable flask.
Add 70 mL of Diluent, shake for 15 min, centrifuge, and decant the supernatant into a
100-mL volumetric flask. Mix the residue with 25 mL of Diluent, shake for 15 min,
centrifuge, and add the supernatant to the volumetric flask. Dilute with Diluent to volume,
and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 5000 theoretical plates determined from glycyrrhizic acid
Tailing factor: NMT 2.0 for the glycyrrhizic acid peak
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of glycyrrhizic acid (C42 H62 O16 ) in the portion of Licorice taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of glycyrrhizic acid from the Sample solution
rS= peak area of glycyrrhizic acid from the Standard solution
C=
S concentration of USP Glycyrrhizic Acid RS in the Standard solution (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Licorice taken to prepare the Sample solution (mg)
Acceptance criteria: NLT 2.5% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 30 µg/g

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)

561 : Meets the
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• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the requirements

SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: The terrestrial stem is nearly cylindrical, 0.5–3.0 cm in diameter, and over 1
m in length; it is externally dark brown to red-brown and longitudinally wrinkled. It often
has lenticels, small buds, and scaly leaves. The transverse section reveals a rather clear
border between the phloem and the xylem, and a radial structure that often has radiating
splits.
Microscopic: The transverse section reveals several yellow-brown cork layers, and a layer
of phelloderm that is 1–3 cells thick. The cortex exhibits medullary rays, and obliterated
sieve portions radiate alternately. The phloem exhibits groups of phloem fibers, which are
surrounded by crystal cells, with thick but incompletely lignified walls. The vessels are
accompanied by xylem fibers, which are surrounded by crystal cells, and by xylem
parenchyma cells. The parenchyma cells contain starch grains, and often contain single
crystals of calcium oxalate.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2

561 : NLT 25.0%

• Loss on Drying 731 : Dry a sample at 105 for 6 h: it loses NMT 12.0% of its weight.
• Articles of Botanical Origin, Total Ash

561 : NMT 7.0%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store in a cool, dry place.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards
USP Glycyrrhizic Acid RS

11
BRIEFING

Powdered Licorice, USP 37 page 5464. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin 561
proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit references to
olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148913

Comment deadline: November 30, 2014
Powdered Licorice

PF 40(5): Sep.-Oct. 2014

609

DEFINITION
Powdered Licorice is Licorice reduced to a fine or very fine powder. It contains NLT 2.5% of
glycyrrhizic acid (C42 H62 O16 ), calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 5 mg/mL of USP Glycyrrhizic Acid RS in a mixture of alcohol and water
(7:3)
Sample solution: 2 g of Powdered Licorice in 10 mL of a mixture of alcohol and water
(7:3). Heat by shaking on a water bath for 5 min, cool, and filter.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture (TLC plates)
Application volume: 2 µL
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (7:1:2)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram in an unsaturated chamber to a length of 10 cm. Examine the
plate under 254-nm light.
Acceptance criteria: The chromatograms show a dark purple zone, among other spots,
due to glycyrrhizic acid at an RF value of 0.4.
COMPOSITION
• Content of Glycyrrhizic Acid
Diluent: Alcohol and water (1:1)
Solution A: Dilute acetic acid (1:15)
Mobile phase: Acetonitrile and Solution A (2:3)
Standard solution: 0.25 mg/mL of USP Glycyrrhizic Acid RS in Diluent
Sample solution: Transfer 500 mg of Powdered Licorice to a suitable flask. Add 70 mL of
Diluent, shake for 15 min, centrifuge, and decant the supernatant into a 100-mL
volumetric flask. Mix the residue with 25 mL of Diluent, shake for 15 min, centrifuge, and
add the supernatant to the volumetric flask. Dilute with Diluent to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 5000 theoretical plates determined from glycyrrhizic acid
Tailing factor: NMT 2.0 for the glycyrrhizic acid peak
Relative standard deviation: NMT 2.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of glycyrrhizic acid (C42 H62 O16 ) in the portion of Powdered
Licorice taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of glycyrrhizic acid from the Sample solution
rS= peak area of glycyrrhizic acid from the Standard solution
C=
S concentration of USP Glycyrrhizic Acid RS in the Standard solution (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Powdered Licorice taken to prepare the Sample solution (mg)
Acceptance criteria: NLT 2.5% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III 231 : NMT 30 µg/g

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical characteristics
Macroscopic: It is light yellow-brown powder. and has a slight odor and sweet taste
2S (USP38)

Microscopic: Powdered Licorice reveals parenchyma cells containing starch grains and solitary
crystals of calcium oxalate, parenchyma cell fragments, cork tissue, yellow sclerenchymatous
fiber bundles that are accompanied by crystal cell rows, and vessels with reticulate and
scalariform pits.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2

561 : NLT 25.0%

• Loss on Drying 731 : Dry a sample at 105 for 6 h: it loses NMT 12.0% of its weight.
• Articles of Botanical Origin, Total Ash

561 : NMT 7.0%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in well-closed containers in a cool, dry place.
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• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards
USP Glycyrrhizic Acid RS

11
BRIEFING

Malabar-Nut-Tree, Leaf, USP 37 page 5478. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to control arsenic, cadmium, lead, and mercury as described in
the Limits of Elemental Impurities section of the general chapter Articles of Botanical Origin
561 proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit
references to olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148907

Comment deadline: November 30, 2014
Malabar-Nut-Tree, Leaf
DEFINITION
Malabar-Nut-Tree, Leaf, known in commerce as vasaka, consists of the dried leaves of Justicia
adhatoda L., [syn. Adhatoda vasica Nees] (Fam. Acanthaceae). It contains NLT 0.6% of
vasicine, calculated on the dried basis.
IDENTIFICATION
• A. Malabar-Nut-Tree Leaf meets the requirements in Specific Tests, Botanical
Characteristics.
• B. Thin-Layer Chromatographic Identification Test
Standard solution A: 0.5 mg/mL of USP Vasicine RS in methanol. Sonicate to dissolve if
necessary.
Standard solution B: 50 mg/mL of USP Powdered Malabar-Nut-Tree, Leaf Extract RS in
methanol. Sonicate for about 15 min, centrifuge, and use the supernatant.
Sample solution: Transfer about 2.0 g of Malabar-Nut-Tree, Leaf, finely powdered and
accurately weighed, to a 250-mL round-bottom flask fitted with a reflux condenser. Add
50 mL of methanol, reflux for 15 min, cool to room temperature, and decant the
supernatant. Repeat until the extract is colorless. Combine the extracts, filter, and
concentrate under vacuum. Transfer into a 25-mL volumetric flask, and adjust to volume
with methanol. [Note—Save the filtrate for use in the test for Content of Vasicine.]
Adsorbent: Chromatographic silica gel with an average particle size of 10–15 µm (TLC
plates)
Application volume: 10 µL, as 4-mm bands
Developing solvent system: Ethyl acetate, methanol, and ammonia (8: 2: 0.2)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
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Apply the Samples as bands. Using a saturated chamber, develop the chromatograms
until the solvent front has moved up about three-fourths of the length of the plate.
Remove the plate from the chamber, dry, and examine under UV at 254 nm.
Acceptance criteria: The chromatogram of the Sample solution exhibits a quenching zone
at an RF value of approximately 0.35 for vasicine, corresponding to a zone in the
chromatogram of Standard solution A. The chromatogram of the Sample solution also
exhibits an additional quenching zone at an RF value of approximately 0.53 for vasicinone,
corresponding to a similar zone in the chromatogram of Standard solution B. Other minor
zones may be observed in the Sample solution and Standard solution B chromatograms.
• C. HPLC: The chromatogram of the Sample solution from the test for Content of Vasicine
shows a main peak at a retention time corresponding to that of vasicine in the
chromatogram of Standard solution A. Identify other peaks in the Sample solution by
comparison with the chromatogram of Standard solution B and the reference chromatogram
provided with the lot of USP Powdered Malabar-Nut-Tree, Leaf Extract RS being used. The
Sample solution shows an additional peak corresponding to vasicinone.
COMPOSITION
• Content of Vasicine
Buffer solution: Dissolve 1.36 g of anhydrous potassium dihydrogen phosphate in 900 mL
of water. Add 2.0 mL of phosphoric acid. Dilute with water to 1000 mL, and filter.
Mobile phase: Buffer solution, acetonitrile, and tetrahydrofuran (92:5:3)
Standard solution A: 0.1 mg/mL of USP Vasicine RS in methanol. Sonicate to dissolve if
necessary.
Standard solution B: 5.0 mg/mL of USP Powdered Malabar-Nut-Tree, Leaf Extract RS in
methanol. Sonicate for about 15 min. Before injection, pass through a membrane filter of
0.45-µm or finer pore size.
Sample solution: Dilute the Sample solution, prepared as directed in Identification test A
(1:5), with methanol. Before injection, pass through a membrane filter of 0.45-µm or finer
pore size, and discard the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L10
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
[Note—The approximate relative retention times of the vasicine and vasicinone peaks are
1.00 and 1.23, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Malabar-Nut-Tree,
Leaf Extract RS being used.
Resolution: NLT 2.0 between the vasicine and vasicinone peaks, Standard solution B
Relative standard deviation: NMT 2.0% determined from the vasicine peak in
repeated injections, Standard solution A
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Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Malabar-Nut-Tree, Leaf Extract RS
being used, identify the retention times of the peaks corresponding to vasicine and
vasicinone.
Calculate the percentage of vasicine in the portion of Malabar-Nut-Tree, Leaf taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of vasicine from the Sample solution
rS= peak area of vasicine from Standard solution A
C=
S concentration of USP Vasicine RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Malabar-Nut-Tree, Leaf taken to prepare the Sample solution (mg)
Acceptance criteria: NLT 0.6% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Leaves, simple, green to dull grayish-brown, minutely pubescent, lanceolate
to ovate-lanceolate, tapering base and slightly acuminate apex, 10–20 cm long, 3–10 cm
broad, petioles 2–8 cm long, and 8–10 pairs of reticulate lateral veins. ; characteristic
odor, and bitter taste
2S (USP38)

Pharmacopeial article consists of dry, brittle, and grayish-brown leaves.
Microscopic
Transverse section of leaves: Upper epidermal cells uniform in size and sinuous in outline,
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while lower epidermal cells vary in size and are less wavy; 4–6 layers of collenchymal cells
below epidermis in the midrib region; shows two layers of palisade cells with elongated
cystoliths, which are absent in epidermal cells (a diagnostic feature that is not seen in the
leaves of Ailanthus excelsa, a potential adulterant); globules of oil dispersed in palisade and
spongy layers; numerous stomata diacytic or anomocytic; glandular and non-glandular
trichomes are visible on both epidermal layers.
• Loss on Drying 731
Sample: 1.0 g of finely powdered Malabar-Nut-Tree, Leaf
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Malabar-Nut-Tree, Leaf
Acceptance criteria: NMT 21%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2%

• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Powdered Malabar-Nut-Tree, Leaf Extract RS
USP Vasicine RS
BRIEFING
Powdered Malabar-Nut-Tree, Leaf, USP 37 page 5479. In preparation for the omission of the
general chapter Heavy Metals 231 and all references to this general chapter from
individual monographs, it is proposed to control arsenic, cadmium, lead, and mercury as
described in the Limits of Elemental Impurities section of the general chapter Articles of
Botanical Origin 561 proposed elsewhere in this Pharmacopeial Forum. It is also proposed
to omit references to olfactory and gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148908

Comment deadline: November 30, 2014
Powdered Malabar-Nut-Tree, Leaf
DEFINITION
Powdered Malabar-Nut-Tree, Leaf is Malabar-Nut-Tree, Leaf reduced to a powder or very fine
powder. It contains NLT 0.6% of vasicine, calculated on the dried basis.
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IDENTIFICATION
• A. Powdered Malabar-Nut Tree, Leaf meets the requirements in Specific Tests, Botanical
Characteristics.
• B. Thin-Layer Chromatographic Identification Test
Standard solution A: 0.5 mg/mL of USP Vasicine RS in methanol. Sonicate to dissolve if
necessary.
Standard solution B: 50 mg/mL of USP Powdered Malabar-Nut-Tree, Leaf Extract RS in
methanol. Sonicate for about 15 min, centrifuge, and use the supernatant.
Sample solution: Transfer about 2.0 g of Powdered Malabar-Nut-Tree, Leaf, accurately
weighed, to a 250-mL round-bottom flask fitted with a reflux condenser. Add 50 mL of
methanol, reflux for 15 min, cool to room temperature, and decant the supernatant.
Repeat until the extract is colorless. Combine the extracts, filter, and concentrate under
vacuum. Transfer into a 25-mL volumetric flask, and adjust to volume with methanol.
[Note—Save the filtrate for use in the test for Content of Vasicine.]
Adsorbent: Chromatographic silica gel with an average particle size of 10–15 µm (TLC
plates)
Application volume: 10 µL, as 4-mm bands
Developing solvent system: Ethyl acetate, methanol, and ammonia (8: 2: 0.2)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands. Using a saturated chamber, develop the chromatograms
until the solvent front has moved up about three-fourths of the length of the plate.
Remove the plate from the chamber, dry, and examine under UV at 254 nm.
Acceptance criteria: The chromatogram of the Sample solution exhibits a quenching zone
at an RF value of approximately 0.35 for vasicine, corresponding to a zone in the
chromatogram of Standard solution A. The chromatogram of the Sample solution also
exhibits an additional quenching zone at an RF value of approximately 0.53 for vasicinone,
corresponding to a similar zone in the chromatogram of Standard solution B. Other minor
zones may be observed in the Sample solution and Standard solution B chromatograms.
• C. HPLC: The chromatogram of the Sample solution from the test for Content of Vasicine
shows a main peak at a retention time corresponding to that of vasicine in the
chromatogram of Standard solution A. Identify other peaks in the Sample solution by
comparison with the chromatogram of Standard solution B and the reference chromatogram
provided with the lot of USP Powdered Malabar-Nut-Tree, Leaf Extract RS being used. The
Sample solution shows an additional peak corresponding to vasicinone.
COMPOSITION
• Content of Vasicine
Buffer solution: Dissolve 1.36 g of anhydrous potassium dihydrogen orthophosphate in 900
mL of HPLC grade water. Add 2.0 mL of phosphoric acid. Dilute with water to 1000 mL,
and filter.
Mobile phase: Buffer solution, acetonitrile, and tetrahydrofuran (92:5:3)
Standard solution A: 0.1 mg/mL of USP Vasicine RS in methanol. Sonicate to dissolve if
necessary.
Standard solution B: 5.0 mg/mL of USP Powdered Malabar-Nut-Tree, Leaf Extract RS in
methanol. Sonicate for about 15 min. Before injection, pass through a membrane filter of
0.45-µm or finer pore size.
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Sample solution: Dilute the Sample solution, prepared as directed in Identification test A
(1:5), with methanol. Before injection, pass through a membrane filter of 0.45-µm or finer
pore size, and discard the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L10
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
[Note—The approximate relative retention times of the vasicine and vasicinone peaks are
1.00 and 1.23, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Malabar-Nut-Tree,
Leaf Extract RS being used.
Resolution: NLT 2.0 between the vasicine and vasicinone peaks, Standard solution B
Relative standard deviation: NMT 2.0% determined from the vasicine peak in
repeated injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Malabar-Nut-Tree, Leaf Extract RS
being used, identify the retention times of the peaks corresponding to vasicine and
vasicinone.
Calculate the percentage of vasicine in the portion of Powdered Malabar-Nut-Tree, Leaf
taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of vasicine from the Sample solution
rS= peak area of vasicine from Standard solution A
C=
S concentration of USP Vasicine RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Malabar-Nut-Tree, Leaf taken to prepare the Sample solution (mg)
Acceptance criteria: NLT 0.6% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III
Add the following:

231 : NMT 20 ppm

2S (USP38)
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• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
Change to read:
• Botanical Characteristics:
Macroscopic: Greenish-brown powder ; characteristic odor; and bitter taste.
2S (USP38)

Microscopic: It shows parenchyma cells with elongated cystoliths; oil globules; epidermal cells
with numerous stomata diacytic or anomocytic, glandular and nonglandular, 1- to 3-celled,
thin-walled, warty trichomes.
• Loss on Drying 731
Sample: 1.0 g of Powdered Malabar-Nut-Tree, Leaf
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Powdered Malabar-Nut-Tree, Leaf
Acceptance criteria: NMT 21.0%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Powdered Malabar-Nut-Tree, Leaf Extract RS
USP Vasicine RS
BRIEFING
Milk Thistle, USP 37 page 5488. In preparation for the omission of the general chapter Heavy
Metals 231 and all references to this general chapter from individual monographs, it is
proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin
proposed elsewhere in this Pharmacopeial Forum.

561
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148916

Comment deadline: November 30, 2014
Milk Thistle
DEFINITION
Milk Thistle consists of the dried ripe fruit of Silybum marianum (L.) Gaertn. (Fam. Asteraceae),
the pappus having been removed. It contains NLT 2.0% of silymarin, calculated as silybin
(C25 H22 O10 ), on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 1.0 mg/mL of USP Silydianin RS in methanol
Sample solution: Use the Sample solution, prepared as directed in the test for Content of
Silymarin.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25 mm layer of chromatographic silica gel, typically 20 cm long (TLC plates)
Application volume: 10 µL
Developing solvent system: Freshly prepared mixture of chloroform, acetone, and
anhydrous formic acid (75: 16.5: 8.5)
Spray reagent A: 10-mg/mL solution of 2-aminoethyl diphenylborinate in methanol
Spray reagent B: 50-mg/mL solution of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved about three-fourths of the
plate, and dry it for 30 min in a current of cold air. Spray the plate with Spray reagent A,
allow to dry, and then spray with Spray reagent B. One hour later examine the plate under
long-wave UV light (365 nm).
Acceptance criteria: The chromatogram of the Sample solution exhibits an intense greenblue fluorescent zone at an RF value of about 0.5 (presence of silybin) and a gray-blue
spot at an RF value of about 0.4, corresponding to that observed in the chromatogram of
the Standard solution. The chromatogram of the Sample solution may exhibit other colored
zones: an intense green-blue zone at an RF value of about 0.25 (presence of silychristin)
and a red-orange zone at an RF value of about 0.3 (presence of taxifolin).
• B. HPLC Identification Test
Analysis: Proceed as directed in the test for Content of Silymarin.
Acceptance criteria: The retention times of the peaks for silydianin, silychristin, silybin A,
silybin B, isosilybin A, and isosilybin B in the chromatogram of the Sample solution
correspond to those in the chromatogram of the Milk thistle standard solution.
COMPOSITION
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Change to read:
• Content of Silymarin
Solution A: Methanol, phosphoric acid, and water (20: 0.5: 80)
Solution B: Methanol, phosphoric acid, and water (80: 0.5: 20)
Mobile phase: See Table 1.
Table 1
Time (min) Solution A (%) Solution B (%)
0
0
0
85 2S (USP38)
15 2S (USP38)
5
20
40
41
55

85
55
55
85
85

15
45
45
15
15

Milk thistle standard solution: 0.7 mg/mL of USP Powdered Milk Thistle Extract RS in
methanol. Sonicate for 20 min to dissolve. Pass through a membrane filter having a 0.45-µm or
finer pore size. Dilute 1:5 with methanol to obtain a solution of 0.14 mg/mL of USP Powdered
Milk Thistle Extract RS.
Silybin standard solutions: 0.20, 0.02, and 0.004 mg/mL of USP Silybin RS in methanol. Pass
through a membrane filter having a 0.45-µm or finer pore size.
Sample stock solution: Transfer 10 g of finely powdered Milk Thistle to an extraction thimble,
and cover with a small cotton ball. Transfer the thimble to a continuous-extraction apparatus
fitted with a 250-mL round-bottom flask containing 150 mL of hexane, and heat the flask on a
heating mantle for 4 h. After the extraction, detach the round-bottom flask from the
extraction apparatus, and discard the hexane. Dry the extraction thimble to remove residual
hexane, and transfer the thimble to an extraction apparatus suitable for hot extraction and
fitted with a 250-mL round-bottom flask containing 100 mL of ethyl acetate. [Note—Adjust the
volume of ethyl acetate, if necessary, to sustain continuous extraction.] Heat the flask to
achieve gentle reflux. After 8 h, transfer the extract quantitatively into a 100-mL volumetric
flask, and dilute with methanol to volume.
Sample solution: Dilute the Sample stock solution 1:25 with methanol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 288 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Milk thistle standard solution
[Note—For the relative retention times, see Table 2.]
Table 2
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Relative
Retention
Time
Silychristin
0.68
Silydianin
0.73
Silybin A
1.00
Silybin B
1.05
Dehydrosilybin
1.09
Isosilybin A
1.15
Isosilybin B
1.19
Suitability requirements
Chromatogram similarity: The chromatogram of the Milk thistle standard solution is similar
to the reference chromatogram provided with the lot of USP Powdered Milk Thistle Extract
RS being used.
Resolution: NLT 1.0 between silybin A and silybin B
Tailing factor: 0.8–2.0
Relative standard deviation: NMT 2.0% for the sum of peak responses due to silybin A
and silybin B
Analysis
Samples: Milk thistle standard solution, Silybin standard solutions, and Sample solution
Identify the peaks due to silychristin, silydianin, silybin A, silybin B, isosilybin A, and isosilybin B
by comparison with the chromatogram of the Milk thistle standard solution, and measure the
peak areas of the relevant peaks. Plot the combined peak areas of silybin A and silybin B
against the concentrations of USP Silybin RS in the corresponding Silybin standard solutions,
and establish a calibration curve using least-squares regression.
Separately calculate the percentage of each relevant component of silymarin as silybin
(C25 H22 O10 ) in the portion of Milk Thistle taken:
Result = C × (V/W) × D × 100
C= concentration of the relevant component in the Sample solution as interpolated from the
calibration curve (mg/mL)
V= volume of the Sample stock solution (mL)
W
= weight of the portion of Milk Thistle taken (mg)
D= dilution factor to prepare the Sample solution from Sample stock solution, 25
Calculate the content of silymarin, as a percentage, in the portion of Milk Thistle taken by
adding the individual percentages.
Acceptance criteria: NLT 2.0% of silymarin, calculated as silybin (C25 H22 O10 ), on the dried
basis
CONTAMINANTS
Delete the following:
• Heavy Metals

231 : NMT 10 µg/g

2S (USP38)
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Add the following:
• Articles of Botanical Origin, Elemental Impurities

561 : Meets the requirements

2S (USP38)

• Articles of Botanical Origin, Pesticide Residue

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: The fruits (achenes) are elongated ovoid, slightly crooked, somewhat
flattened, roughly 6–7 mm in length, up to 3 mm in width, and 1.5 mm in thickness, and
have a projecting cartilaginous, glossy, yellowish edge on the upper surface and a
grooved hilum at the base. The fruit coat is glossy brown-black or matte gray-brown with
dark or pale gray streaks; it encloses the straight embryo having two thick, flattened
cotyledons that contain fatty oil and aleurone granules.
Microscopic: The fruit wall epidermis consists of almost colorless palisade cells arranged at
right angles to the surface. They have greatly thickened outer walls, into which the lumen
continues for some distance in the form of a slit. Viewed from above under high
magnification, the cells show only a slit-shaped lumen. They have thickened ridges that
appear as nodular thickenings of the cell wall when viewed from above. The subepidermal
layer of the fruit wall is made up of unlignified thin-walled parenchymal cells and
constitutes a pigment layer. Colorless cells and groups of cells alternate with pigment
cells, the latter varying in number; this gives the fruit wall its mottled appearance. The
fruit wall tissue, about 8 cell layers thick, with stippled parenchymal cells elongated in the
longitudinal axis of the fruit. The cells of the innermost layer of the fruit wall may be
collapsed; they contain large cigar-shaped or monoclinic calcium oxalate prisms. The seed
coat epidermis is formed from large yellow palisade cells. The cells have a narrow lumen,
somewhat expanded at each end of the cell, and the cell walls show conspicuous
lamination. The subepidermal cells of the seed coat consist of peculiar stippled cells; their
lignified cell membranes have prominent, close-set ridges or thickenings (“net cells”). Next
to them is a single layer of cells having tough, somewhat swollen walls and lipophilic
contents (endosperm residue). The embryo consists of thin-walled cells that, in addition
to small glands, contain clumps of crystals and fat droplets.
• Articles of Botanical Origin, Foreign Organic Matter
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Milk Thistle
Acceptance criteria: NMT 8.0%
• Loss on Drying 731
Sample: 1.0 g of finely powdered Milk Thistle
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 8.0%

561 : NMT 2.0%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Powdered Milk Thistle Extract RS
USP Silybin RS
USP Silydianin RS
BRIEFING
Powdered Milk Thistle, USP 37 page 5490. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to control arsenic, cadmium, lead, and mercury as described in
the Limits of Elemental Impurities section of the general chapter Articles of Botanical Origin
561

proposed elsewhere in this Pharmacopeial Forum.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148917

Comment deadline: November 30, 2014
Powdered Milk Thistle
DEFINITION
Powdered Milk Thistle is Milk Thistle reduced to a fine or very fine powder. It contains NLT 2.0%
of silymarin, calculated as silybin (C25 H22 O10 ), on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 1.0 mg/mL of USP Silydianin RS in methanol
Sample solution: Use the Sample solution, prepared as directed in the test for Content of
Silymarin.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chormatographic silica gel, typically 20 cm long (TLC
plates)
Application volume: 10 µL
Developing solvent system: Freshly prepared mixture of chloroform, acetone, and
anhydrous formic acid (75: 16.5: 8.5)
Spray reagent A: 10-mg/mL solution of 2-aminoethyl diphenylborinate in methanol
Spray reagent B: 50-mg/mL solution of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution and Sample solution
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Develop the chromatograms until the solvent front has moved about three-fourths of the
plate, and dry it for 30 min in a current of cold air. Spray the plate with Spray reagent A,
allow to dry, and then spray with Spray reagent B. One hour later, examine the plate
under long-wave UV light (365 nm).
Acceptance criteria: The chromatogram of the Sample solution exhibits an intense greenblue fluorescent zone at an RF value of about 0.5 (presence of silybin) and a gray-blue
spot at an RF value of about 0.4, corresponding to that observed in the chromatogram of
the Standard solution. The chromatogram of the Sample solution may exhibit other colored
zones: an intense green-blue zone at an RF value of about 0.25 (presence of silychristin)
and a red-orange zone at an RF value of about 0.3 (presence of taxifolin).
• B. HPLC Identification Test
Analysis: Proceed as directed in the test for Content of Silymarin.
Acceptance criteria: The retention times of the peaks for silydianin, silychristin, silybin A,
silybin B, isosilybin A, and isosilybin B in the chromatogram of the Sample solution
correspond to those in the chromatogram of the Milk thistle standard solution.
COMPOSITION
Change to read:
• Content of Silymarin
Solution A: Methanol, phosphoric acid, and water (20: 0.5: 80)
Solution B: Methanol, phosphoric acid, and water (80: 0.5: 20)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
0
0
85 2S (USP38) 15 2S (USP38)
5
85
15
20
55
45
40
55
45
41
85
15
55
85
15
Milk thistle standard solution: 0.7 mg/mL of USP Powdered Milk Thistle Extract RS in
methanol. Sonicate for 20 min to dissolve. Pass through a membrane filter having a 0.45-µm or
finer pore size. Dilute 1:5 with methanol to obtain a solution of 0.14 mg/mL of USP Powdered
Milk Thistle Extract RS.
Silybin standard solutions: 0.20, 0.02, and 0.004 mg/mL of USP Silybin RS in methanol. Pass
through a membrane filter having a 0.45-µm or finer pore size.
Sample stock solution: Transfer 10 g of Powdered Milk Thistle to an extraction thimble, and
cover with a small cotton ball. Transfer the thimble to a continuous-extraction apparatus
fitted with a 250-mL round-bottom flask containing 150 mL of hexane, and heat the flask on a
heating mantle for 4 h. After the extraction, detach the round-bottom flask from the
extraction apparatus, and discard the hexane. Dry the extraction thimble to remove residual
hexane, and transfer the thimble to an extraction apparatus suitable for hot extraction and
fitted with a 250-mL round-bottom flask containing 100 mL of ethyl acetate. [Note—Adjust the
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volume of ethyl acetate, if necessary, to sustain continuous extraction.] Heat the flask to
achieve gentle reflux. After 8 h, transfer the extract quantitatively into a 100-mL volumetric
flask, and dilute with methanol to volume.
Sample solution: Dilute the Sample stock solution 1:25) with methanol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 288 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Milk thistle standard solution
[Note—For the relative retention times, see Table 2.]
Table 2
Relative
Retention
Time
Silychristin
0.68
Silydianin
0.73
Silybin A
1.00
Silybin B
1.05
Dehydrosilybin
1.09
Isosilybin A
1.15
Isosilybin B
1.19
Suitability requirements
Chromatogram similarity: The chromatogram of the Milk thistle standard solution is similar
to the reference chromatogram provided with the lot of USP Powdered Milk Thistle Extract
RS being used.
Resolution: NLT 1.0 between silybin A and silybin B
Tailing factor: 0.8–2.0
Relative standard deviation: NMT 2.0% for the sum of peak responses due to silybin A
and silybin B
Analysis
Samples: Milk thistle standard solution, Silybin standard solutions, and Sample solution
Identify the peaks due to silychristin, silydianin, silybin A, silybin B, isosilybin A, and isosilybin B
by comparison with the chromatogram of the Milk thistle standard solution, and measure the
peak areas of the relevant peaks. Plot the combined peak areas of silybin A and silybin B
against the concentrations of USP Silybin RS in the corresponding Silybin standard solutions,
and establish a calibration curve using least-squares regression.
Separately calculate the percentage of each relevant component of silymarin as silybin
(C25 H22 O10 ) in the portion of Powdered Milk Thistle taken:
Result = C × (V/W) × D × 100
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C= concentration of the relevant component in the Sample solution as interpolated from the
calibration curve (mg/mL)
V= volume of the Sample stock solution (mL)
W
= weight of the portion of Powdered Milk Thistle taken (mg)
D= dilution factor to prepare the Sample solution from Sample stock solution, 25
Calculate the content of silymarin, as a percentage, in the portion of Powdered Milk Thistle
taken by adding the individual percentages.
Acceptance criteria: NLT 2.0% of silymarin, calculated as silybin (C25 H22 O10 ), on the dried
basis
CONTAMINANTS
Delete the following:
• Heavy Metals

231 : NMT 20 µg/g

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanical Characteristics: The powder is characterized by fragments of colorless cells, up
to approximately 75 µm in length and 8 µm in width, from the palisade layer of the
epidermis of the fruit wall, with their adherent pigment layer (they assume a red color in
chloral hydrate preparations), and by gray pieces, viewed from above, with the slitlike
lumen produced by the pronounced wall thickening or the nodes on the cell wall formed by
the thickened ridges; fragments of the pigment layer viewed from above, with red
coloration diffusing out of them in chloral hydrate preparations, pigment cells alternating
with colorless parenchymal cells; conspicuously stippled colorless cells through which
pigment cells are visible when viewed from above; cigar-shaped or monoclinic calcium
oxalate prisms, lying free or in groups of cells; numerous fragments of the lemon-yellow
palisade cells of the seed coat, up to roughly 150 µm in length, having a very narrow lumen
and conspicuously stippled when viewed from above; pale yellowish fragments from the net
cell layer together with portions of the embryo consisting of thin-walled cells with small
glands and lipophilic substances.
• Articles of Botanical Origin, Foreign Organic Matter
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Powdered Milk Thistle

561 : NMT 2.0%
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Acceptance criteria: NMT 8.0%
• Loss on Drying 731
Sample: 1.0 g of Powdered Milk Thistle
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 8.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant source from which the article was derived.
• USP Reference Standards 11
USP Powdered Milk Thistle Extract RS
USP Silybin RS
USP Silydianin RS
BRIEFING
Minerals Capsules, USP 37 page 5495. Based on the comments received, it is proposed to
eliminate the requirements for absence of Staphylococcus aureus in the test for Absence of
Specified Microorganisms since this testing is typically performed for topical and not for oral
dosage forms.
(DS: N. Davydova.)
Correspondence Number—C148055

Comment deadline: November 30, 2014
Minerals Capsules
DEFINITION
Minerals Capsules contain two or more minerals derived from substances generally recognized
as safe, furnishing two or more of the following elements in ionizable form: boron, calcium,
chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel,
phosphorus, potassium, selenium, tin, vanadium, and zinc. Capsules contain NLT 90.0% and
NMT 125.0% of the labeled amounts of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V). They contain no vitamins. They
may contain other labeled added substances in amounts that are unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used. Commercially available
atomic absorption standard solutions for the minerals, where applicable, may be used where
preparation of a Standard stock solution is described in the following assays. Use deionized
water where water is specified. Where atomic absorption spectrophotometry is specified in the
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assay, the concentrations of the Standard solutions and the Sample solutions may be modified
to fit the linear or working range of the instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h. Dissolve in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from the Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5,
and 3.0 µg/mL of calcium.
Polysorbate 80 solution: Dilute polysorbate 80 with alcohol (1 in 10)
Sample solution: Transfer 5 Capsules to a 100-mL volumetric flask. [Note—For hard
gelatin Capsules, weigh NLT 20 Capsules. Open the Capsules, without loss of shell
material, and transfer the contents to a suitable container. Remove any contents adhering
to the empty shells by washing with several portions of ether. Discard the washings, and
allow the Capsule shells to dry. Weigh the empty Capsule shells, calculate the net weight
of the Capsule contents, and transfer a portion of the Capsule contents, equivalent to 5
Capsules, to a 100-mL volumetric flask.] Add 15 mL of water, 10 mL of 6 N hydrochloric
acid, and 1 mL of Polysorbate 80 solution to the flask. Heat on a hot plate or steam bath,
with intermittent swirling, until the Capsules are completely disintegrated or the contents
are dissolved. Boil gently for an additional 15 min. Cool, dilute with water to volume, and
filter, discarding the first 5 mL of the filtrate. Dilute this solution with 0.125 N hydrochloric
acid to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of Lanthanum chloride
solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line at 422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Capsules
taken:
Result = (C/CU) × 100
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C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h, in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from the Chromium standard solution
diluted with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Chromium emission line at 357.9 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
(v/v) solution of nitric acid, and dilute with a 1% (v/v) solution of nitric acid to 1000 mL.
This solution contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from the Copper standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
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concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water in a
1000-mL volumetric flask. Allow the solution to equilibrate to room temperature, and dilute
with water to volume. Adjust with a few drops of acetic acid to a pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator, in water
Intermediate stock solution A: 100 µg/mL of fluoride from Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from Fluoride standard stock solution
diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the mixed Capsule
contents, equivalent to 200 µg of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1
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N hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and 25.0 mL of Sodium
citrate solution. Dilute with water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ionindicating electrode and a calomel-reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer with an
insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
the potential, in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in µg/mL, of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution
[Note—Condition the solid-phase extraction column specified for use in the Standard
solution and Sample solution in the following manner. Using a vacuum at a pressure not
exceeding 5 mm of mercury, wash the column with 1 column volume of methanol followed
by 1 column volume of pH 10.0 buffer. Do not allow the column top to dry. If the top of
the column becomes dry, recondition the column.]
Transfer 10.0 mL of the Standard stock solution to a 100-mL volumetric flask. Add 75 mL
of water, and adjust with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water
to volume. Filter, discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate
to a 50-mL volumetric flask. Add 15.0 mL of water, and adjust with 0.1 N sodium
hydroxide to a pH of 10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this
solution through a 3-mL solid-phase extraction column containing L1 packing that is
connected through an adaptor to a second solid-phase extraction column containing
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sulfonylpropyl strong cation-exchange packing. Discard the first 3 mL of the eluate, and
collect the rest of the eluate in a suitable flask for injection into the chromatograph.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL container. If
necessary, remove any contents adhering to the empty shells by washing with several
portions of ether. Discard the washings, and dry the Capsule shells with the aid of a
current of dry air. Weigh the empty Capsule shells in the tared weighing bottle, and
calculate the net weight of the Capsule contents. Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 1 mg of fluorine, to a 100-mL volumetric
flask. Add 15 mL of water, and shake vigorously. Rinse the sides of the flask with 15 mL of
water, and allow to stand for 10 min. Dilute with water to 85 mL, adjust with 1 N sodium
hydroxide to a pH of 10.4 ± 0.1, and dilute with water to 100 mL. Proceed as directed in
Standard solution, beginning with “Filter, discarding the first 15 mL of the filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide
Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis: Remove the contents of Capsules by cutting open the Capsules. Mix, and
determine the weight of the contents. Transfer a quantity of the contents, equivalent to
3 mg of iodine, to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v)
sodium hydroxide solution, and 10 mL of alcohol, taking care that the entire specimen is
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moistened. Heat the crucible on a steam bath to evaporate the alcohol, then dry the
crucible at 100 for 30 min to prevent spattering upon subsequent heating. Transfer the
crucible with its contents to a furnace heated to 500 , and heat the crucible for 15 min.
[Note—Heating at 500 is necessary to carbonize any organic matter present; a higher
temperature may be used, if necessary, to ensure complete carbonization of all organic
matter.] Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and
boil gently for 10 min. Filter the solution, and wash the crucible with boiling water,
collecting the filtrate and washings in a beaker. Add phosphoric acid until the solution is
neutral to methyl orange, then add 1 mL excess of phosphoric acid. Add excess of
Bromine water, and boil the solution gently until colorless and then for 5 min longer. Add a
few crystals of salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid
and 0.5 g of potassium iodide, and titrate the liberated iodine with 0.005 N sodium
thiosulfate VS, adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Capsules
taken:
Result = V × NA × F × Ime × (AW/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA= actual normality of the sodium thiosulfate solution used (meq/mL)
F = correction factor to convert mg to µg, 1000 µg/mg
Ime
= milliequivalent of I, 21.16 mg/mEq
AW= average weight of the Capsules content
W= weight of the sample of Capsules content taken
L = labeled amount of iodine (µg/Capsule)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 5 µg/mL of iron and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Iron emission line at 248.3 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
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Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Magnesium emission line at 285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)

PF 40(5): Sep.-Oct. 2014

634

Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese, weighed, to a 1000mL volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from Manganese standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with concentrations of 0.5, 0.75, 1.0, 1.5,
and 2.0 µg/mL of manganese.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of manganese and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Manganese emission line at 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from Molybdenum standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
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of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min. Cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except take a number of
Capsules or a portion of Capsule contents, equivalent to a nominal amount of 1000 µg of
molybdenum, and make appropriate dilutions to obtain a final concentration of 10 µg/mL of
molybdenum, omitting the addition of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Molybdenum emission line at 313.3 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 g of stannous chloride to a beaker, add 20
mL of 6.5 N hydrochloric acid, and heat the solution until the stannous chloride is
dissolved. Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum from ammonium molybdate, in water
Sample: Remove the contents of a counted number of Capsules by cutting open the
Capsules. Mix, and determine the weight of the contents. Use a quantity of Capsule
contents, equivalent to a nominal amount of 40 µg of molybdenum.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis

851 .)
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Cell: 1 cm
Analytical wavelength: 465 nm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample
Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is complete,
as indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in
the beakers to dryness. Rinse the sides of the beakers and the watchglasses with water,
and add more water to each beaker to complete 50 mL in each beaker. Gently boil the
water solutions for a few min. Cool to room temperature. Add 2 drops of methyl orange
TS, and neutralize with ammonium hydroxide. Add 8.2 mL of hydrochloric acid.
Quantitatively transfer the contents of the beakers to separate 100-mL volumetric flasks,
rinse the beakers with water, transfer the rinsings to the corresponding volumetric flasks,
and dilute with water to volume. Transfer 50.0 mL of each solution to separatory funnels.
To each separatory funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous
sulfate solution, 4.0 mL of Potassium thiocyanate solution, 1.5 mL of 20% Stannous
chloride solution, and 15.0 mL of amyl alcohol, and shake the separatory funnel for 1 min.
Allow the layers to separate, and discard the aqueous layers. Add 25 mL of Diluted
stannous chloride solution to each separatory funnel, and shake gently for 15 s. Allow the
layers to separate, and discard the aqueous layers. Transfer the organic layers from each
separatory funnel to a centrifuge tube, and centrifuge at 2000 rpm for 10 min. Determine
the absorbances of the organic phases from the Standard solution and the Sample, and
correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the solution from the Sample
AS= absorbance of the solution from the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal concentration of molybdenum in the Sample (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, then dilute with Sulfuric acid
solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
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previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to a nominal amount of 100 mg of phosphorus, to 25 mL of nitric acid, and
digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and continue the
digestion to the cessation of brown fumes. Cool, and transfer the contents of the flask to
a 500-mL volumetric flask with the aid of small portions of water. Dilute with water to
volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and dilute with
water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 650 nm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution,
the Sample solution, and water to provide the blank. To each of the three flasks add 1.0
mL each of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite
solution, and swirl to mix. Dilute the contents of each flask with water to volume, and
allow the flasks to stand for 30 min. Determine the absorbances of the solutions, against
the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Capsules taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from Potassium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
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2.5 µg/mL of potassium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of potassium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Potassium emission line at 766.5 nm
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume, to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from Selenium standard solution diluted
with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions containing 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule content,
equivalent to a nominal amount of 1000 µg of selenium, to a suitable flask, and add 12 mL
of nitric acid. [Note—The volume of nitric acid may be varied to ensure that the powder is
uniformly dispersed.] Carefully swirl the flask to disperse the sample specimen. Sonicate
for 10 min or until the sample specimen is completely dissolved. Gently boil the solution for
15 min, and cool to room temperature. Carefully add 8 mL of perchloric acid to the flask,
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heat the flask until perchloric acid fumes appear, and swirl the flask to dissipate the
fumes. Repeat the heating and swirling until the fumes appear again. Cool to room
temperature. Transfer the contents of the flask to a 50-mL volumetric flask with the aid
of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Selenium emission line at 196.0 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, add hydroxylamine
hydrochloride, then dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10.0 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.

PF 40(5): Sep.-Oct. 2014

640

Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to a nominal amount of 20 µg of selenium, to a suitable flask. Add 10 mL of
nitric acid, and warm gently on a hot plate. Continue heating until the initial nitric acid
reaction has subsided, then add 3 mL of perchloric acid. [Caution—Exercise care at this
stage because the perchloric acid reaction becomes vigorous.] Continue heating on the
hot plate until the appearance of white fumes of perchloric acid or until the digest begins
to darken. Add 0.5 mL of nitric acid and resume heating, adding additional amounts of
nitric acid if further darkening occurs. Digest for 10 min after the first appearance of
perchloric acid fumes or until the digest becomes colorless. Cool the flask. Add 2.5 mL of
Hydrochloric acid solution, and return the flask to the hot plate to expel residual nitric
acid. Heat the mixture for 3 min after it begins to boil. Cool the flask to room temperature,
and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Cell: 1 cm
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, Standard solution, and Blank as follows. Add 5 mL of Reagent A
to each flask, and swirl gently to mix. Adjust the solution in each flask with 50%
Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each flask,
and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and equilibrate
for 30 min, taking care that the flasks are covered to protect them from light. Cool to
room temperature, and transfer the contents of each flask to separate separatory
funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions from the Samples against the solution from
the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbances of the cyclohexane layer from the Sample solution
AS= absorbances of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard solution: 1000 µg/mL of zinc from zinc oxide dissolved in 5 M hydrochloric
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acid (3.89 mg/mL), and diluted with water to final volume. [Note—Dissolve in 5 M
hydrochloric acid by warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from Zinc standard solution diluted with 0.125
N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 2 µg/mL of zinc and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Zinc emission line at 213.8 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding 1 volume
of Stock aqua regia solution to 2 volumes of water. Dilute with additional water to volume,
and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% (v/v) nitric
acid solution and 1000 mg/L of scandium in 5% (v/v) nitric acid solution with Diluent
(1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
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include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% (v/v) nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% (v/v) nitric acid solution to obtain a solution with final concentrations of about 1000
mg/L of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L
of manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% (v/v) hydrochloric acid solution, pipet
the appropriate amount of element standard solution into a volumetric flask, and dilute
with 20% (v/v) hydrochloric acid solution to obtain a solution with final concentrations of
about 200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium,
tin, and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in Diluent to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution: Weigh, then transfer 5 Capsules to a 250-mL volumetric flask, and heat
gently on a hot plate until the contents begin to release. Cautiously add 25 mL of Stock
aqua regia solution in 5-mL increments, and swirl. Heat, continue to swirl until the
Capsules dissolve into the acid, immediately remove from the heat source, and add 150 mL
of water. Cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a nylon syringe filter of 5-µm pore size. If necessary, make any further adjustments
using the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry using a spectrometer set to measure the
emission of each mineral of interest at about the corresponding wavelength. [Note—The
operating conditions may be developed and optimized based on the manufacturer's
recommendation. The wavelengths selected should be demonstrated experimentally to
provide sufficient specificity, sensitivity, linearity, accuracy, and precision.]
System suitability
[Note—Analyze the System suitability solution, and obtain the response as directed in
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution.
Calculate the percentage of the labeled amount for each mineral taken:
Result = C × (V/W) × F × (T W/L) × 100
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C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
TW
= average Capsule weight (mg)
L = labeled amount of the relevant element (mg/Capsule)
Acceptance criteria: 90%–125% of the labeled amount of calcium (Ca), copper (Cu), iron
(Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); 90%–160% of
the labeled amount of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni), selenium
(Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

SPECIFIC TESTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and for absence of Escherichia coli and Staphylococcus
aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Minerals Capsules. The label also states the
salt form of the mineral used as the source of each element. Where more than one assay
method is given for a particular mineral, the labeling states the assay method used only if
Method 1 is not used.
• USP Reference Standards
USP Sodium Fluoride RS

11
BRIEFING

Minerals Tablets, USP 37 page 5503. Based on the comments received, it is proposed to
eliminate the requirements for absence of Staphylococcus aureus in the test for Absence of
Specified Microorganisms since this testing is typically performed for topical and not for oral
dosage forms.
(DS: N. Davydova.)
Correspondence Number—C148056

Comment deadline: November 30, 2014
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Minerals Tablets
DEFINITION
Minerals Tablets contain two or more minerals derived from substances generally recognized as
safe, furnishing two or more of the following elements in ionizable form: boron, calcium,
chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel,
phosphorus, potassium, selenium, tin, vanadium, and zinc. Tablets contain NLT 90.0% and NMT
125.0% of the labeled amounts of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V). They contain no vitamins. They
may contain other labeled added substances in amounts that are unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used. Commercially available
atomic absorption standard solutions for the minerals, where applicable, may be used where
preparation of a Standard stock solution is described in the following assays. Use deionized
water where water is specified. Where atomic absorption spectrophotometry is specified in the
assay, the concentrations of the Standard solutions and the Sample solution may be modified
to fit the linear or working range of the instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h. Dissolve in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from the Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5,
and 3.0 µg/mL of calcium.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550 for 6–12 h, and cool. Add 60 mL of hydrochloric acid, and boil gently
on a hot plate or steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask. Rinse the crucible with small portions of 6 N
hydrochloric acid, and add the rinsings to the flask. Dilute with water to volume, and filter,
discarding the first 5 mL of the filtrate. Dilute this solution quantitatively with 0.125 N
hydrochloric acid to obtain a nominal concentration of 2 µg/mL of calcium, adding 1 mL of
Lanthanum chloride solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)
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Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line at 422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h, in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from the Chromium standard solution
diluted with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Chromium emission line at 357.9 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
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the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
(v/v) solution of nitric acid, and dilute with a 1% (v/v) solution of nitric acid to 1000 mL.
This solution contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from the Copper standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water in a
1000-mL volumetric flask. Allow the solution to equilibrate to room temperature, and dilute
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with water to volume. Adjust with a few drops of acetic acid to a pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator, in water
Intermediate stock solution A: 100 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Transfer a quantity of the finely powdered Tablets, equivalent to a
nominal amount of 200 µg of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1 N
hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and 25.0 mL of Sodium citrate
solution, and dilute with water to 100 mL.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ionindicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer with an
insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
the potential, in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in µg/mL, of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
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Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution
[Note—Condition the solid-phase extraction column specified for use in the Standard
solution and the Sample solution in the following manner. Using a vacuum at a pressure
not exceeding 5 mm of mercury, wash the column with 1 column volume of methanol
followed by 1 column volume of pH 10.0 buffer. Do not allow the column top to dry. If the
top of the column becomes dry, recondition the column.]
Transfer 10.0 mL of the Standard stock solution to a 100-mL volumetric flask. Add 75 mL
of water, and adjust with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water
to volume. Filter, discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate
to a 50-mL volumetric flask. Add 15.0 mL of water, and adjust with 0.1 N sodium
hydroxide to a pH of 10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this
solution through a 3-mL solid-phase extraction column containing L1 packing that is
connected through an adaptor to a second solid-phase extraction column containing
sulfonylpropyl strong cation-exchange packing. Discard the first 3 mL of the eluate, and
collect the rest of the eluate in a suitable flask for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powdered Tablets,
equivalent to a nominal amount of 1 mg of fluorine, to 15 mL of water, and shake
vigorously. Rinse the sides of the flask with 15 mL of water, and allow to stand for 10 min.
Dilute with water to 85 mL, adjust with 1 N sodium hydroxide to a pH of 10.4 ± 0.1, and
dilute with water to 100 mL. Proceed as directed in Standard solution, beginning with
“Filter, discarding the first 15 mL of the filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
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C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide
Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Tablets
Transfer a portion of finely powdered Tablets, equivalent to a nominal amount of 3 mg of
iodide, to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium
hydroxide solution, and 10 mL of alcohol, taking care that the entire specimen is
moistened. Heat the crucible on a steam bath to evaporate the alcohol, then dry the
crucible at 100 for 30 min to prevent spattering upon subsequent heating. Transfer the
crucible with its contents to a furnace heated to 500 , and heat the crucible for 15 min.
[Note—Heating at 500 is necessary to carbonize any organic matter present; a higher
temperature may be used, if necessary, to ensure complete carbonization of all organic
matter.] Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and
boil gently for 10 min. Filter the solution, and wash the crucible with boiling water,
collecting the filtrate and washings in a beaker. Add phosphoric acid until the solution is
neutral to methyl orange, then add 1 mL excess of phosphoric acid. Add excess of
Bromine water, and boil the solution gently until colorless and then for 5 min longer. Add a
few crystals of salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid
and 0.5 g of potassium iodide, and titrate the liberated iodine with 0.005 N sodium
thiosulfate VS, adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Tablets
taken:
Result = V × NA × F × Ime × (AW/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA= actual normality of the sodium thiosulfate solution used (meq/mL)
F = correction factor to convert mg to µg, 1000 µg/mg
Ime
= milliequivalent of I, 21.16 mg/mEq
AW= average weight of the Tablets
W= weight of the portion of Tablets taken
L = labeled amount of iodine (µg/Tablet)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
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solution to contain a nominal concentration of 5 µg/mL of iron and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Iron emission line at 248.3 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from the Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Magnesium emission line at 285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
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Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese, weighed, to a 1000mL volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with concentrations of 0.5, 0.75, 1.0, 1.5,
and 2.0 µg/mL of manganese.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of manganese and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Manganese emission line at 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min. Cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Sample solution: Transfer a portion of the powder, equivalent to a nominal amount of
1000 µg of molybdenum, to a suitable flask, and add 12 mL of nitric acid. [Note—The
volume of nitric acid may be varied to ensure that the powder is uniformly dispersed.]
Carefully swirl the flask to disperse the test specimen. Sonicate for 10 min, or until the
test specimen is completely dissolved. Gently boil the solution for 15 min, and cool to room
temperature. Carefully add 8 mL of perchloric acid, heat until perchloric acid fumes
appear, and swirl the flask to dissipate the fumes. Repeat the heating and swirling until
the fumes appear again. Cool to room temperature. Quantitatively transfer the contents
of the flask to a 100-mL volumetric flask with the aid of the Diluent, and dilute with
Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Molybdenum emission line at 313.3 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
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solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 g of stannous chloride to a beaker, add 20
mL of 6.5 N hydrochloric acid, and heat the solution until the stannous chloride is
dissolved. Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum from ammonium molybdate, in water
Sample: A portion of finely powdered Tablets, equivalent to a nominal amount of 40 µg of
molybdenum
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 465 nm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample

851 .)

Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is complete,
as indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in
the beakers to dryness. Rinse the sides of the beakers and the watchglasses with water,
and add more water to complete 50 mL in each beaker. Gently boil the water solution for a
few min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding volumetric flasks, and dilute with water
to volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% Stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnel for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layers from each separatory funnel to a
centrifuge tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the
organic phases from the Standard solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the solution from the Sample
AS= absorbance of the solution from the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
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CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, then dilute with Sulfuric acid
solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 100 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: [Note—Finely powder and weigh a counted number of Tablets.] Transfer
a portion of the powder, equivalent to a nominal amount of 100 mg of phosphorus, to 25
mL of nitric acid, and digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and
continue the digestion to the cessation of brown fumes. Cool, and transfer the contents
of the flask to a 500-mL volumetric flask with the aid of small portions of water. Dilute
with water to volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and
dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 650 nm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution,
the Sample solution, and water to provide the blank. To each of the three flasks add 1.0
mL each of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite
solution, and swirl to mix. Dilute the contents of each flask with water to volume, and
allow the flasks to stand for 30 min. Determine the absorbances of the solutions against
the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution

PF 40(5): Sep.-Oct. 2014

655

C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from the Potassium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 1 µg/mL of potassium and omit the use of
the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Potassium emission line at 766.5 nm
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume, to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from the Selenium standard solution
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diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Transfer a portion of the powder, equivalent to a nominal amount of
1000 µg of selenium, to a suitable flask, and add 12 mL of nitric acid. [Note—The volume
of nitric acid may be varied to ensure that the powder is uniformly dispersed.] Carefully
swirl the flask to disperse the sample specimen. Sonicate for 10 min or until the sample
specimen is completely dissolved. Gently boil the solution for 15 min, and cool to room
temperature. Carefully add 8 mL of perchloric acid to the flask, heat the flask until
perchloric acid fumes appear, and swirl the flask to dissipate the fumes. Repeat the
heating and swirling until the fumes appear again. Cool to room temperature. Transfer the
contents of the flask to a 50-mL volumetric flask with the aid of the Diluent, and dilute
with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Selenium emission line at 196.0 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, add hydroxylamine
hydrochloride, and then dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
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if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10.0 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to a nominal
amount of 20 µg of selenium, to a suitable flask. Add 10 mL of nitric acid, and warm gently
on a hot plate. Continue heating until the initial nitric acid reaction has subsided, then add
3 mL of perchloric acid. [Caution—Exercise care at this stage because the perchloric acid
reaction becomes vigorous.] Continue heating on the hot plate until the appearance of
white fumes of perchloric acid or until the digest begins to darken. Add 0.5 mL of nitric
acid, and resume heating, adding additional amounts of nitric acid if further darkening
occurs. Digest for 10 min after the first appearance of perchloric acid fumes or until the
digest becomes colorless. Cool the flask, add 2.5 mL of Hydrochloric acid solution, and
return the flask to the hot plate to expel residual nitric acid. Heat the mixture for 3 min
after it begins to boil. Cool the flask to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Cell: 1 cm
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, Standard solution, and Blank as follows. Add 5 mL of Reagent A
to each flask, and swirl gently to mix. Adjust the solution in each flask with 50%
Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each flask,
and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and equilibrate
for 30 min, taking care that the flasks are covered to protect them from light. Cool to
room temperature, and transfer the contents of each flask to separate separatory
funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions from the Samples against the solution from
the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
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AU= absorbance of the cyclohexane layer from the Sample solution
AS= absorbance of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard stock solution: 1000 µg/mL of zinc from zinc oxide dissolved in 5 M
hydrochloric acid (3.89 mg/mL), diluted with water to final volume. [Note—Dissolve in 5 M
hydrochloric acid by warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from the Zinc standard stock solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 2 µg/mL of zinc and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Zinc emission line at 213.8 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
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appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding 1 volume
of Stock aqua regia solution to 2 volumes of water. Dilute with additional water to volume,
and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% (v/v) nitric
acid solution and 1000 mg/L of scandium in 5% (v/v) nitric acid solution with Diluent
(1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% (v/v) nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% (v/v) nitric acid solution to obtain a solution with final concentrations of about 1000
mg/L of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L
of manganese, 800 mg/L of phosphorus, and 250 mg/mL of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% (v/v) hydrochloric acid solution, pipet
the appropriate amount of element standard solution into a volumetric flask, and dilute
with 20% (v/v) hydrochloric acid solution to obtain a solution with final concentrations of
about 200 mg/L of boron, and 100 mg/L of chromium, molybdenum, nickel, selenium, tin,
and vanadium each.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in Diluent to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution 1 (for Tablets containing minerals found in Standard stock solution 1 and
Standard stock solution 2): Weigh and finely powder NLT 20 Tablets. Transfer a portion,
equal to 3.5 times the average Tablet weight, to a 250-mL volumetric flask. Slowly add 25
mL of Stock aqua regia solution in 5-mL increments, followed by mixing. [Note—If the
sample contains a carbonate, bubbling will occur. Wait until bubbling ends to proceed.]
Bring the solution to a boil on a hot plate. Continue to heat gently until fumes cease
(about 1 h). [Note—If the sample contains selenium, digest for NMT 15 min.] Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a 5-µm pore size nylon syringe filter. If necessary, make any further dilutions using
the Diluent.
Sample solution 2 (for Tablets containing minerals found only in Standard stock solution
2): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua
regia solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). [Note—If the
sample contains selenium, digest for NMT 15 min.] Remove from heat, cool, and dilute with
water to volume. Filter about 30 mL into a centrifuge tube using a 5-µm pore size nylon
syringe filter. If necessary, make any further dilutions using the Diluent.
Sample solution 3 (for Tablets containing minerals found only in Standard stock solution
1): Weigh and finely powder NLT 20 Tablets. Transfer a weighed portion, equal to the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua
regia solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
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a boil on a hot plate. Continue to heat gently (about 1 h) until fumes cease. Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a 5-µm pore size nylon syringe filter. If necessary, make any further dilutions using
the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry using a spectrometer set to measure the
emission of each mineral of interest at about the corresponding wavelength. [Note—The
operating conditions may be developed and optimized based on the manufacturer's
recommendation. The wavelengths selected should be demonstrated experimentally to
provide sufficient specificity, sensitivity, linearity, accuracy, and precision.]
System suitability
[Note—Analyze the System suitability solution, and obtain the response as directed for
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution.
Calculate the percentage of the labeled amount for each mineral taken:
Result = C × (V/W) × F × (T W/L) × 100
C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
TW
= average Tablet weight (mg)
L = labeled amount of the relevant element (mg/Tablet)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); 90.0%–
160.0% of the labeled amount of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements
SPECIFIC TESTS

2040 : Meet the requirements

2091 : Meet the requirements
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• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Minerals Tablets. The label also states the
salt form of the mineral used as the source of each element. Where more than one assay
method is given for a particular mineral, the labeling states the assay method used only if
Method 1 is not used.
• USP Reference Standards
USP Sodium Fluoride RS

11
BRIEFING

Omega-3 Acid Triglycerides, USP 37 page 5511. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to replace the reference to Lead Nitrate Stock Solution, as
currently described in 231 , with a reference to Lead Nitrate Stock Solution TS, which
was proposed in PF 40(1) to be added to the Reagents, Indicators and Solutions section.
(DS: H. Dinh.)
Correspondence Number—C149428

Comment deadline: November 30, 2014
Omega-3 Acid Triglycerides
DEFINITION
Omega-3 Acid Triglycerides is a mixture of mono-, di-, and triesters of omega-3 acids with
glycerol containing mainly triesters and obtained either by esterification of concentrated and
purified omega-3 acids with glycerol or by transesterification of the omega-3 acid ethyl esters
with glycerol. The omega-3 acids are from the body oil of fish of the families Engraulidae,
Carangidae, Clupeidae, Osmeridae, Salmonidae, and Scombridae and are defined as the
following: alpha-linolenic acid (C18:3 n 3), moroctic acid (C18:4 n 3), eicosatetraenoic acid
(C20:4 n 3), eicosapentaenoic acid (EPA) (C20:5 n 3), heneicosapentaenoic acid (C21:5 n
3), docosapentaenoic acid (C22:5 n 3), and docosahexaenoic acid (DHA) (C22:6 n 3). It
contains NLT 58.0% of total omega-3 acids expressed as triglycerides and NLT the labeled
amount of EPA and DHA, expressed as the free fatty acids. Suitable antioxidants in appropriate
concentrations may be added.
IDENTIFICATION
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• A. The retention times of the peaks for eicosapentaenoic acid methyl ester and
docosahexaenoic acid methyl ester of the Sample solution in the tests for Content of EPA
and DHA and Content of Total Omega-3 Acids correspond to those for the respective
compounds of the Standard solutions. If either EPA or DHA is not claimed on the labeling,
the peak corresponding to that omega-3 acid does not exceed 15.0% of the total
detected area of the Sample solution in the test for Content of EPA and DHA and Content
of Total Omega-3 Acids.
• B. The retention time of the peak corresponding to the triglycerides of the Sample solution
corresponds to the triglycerides peak of the System suitability solution in the test for
Content of Oligomers and Partial Glycerides.
COMPOSITION
• Content of EPA and DHA
Analysis: Proceed as directed in Fats and Fixed Oils 401 , Omega-3 Fatty Acids
Determination and Profile.
Acceptance criteria: NLT the labeled amount, expressed as free acids
• Content of Total Omega-3 Acids
Analysis: Proceed as directed in Fats and Fixed Oils 401 , Omega-3 Fatty Acids
Determination and Profile.
Acceptance criteria: NLT 58.0% of total omega-3 acids, expressed as triglycerides
• Content of Oligomers and Partial Glycerides
Mobile phase: Use tetrahydrofuran.
Sample solution: 1.00 mg/mL of Omega-3 Acid Triglycerides in Mobile phase
System suitability solution: 0.5 mg/mL of monodocosahexaenoin, 0.3 mg/mL of
didocosahexaenoin, and 0.2 mg/mL of tridocosahexaenoin in Mobile phase. [Note—Suitable
grades of monodocosahexaenoin, didocosahexaenoin, and tridocosahexaenoin may be
obtained from Nu-Chek Prep.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Differential refractometer
Columns: Three 7.8-mm × 30-cm; connected in series; packing L21, 7 µm. Two columns
are 50 nm in pore size, and the other is 10 nm, arranged so that the 50-nm pore size
columns are closer to the injector.
Flow rate: 0.8 mL/min
Injection size: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Elution order: Tridocosahexaenoin, didocosahexaenoin, and monodocosahexaenoin
Resolution: NLT 2.0 between monodocosahexaenoin and didocosahexaenoin and NLT
1.0 between didocosahexaenoin and tridocosahexaenoin
Analysis
Sample: Sample solution
Measure the areas of the major peaks.
Calculate the percentage of oligomers in the portion of Omega-3 Acid Triglycerides taken:
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Result = (rU/rT) × 100
r=
U sum of the areas of the peaks with a retention time less than that of the triglyceride
peak
r=
T sum of the areas of all peaks in the chromatogram
Calculate the percentage of partial glycerides (mono- and diglycerides) in the portion of
Omega-3 Acid Triglycerides taken:
Result = (rU/rT) × 100
r=
U sum of the areas of the peaks corresponding to diglycerides and monoglycerides
r=
T sum of the areas of all peaks in the chromatogram
Acceptance criteria: NMT 3.0% of oligomers and NMT 50.0% of partial glycerides
CONTAMINANTS
• Limit of Arsenic
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin. Select all reagents to have as low a content of
arsenic as practicable, and store all reagent solutions in containers of borosilicate glass.
Cleanse glass, polytef, and plastic vessels before use by soaking in warm 8 N nitric acid for
30 min and by rinsing with deionized water.]
Solution A: Transfer 1 g of ultrapure palladium metal into a Teflon beaker. Add 20 mL of
water and 10 mL of nitric acid, and warm on a hot plate to dissolve. Allow the solution to
cool to room temperature, transfer it into a 100-mL volumetric flask, and dilute with
deionized water to volume.
Solution B: Transfer 1 g of ultrapure magnesium nitrate into a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid (3:2:5). A volume of 5 µL provides
0.015 mg of palladium and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution: Transfer 10.0 mL of Standard Arsenic Solution, prepared as
directed in Arsenic 211 , to a 100-mL volumetric flask. Add 40 mL of water and 5 mL of
nitric acid, and dilute with water to volume. This solution contains 0.10 µg/mL of arsenic.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of arsenic.
Sample solution: For preparation of the Sample solution, use a microwave oven with a
magnetron frequency of 2455 MHz and a selectable output power of 0–950 watts in 1%
increments, equipped with advanced composite vessels with 100-mL polytef liners. Use
rupture membranes to vent vessels should the pressure exceed 125 psi. The vessels fit
into a turntable, and each vessel can be vented into an overflow container. Equip the
microwave oven with an exhaust tube to ventilate fumes. [Caution—Wear proper eye
protection and protective clothing and gloves.] Transfer approximately 500 mg of Omega3 Acid Triglycerides, weighed to the nearest 0.1 mg, into a Teflon digestion vessel liner.
Prepare samples in duplicate. Add 15 mL of nitric acid, and swirl gently. Cover the vessels
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with lids, leaving the vent fitting off. Predigest overnight under a hood. Place the rupture
membrane in the vent fitting, and tighten the lid. Place all vessels on the microwave oven
turntable. Connect the vent tubes to the vent trap, and connect the pressure-sensing
line to the appropriate vessel. Initiate a two-stage digestion procedure by heating the
microwave at 15% power for 15 min, followed by 25% power for 45 min. Remove the
turntable of vessels from the oven, and allow the vessels to cool to room temperature.
[Note—A cool water bath may be used to speed the cooling process.] Vent the vessels
when they reach room temperature. Remove the lids, and slowly add 2 mL of 30%
hydrogen peroxide to each. Allow the reactions to subside, and seal the vessels. Return
the vessels on the turntable to the microwave oven, and heat for an additional 15 min at
30% power. Remove the vessels from the oven, and allow them to cool to room
temperature. Transfer the cooled digests into 25-mL volumetric flasks, and dilute with
water to volume.
Analysis: Program the graphite furnace as follows. Dry at 115 , using a 1-s ramp, a 65-s
hold, and an argon flow of 300 mL/min; char the sample at 1000 , using a 1-s ramp, a 20s hold, and an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10
s, using a 20 set temperature and an argon flow of 300 mL/min; atomize at 2400 , using
a 0-s ramp and a 5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s
ramp and a 5-s hold.
Separately inject equal volumes (20 µL) of the Standard solutions, the Sample solution,
and the Blank, followed by an injection of 5 µL of Solution C for each of the samples, into
the graphite tube of a suitable graphite furnace atomic absorption spectrometer equipped
with a hollow-cathode lamp for arsenic. Determine the peak area at the arsenic emission
line at 193.7 nm, corrected for background absorption. Plot the corrected peak areas of
the Standard solutions versus their contents of arsenic, in µg/mL, and calculate the
regression line best fitting the points. Determine the concentration, C, in µg/mL, of arsenic
in each mL of the Sample solution by interpolation from the regression line.
Calculate the content of arsenic in the portion of Omega-3 Acid Triglycerides taken:
Result = (C × V)/W
C= concentration of arsenic, as obtained above, in the Sample solution (µg/mL)
V= final volume of the Sample solution (mL)
W
= weight of Omega-3 Acid Triglycerides taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
Change to read:
• Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin. Select all reagents to have as low a content of lead
as practicable, and store all reagent solutions in containers of borosilicate glass. Cleanse
glass, polytef, and plastic vessels before use by soaking in warm 8 N nitric acid for 30 min
and by rinsing with deionized water.]
Solution A: 10 g of ultrapure monobasic ammonium phosphate in 1 mL of nitric acid and 40
mL of water to dissolve the phosphate. Dilute with deionized water to 100 mL.
Solution B: 1 g of ultrapure magnesium nitrate to a Teflon beaker. Add 40 mL of water and
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1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the solution to
cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute with
deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid (2:1:2). A volume of 5 µL provides 0.2
mg of phosphate plus 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution: Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as
directed in Heavy Metals 231
lead nitrate stock solution TS 2S (USP38)
to a 100-mL volumetric flask. Add 40 mL of water and 5 mL of nitric acid, and dilute with water
to volume. Transfer 1.0 mL of this solution to a second 100-mL volumetric flask, add 50 mL of
water and 1 mL of nitric acid, and dilute with water to volume. This solution contains 0.10
µg/mL of lead.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain concentrations
of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of lead.
Sample solution: Prepare as directed for Sample solution in the test for Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 , using a 1-s ramp, a 55-s hold,
and an argon flow of 300 mL/min; char the sample at 850 , using a 1-s ramp, a 30-s hold, and
an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10 s, using a 20
set temperature and an argon flow of 300 mL/min; atomize at 2100 , using a 0-s ramp and a
5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s ramp and a 5-s hold.
Separately inject equal volumes (20 µL) of the Standard solutions, the Sample solution, and
the Blank, followed by an injection of 5 µL of the Solution C for each of the samples, into the
graphite tube of a suitable graphite furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for lead. Determine the peak area at the lead emission line at 283.3 nm,
corrected for background absorption. Plot the corrected peak areas of the Standard solutions
versus their contents of lead, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of lead in each mL of the Sample solution by
interpolation from the regression line.
Calculate the content of lead in the portion of Omega-3 Acid Triglycerides taken:
Result = (C × V)/W
C= concentration of lead, as obtained above, in the Sample solution (µg/mL)
V= final volume of the Sample solution (mL)
W
= weight of Omega-3 Acid Triglycerides taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
• Limit of Cadmium
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin. Select all reagents to have as low a content of
cadmium as practicable, and store all reagent solutions in containers of borosilicate glass.
Cleanse glass, polytef, and plastic vessels before use by soaking in warm 8 N nitric acid for
30 min and by rinsing with deionized water.]
Solution A: 10 g of ultrapure monobasic ammonium phosphate in 40 mL of water and 1 mL
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of nitric acid to dissolve the phosphate. Dilute with deionized water to 100 mL.
Solution B: Transfer 1 g of ultrapure magnesium nitrate to a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid to volume (2:1:2). A volume of 5 µL
provides 0.2 mg of phosphate and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution A: 0.1372 mg/mL of cadmium nitrate
Standard stock solution B: Standard stock solution A, nitric acid, and water (2:1:97).
This solution contains 0.10 µg/mL of cadmium. [Note—Before make up to final volume,
dissolve in a portion of water and nitric acid.]
Standard solutions: Dilute Standard stock solution B with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of cadmium.
Sample solution: Prepare as directed for Sample solution in the test for Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 , using a 1-s ramp, a 55-s
hold, and an argon flow of 300 mL/min; char the sample at 850 , using a 1-s ramp, a 30-s
hold, and an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10
s, using a 20 set temperature and an argon flow of 300 mL/min; atomize at 2400 , using
a 0-s ramp and a 5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s
ramp and a 5-s hold.
Separately inject equal volumes (20 µL) of the Standard solutions, the Sample solution,
and the Blank, followed by an injection of 5 µL of the Solution C for each of the samples,
into the graphite tube of a suitable graphite furnace atomic absorption spectrometer
equipped with a hollow-cathode lamp for cadmium. Determine the peak area at the
cadmium emission line at 228.8 nm, corrected for background absorption. Plot the
corrected peak areas of the Standard solutions versus their contents of cadmium, in
µg/mL, and calculate the regression line best fitting the points. Determine the
concentration, C, in µg/mL, of cadmium in each mL of the Sample solution by interpolation
from the regression line.
Calculate the content of cadmium in the Omega-3 Acid Triglycerides taken:
Result = (C × V)/W
C= concentration of cadmium, as obtained above, in the Sample solution (µg/mL)
V= final volume of the Sample solution (mL)
W
= weight of Omega-3 Acid Triglycerides taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
• Limit of Mercury: Proceed as directed in Mercury 261 , Method IIa, except use a
Standard Mercury Solution having the equivalent of 0.1 µg/mL of mercury.
Sample solution: Prepare as directed for the Sample solution in the test for Limit of
Arsenic, combining the two duplicate cooled digests into 1.0 mL of Potassium
Permanganate Solution.
Acceptance criteria: NMT 0.1 µg/g
• Limit of Dioxins, Furans, and Polychlorinated Biphenyls (PCBs)
Analysis: Determine the content of polychlorinated dibenzo-para-dioxins (PCDDs) and
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polychlorinated dibenzofurans (PCDFs) by method No. 1613 revision B of the Environmental
Protection Agency. Determine the content of polychlorinated biphenyls (PCBs) by method
No. 1668 revision A of the Environmental Protection Agency.
Acceptance criteria: The sum of PCDDs and PCDFs is NMT 2.0 pg/g of WHO toxic
equivalents. The sum of PCDDs, PCDFs, and dioxin-like PCBs (polychlorinated biphenyls,
non-ortho IUPAC congeners PCB-77, PCB-81, PCB-126, and PCB-169, and mono-ortho
IUPAC congeners PCB-105, PCB-114, PCB-118, PCB-123, PCB-156, PCB-157, PCB-167, and
PCB-189) is NMT 10.0 pg/g of WHO toxic equivalents.
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : NMT 3

• Fats and Fixed Oils, Anisidine Value

401 : NMT 30.0

• Fats and Fixed Oils, Peroxide Value

401 : NMT 10.0

• Fats and Fixed Oils, Unsaponifiable Matter 401 : NMT 2.0%
• Absorbance
Sample solution: 0.24 mg/mL in isooctane
Acceptance criteria: The absorbance is NMT 0.73, determined at 233 nm.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature. It may be bottled or otherwise packaged in containers from
which air has been expelled by production of a vacuum or by an inert gas.
• Labeling: The label states the average content of DHA and EPA as free acids, in mg/g, and
the total content of omega-3 acids as free acids, in mg/g. It also states the name and
concentration of any added antioxidant.
• USP Reference Standards 11
USP Docosahexaenoic Acid Ethyl Ester RS
all cis-4,7,10,13,16,19-Docosahexaenoic ethyl ester.
C24 H36 O2
356.55
USP Eicosapentaenoic Acid Ethyl Ester RS
all cis-5,8,11,14,17-Eicosapentaenoic ethyl ester.
C22 H34 O2
330.51
USP Methyl Tricosanoate RS
Tricosanoic acid methyl ester.
C24 H48 O2
368.64
BRIEFING
Phyllanthus amarus, USP 37 page 5514. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin 561
proposed elsewhere in this Pharmacopeial Forum. It is also proposed to omit reference to
gustatory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(DS: A. Bzhelyansky.)
Correspondence Number—C148899

Comment deadline: November 30, 2014
Phyllanthus amarus
DEFINITION
Phyllanthus amarus consists of the dried aerial parts of Phyllanthus amarus Schumach. (Fam.
Euphorbiaceae). It contains NLT 0.25% of lignans, calculated as the sum of phyllanthin and
hypophyllanthin on the dried basis.
IDENTIFICATION
• A. Phyllanthus amarus meets the requirements in Specific Tests for Botanical
Characteristics.
• B. Thin-Layer Chromatographic Identification Test 201
Standard solution A: 0.1 mg/mL of USP Phyllanthin RS in methanol
Standard solution B: 10 mg/mL of USP Powdered Phyllanthus amarus Extract RS in
methanol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate about 0.5 g of Phyllanthus amarus, finely powdered, in 5 mL of
methanol for 10 min, centrifuge, and use the supernatant.
Adsorbent: Chromatographic silica gel with an average particle size of 10–15 µm (TLC
plates) or 5 µm (HPTLC plates)
Application volume: 10 µL (TLC plates) or 4 µL (HPTLC plates)
Developing solvent system: Hexane and ethyl acetate (2:1)
Derivatization reagent: A solution of 10% sulfuric acid in methanol. [Note—Prepare
fresh.]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands. Use a saturated chamber. Develop until the solvent front
has moved up about three-fourths of the plate. Remove the plate from the chamber, dry
in air, treat with the Derivatization reagent, heat for 3 min at 120 , and examine under
white light.
Acceptance criteria: The chromatogram of the Sample solution exhibits a blue band in the
lower third of the plate due to phyllanthin, corresponding in color and RF to that in the
chromatogram of Standard solution A; a violet band due to hypophyllanthin at an RF higher
than that of phyllanthin; a blue band at an RF higher than that of hypophyllanthin; and a
violet band in the upper third of the plate. Bands detected in the chromatogram of the
Sample solution correspond in position and color to bands in the chromatogram of
Standard solution B. Other minor bands may be observed in the chromatograms of the
Sample solution and Standard solution B.
• C. HPLC: The chromatogram of the Sample solution obtained in the test for Content of
Lignans shows a peak at a retention time corresponding to that of phyllanthin in the
chromatogram of Standard solution A. Identify other lignan peaks in the chromatogram of
the Sample solution by comparison with the chromatogram of Standard solution B and the
reference chromatogram provided with the lot of USP Powdered Phyllanthus amarus
Extract RS being used. The chromatogram of the Sample solution shows an additional peak
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corresponding to hypophyllanthin.
COMPOSITION
• Content of Lignans
Solution A: Dissolve 0.14 g of potassium dihydrogen phosphate in 900 mL of water, add 0.5
mL of phosphoric acid, dilute with water to 1000 mL, mix, filter, and degas.
Mobile phase: Acetonitrile and Solution A (4:6)
Standard solution A: 0.1 mg/mL of USP Phyllanthin RS in methanol
Standard solution B: Sonicate a portion of USP Powdered Phyllanthus amarus Extract RS
in methanol to obtain a solution having a concentration of about 5.0 mg/mL. Before
injection, pass through a membrane filter of 0.45-µm or finer pore size, discarding the first
few mL of the filtrate.
Sample solution: Transfer about 3.0 g of Phyllanthus amarus, finely powdered and
accurately weighed, to a 250-mL flask fitted with a reflux condenser. Add 50 mL of
methanol, reflux for about 20 min, allow to settle, and decant the supernatant. Repeat
until the extract is colorless. Combine the extracts, concentrate under vacuum, transfer
quantitatively into a 100-mL volumetric flask, and adjust to volume with methanol. Before
injection, pass through a membrane filter of 0.45-µm or finer pore size, discarding the first
few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Phyllanthus
amarus Extract RS being used.
Resolution: NLT 1.5 between the phyllanthin and hypophyllanthin peaks, Standard
solution B
Tailing factor: NMT 1.5 for the phyllanthin peak, Standard solution A
Relative standard deviation: NMT 2.0% determined from the phyllanthin peak in
replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution. [Note
—Standard solution A, Standard solution B, and the Sample solution are stable for 48 h
at room temperature.]
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Phyllanthus amarus Extract RS being
used, identify the retention times of the peaks corresponding to phyllanthin and
hypophyllanthin.
Separately calculate the percentages of phyllanthin and hypophyllanthin in the portion of
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Phyllanthus amarus taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of phyllanthin from Standard solution A
C=
S concentration of USP Phyllanthin RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Phyllanthus amarus taken to prepare the Sample solution (mg)
F= conversion factor: 1.00 for phyllanthin; 0.75 for hypophyllanthin
Acceptance criteria: Add the percentages of phyllanthin and hypophyllanthin: NLT 0.25%
is found on the dried basis.
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Erect annual herb, 10–60-cm high; slender stem, leaves on main stem are
reduced to scales; secondary branchlets, short, extend at right angles, each carrying 15–
30 leaves; leaves have a green upper surface with raised midrib and a pale green lower
surface with prominent midrib and secondary veins, simple, alternate, 3–11 mm long, 1.5–6
mm wide, short petiolate, elliptical-oblong to obovate, apex obtuse and often with small
pointed tip, margin entire, base often slightly asymmetric; flowers minute, yellowish,
greenish, or whitish, unisexual, axillary on secondary branchlets, 1–2 and sometimes 3 per
axil, first 1–2 internodes of each branchlet bear 1–2 male flowers, the rest have male and
female flowers; fruits are flattened spherical capsules, straw color, 3-loculed, about 2 mm
in diameter; seeds usually 2 per locule, light brown, about 0.9-mm long, triangular with 6–
7 longitudinal ribs and many transverse striations on the back. Pharmacopeial article is
green to yellowish-green masses composed mostly of leaves, branchlets, and stem
fragments. ; taste bitter
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2S (USP38)

Microscopic
Transverse section of stems: Epidermal layer; about 15 layers of cortex cells, thick wall,
contain chloroplasts, some contain calcium oxalate crystals, inner 7–10 layers are made of
thick-wall cells interrupted at regular interval by parenchyma cells; a layer of parenchyma
cells containing starch grains; phloem 7–10 layers of thin-wall cells; groups of xylem vessels;
pith, multilayer of thin-wall cells, few contain calcium oxalate crystals.
Transverse section of branchlets: The transverse section is round; 6–8 layers of cortex,
thick-wall cells, most contain chloroplasts and a few calcium oxalate crystals, after 3–4
layers there is a layer of cells containing starch grains, followed by 2–3 layers of fiber cells
interrupted by cortex parenchyma; phloem 5–7 layers of thin-wall cells; groups of xylem
vessels; pith, multilayer of thin-wall cells, containing chloroplasts.
Transverse section of leaves: Upper and lower epidermis; a single layer of palisade cells,
which occupy nearly half of the space between each epidermis; 3–5 layers of parenchyma
cells, a few contain crystals of calcium oxalate; vascular bundles are also present.
• Loss on Drying 731
Sample: 1.0 g of finely powdered Phyllanthus amarus
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Phyllanthus amarus
Acceptance criteria: NMT 8.0%
• Articles of Botanical Origin, Acid-Insoluble Ash 561
Sample: 1.0 g of finely powdered Phyllanthus amarus
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards 11
USP Phyllanthin RS
USP Powdered Phyllanthus amarus Extract RS
BRIEFING
Powdered Phyllanthus amarus, USP 37 page 5515. In preparation for the omission of the
general chapter Heavy Metals 231 and all references to this general chapter from
individual monographs, it is proposed to control arsenic, cadmium, lead, and mercury as
described in the Limits of Elemental Impurities section of the general chapter Articles of
Botanical Origin 561 proposed elsewhere in this Pharmacopeial Forum. It is also proposed
to omit the reference to gustatory qualities from Botanical Characteristics.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148900

Comment deadline: November 30, 2014
Powdered Phyllanthus amarus
DEFINITION
Powdered Phyllanthus amarus is Phyllanthus amarus reduced to a powder or very fine powder.
It contains NLT 0.25% of lignans, calculated as the sum of phyllanthin and hypophyllanthin, on
the dried basis.
IDENTIFICATION
• A. Powdered Phyllanthus amarus meets the requirements in Specific Tests for Botanical
Characteristics.
• B. Thin-Layer Chromatographic Identification Test 201
Standard solution A: 0.1 mg/mL of USP Phyllanthin RS in methanol
Standard solution B: 10 mg/mL of USP Powdered Phyllanthus amarus Extract RS in
methanol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate about 0.5 g of Powdered Phyllanthus amarus in 5 mL of
methanol for 10 min, centrifuge, and use the supernatant.
Adsorbent: Chromatographic silica gel with an average particle size of 10–15 µm (TLC
plates) or 5 µm (HPTLC plates)
Application volume: 10 µL (TLC plates) or 4 µL (HPTLC plates)
Developing solvent system: Hexane and ethyl acetate (2:1)
Derivatization reagent: A solution of 10% sulfuric acid in methanol. [Note—Prepare
fresh.]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands. Use a saturated chamber. Develop until the solvent front
has moved up about three-fourths of the plate. Remove the plate from the chamber, dry
in air, treat with the Derivatization reagent, heat for 3 min at 120 , and examine under
white light.
Acceptance criteria: The chromatogram of the Sample solution exhibits a blue band in the
lower third of the plate due to phyllanthin, corresponding in color and RF to that in the
chromatogram of Standard solution A; a violet band due to hypophyllanthin at an RF higher
than that of phyllanthin; a blue band at an RF higher than that of hypophyllanthin; and a
violet band in the upper third of the plate. Bands detected in the chromatogram of the
Sample solution correspond in position and color to bands in the chromatogram of
Standard solution B. Other minor bands may be observed in the chromatograms of the
Sample solution and Standard solution B.
• C. HPLC: The chromatogram of the Sample solution obtained in the test for Content of
Lignans shows a peak at a retention time corresponding to that of phyllanthin in the
chromatogram of Standard solution A. Identify other lignan peaks in the chromatogram of
the Sample solution by comparison with the chromatogram of Standard solution B and the
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reference chromatogram provided with the lot of USP Powdered Phyllanthus amarus
Extract RS being used. The chromatogram of the Sample solution shows an additional peak
corresponding to hypophyllanthin.
COMPOSITION
• Content of Lignans
Solution A: Dissolve 0.14 g of potassium dihydrogen phosphate in 900 mL of water, add 0.5
mL of phosphoric acid, dilute with water to 1000 mL, mix, filter, and degas.
Mobile phase: Acetonitrile and Solution A (4:6)
Standard solution A: 0.1 mg/mL of USP Phyllanthin RS in methanol
Standard solution B: Sonicate a portion of USP Powdered Phyllanthus amarus Extract RS
in methanol to obtain a solution having a concentration of about 5.0 mg/mL. Before
injection, pass through a membrane filter of 0.45-µm or finer pore size, discarding the first
few mL of the filtrate.
Sample solution: Transfer about 3.0 g of Powdered Phyllanthus amarus, accurately
weighed, to a 250-mL flask fitted with a reflux condenser. Add 50 mL of methanol, reflux
for about 20 min, allow to settle, and decant the supernatant. Repeat until the extract is
colorless. Combine the extracts, concentrate under vacuum, transfer quantitatively into a
100-ml volumetric flask, and adjust to volume with methanol. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Phyllanthus amarus
Extract RS being used.
Resolution: NLT 1.5 between the phyllanthin and hypophyllanthin peaks, Standard
solution B
Tailing factor: NMT 1.5 for the phyllanthin peak, Standard solution A
Relative standard deviation: NMT 2.0% determined from the phyllanthin peak in
replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution. [Note
—Standard solution A, Standard solution B, and the Sample solution are stable for 48 h
at room temperature.]
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Phyllanthus amarus Extract RS being
used, identify the retention times of the peaks corresponding to phyllanthin and
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hypophyllanthin.
Separately calculate the percentages of phyllanthin and hypophyllanthin in the portion of
Powdered Phyllanthus amarus taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of phyllanthin from Standard solution A
C=
S concentration of USP Phyllanthin RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Phyllanthus amarus taken to prepare the Sample solution (mg)
F= conversion factor: 1.00 for phyllanthin; 0.75 for hypophyllanthin
Acceptance criteria: Add the percentages of phyllanthin and hypophyllanthin: NLT 0.25%
is found on the dried basis.
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Greenish to greenish-brown in color ; taste bitter
2S (USP38)

Microscopic: Fragments of epidermal cells of the leaves with wavy walls, showing anisocytic
and paracytic stomata; parenchyma cells, some showing clusters of calcium oxalate crystals;
narrow fibers from the stem; pitted vessels of the stem; fragments of the epicarp of the fruits
showing anomocytic stomata
• Loss on Drying 731
Sample: 1.0 g of Powdered Phyllanthus amarus
Analysis: Dry at 105 for 2 h.
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Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Powdered Phyllanthus amarus
Acceptance criteria: NMT 8.0%
• Articles of Botanical Origin, Acid-Insoluble Ash 561
Sample: 1.0 g of Powdered Phyllanthus amarus
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards 11
USP Phyllanthin RS
USP Powdered Phyllanthus amarus Extract RS
BRIEFING
Pygeum, USP 37 page 5518. In preparation for the omission of the general chapter Heavy
Metals 231 and all references to this general chapter from individual monographs, it is
proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin
proposed elsewhere in this Pharmacopeial Forum.

561

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148923

Comment deadline: November 30, 2014
Pygeum
DEFINITION
Pygeum consists of the bark of Prunus africana (Hook f.) Kalkman (Pygeum africanum Hook f.)
(Fam. Rosaceae). It contains NLT 9.0% of extractable matter.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution A: 10 mg/mL of USP Pygeum Extract RS in chloroform
Standard solution B: 1 mg/mL of USP -Sitosterol RS in chloroform
Sample solution: Transfer 10 g of the powdered plant material to a Soxhlet apparatus.
Extract with 150 mL of methylene chloride for 4 h. Evaporate the extract under vacuum to
dryness. Dissolve the residue with 10 mL of methylene chloride.
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)
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Adsorbent: 0.25-mm layer of chromatographic silica gel (TLC plates)
Application volume: 10 µL
Developing solvent system: Methylene chloride
Derivatization reagent: Sulfuric acid and water (1:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop in a saturated chamber for NLT 15 cm, and dry the plate in a stream of air.
Treat with Derivatization reagent, heat the plate at 100 for 10 min, and examine under
white light.
Acceptance criteria: The chromatogram of the Sample solution shows one red-violet zone
turning to grayish-brown near the origin that corresponds in color and RF value to that in
the chromatogram of Standard solution A; one red-violet zone turning to grayish-brown at
an RF about 0.08, corresponding in color and RF value to that in the chromatogram of
Standard solution B; further upwards, a grayish-brown zone may be present,
corresponding in color and RF value to that in the chromatogram of Standard solution A.
Other colored zones of varying intensities may be observed in the chromatogram of the
Sample solution.
COMPOSITION
• Extractable Matter
Analysis: Extract 2.00 g of the powdered material in a Soxhlet apparatus with 150 mL of
alcohol for 6 h. Evaporate the solution to dryness under vacuum, and dry the residue at
105 for 24 h.
Acceptance criteria: NLT 9.0% of extractable matter
CONTAMINANTS
Delete the following:
• Heavy Metals

231 : NMT 20 µg/g

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Bark pieces consist of long fragments of variable dimensions, from only a few
cm to 1 m long with a thickness varying from a few mm to 1–2 cm. The color is brown,
more or less dark on the external surface; light brown to red-brown on the internal
surface. The external face of the bark presents a very dark and fissured rhytidome that in
the samples of old trees is fragmented in more or less square plaques of about 1–5 cm.
The thickness varies from 1 mm in young plants or branches to 5–8 mm in old plants. The
outer surface may also be covered with whitish lichens or thin filamentous moss. The
internal face of the bark, under the rhytidome, is clearer and has a reddish coloration,
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with a long fibrous break, from reddish to light brown or dark brown in color, often
presenting concentric stratification cracks. The internal surface presents small wrinkles.
Microscopic: The transverse section of the bark presents a suberized bed of variable
thickness depending on the age of the plant, consisting of multiple layers of small, square
cells with the walls of moderate thickness. It presents a cortical parenchyma of more or
less round cells, with a few apparent formations of very thin-walled sclereids, definitely
sharp. Often, in the parenchyma, there are groups of cells containing oxalate druses; a
few bigger cells with highly thickened walls can also be observed. It shows a liber with
phloem zones and medullary rays. The phloemical portions contain groups of fibrous cells
with highly thickened walls, as well as phloemical and parenchymal elements, sometimes
containing druses of oxalate. The medullary rays are of conical shape, larger on the
external surface and thinner on the internal side; they can also contain druses of oxalate.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 5.0%

• Loss on Drying 731 : Dry at 60 for 15 h: it loses NMT 10.0% of its weight.
• Articles of Botanical Origin, Total Ash

561 : NMT 10.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards
USP Pygeum Extract RS
USP

11

-Sitosterol RS
BRIEFING

St. John's Wort, page 6534 of the First Supplement to USP 37. In preparation for the omission
of the general chapter Heavy Metals 231 and all references to this general chapter from
individual monographs, it is proposed to control arsenic, cadmium, lead, and mercury as
described in the Limits of Elemental Impurities section of the general chapter Articles of
Botanical Origin

561

proposed elsewhere in this Pharmacopeial Forum.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148930

Comment deadline: November 30, 2014
St. John's Wort
DEFINITION
St. John's Wort consists of the dried flowering tops or aerial parts of Hypericum perforatum L.
(Fam. Hypericaceae), gathered shortly before or during flowering. It contains NLT 0.6% of
hyperforin (C35 H52 O4 ) and NLT 0.04% of the combined total of hypericin (C30 H16 O8 ) and
pseudohypericin (C30 H16 O9 ), on the dried basis.
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IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 0.5 mg/mL of USP Hyperoside RS in methanol
Sample solution: Finely powder 50 g of St. John's Wort. Shake 10 g in 100 mL of methanol
for about 15 min, and filter.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.50-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Upper layer of a mixture of ethyl acetate, glacial acetic
acid, formic acid, and water (10: 1.1: 1.1: 2.6)
Spray reagent A: 10-mg/mL solution of 2-aminoethyl diphenylborinate in methanol
Spray reagent B: 50-mg/mL solution of polyethylene glycol 400 in alcohol
Analysis
Samples: Standard solution and Sample solution
Apply the Samples as bands and allow to dry. Develop and allow the plate to air-dry. Spray
with Spray reagent A and allow the plate to air-dry. Immediately after, spray the plate
with Spray reagent B, and allow the plate to air-dry. Examine the plate under UV light at
365 nm.
Acceptance criteria: The chromatogram of the Sample solution exhibits several zones
having a yellowish-orange fluorescence, one of which, appearing at an RF value of about
0.5, corresponds in RF value and intensity to a similar zone in the chromatogram of the
Standard solution. The chromatogram of the Sample solution exhibits also two zones of
red fluorescence, one at an RF value of about 0.85 (presence of hypericin) and the other
at an RF value of about 0.80 (presence of pseudohypericin), and two zones of higher blue
fluorescence (presence of chlorogenic and neochlorogenic acids) located below the yellow
to yellowish-orange hyperoside zone. 1S (USP37)

Add the following:
• A. It meets the requirements in Specific Tests, Botanical Characteristics.

1S (USP37)

Add the following:
• B. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Rutin RS in methanol
Standard solution B: 0.5 mg/mL of USP Hyperoside RS in methanol
Standard solution C: 50 mg/mL of USP Powdered St. John's Wort Extract RS in methanol.
Sonicate for 20 min, centrifuge, and use the clear supernatant.
Sample solution: Finely powder 50 g of St. John's Wort. Sonicate 1 g in 10 mL of methanol
for about 20 min, centrifuge, and use the clear supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 2 µL, as 8-mm bands
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Relative humidity: Condition the plate to a relative humidity of about 30%, using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, glacial acetic acid, formic acid,
water, and methylene chloride (10: 1.0: 1.0: 1.1: 2.5)
Developing distance: 6 cm
Derivatization reagent A: 5-mg/mL solution of 2-aminoethyl diphenylborinate in ethyl
acetate
Derivatization reagent B: 10-mg/mL solution of polyethylene glycol 400 in methylene
chloride
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples as bands. Develop in a saturated chamber, remove the plate from the
chamber, and dry in air. Heat the plate at 105 for 3 min, derivatize while still warm with
Derivatization reagent A, and dry in air. Then treat with Derivatization reagent B, dry in
air, and examine under UV light at 365 nm.
System suitability: The chromatogram of Standard solution C exhibits, in the lower third
section, two yellowish-orange fluorescent bands corresponding to the bands due to rutin
and hyperoside in the chromatograms of Standard solution A and Standard solution B,
respectively; a blue fluorescent band directly below the band due to hyperoside,
corresponding to chlorogenic acid; and two red fluorescent bands due to pseudohypericin
(lower RF) and hypericin in the upper third section of the chromatogram. The bands due to
pseudohypericin and hypericin are clearly separated.
Acceptance criteria: The chromatogram of the Sample solution exhibits the following
bands: two yellowish-orange fluorescent bands at RF corresponding to the rutin and
hyperoside bands in the chromatograms of Standard solution A, Standard solution B, and
Standard solution C; a blue fluorescent band directly below the band due to hyperoside,
corresponding to the chlorogenic acid band in the chromatogram of Standard solution C;
two red fluorescent bands at RF corresponding to the pseudohypericin and hypericin bands
in the chromatogram of Standard solution C; and two to three yellowish-orange
fluorescent bands in the middle third section of the chromatogram corresponding to similar
bands in the chromatogram of Standard solution C. 1S (USP37)

COMPOSITION
Change to read:
• Content of Hypericin and Pseudohypericin
[Note—Conduct all sample preparations with minimal exposure to subdued light, and use lowactinic glassware.]
Solvent: Methanol and acetone (1:1)
Solution A: Phosphoric acid and water (3:997)
Solution B: Acetonitrile
Solution C: Methanol
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B Solution C
(min)
(%)
(%)
(%)
0
100
0
0
10
85
15
0
30
70
20
10
40
10
75
15
55
5
80
15
56
100
0
0
66
100
0
0
Standard solution A: 2.5 µg/mL of USP Oxybenzone RS in Solvent
Standard solution B: 1 mg/mL of USP Powdered St. John's Wort Extract RS in Solvent
Sample solution: Pulverize 10 g of St. John's Wort. Accurately weigh and transfer about 1
g to a round-bottom flask equipped with a condenser and protected from light, add 50 mL
of Solvent and a magnetic stirring bar, and heat at 60 for 2 h while stirring. Cool to room
temperature, and pass through filter paper into a 50-mL volumetric flask. Wash the flask
and the residue on the filter with Solvent, and dilute with the washings to volume. Pass
the solution through a PTFE membrane filter of 0.45-µm or finer pore size, and use the
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm and Vis 588 nm
Columns
Guard: Packing L1
Analytical: 4.6-mm × 25-cm; packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL [Note—First equilibrate the system with 100% Solution A.]
System suitability
Samples: Standard solution A (record the peak responses at 270 nm) and Standard
solution B (record the peak responses at 270 nm and 588 nm)
Suitability requirements
Chromatogram similarity: The chromatograms of Standard solution B are similar to
the respective reference chromatograms provided with the lot of USP Powdered St.
John's Wort Extract RS being used.
Column efficiency: NLT 100,000 theoretical plates for oxybenzone, Standard solution A
Tailing factor: NMT 1.5 for oxybenzone, Standard solution A
Relative standard deviation: NMT 2.0%, Standard solution A
Analysis
Samples: Standard solution A and Sample solution
Measure the areas of the relevant peaks at 270 nm in the chromatogram of the Sample
solution.
Separately calculate the percentages of hypericin (C30 H16 O8 ) and pseudohypericin
(C30 H16 O9 ) in the portion of St. John's Wort taken:
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Result = (rU/rS) × CS × (V/W) × (1/F) × 100

1S (USP37)

rU = peak area of the relevant analyte from the Sample solution
rS = peak area of oxybenzone from Standard solution A
CS = concentration of USP Oxybenzone RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of St. John's Wort taken to prepare the Sample solution (mg)
F = relative response factor for the relevant analyte relative to oxybenzone, 1.30 for
hypericin and 1.24 for pseudohypericin
Calculate the combined total of hypericin and pseudohypericin by adding the corresponding
percentages as calculated above.
Acceptance criteria: NLT 0.04% on the dried basis
Change to read:
• Content of Hyperforin
Analysis: Using the chromatograms obtained in the test for Content of Hypericin and
Pseudohypericin, calculate the percentage of hyperforin (C35 H52 O4 ) in the portion of St.
John's Wort taken:
Result = (rU/rS) × CS × (V/W) × (1/F) × 100

1S (USP37)

rU = peak area of hyperforin from the Sample solution
rS = peak area of oxybenzone from Standard solution A
CS = concentration of USP Oxybenzone RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of St. John's Wort taken to prepare the Sample solution (mg)
F = relative response factor for hyperforin relative to that of oxybenzone, 0.46
Acceptance criteria: NLT 0.6% on the dried basis
CONTAMINANTS
Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS

PF 40(5): Sep.-Oct. 2014

682

• Botanical Characteristics
Macroscopic: The two-edged stem is greenish-yellow, rounded, and has two ribs running
longitudinally on opposite sides. The plant is adversifoliate, its leaves are sessile, ovoid or
elongated, up to 3.5 cm in length, smooth-edged, and hairless with translucent
perforations. The very numerous yellow, short-stemmed, pentamerous flowers form false
umbels shaped like grape clusters. The five lanceolate and black-dotted sepals are about
one-half the length of the dark yellow petals, which are shaped like slanted ovals and
whose edges are set with dark red glands. The numerous stamens are joined in three to
six bundles (usually three). The ovary is surmounted by three styles. Some ovaries are
already developed into greenish, elongated, oval triovular capsules with various degrees of
maturity. When chopped, the crude plant material is distinguished by numerous yellow to
yellowish-brown flower buds and individual petals with dark red glands at the edges. The
light green to brown-green leaf fragments, characterized by plicate marcescence, appear
stippled when held up to the light. The greenish-yellow or reddish-brown hollow stem
fragments are distinguished by two longitudinal edges.
Microscopic: The stems have elongated epidermal cells with straight beaded, anticlinal
walls; cuticle smooth; frequent paracytic stomata with two small adjacent epidermal cells;
cortex of 5–6 rows of collenchyma; stele with secondary growth consisting of a
compacted ring of phloem, with a wide area of lignified xylem and small areas of intraxylary
phloem; parenchymatous pith, lignified and pitted in older stems; oil glands may occur in
the cortex and phloem.
The upper surface of the leaf has polygonal cells with sinuous, slightly beaded anticlinal
walls; cells of lower surface smaller, with anticlinal walls more wavy with frequent
paracytic, sometimes anomocytic, stomata; smooth cuticle, thicker on upper surface,
straight-walled, elongated epidermal cells of veins occasionally beaded. Dorsiventral,
single palisade lamina; large oil glands equal to depth of spongy mesophyll. Midrib
containing single, collateral bundle with small area of lignified xylem. Trichomes and
calcium oxalate are absent.
The sepal of the flower has characteristics resembling those of the leaf. Petal, narrow,
elongated, thin-walled, epidermal cells with straight anticlinal walls on the outer surface
and wavy on the inner surface. Stamen, lignified fibrous layer of anther wall; elongated,
thin-walled cells of filament with striated cuticle; subprolate pollen grains, about 20 µm in
diameter with three pores and a smooth exine. Ovary, small polygonal cells with underlying
oil glands; seed testa, brown, thick-walled hexagonal cells.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

Add the following:
• Loss on Drying 731
Sample: 1.0 g of finely powdered St. John's Wort
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 10%

1S (USP37)

• Articles of Botanical Origin, Total Ash 561 : NMT 5.0%
Delete the following:
• Articles of Botanical Origin, Water Content 561 : NMT 10.0%

1S (USP37)
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tight containers, protected from light and moisture.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards 11
USP Hyperoside RS
USP Oxybenzone RS
USP Powdered St. John's Wort Extract RS
USP Rutin RS
BRIEFING
Powdered St. John's Wort, page 6537 of the First Supplement to USP 37–NF 32. In
preparation for the omission of the general chapter Heavy Metals 231 and all references
to this general chapter from individual monographs, it is proposed to control arsenic,
cadmium, lead, and mercury as described in the Limits of Elemental Impurities section of the
general chapter Articles of Botanical Origin 561 proposed elsewhere in this Pharmacopeial
Forum. It is also proposed to omit references to olfactory qualities from Botanical
Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148924

Comment deadline: November 30, 2014
Powdered St. John's Wort
DEFINITION
Powdered St. John's Wort is St. John's Wort reduced to a fine or a very fine powder. It
contains NLT 0.6% of hyperforin (C35 H52 O4 ) and NLT 0.04% of the combined total of hypericin
(C30 H16 O8 ) and pseudohypericin (C30 H16 O9 ), on the dried basis.
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 0.5 mg/mL of USP Hyperoside RS in methanol
Sample solution: Shake 10 g of Powdered St. John's Wort in 100 mL of methanol for 15
min, and filter.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.50-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Upper layer of a mixture of ethyl acetate, glacial acetic
acid, formic acid, and water (10: 1.1: 1.1: 2.6)
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Spray reagent A: 10-mg/mL solution of 2-aminoethyl diphenylborinate in methanol
Spray reagent B: 50-mg/mL solution of polyethylene glycol 400 in alcohol
Analysis
Samples: Standard solution and Sample solution
Apply the Samples as bands and allow to dry. Develop and allow the plate to air-dry. Spray
with Spray reagent A and allow the plate to air-dry. Immediately after, spray the plate
with Spray reagent B, and allow the plate to air-dry. Examine the plate under UV light at
365 nm.
Acceptance criteria: The chromatogram of the Sample solution exhibits several zones
having a yellowish-orange fluorescence, one of which, appearing at an RF value of about
0.5, corresponds in RF value and intensity to a similar zone in the chromatogram of the
Standard solution. The chromatogram of the Sample solution exhibits also two zones of
red fluorescence, one at an RF value of about 0.85 (presence of hypericin) and the other
at an RF value of about 0.80 (presence of pseudohypericin), and two zones of higher blue
fluorescence (presence of chlorogenic and neochlorogenic acids) located below the yellow
to yellowish-orange hyperoside zone. 1S (USP37)

Add the following:
• A. It meets the requirements in Specific Tests, Botanical Characteristics.

1S (USP37)

Add the following:
• B. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Rutin RS in methanol
Standard solution B: 0.5 mg/mL of USP Hyperoside RS in methanol
Standard solution C: 50 mg/mL of USP Powdered St. John's Wort Extract RS in methanol,
sonicate for 20 min, centrifuge, and use the clear supernatant
Sample solution: Sonicate 1 g of Powdered St. John's Wort in 10 mL of methanol for about
20 min, centrifuge, and use the clear supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 2 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 30% using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, glacial acetic acid, formic acid,
water, and methylene chloride (10: 1.0: 1.0: 1.1: 2.5)
Developing distance: 6 cm
Derivatization reagent A: 5 mg/mL solution of 2-aminoethyl diphenylborinate in ethyl
acetate
Derivatization reagent B: 10 mg/mL solution of polyethylene glycol 400 in methylene
chloride
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
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Apply the Samples as bands. Develop in a saturated chamber, remove the plate from the
chamber, and dry in air. Heat the plate at 105 for 3 min, derivatize while still warm with
Derivatization reagent A, and dry in air. Then treat with Derivatization reagent B, dry in
air, and examine under UV light at 365 nm.
System suitability: The chromatogram of Standard solution C exhibits, in the lower third
section, two yellowish-orange fluorescent bands corresponding to the bands due to rutin
and hyperoside in the chromatograms of Standard solution A and Standard solution B,
respectively; a blue fluorescent band directly below the band due to hyperoside,
corresponding to chlorogenic acid; and two red fluorescent bands due to pseudohypericin
(lower RF) and hypericin in the upper third section of the chromatogram. The bands due to
pseudohypericin and hypericin are clearly separated.
Acceptance criteria: The chromatogram of the Sample solution exhibits the following
bands: two yellowish-orange fluorescent bands at RF corresponding to the rutin and
hyperoside bands in the chromatograms of Standard solution A, Standard solution B, and
Standard solution C; a blue fluorescent band directly below the band due to hyperoside,
corresponding to the chlorogenic acid band in the chromatogram of Standard solution C;
two red fluorescent bands at RF corresponding to the pseudohypericin and hypericin bands
in the chromatogram of Standard solution C; and two to three yellowish-orange
fluorescent bands in the middle third section of the chromatogram corresponding to similar
bands in the chromatogram of Standard solution C. 1S (USP37)

COMPOSITION
Change to read:
• Content of Hypericin and Pseudohypericin
[Note—Conduct all sample preparations with minimal exposure to subdued light, and use lowactinic glassware.]
Solvent: Methanol and acetone (1:1)
Solution A: Phosphoric acid and water (3:997)
Solution B: Acetonitrile
Solution C: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B Solution C
(min)
(%)
(%)
(%)
0
100
0
0
10
85
15
0
30
70
20
10
40
10
75
15
55
5
80
15
56
100
0
0
66
100
0
0
Standard solution A: 2.5 µg/mL of USP Oxybenzone RS in Solvent
Standard solution B: 1 mg/mL of USP Powdered St. John's Wort Extract RS in Solvent
Sample solution:
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Accurately weigh about 1 g of Powdered St. John's Wort into a round-bottom flask
equipped with a condenser and protected from light, add 50 mL of Solvent and a magnetic
stirring bar, and heat at 60 for 2 h while stirring. Cool to room temperature, and pass
through filter paper into a 50-mL volumetric flask. Wash the flask and the residue on the
filter with Solvent, and dilute with the washings to volume. Pass the solution through a
PTFE membrane filter of 0.45-µm or finer pore size, and use the filtrate. 1S (USP37)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm and Vis 588 nm
Columns
Guard: Packing L1
Analytical: 4.6-mm × 25-cm; packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL. [Note—First equilibrate the system with 100% Solution A.]
System suitability
Samples: Standard solution A (record the peak responses at 270 nm) and Standard solution B
(record the peak responses at 270 nm and 588 nm)
Suitability requirements
Chromatogram similarity: The chromatograms of Standard solution B are similar to the
respective reference chromatograms provided with the lot of USP Powdered St. John's
Wort Extract RS being used.
Column efficiency: NLT 100,000 theoretical plates for oxybenzone
Tailing factor: NMT 1.5 for oxybenzone
Relative standard deviation: NMT 2.0%, Standard solution A
Analysis
Samples: Standard solution A and Sample solution
Measure the areas of the relevant peaks at 270 nm in the chromatogram of the Sample
solution.
Separately calculate the percentages of hypericin (C30 H16 O8 ) and pseudohypericin (C30 H16 O9 )
in the portion of Powdered St. John's Wort taken:
Result = (rU/rS) × CS × (V/W) × (1/F) × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of oxybenzone from Standard solution A
C=
S concentration of USP Oxybenzone RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered St. John's Wort taken to prepare the Sample solution (mg)
F= relative response factor for the relevant analyte relative to oxybenzone, 1.30 for hypericin
and 1.24 for pseudohypericin
Calculate the combined total of hypericin and pseudohypericin by adding the corresponding
percentages as calculated above.
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2S (USP38)

Acceptance criteria: NLT 0.04% on the dried basis
• Content of Hyperforin
Analysis: Using the chromatograms obtained in the test for Content of Hypericin and
Pseudohypericin, calculate the percentage of hyperforin (C35 H52 O4 ) in the portion of
Powdered St. John's Wort taken:
Result = (rU/rS) × CS × (V/W) × (1/F) × 100
rU= peak area of hyperforin from the Sample solution
rS= peak area of oxybenzone from Standard solution A
C=
S concentration of USP Oxybenzone RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered St. John's Wort taken to prepare the Sample solution (mg)
F= relative response factor for hyperforin relative to that of oxybenzone, 0.46
Acceptance criteria: NLT 0.6% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals

231 : NMT 20 µg/g

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Buff to greenish-brown powderwith an aromatic and balsamic odor
2S (USP38)

Microscopic: Elongated and polygonal epidermal cells with thickened and beaded anticlinal
walls, some accompanied by paracytic (occasionally anomocytic) stomata; fragments of leaf
and sepal with schizogenous oil and pigment glands; narrow, thin-walled, elongated epidermal
cells with straight and wavy anticlinal walls from petal; narrow, lignified vessels with annular or
reticulate thickening; tracheids and tracheidal vessels with lignified, pitted thickening; thickwalled lignified fibers with tapering apices and occasional oblique pits; rectangular, lignified,
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pitted parenchyma; fibrous layer of antheral wall; and pollen grains, 20–25 µm in diameter,
with smooth exine
Delete the following:
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2%

1S (USP37)

Add the following:
• Loss on Drying 731
Sample: 1.0 g of Powdered St. John's Wort
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 10% 1S (USP37)

• Articles of Botanical Origin, Total Ash

561 : NMT 5.0%

Delete the following:
• Articles of Botanical Origin, Water Content

561 : NMT 10.0%

1S (USP37)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tight containers, protected from light and moisture.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant source from which the article was derived.
• USP Reference Standards 11
USP Hyperoside RS
USP Oxybenzone RS
USP Powdered St. John's Wort Extract RS
USP Rutin RS
BRIEFING
Saw Palmetto, USP 37 page 5541. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin
proposed elsewhere in this Pharmacopeial Forum.

561

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148925

Comment deadline: November 30, 2014
Saw Palmetto
DEFINITION
Change to read:
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Saw Palmetto consists of partially dried, ripe fruit of Serenoa repens (W. Bartram) Small (Fam.
Arecaceae) [Serenoa serrulatum Schult.; Sabal serrulata (Michx.) Nutt. ex Schult. & Schult.
f.]. It contains NLT 2% (v/w) of volatile oil, NLT 7% of lipophilic extract, and NLT 9.0% of total
fatty acids
, determined on the dried basis 2S (USP38)
.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
[Note—Perform the following test under subdued light.]
Reagent solution: 3.7 mg/mL of 4-bromomethyl-7-methoxycoumarin in acetone. Store this
solution in a dark place.
Standard solution: 5.0 g of magnesium stearate in a 100-mL round-bottom flask fitted
with a reflux condenser. Add 50 mL of ether, 20 mL of 12.5% nitric acid, and 20 mL of
water, and heat until dissolution is complete. Cool, transfer the contents of the flask to a
separatory funnel, withdraw and retain the lower aqueous phase. Extract the ether phase
twice, each time using 4 mL of water, separating the aqueous phases. Extract the
combined aqueous phases with 15 mL of ether, combining the ether extracts. Evaporate
to dryness, and dry the residue at 105 . Transfer 1 mg of the residue to an amber glass
vial fitted with a metal-clamped rubber cap. Add 10 mg of lithium carbonate, 3 µL of tris[2-(2-methoxyethoxy)ethyl]amine, and 1.0 mg of the Reagent solution. Seal the metalclamped rubber cap, incubate at 105 for 2 h, and cool.
Sample solution: 10.0 g of finely powdered Saw Palmetto in a 250-mL round-bottom flask
fitted with a reflux condenser. Add 150 mL of alcohol, and reflux for 1 h. Cool, filter, wash
the residue with alcohol, and dilute the combined washings and filtrate with alcohol to
200.0 mL. Transfer 0.6 mL of this solution to a suitable flask, and evaporate to dryness.
To the residue add 1.0 mL of the Reagent solution. Transfer this solution with the aid of a
pipet to an amber glass vial fitted with a metal-clamped rubber cap. Add 3 µL of tris-[2(2-methoxyethoxy)ethyl]amine and 10 mg of lithium carbonate to the vial. Seal the metalclamped rubber cap, incubate at 105 for 2 h, and cool.
Blank solution: To 10 mg of lithium carbonate in an amber glass vial fitted with a metalclamped rubber cap, add 3 µL of tris-[2-(2-methoxyethoxy)ethyl]amine and 1.0 mL of the
Reagent solution. Seal the metal-clamped rubber cap, incubate at 105 for 2 h, and cool.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Absorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm in length
(TLC plates)
Application volume: 2 µL
Developing solvent system: Cyclohexane, ethyl acetate, and acetic acid (70:30:1)
Analysis
Samples: Standard solution, Sample solution, and Blank solution
Develop the chromatograms in the solvent system until the solvent front has moved
three-fourths of the length of the plate. Remove the plate from the chromatographic
chamber, mark the solvent front, and allow the plate to air-dry. Examine the plate under
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long-wave UV light (365 nm).
Acceptance criteria: The chromatogram of the Sample solution exhibits at least two blue
fluorescent zones corresponding to similar zones in the Standard solution. The blue
fluorescent zones in the Sample solution appear above the blue fluorescent zones in the
Blank solution.
COMPOSITION
• Articles of Botanical Origin, Volatile Oil Determination 561 : NLT 2% (v/w) of oil that
solidifies to a white solid at room temperature
• Content of Lipophilic Extract
Analysis: Transfer 10 g of pulverized Saw Palmetto to a 250-mL round-bottom flask fitted
with a reflux condenser, and add 150 mL of alcohol. Maintain under reflux for 1 h. Cool,
filter, and wash the residue with small portions of alcohol. Combine the filtrate and
washings in a 200-mL volumetric flask, and dilute with alcohol to volume. Evaporate 100.0
mL of this solution to dryness in a rotary evaporator under vacuum. Add 40 mL of nhexane to the residue, stir for 5 min, filter, and collect the filtrate in a round-bottom flask.
Repeat the above operation of washing with n-hexane two more times, and combine all of
the filtrates in the same flask. Using a rotary evaporator, evaporate to dryness. Dry the
residue 105 for 2 h.
Acceptance criteria: The weight of the residue is NLT 0.35 g (NLT 7%).
• Content of Fatty Acids
Internal standard solution: 12 mg/mL of nonadecane in hexanes
Standard stock solution: Dissolve quantities of USP Methyl Laurate RS, USP Methyl Oleate
RS, USP Methyl Myristate RS, USP Methyl Palmitate RS, USP Methyl Linoleate RS, USP
Methyl Caproate RS, USP Methyl Caprylate RS, USP Methyl Caprate RS, USP Methyl
Palmitoleate RS, USP Methyl Stearate RS, and USP Methyl Linolenate RS in hexanes to
obtain concentrations of each methyl ester as given in the Table 1.
Table 1
Methyl Ester Concentration (mg/mL)
Methyl laurate
5
Methyl oleate
5
Methyl myristate
2
Methyl palmitate
2
Methyl linoleate
1
Methyl caproate
0.4
Methyl caprylate
0.4
Methyl caprate
0.4
Methyl palmitoleate
0.4
Methyl stearate
0.4
Methyl linolenate
0.4
Standard solution: Combine 1.0 mL of Internal standard solution with 5.0 mL of the
Standard stock solution.
Sample solution: Pulverize 50 g of dried Saw Palmetto to a moderately coarse powder.
Transfer 1 g of powder, accurately weighed, to a 100-mL round-bottom flask fitted with a
reflux condenser and a magnetic bar. Add 10 mL of 0.5 N methanolic sodium hydroxide
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solution (20 mg/mL of sodium hydroxide in methanol), and reflux, while stirring, for 15 min.
Add 5 mL of a 140 mg/mL solution of boron trifluoride in methanol through the condenser
into the flask, and reflux for 2 more min. Add 5.0 mL of hexanes through the condenser,
and reflux for an additional 1 min. Cool the flask, remove the condenser, add 15 mL of
saturated sodium chloride solution, and 1.0 mL of the Internal standard solution. While the
solution is still tepid, stopper the flask and shake vigorously. Pipet 1.0 mL of the upper
hexanes layer into a glass-stoppered test tube containing a small quantity of anhydrous
sodium sulfate. Filter the solution, and, if necessary, dilute a volume of the filtrate with
hexanes to obtain a known volume. [Note—Store this solution in a refrigerator until just
before use.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused silica capillary; 0.25-µm film of phase G16 coating
Temperature
Injector: 250
Detector: 300
Column: See Table 2.
Table 2
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
120
0
120
120
50
220
Carrier gas: Helium
Flow rate: 1 mL/min
Injection size: 1 µL
System suitability
Sample: Standard solution
[Note—See Table 3 for the relative retention times.]
Table 3
Relative
Retention
Methyl Ester
Time
Methyl caproate
0.39
Methyl caprylate
0.56
Methyl caprate
0.76
Methyl laurate
0.94
Nonadecane (internal standard)
1.0
Methyl myristate
1.1
Methyl palmitate
1.3
Methyl palmitoleate
1.35
Methyl stearate
1.65

3
12
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Methyl oleate
1.7
Methyl linoleate
1.8
Methyl linolenate
2.0
Suitability requirements
Resolution: NLT 1.5 between methyl stearate and methyl oleate
Tailing factor: NMT 2.0 for each of the methyl ester peaks
Relative standard deviation: NMT 5.0% for each of the methyl ester peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each fatty acid in the portion of the Saw Palmetto taken:
Result = (RU/RS) × (CS × V) × (1/W ) × (Mr1/Mr2) × 100
RU= peak response ratio of the relevant methyl ester to the internal standard obtained from
the Sample solution
RS= peak response ratio of the relevant methyl ester to the internal standard obtained from
the Standard solution
CS= concentration of the respective methyl ester in the Standard stock solution (mg/mL)
V = volume of the Standard stock solution used to prepare the Standard solution (mL)
W= weight of Saw Palmetto taken to prepare the Sample solution (mg)
Mr1
= molecular weight of the relevant fatty acid
Mr2
= molecular weight of the methyl ester of the relevant fatty acid
Acceptance criteria: NLT 9.0% for the sum of the percentages of all the fatty acids
,on the dried basis 2S (USP38)
. See Table 4 for individual fatty acids.
Table 4
Individual
Percentages
Fatty Acids
(%)
Oleic acid
NLT 3.0
Lauric acid
NLT 2.0
Myristic acid
NLT 1.2
Palmitic acid
NLT 1.0
Linoleic acid
NLT 0.4
Caproic acid
NLT 0.2
Caprylic acid
NLT 0.2
Capric acid
NLT 0.2
Stearic acid
NLT 0.1
Linolenic acid
NLT 0.05
Palmitoleic acid
NLT 0.01
CONTAMINANTS
Delete the following:
• Heavy Metals

231 : NMT 10 µg/g

2S (USP38)
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Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the test for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Subspherical to ovoid drupes, about 2–3 cm in length and about 1.5 cm
thick, dark brown to black with a smooth, dull surface and with large, irregular depressions
and ridges caused by shrinkage on drying; remains of style at the summit; base bearing a
small depression with the scar of the stalk; epicarp and underlying sarcocarp forming a
fragile layer that partially peels off, revealing the hard, pale brown layer of endocarp
surrounding the seed. Seed irregularly spherical to ovoid, up to about 1.2 cm in length and
1 cm in width, hard, surface finely pitted and reddish brown with a paler, raised and
membranous area over the raphe and micropyle; when cut transversely, it shows a thin
testa, a narrow perisperm, and a large area of dense, horny, grayish-white endosperm.
Microscopic: The pulp is covered by a small-celled, thin-walled epidermis and consists
chiefly of a very large-celled, mostly thin-walled parenchyma. The outermost layers
contain brown substances; farther inside, single cells only with brown contents are
scattered in the tissue; occasional large, thick-walled, rather punctate stone cells with a
wide lumen are also found. The vascular bundles are accompanied by fibers with cover
cells (stigmata) containing siliceous solids attached. The innermost layers of the pulp wall
consist of almost completely thickened, rather punctate, quite irregularly shaped stone
cells (astrosclereids). The outer layers of the seed coat are large-celled, the cells are
coarse-walled; the middle layers are thin-walled, the cells are smaller; the innermost
layers are small-celled, flattened. All cells are filled with a brown substance. On the
outside, the endosperm exhibits radial elongated, nonpunctate, coarse-walled cells; in the
deeper layers, the cells are larger, thick-walled, rather coarsely punctate. The middle
lamella is fairly recognizable. Aleurone with protein crystalloids is present in the cell
contents.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Loss on Drying 731 : Dry 1.0 g of finely powdered Saw Palmetto at 105 for 2 h: it loses
NMT 12.0% of its weight.
• Articles of Botanical Origin, Total Ash 561 : NMT 5.0%, determined on 1.0 g of finely
powdered Saw Palmetto
• Articles of Botanical Origin, Acid-Insoluble Ash 561 : NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light.
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• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Methyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS
USP Methyl Laurate RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Myristate RS
USP Methyl Oleate RS
USP Methyl Palmitate RS
USP Methyl Palmitoleate RS
USP Methyl Stearate RS
BRIEFING
Powdered Saw Palmetto, USP 37 page 5543. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to control arsenic, cadmium, lead, and mercury as described in
the Limits of Elemental Impurities section of the general chapter Articles of Botanical Origin
561

proposed elsewhere in this Pharmacopeial Forum.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148933

Comment deadline: November 30, 2014
Powdered Saw Palmetto
DEFINITION
Change to read:
Powdered Saw Palmetto is Saw Palmetto reduced to a fine or a very fine powder. It contains
NLT 2% (v/w) of volatile oil, NLT 7% of lipophilic extract, and NLT 9.0% of total fatty acids,
determined on the dried basis. 2S (USP38)
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
[Note—Perform the following test under subdued light.]
Reagent solution: 3.7 mg/mL of 4-bromomethyl-7-methoxycoumarin in acetone. Store this
solution in a dark place.
Standard solution: 5.0 g of magnesium stearate in a 100-mL round-bottom flask fitted
with a reflux condenser. Add 50 mL of ether, 20 mL of 12.5% nitric acid, and 20 mL of
water, and heat until dissolution is complete. Cool, transfer the contents of the flask to a
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separatory funnel, withdraw and retain the lower aqueous phase. Extract the ether phase
twice, each time using 4 mL of water, separating the aqueous phases. Extract the
combined aqueous phases with 15 mL of ether, combining the ether extracts. Evaporate
to dryness, and dry the residue at 105 . Transfer 1 mg of the residue to an amber glass
vial fitted with a metal-clamped rubber cap. Add 10 mg of lithium carbonate, 3 µL of tris[2-(2-methoxyethoxy)ethyl]amine, and 1.0 mg of the Reagent solution. Seal the metalclamped rubber cap, incubate at 105 for 2 h, and cool.
Sample solution: 10.0 g of Powdered Saw Palmetto in a 250-mL round-bottom flask fitted
with a reflux condenser. Add 150 mL of alcohol, and reflux for 1 h. Cool, filter, wash the
residue with alcohol, and dilute the combined washings and filtrate with alcohol to 200.0
mL. Transfer 0.6 mL of this solution to a suitable flask, and evaporate to dryness. To the
residue add 1.0 mL of the Reagent solution. Transfer this solution with the aid of a pipet
to an amber glass vial fitted with a metal-clamped rubber cap. Add 3 µL of tris-[2-(2methoxyethoxy)ethyl]amine and 10 mg of lithium carbonate to the vial. Seal the metalclamped rubber cap, incubate at 105 for 2 h, and cool. Use the cooled solution.
Blank solution: To 10 mg of lithium carbonate in an amber glass vial fitted with a metalclamped rubber cap, add 3 µL of tris-[2-(2-methoxyethoxy)ethyl]amine and 1.0 mL of the
Reagent solution. Seal the metal-clamped rubber cap, incubate at 105 for 2 h, and cool.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Absorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm in length
(TLC plates)
Application volume: 2 µL
Developing solvent system: Cyclohexane, ethyl acetate, and acetic acid (70:30:1)
Analysis
Samples: Standard solution, Sample solution, and Blank solution
Develop the chromatograms in the solvent system until the solvent front has moved
three-fourths of the length of the plate. Remove the plate from the chromatographic
chamber, mark the solvent front, and allow the plate to air-dry. Examine the plate under
long-wave UV light (365 nm).
Acceptance criteria: The chromatogram of the Sample solution exhibits at least two blue
fluorescent zones of corresponding to similar zones in the Standard solution. The blue
fluorescent zones in the Sample solution appear above the blue fluorescent zones in the
Blank solution.
COMPOSITION
• Articles of Botanical Origin, Volatile Oil Determination 561 : NLT 2 mL/100 g of oil that
solidifies to a white solid at room temperature
• Content of Lipophilic Extract
Analysis: Transfer 10 g of Powdered Saw Palmetto to a 250-mL round-bottom flask fitted
with a reflux condenser, and add 150 mL of alcohol. Maintain under reflux for 1 h. Cool,
filter, and wash the residue with small portions of alcohol. Combine the filtrate and
washings in a 200-mL volumetric flask, and dilute with alcohol to volume. Evaporate 100.0
mL of this solution to dryness in a rotary evaporator under vacuum. Add 40 mL of nhexane to the residue, stir for 5 min, filter, and collect the filtrate in a round-bottom flask.
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Repeat the above operation of washing with n-hexane two more times, and combine all of
the filtrates in the same flask. Using a rotary evaporator, evaporate to dryness. Dry the
residue at 105 for 2 h.
Acceptance criteria: The weight of the residue is NLT 0.35 g (NLT 7%).
Change to read:
• Content of Fatty Acids
Internal standard solution: 12 mg/mL of nonadecane in hexanes.
Standard stock solution: Dissolve quantities of USP Methyl Laurate RS, USP Methyl Oleate
RS, USP Methyl Myristate RS, USP Methyl Palmitate RS, USP Methyl Linoleate RS, USP
Methyl Caproate RS, USP Methyl Caprylate RS, USP Methyl Caprate RS, USP Methyl
Palmitoleate RS, USP Methyl Stearate RS, and USP Methyl Linolenate RS in hexanes to
obtain concentrations of each methyl ester as given in the Table 1.
Table 1
Methyl Ester Concentration (mg/mL)
Methyl laurate
5
Methyl oleate
5
Methyl myristate
2
Methyl palmitate
2
Methyl linoleate
1
Methyl caproate
0.4
Methyl caprylate
0.4
Methyl caprate
0.4
Methyl palmitoleate
0.4
Methyl stearate
0.4
Methyl linolenate
0.4
Standard solution: Combine 1.0 mL of Internal standard solution with 5.0 mL of Standard
stock solution.
Sample solution: Transfer 1 g of Powdered Saw Palmetto, accurately weighed, to a 100mL round-bottom flask fitted with a reflux condenser and a magnetic bar. Add 10 mL of
0.5 N methanolic sodium hydroxide solution (20 mg/mL of sodium hydroxide in methanol),
and reflux while stirring for 15 min. Add 5 mL of a 140 mg/mL solution of boron trifluoride in
methanol through the condenser into the flask, and reflux for 2 more min. Add 5.0 mL of
hexanes through the condenser, and reflux for an additional 1 min. Cool the flask, remove
the condenser, add 15 mL of saturated sodium chloride solution, and 1.0 mL of the
Internal standard solution. While the solution is still tepid, .stopper the flask, and shake
vigorously. Pipet 1.0 mL of the upper hexanes layer into a glass-stoppered test tube
containing a small quantity of anhydrous sodium sulfate. Filter the solution, and, if
necessary, dilute a volume of the filtrate with hexanes to obtain a known volume. [Note
—Store this solution in a refrigerator until just before use.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused silica capillary; 0.25-µm film of phase G16 coating
Temperature
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Injector: 250
Detector: 300
Column: See Table 2.
Table 2
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
120
0
120
120
50
220
Carrier gas: Helium
Flow rate: 1 mL/min
Injection size: 1 µL
System suitability
Sample: Standard solution
[Note—See Table 3 for the relative retention times.]

3
12

Table 3
Relative
Retention
Methyl Ester
Time
Methyl caproate
0.39
Methyl caprylate
0.56
Methyl caprate
0.76
Methyl laurate
0.94
Nonadecane (internal standard)
1.0
Methyl myristate
1.1
Methyl palmitate
1.3
Methyl palmitoleate
1.35
Methyl stearate
1.65
Methyl oleate
1.7
Methyl linoleate
1.8
Methyl linolenate
2.0
Suitability requirements
Resolution: NLT 1.5 between methyl stearate and methyl oleate
Tailing factor: NMT 2.0 for each of the methyl ester peaks
Relative standard deviation: NMT 5.0% for each of the methyl ester peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each fatty acid in the portion of the Powdered Saw Palmetto
taken:
Result = (RU/RS) × (CS × V) × (1/W ) × (Mr1/Mr2) × 100
RU= peak response ratio of the relevant methyl ester to the internal standard obtained from
the Sample solution
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RS= peak response ratio of the relevant methyl ester to the internal standard obtained from
the Standard solution
CS= concentration of the respective methyl ester in the Standard stock solution (mg/mL)
V = volume of the Standard stock solution used to prepare the Standard solution (mL)
W= weight of Powdered Saw Palmetto taken to prepare the Sample solution (mg)
Mr1
= molecular weight of the relevant fatty acid
Mr2
= molecular weight of the methyl ester of the relevant fatty acid
Acceptance criteria: NLT 9.0% for the sum of the percentages of all the fatty acids
on the dried basis. 2S (USP38)
See Table 4 for individual fatty acids.
Table 4
Individual
Percentages
Fatty Acids
(%)
Oleic acid
NLT 3.0
Lauric acid
NLT 2.0
Myristic acid
NLT 1.2
Palmitic acid
NLT 1.0
Linoleic acid
NLT 0.4
Caproic acid
NLT 0.2
Caprylic acid
NLT 0.2
Capric acid
NLT 0.2
Stearic acid
NLT 0.1
Linolenic acid
NLT 0.05
Palmitoleic acid
NLT 0.01
CONTAMINANTS
Delete the following:
• Heavy Metals

231 : NMT 10 µg/g

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the test for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2%
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• Loss on Drying 731
Sample: 1.0 g of Powdered Saw Palmetto
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Powdered Saw Palmetto
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin, Acid-Insoluble Ash 561 : NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant source from which the article was derived.
• USP Reference Standards 11
USP Methyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS
USP Methyl Laurate RS
USP Methyl Linoleate RS
USP Methyl Linolenate RS
USP Methyl Myristate RS
USP Methyl Oleate RS
USP Methyl Palmitate RS
USP Methyl Palmitoleate RS
USP Methyl Stearate RS
BRIEFING
Schizochytrium Oil, USP 37 page 5550. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to replace the reference to Lead Nitrate Stock Solution, as currently described
in 231 , with a reference to Lead Nitrate Stock Solution TS, which was proposed in PF
40(1) to be added to the Reagents, Indicators and Solutions section.
(DS: H. Dinh.)
Correspondence Number—C149429

Comment deadline: November 30, 2014
Schizochytrium Oil
DEFINITION
Schizochytrium Oil is obtained by fermentation and extraction of algae of the genus
Schizochytrium and contains NLT 30.0% (w/w) of docosahexaenoic acid (DHA, C22 H32 O2 )
(C22:6 n–3), as the main polyunsaturated fatty acid. Suitable antioxidants in appropriate
concentration may be added.
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IDENTIFICATION
• Long Chain Unsaturated Fatty Acid Profile: Proceed as directed under Composition,
Content of DHA.
Analysis
Samples: Standard Solution 2 and Test Solution 1
Calculate the area percentage for each fatty acid as methyl ester in Test Solution 1:
Result = (rU /rT ) × 100
r=
U peak response of each individual fatty acid as methyl ester
r=
T sum of the responses of all the peaks, except the solvent and butylated hydroxytoluene
peaks
Acceptance criteria: The retention times of the peaks of the docosahexaenoic acid methyl
ester and the eicosapentanoic acid methyl ester of Test Solution 1 correspond to those of
Standard Solution 2, as obtained in the test for Content of EPA and DHA. The area
percentage for the methyl esters of the fatty acids from the chromatogram of Test
Solution 1 in the test for Content of EPA and DHA meet the requirements for each fatty
acid shown in the table below.
Fatty
Acid
Dihomogammalinolenic
acid
Arachidonic acid
Eicosapentaenoic acid (EPA)
Docosapentaenoic acid (DPA n–6)
Docosahexaenoic acid (DHA)

Relative
Lower
Upper
Retention Shorthand
Limit
Limit
Time
Notation
(Area %)
(Area %)

0.71
0.73
0.79
0.94
1.00

20:3 n–6
20:4 n–6
20:5 n–3
22:5 n–6
22:6 n–3

1.7
0.6
1.3
10.5
30.0

2.8
1.3
3.9
16.5
40.0

COMPOSITION
• Content of DHA
Analysis: Proceed as directed under Fats and Fixed Oils 401 , Omega-3 Fatty Acids
Determination and Profile.
Acceptance criteria: NLT 30.0% (w/w) docosahexaenoic acid (DHA)
IMPURITIES
Change to read:
Inorganic Impurities
2S (USP38)

• Limit of Arsenic
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of arsenic as practicable, and store all reagent solutions in containers of
borosilicate glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm
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8 N nitric acid for 30 min and by rinsing with deionized water.]
Solution A: Transfer 1 g of ultrapure palladium metal to a Teflon beaker. Add 20 mL of
water and 10 mL of nitric acid, and warm on a hot plate to dissolve. Allow the solution to
cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute with
deionized water to volume.
Solution B: Transfer 1 g of ultrapure magnesium nitrate to a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid (3:2:5). A volume of 5 µL provides
0.015 mg of palladium and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution: Transfer 10.0 mL of Standard Arsenic Solution, prepared as
directed under Arsenic 211 , to a 100-mL volumetric flask. Add 40 mL of water and 5
mL of nitric acid, and dilute with water to volume. This solution contains 0.10 µg/mL of
arsenic.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of arsenic.
Sample solution: For preparation of the Sample solution, use a microwave oven with a
magnetron frequency of 2455 MHz and a selectable output power of 0–950 watts in 1%
increments, equipped with advanced composite vessels with 100-mL polytef liners. Use
rupture membranes to vent vessels should the pressure exceed 125 psi. The vessels fit
into a turntable, and each vessel can be vented into an overflow container. Equip the
microwave oven with an exhaust tube to ventilate fumes. [Caution—Wear proper eye
protection and protective clothing and gloves.] Transfer approximately 500 mg of
Schizochytrium Oil, weighed to the nearest 0.1 mg, to a Teflon digestion vessel liner.
Prepare samples in duplicate. Add 15 mL of nitric acid, and swirl gently. Cover the vessels
with lids, leaving the vent fitting off. Predigest overnight under a hood. Place the rupture
membrane in the vent fitting, and tighten the lid. Place all vessels on the microwave oven
turntable. Connect the vent tubes to the vent trap, and connect the pressure-sensing
line to the appropriate vessel. Initiate a two-stage digestion procedure by heating the
microwave at 15% power for 15 min, followed by 25% power for 45 min. Remove the
turntable of vessels from the oven, and allow the vessels to cool to room temperature.
[Note—A cool water bath may be used to speed the cooling process.] Vent the vessels
when they reach room temperature. Remove the lids, and slowly add 2 mL of 30%
hydrogen peroxide to each. Allow the reactions to subside, and seal the vessels. Return
the vessels on the turntable to the microwave oven, and heat for an additional 15 min at
30% power. Remove the vessels from the oven, and allow them to cool to room
temperature. Transfer the cooled digests to 25-mL volumetric flasks, and dilute with water
to volume.
Analysis: Program the graphite furnace as follows. Dry at 115 , using a 1-s ramp, a 65-s
hold, and an argon flow of 300 mL/min; char the sample at 1000 , using a 1-s ramp, a 20s hold, and an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10
s, using a 20 set temperature and an argon flow of 300 mL/min; atomize at 2400 , using
a 0-s ramp and a 5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions,
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the Sample solution, and the Blank, followed by an injection of 5 µL of Solution C for each
of the samples, into the graphite tube of a suitable graphite furnace atomic absorption
spectrometer equipped with a hollow-cathode lamp for arsenic. Determine the peak area
at the arsenic emission line at 193.7 nm, corrected for background absorption. Plot the
corrected peak areas of the Standard solutions versus their contents of arsenic, in µg/mL,
and calculate the regression line best fitting the points. Determine the concentration, C,
in µg/mL, of arsenic in each mL of the Sample solution by interpolation from the regression
line.
Calculate the content of arsenic in the portion of Schizochytrium Oil taken:
Result = (C/W) × 25
C= concentration as obtained above
W= weight of Schizochytrium Oil taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
Change to read:
• Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of lead as practicable, and store all reagent solutions in containers of borosilicate
glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm 8 N nitric
acid for 30 min and by rinsing with deionized water.]
Solution A: 10 g of ultrapure monobasic ammonium phosphate in 1 mL of nitric acid and 40
mL of water to dissolve the phosphate. Dilute with deionized water to 100 mL.
Solution B: Transfer 1 g of ultrapure magnesium nitrate to a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid (2:1:2). A volume of 5 µL provides 0.2
mg of phosphate plus 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution: Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as
directed under Heavy Metals 231
lead nitrate stock solution TS 2S (USP38)
to a 100-mL volumetric flask, add 40 mL of water and 5 mL of nitric acid, and dilute with water
to volume. Transfer 1.0 mL of this solution to a second 100-mL volumetric flask, add 50 mL of
water and 1 mL of nitric acid, and dilute with water to volume. This solution contains 0.10
µg/mL of lead.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain concentrations
of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of lead.
Sample solution: Prepare as directed for Sample solution in the test for Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 , using a 1-s ramp, a 55-s hold,
and an argon flow of 300 mL/min; char the sample at 850 , using a 1-s ramp, a 30-s hold, and
an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10 s, using a 20
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set temperature and an argon flow of 300 mL/min; atomize at 2100 , using a 0-s ramp and a
5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s ramp and a 5-s hold.
Separately inject equal volumes (20 µL) of the Standard solutions, the Sample solution, and
the Blank, followed by an injection of 5 µL of Solution C for each of the samples, into the
graphite tube of a suitable graphite furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for lead. Determine the peak area at the lead emission line at 283.3 nm,
corrected for background absorption. Plot the corrected peak areas of the Standard solutions
versus their contents of lead, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of lead in each mL of the Sample solution by
interpolation from the regression line.
Calculate the content of lead in the portion of Schizochytrium Oil taken:
Result = (C/W) × 25
C= concentration, as obtained above
W= weight of Schizochytrium Oil taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
• Limit of Cadmium
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of cadmium as practicable, and store all reagent solutions in containers of
borosilicate glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm
8 N nitric acid for 30 min and by rinsing with deionized water.]
Solution A: 10 g of ultrapure monobasic ammonium phosphate in 40 mL of water and 1 mL
of nitric acid to dissolve the phosphate. Dilute with deionized water to 100 mL.
Solution B: Transfer 1 g of ultrapure magnesium nitrate to a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid to volume (2:1:2). A volume of 5 µL
provides 0.2 mg of phosphate and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution A: 0.1372 mg/mL of cadmium nitrate
Standard stock solution B: Standard stock solution A, nitric acid, and water (2:1:97).
This solution contains 0.10 µg/mL of cadmium. [Note—Before makeup to final volume,
dissolve in a portion of water and nitric acid.]
Standard solutions: Dilute Standard stock solution B with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of cadmium.
Sample solution: Prepare as directed for Sample solution in the test for Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 , using a 1-s ramp, a 55-s
hold, and an argon flow of 300 mL/min; char the sample at 850 , using a 1-s ramp, a 30-s
hold, and an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10
s, using a 20 set temperature and an argon flow of 300 mL/min; atomize at 2400 , using
a 0-s ramp and a 5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions,
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the Sample solution, and the Blank, followed by an injection of 5 µL of Solution C for each
of the samples, into the graphite tube of a suitable graphite furnace atomic absorption
spectrometer equipped with a hollow-cathode lamp for cadmium. Determine the peak area
at the cadmium emission line at 228.8 nm, corrected for background absorption. Plot the
corrected peak areas of the Standard solutions versus their contents of cadmium, in
µg/mL, and calculate the regression line best fitting the points. Determine the
concentration, C, in µg/mL, of cadmium in each mL of the Sample solution by interpolation
from the regression line.
Calculate the content of cadmium in the portion of Schizochytrium Oil taken:
Result = (C/W) × 25
C= concentration, as obtained above
W= weight of Schizochytrium Oil taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
• Limit of Mercury
Sample solution: Prepare as directed for the Sample solution in the test for Limit of
Arsenic, combining the two duplicate cooled digests into 1.0 mL of Potassium
Permanganate Solution (see Mercury

261 , Method IIa and Method IIb, Reagents).

Analysis: Proceed as directed for Mercury 261 , Method IIa and Method IIb, except use
a Standard Mercury Solution having the equivalent of 0.1 µg/mL of mercury.
Acceptance criteria: NMT 0.1 µg/g
SPECIFIC TESTS
• Fats and Fixed Oils, Anisidine Value

401 : NMT 20.0

• Fats and Fixed Oils, Free Fatty Acids 401 : The free fatty acids in 10 g require NMT 1.42
mL of 0.1 N sodium hydroxide for neutralization.
• Fats and Fixed Oils, Peroxide Value

401 : NMT 5.0

• Fats and Fixed Oils, Total Oxidation Value (TOTOX)

401 : NMT 26, calculated:

Result = (2 × PV) + AV
PV
= peroxide value
AV
= anisidine value
• Fats and Fixed Oils, Unsaponifiable Matter

401 : NMT 4.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and avoid exposure to
excessive heat.
• Labeling: The label states the content of docosahexaenoic acid in mg/g. It also states the
name and concentration of any added antioxidant.
• USP Reference Standards 11
USP Docosahexaenoic Acid Ethyl Ester RS
USP Eicosapentaenoic Acid Ethyl Ester RS
USP Methyl Tricosanoate RS
BRIEFING
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Schizochytrium Oil Capsules, USP 37 page 5552. In preparation for the omission of the
general chapter Heavy Metals 231 and all references to this general chapter from
individual monographs, it is proposed to replace the reference to Lead Nitrate Stock
Solution, as currently described in chapter 231 , with a reference to Lead Nitrate Stock
Solution TS, which was proposed in PF 40(1) to be added to the Reagents, Indicators and
Solutions section.
(DS: N. Davydova.)
Correspondence Number—C148527

Comment deadline: November 30, 2014
Schizochytrium Oil Capsules
DEFINITION
Schizochytrium Oil Capsules are prepared from Schizochytrium Oil and contain NLT 95.0% and
NMT 105.0% of the labeled amount of docosahexaenoic acid (DHA; C22 H32 O2 ) (C22:6 n–3).
IDENTIFICATION
• Long Chain Unsaturated Fatty Acid Profile: Proceed as directed under Strength, Content
of DHA.
Analysis
Samples: Standard Solution 2 and Test Solution 1
Calculate the area percentage for each fatty acid as methyl ester in Test Solution 1:
Result = (rU/rT) × 100
r=
U peak response of each individual fatty acid as methyl ester
r=
T sum of the responses of all the peaks, except the solvent and butylated hydroxytoluene
peaks
Acceptance criteria: The retention times of the peaks of the docosahexaenoic acid methyl
ester and the eicosapentanoic acid methyl ester of Test Solution 1 correspond to those of
Standard Solution 2, as obtained in the test for Fats and Fixed Oils 401 , Omega-3
Fatty Acids Determination and Profile, Content of EPA and DHA. The area percentage for
the methyl esters of the fatty acids from the chromatogram of Test Solution 1 in the test
for Content of EPA and DHA meet the requirements for each fatty acid shown in the table
below.
Fatty
Acid
Dihomo-gammalinolenic acid
Arachidonic acid
Eicosapentaenoic acid (EPA)
Docosapentaenoic acid (DPAn–6)
Docosahexaenoic acid(DHA)

Relative
Retention Shorthand
Time
Notation
0.71
20:3 n–6
0.73
20:4 n–6
0.79
20:5 n–3
0.94
22:5 n–6
1.00
22:6 n–3

Lower
Limit
(Area %)
1.7
0.6
1.3
10.5
30.0

Upper
Limit
(Area %)
2.8
1.3
3.9
16.5
40.0
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STRENGTH
• Content of DHA
Test Solution 1 and Test Solution 2: Weigh NLT 10 Capsules in a tared weighing bottle.
With a sharp blade or other appropriate means, carefully open the Capsules, without loss
of the shell material, and transfer the combined Capsule contents to a 100-mL beaker.
Remove any adhering substance from the emptied Capsules by washing with several small
portions of isooctane. Discard the washings, and allow the empty Capsules to dry in a
current of dry air until the isooctane is completely evaporated. Weigh the empty Capsules
in the original tared weighing bottle, and calculate the average fill weight (AFW) of
schizochytrium oil per Capsule. Proceed with the content of Capsules as directed in the
Analysis.
Analysis: Proceed as directed in Fats and Fixed Oils 401 , Omega-3 Fatty Acids
Determination and Profile, Content of EPA and DHA.
Calculate the percentage of the labeled amount of docosahexaenoic acid (DHA) in the
Capsules taken:
Result = R × AFW/L
R = percentage of DHA in the portion of oil taken from the Capsules
AFW
= average fill weight of the Capsules taken (mg)
L = the labeled amount of DHA (mg/Capsule)
Acceptance criteria: NLT 95.0% and NMT 105.0% of the labeled amount of DHA
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
of the Rupture Test for Soft Shell Capsules
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

IMPURITIES
• Limit of Arsenic
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of arsenic as practicable, and store all reagent solutions in containers of
borosilicate glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm
8 N nitric acid for 30 min and by rinsing with deionized water.]
Solution A: Transfer 1 g of ultrapure palladium metal into a Teflon beaker. Add 20 mL of
water and 10 mL of nitric acid, and warm on a hot plate to dissolve. Allow the solution to
cool to room temperature, transfer it into a 100-mL volumetric flask, and dilute with
deionized water to volume.
Solution B: Transfer 1 g of ultrapure magnesium nitrate into a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it into a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid (3:2:5). A volume of 5 µL provides
0.015 mg of palladium and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
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Standard stock solution: Transfer 10.0 mL of Standard Arsenic Solution, prepared as
directed in the test for Arsenic 211 , to a 100-mL volumetric flask. Add 40 mL of water
and 5 mL of nitric acid, and dilute with water to volume. This solution contains 0.10 µg/mL
of arsenic.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of arsenic.
Sample solution: For preparation of the Sample solution, use a microwave oven with a
magnetron frequency of 2455 MHz and a selectable output power of 0–950 watts in 1%
increments, equipped with advanced composite vessels with 100-mL polytef liners. Use
rupture membranes to vent vessels should the pressure exceed 125 psi. The vessels fit
into a turntable, and each vessel can be vented into an overflow container. Equip the
microwave oven with an exhaust tube to ventilate fumes. [Caution—Wear proper eye
protection and protective clothing and gloves.]
Transfer approximately 500 mg of schizochytrium oil from Capsules, weighed to the
nearest 0.1 mg, into a Teflon digestion vessel liner. Prepare samples in duplicate. Add 15
mL of nitric acid, and swirl gently. Cover the vessels with lids, leaving the vent fitting off.
Predigest overnight under a hood. Place the rupture membrane in the vent fitting, and
tighten the lid. Place all vessels on the microwave oven turntable. Connect the vent tubes
to the vent trap, and connect the pressure-sensing line to the appropriate vessel. Initiate
a two-stage digestion procedure by heating the microwave at 15% power for 15 min,
followed by 25% power for 45 min. Remove the turntable of vessels from the oven, and
allow the vessels to cool to room temperature. [Note—A cool water bath may be used to
speed the cooling process.] Vent the vessels when they reach room temperature. Remove
the lids, and slowly add 2 mL of 30% hydrogen peroxide to each. Allow the reactions to
subside, and seal the vessels. Return the vessels on the turntable to the microwave oven,
and heat for an additional 15 min at 30% power. Remove the vessels from the oven, and
allow them to cool to room temperature. Transfer the cooled digests into 25-mL
volumetric flasks, and dilute with water to volume.
Analysis: Program the graphite furnace as follows. Dry at 115 , using a 1-s ramp, a 65-s
hold, and an argon flow of 300 mL/min; char the sample at 1000 , using a 1-s ramp, a 20s hold, and an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10
s, using a 20 set temperature and an argon flow of 300 mL/min; atomize at 2400 , using
a 0-s ramp and a 5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions,
the Sample solution, and the Blank, followed by an injection of 5 µL of Solution C for each
of the samples, into the graphite tube of a suitable graphite furnace atomic absorption
spectrometer equipped with a hollow-cathode lamp for arsenic. Determine the peak area
at the arsenic emission line at 193.7 nm, corrected for background absorption. Plot the
corrected peak areas of the Standard solutions versus their contents of arsenic, in µg/mL,
and calculate the regression line best fitting the points. Determine the concentration, C,
in µg/mL, of arsenic in each mL of the Sample solution by interpolation from the regression
line.
Calculate the content of arsenic in the portion of Capsules taken:
Result = (C/W) × 25
C= concentration as obtained above
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W
= weight of Capsule content taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
Change to read:
• Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of lead as practicable, and store all reagent solutions in containers of borosilicate
glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm 8 N nitric
acid for 30 min and by rinsing with deionized water.]
Solution A: 10 g of ultrapure monobasic ammonium phosphate in 1 mL of nitric acid and 40
mL of water to dissolve the phosphate. Dilute with deionized water to 100 mL.
Solution B: 1 g of ultrapure magnesium nitrate in a Teflon beaker. Add 40 mL of water and
1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the solution to
cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute with
deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid (2:1:2). A volume of 5 µL provides 0.2
mg of phosphate plus 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution: Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as
directed in the test for Heavy Metals 231 ,
lead nitrate stock solution TS 2S (USP38)
to a 100-mL volumetric flask. Add 40 mL of water and 5 mL of nitric acid, and dilute with water
to volume. Transfer 1.0 mL of this solution to a second 100-mL volumetric flask, add 50 mL of
water and 1 mL of nitric acid, and dilute with water to volume. This solution contains 0.10
µg/mL of lead.
Standard solutions: Dilute the Standard stock solution with the Blank to obtain concentrations
of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of lead.
Sample solution: Prepare as directed for Sample solution in the test for Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 , using a 1-s ramp, a 55-s hold,
and an argon flow of 300 mL/min; char the sample at 850 , using a 1-s ramp, a 30-s hold, and
an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10 s, using a 20
set temperature and an argon flow of 300 mL/min; atomize at 2100 , using a 0-s ramp and a
5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s ramp and a 5-s hold.
Separately inject equal volumes (20 µL) of the Standard solutions, the Sample solution, and
the Blank, followed by an injection of 5 µL of Solution C for each of the samples, into the
graphite tube of a suitable graphite furnace atomic absorption spectrometer equipped with a
hollow-cathode lamp for lead. Determine the peak area at the lead emission line at 283.3 nm,
corrected for background absorption. Plot the corrected peak areas of the Standard solutions
versus their contents of lead, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of lead in each mL of the Sample solution by
interpolation from the regression line.
Calculate the content of lead in the portion of Capsules taken:
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Result = (C/W) × 25
C= concentration, as obtained above
W
= weight of Capsule content taken to prepare the Sample solution (g)
Acceptance criteria: NMT 0.1 µg/g
• Limit of Cadmium
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and
plastic vessels before use, use water that has been passed through a strong-acid, strongbase, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of cadmium as practicable, and store all reagent solutions in containers of
borosilicate glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm
8 N nitric acid for 30 min and by rinsing with deionized water.]
Solution A: 10 g of ultrapure monobasic ammonium phosphate in 40 mL of water and 1 mL
of nitric acid to dissolve the phosphate. Dilute with deionized water to 100 mL.
Solution B: Transfer 1 g of ultrapure magnesium nitrate to a Teflon beaker. Add 40 mL of
water and 1 mL of nitric acid, and warm on a hot plate to dissolve the solids. Allow the
solution to cool to room temperature, transfer it to a 100-mL volumetric flask, and dilute
with deionized water to volume.
Solution C: Solution A, Solution B, and 2% nitric acid to volume (2:1:2). A volume of 5 µL
provides 0.2 mg of phosphate and 0.01 mg of magnesium nitrate.
Blank: Nitric acid and water (1:19)
Standard stock solution A: 0.1372 mg/mL of cadmium nitrate
Standard stock solution B: Standard stock solution A, nitric acid, and water (2:1:97).
This solution contains 0.10 µg/mL of cadmium. [Note—Before makeup to final volume,
dissolve in a portion of water and nitric acid.]
Standard solutions: Dilute Standard stock solution B with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of cadmium.
Sample solution: Prepare as directed for Sample solution in the test for Limit of Arsenic.
Analysis: Program the graphite furnace as follows. Dry at 120 , using a 1-s ramp, a 55-s
hold, and an argon flow of 300 mL/min; char the sample at 850 , using a 1-s ramp, a 30-s
hold, and an airflow of 300 mL/min; cool down, and purge the air from the furnace for 10
s, using a 20 set temperature and an argon flow of 300 mL/min; atomize at 2400 , using
a 0-s ramp and a 5-s hold with the argon flow stopped; and clean out at 2600 with a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions,
the Sample solution, and the Blank, followed by an injection of 5 µL of Solution C for each
of the samples, into the graphite tube of a suitable graphite furnace atomic absorption
spectrometer equipped with a hollow-cathode lamp for cadmium. Determine the peak area
at the cadmium emission line at 228.8 nm, corrected for background absorption. Plot the
corrected peak areas of the Standard solutions versus their contents of cadmium, in
µg/mL, and calculate the regression line best fitting the points. Determine the
concentration, C, in µg/mL, of cadmium in each mL of the Sample solution by interpolation
from the regression line. Calculate the content of cadmium in the Capsules taken:
Result = (C/W) × 25
C= concentration, as obtained above
W
= weight of Capsule content taken to prepare the Sample solution (g)
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Acceptance criteria: NMT 0.1 µg/g
• Limit of Mercury
Proceed as directed for Mercury 261 , Method IIa and Method IIb, except use a
Standard Mercury Solution having the equivalent of 0.1 µg/mL of mercury.
Sample solution: Prepare as directed for the Sample solution in the test for Limit of
Arsenic, combining the two duplicate cooled digests into 1.0 mL of Potassium
Permanganate Solution.
Acceptance criteria: NMT 0.1 µg/g
SPECIFIC TESTS
• Fats and Fixed Oils, Anisidine Value
Capsules

401 : NMT 20.0, determined on the contents of the

• Fats and Fixed Oils, Free Fatty Acids 401 : The free fatty acids in 10 g require for
neutralization NMT 1.42 mL of 0.1 N sodium hydroxide.
• Fats and Fixed Oils, Peroxide Value
Capsules

401 : NMT 5.0, determined on the contents of the

• Fats and Fixed Oils, Total Oxidation Value (TOTOX)
contents of the Capsules), calculated as:

401 : NMT 26 (determined on the

Result = (2 × PV) + AV
PV
= peroxide value
AV
= anisidine value
• Fats and Fixed Oils, Unsaponifiable Matter
of the Capsules

401 : NMT 4.5%, determined on the contents

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and avoid exposure to
excessive heat.
• Labeling: The label states the content of docosahexaenoic acid in mg/Capsule. It also
states the name and concentration of any added antioxidant.
• USP Reference Standards 11
USP Docosahexaenoic Acid Ethyl Ester RS
USP Eicosapentaenoic Acid Ethyl Ester RS
USP Methyl Tricosanoate RS
BRIEFING
Turmeric, USP 37 page 5567. In preparation for the omission of the general chapter Heavy
Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium, lead,
and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also
proposed to omit references to olfactory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(DS: A. Bzhelyansky.)
Correspondence Number—C148881

Comment deadline: November 30, 2014
Turmeric
DEFINITION
Turmeric is the dried rhizome of Curcuma longa L., also known as C. domestica Val., (Fam.
Zingiberaceae). It is commonly known as Curcuma, Curcum, Haridra, and Indian Saffron. It
contains NLT 3.0% of curcuminoids, calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 0.2 mg/mL of USP Curcuminoids RS in acetone
Sample solution: Pulverize about 5 g of Turmeric. Transfer about 0.2 g of the pulverized
sample to a test tube, add 3 mL of acetone, sonicate for 30 min, and centrifuge. Use the
supernatant.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10 µL, as bands
Developing solvent system: Chloroform, methanol, and formic acid (96:4:1)
Analysis
Samples: Standard solution and Sample solution
Apply the samples as bands (see Chromatography 621 , Thin Layer
Chromatography). Use a saturated chamber. Develop the chromatograms until the
solvent front has moved up about three-fourths of the length of the plate. Remove the
plate from the chamber, dry, and examine under white light and under UV light at 365
nm.
Acceptance criteria: The Sample solution chromatogram shows yellowish-brown bands
due to bisdesmethoxycurcumin, desmethoxycurcumin, and curcumin at RF values of about
0.4, 0.6, and 0.7, respectively, corresponding in position and color to those obtained with
the Standard solution.
• B. The retention times of the peaks for curcumin, desmethoxycurcumin, and
bisdesmethoxycurcumin of the Sample solution chromatogram correspond to those of the
Standard solution for the appropriate USP Reference Standard, as obtained in the test for
Content of Curcuminoids.
COMPOSITION
Change to read:
• Content of Curcuminoids
Mobile phase: Tetrahydrofuran and 1 mg/mL of citric acid in water (4:6)
[Note—Sonication may be necessary to dissolve the Reference Standard in each Standard
solution; all solutions should be passed through a filter of 0.45-µm pore size before
injection. USP Curcumin RS, USP Desmethoxycurcumin RS, and USP
Bisdesmethoxycurcumin RS can also be prepared in one standard solution containing the
final concentration specified below for each.]
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Standard solution A: 40 µg/mL of USP Curcuminoids RS in Mobile phase
Standard solution B: 40 µg/mL of USP Curcumin RS in Mobile phase
Standard solution C: 10 µg/mL of USP Desmethoxycurcumin RS in Mobile phase
Standard solution D: 2 µg/mL of USP Bisdesmethoxycurcumin RS in Mobile phase
Sample stock solution: Pulverize about 5.0 g of Turmeric. Transfer about 0.5 g of the
pulverized sample to a 50-mL volumetric flask, add 30 mL of acetone, and sonicate for 30
min. Dilute with acetone to volume, mix, and centrifuge.
Sample solution: Transfer 5 mL of the Sample stock solution to a 50-mL volumetric flask,
dilute with Mobile phase to volume, and mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 420 nm
Column: 4.6-mm × 20-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution A
[Note—The relative retention times for the curcumin, desmethoxycurcumin, and
bisdesmethoxycurcumin peaks are 1.0, 1.2, and 1.4, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution A is similar to the
Reference Chromatogram provided with USP Curcuminoids RS.
Resolution: NLT 2.0, between the curcumin and desmethoxycurcumin peaks and the
desmethoxycurcumin and bisdesmethoxycurcumin peaks
Tailing factor: NMT 1.5 for bisdesmethoxycurcumin, desmethoxycurcumin, and curcumin
peaks
Relative standard deviation: NMT 2.0% for desmethoxycurcumin peak, in repeated
injections
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, Standard
solution D, and Sample solution
Calculate the percentage of curcumin, desmethoxycurcumin, and bisdesmethoxycurcumin
in the portion of Turmeric taken:
Result = (rU/rS) × CS × (V/W) × D × 100
rU= peak response for curcumin, desmethoxycurcumin, or bisdesmethoxycurcumin from the
Sample solution
rS= peak response for curcumin, desmethoxycurcumin, or bisdesmethoxycurcumin from the
appropriate Standard solution
C=
S concentration of the appropriate Standard solution (mg/mL)
V= volume of the Sample stock solution (mL)
W= weight of Turmeric used to prepare the Sample stock solution (mg)
D= dilution factor to obtain the Sample solution from the Sample stock solution
Acceptance criteria: NLT 3%
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2S (USP38)

as the sum of curcumin, desmethoxycurcumin, and bisdesmethoxycurcumin on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis
• Articles of Botanical Origin, Test for Aflatoxins

561 : Meets the

561 : Meets the requirements

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Turmeric occurs as ovate, oblong, or pear-shaped primary rhizomes, also
known as bulb or round turmeric, about 3 cm in diameter and 4–5 cm long, and showing
transverse annular leaf scars, and as cylindrical, sometimes short-branched secondary
rhizomes, also known as finger or long turmeric, about 1 cm in diameter and 2–7 cm long,
and showing scars of lateral branches. The cured and dried turmeric of commerce is bright
yellow to dull yellow in appearance, with a rough or polished surface. and a characteristic
aromatic odor.
2S (USP38)

The texture is hard and uneasily broken, and the fracture is smooth and finely granular.
Internally it is orange-yellow to orange, showing a cortex separated from a central cylinder by
a distinct endodermis.
Microscopic: Transverse section of rhizome shows a row of thin-walled, flattened epidermal
cells; a few layers of thin-walled, brick-shaped parenchyma cells of the cork; a broad cortex
consisting of multiple layers of thin-walled parenchyma cells showing scattered vascular
bundles; a thin layer of oblong cells of the endodermis; pericycle consisting of one to two rows
of parenchyma cells; and a pith consisting of parenchyma cells showing scattered vascular
bundles, most of them forming discontinuous rings near the endodermis and fewer inward. The
vascular bundles are of the collateral type; the vessels have mainly spiral thickening, and a
few have reticulate and annular thickening. Scattered throughout the parenchyma of the pith
and cortex are oleoresin cells containing oil and scattered particles of an orange-yellow
pigment, and prisms of calcium oxalate, which are usually obscured due to the bright yellow
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color of the pigment content. The parenchyma cells are full of starch granules, 15–30 µm in
size, and flat or disk shaped. Bast fibers are absent.
• Articles of Botanical Origin, Volatile Oil Determination
• Articles of Botanical Origin, Foreign Organic Matter

561 : NLT 3.0 mL/100 g
561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2
• Articles of Botanical Origin, Water-Soluble Extractives, Method 2

561 : NLT 100 mg/g
561 : NLT 9.0%

Change to read:
• Water Determination, Method 1a
NMT 2S (USP38)

921 : NLT

10%
• Articles of Botanical Origin, Total Ash

561 : NMT 7.0%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Protect from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Bisdesmethoxycurcumin RS
USP Curcumin RS
USP Curcuminoids RS
USP Desmethoxycurcumin RS
BRIEFING
Powdered Turmeric, USP 37 page 5568. In preparation for the omission of the general chapter
Heavy Metals 231 , and all references thereto, it is proposed to control arsenic, cadmium,
lead, and mercury as described in the Limits of Elemental Impurities section of the general
chapter Articles of Botanical Origin 561 , proposed elsewhere in this PF. It is also
proposed to omit references to olfactory qualities from Botanical Characteristics.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C148882

Comment deadline: November 30, 2014
Powdered Turmeric
DEFINITION
Change to read:
Powdered Turmeric is Turmeric reduced to a fine or very fine powder.
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IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 0.2 mg/mL of USP Curcuminoids RS in acetone
Sample solution: Transfer about 0.2 g of Powdered Turmeric to a test tube, add 3 mL of
acetone, sonicate for 30 min, and centrifuge. Use the supernatant.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10 µL, as bands
Developing solvent system: Chloroform, methanol, and formic acid (96:4:1)
Analysis
Samples: Standard solution and Sample solution
Apply the samples as bands (see Chromatography 621 , Thin Layer
Chromatography). Use a saturated chamber. Develop the chromatograms until the
solvent front has moved up about three-fourths of the length of the plate. Remove the
plate from the chamber, dry, and examine under white light and under UV light at 365
nm.
Acceptance criteria: The Sample solution chromatogram shows yellowish-brown bands
due to bisdesmethoxycurcumin, desmethoxycurcumin, and curcumin at RF values of about
0.4, 0.6, and 0.7, respectively, corresponding in position and color to those obtained with
the Standard solution.
• B. The retention times of the peaks for curcumin, desmethoxycurcumin, and
bisdesmethoxycurcumin of the Sample solution chromatogram correspond to those of the
Standard solution for the appropriate USP Reference Standard, as obtained in the test for
Content of Curcuminoids.
COMPOSITION
Change to read:
• Content of Curcuminoids
Mobile phase: Tetrahydrofuran and 1 mg/mL of citric acid in water (4:6)
[Note—Sonication may be necessary to dissolve the Reference Standard in each Standard
solution; all solutions should be passed through a filter of 0.45-µm pore size before
injection. USP Curcumin RS, USP Desmethoxycurcumin RS, and USP Bisdesmethoxycurcumin
RS can also be prepared in one standard solution containing the final concentration
specified below for each.]
Standard solution A: 40 µg/mL of USP Curcuminoids RS in Mobile phase
Standard solution B: 40 µg/mL of USP Curcumin RS in Mobile phase
Standard solution C: 10 µg/mL of USP Desmethoxycurcumin RS in Mobile phase
Standard solution D: 2 µg/mL of USP Bisdesmethoxycurcumin RS in Mobile phase
Sample stock solution: Transfer about 0.5 g of Powdered Turmeric, accurately weighed,
to a 50-mL volumetric flask, add 30 mL of acetone, and sonicate for 30 min. Dilute with
acetone to volume, mix, and centrifuge.
Sample solution: Transfer 5 mL of the Sample stock solution to a 50 mL volumetric flask.
Dilute with Mobile phase to volume, and mix.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV-Vis 420 nm
Column: 4.6-mm × 20-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution A
[Note—The relative retention times for the curcumin, desmethoxycurcumin, and
bisdesmethoxycurcumin peaks are 1.0, 1.2, and 1.4, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution A is similar to the
Reference Chromatogram provided with USP Curcuminoids RS.
Resolution: NLT 2.0, between curcumin and desmethoxycurcumin peaks and the
desmethoxycurcumin and bisdesmethoxycurcumin peaks
Tailing factor: NMT 1.5 for bisdesmethoxycurcumin, desmethoxycurcumin, and curcumin
peaks
Relative standard deviation: NMT 2.0% for desmethoxycurcumin peak, in repeated
injections
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, Standard
solution D, and Sample solution
Calculate the percentage of curcumin, desmethoxycurcumin, and bisdesmethoxycurcumin
in the portion of Powdered Turmeric taken:
Result = (rU/rS) × CS × (V/W) × D × 100
rU= peak response for curcumin, desmethoxycurcumin, or bisdesmethoxycurcumin from the
Sample solution
rS= peak response for curcumin, desmethoxycurcumin, or bisdesmethoxycurcumin from the
appropriate Standard solution
C=
S concentration of the appropriate Standard solution (mg/mL)
V= volume of the Sample stock solution (mL)
W= weight of Powdered Turmeric used to prepare the Sample stock solution (mg)
D= dilution factor to prepare the Sample solution from the Sample stock solution
Acceptance criteria: NLT 3%
3.0% 2S (USP38)
as the sum of curcumin, desmethoxycurcumin, and bisdesmethoxycurcumin
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III
Add the following:

231 : NMT 20 ppm

2S (USP38)
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• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residues Analysis
• Articles of Botanical Origin, Test for Aflatoxins

561 : Meets the

561 : Meets the requirements

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
Change to read:
• Botanical Characteristics: Powdered Turmeric is deep yellow in color. with a characteristic
aromatic odor.
2S (USP38)

Under a microscope, Powdered Turmeric reveals thin-walled parenchyma cells containing starch
granules, 15–30 µm in size, flat or disk shaped, gelatinized or ungelatinized; oil cells full of oil
and scattered particles of orange-yellow pigments; prisms of calcium oxalate, usually obscured
due to the bright yellow color of the pigment content, detected as bright orange prisms under a
polarizing microscope; fragments of spiral vessels and a few reticulate and annular vessels;
fragments of epidermal and cork cells; starch granules; scattered unicellular nonglandular
trichomes; and the absence of bast fibers.
• Articles of Botanical Origin, Volatile Oil Determination
• Articles of Botanical Origin, Foreign Organic Matter

561 : NLT 3.0 mL/100 g
561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2
• Articles of Botanical Origin, Water-Soluble Extractives, Method 2

561 : NLT 100 mg/g
561 : NLT 9.0%

Change to read:
• Water Determination, Method Ia
NMT 2S (USP38)

921 : NLT

10%
• Articles of Botanical Origin, Total Ash

561 : NMT 7.0%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Protect from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Bisdesmethoxycurcumin RS
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USP Curcumin RS
USP Curcuminoids RS
USP Desmethoxycurcumin RS
BRIEFING
Ubiquinol. Because there is no existing USP monograph for this dietary ingredient, a new
monograph is being proposed. The liquid chromatographic procedures in the Assay and the
test for Ubidecarenone and Other Related Compounds are based on analyses performed with
the Waters Symmetry C18 brand of L1 column. Typical retention times for ubiquinol and
ubidecarenone are 9.6 and 11.5 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C132327

Comment deadline: November 30, 2014
Add the following:
Ubiquinol

C59 H92 O4

865.37

2-[(2E,6E,10E,14E,18E,22E,26E,30E,34E)-3,7,11,15,19,23,27,31,35,39-Decamethyltetraconta2,6,10,14,18,22,26,30,34,38-decaenyl]-5,6-dimethoxy-3-methylcyclohexa-2,5-diene-1,4diol
[992-78-9].
DEFINITION
Ubiquinol contains NLT 96.0% and NMT 102.0% of ubiquinol (C59 H92 O4 ), calculated on the
anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile and alcohol (50:50)
[Note—Protect the following solutions from exposure to air after preparation, because ubiquinol
is readily oxidized to ubidecarenone when exposed to air.]
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Diluent: Methanol and n-hexane (85:15)
System suitability solution: 0.5 mg/mL each of USP Ubiquinol RS and USP Ubidecarenone
RS in Diluent. Sonicate, if necessary, for complete dissolution.
Standard solution: 0.5 mg/mL of USP Ubiquinol RS in Diluent. Sonicate, if necessary, for
complete dissolution.
Sample solution: 0.5 mg/mL of Ubiquinol in Diluent. Sonicate, if necessary, for complete
dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ubiquinol and ubidecarenone are about 1.0 and 1.2,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between ubiquinol and ubidecarenone, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ubiquinol (C59 H92 O4 ) in the portion of Ubiquinol taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ubiquinol RS in the Standard solution (mg/mL)
C=
U concentration of Ubiquinol in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Ubidecarenone and Other Related Compounds
Mobile phase, System suitability solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Standard solution: 0.02 mg/mL of USP Ubidecarenone RS in Diluent
Sample solution: 1.0 mg/mL of Ubiquinol in Diluent
Analysis
Samples: Standard solution and Sample solution
[Note—Protect the Sample solution from exposure to air after preparation, because
ubiquinol is readily oxidized to ubidecarenone when exposed to air.]
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Calculate the percentage of ubidecarenone in the portion of Ubiquinol taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ubidecarenone from the Sample solution
rS= peak response of ubidecarenone from the Standard solution
C=
S concentration of USP Ubidecarenone RS in the Standard solution (mg/mL)
C=
U concentration of Ubiquinol in the Sample solution (mg/mL)
Calculate the percentage of other related compounds in the portion of Ubiquinol taken:
Result = (rU/rT) × 100
r=
U peak response of individual related compounds from the Sample solution
r=
T sum of all the peak responses from the Sample solution
Acceptance criteria
Ubidecarenone: NMT 2.0%
Other individual related compounds: NMT 0.5%
Sum of other related compounds: NMT 1.0%
SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 0.3%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards
USP Ubidecarenone RS
USP Ubiquinol RS

11

2S (USP38)

BRIEFING
Oil-Soluble Vitamins Capsules, USP 37 page 5583. Based on the comments received, it is
proposed to eliminate the requirements for absence of Staphylococcus aureus in the test for
Absence of Specified Microorganisms since this testing is typically performed for topical and
not for oral dosage forms.
(DS: N. Davydova.)
Correspondence Number—C147789

Comment deadline: November 30, 2014
Oil-Soluble Vitamins Capsules
DEFINITION
Oil-Soluble Vitamins Capsules contain two or more of the following oil-soluble vitamins: Vitamin
A, Vitamin D as Ergocalciferol (Vitamin D2 ) or Cholecalciferol (Vitamin D3 ), Vitamin E,
Phytonadione (Vitamin K1 ), and Beta Carotene. Capsules contain NLT 90.0% and NMT 165.0%
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of the labeled amounts of vitamin A (C20 H30 O) as retinol or esters of retinol in the form of
retinyl acetate (C22 H32 O2 ) or retinyl palmitate (C36 H60 O2 ); vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O); vitamin E as alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ); phytonadione
(C31 H46 O2 ); and beta carotene (C40 H56 ).
Oil-Soluble Vitamins Capsules contain no other vitamins or any minerals. They may contain
other labeled added substances that are generally recognized as safe, in amounts that are
unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Vitamin A, Method 1
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: Transfer the contents of NLT 20 Capsules to a suitable container, mix,
and weigh. Transfer a portion of the mixture, equivalent to 5 Capsules, to a container
having a polytef-lined screw cap. [Note—For hard gelatin Capsules, remove, as completely
as possible, the contents of NLT 20 Capsules by cutting open the Capsule shells,
transferring the shells and their contents to a suitable container, and triturating to a
homogeneous mass. Transfer a portion of the mass, equivalent to 5 Capsules, to a
container having a polytef-lined screw cap.] Add 10 mL of dimethyl sulfoxide and 15 mL of
n-hexane, and shake for 45 min on a wrist-action shaker in a water bath maintained at 60
. [Note—Set up the wrist-action shaker to ensure that the contents of the container are
mixed vigorously and thoroughly.] Centrifuge at 3000 rpm for 10 min, and transfer the
hexane layer by means of a pipet to a 100-mL volumetric flask. Add 15 mL of n-hexane to
the dimethyl sulfoxide layer, shake thoroughly for 5 min, and transfer the hexane layer by
means of a pipet to the 100-mL volumetric flask. Repeat this extraction with three
additional 15-mL portions of n-hexane. Dilute the extracts in the volumetric flask with nhexane to volume. Dilute a volume of this solution with n-hexane to obtain a solution with
a concentration of 15 µg/mL of vitamin A as retinol (C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection size: 40 µL
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System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area for all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution. For products containing vitamin A acetate or vitamin A palmitate, calculate the
percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the portion of
Capsules taken:
Result = (rU /rS) × (CS/CU ) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 2
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7:0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E, when present in the formulation.] Weigh NLT 20 Capsules in a
tared weighing bottle. Using a sharp blade if necessary, carefully open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL beaker. Remove any
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contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule contents, equivalent to 30 µg of the
labeled amount of cholecalciferol or ergocalciferol (vitamin D), to a container with a
polytef-lined screw cap. If vitamin D is not present in the formulation, use a portion,
equivalent to 90 mg of the labeled amount of vitamin E. If vitamin E is not present in the
formulation, use a portion, equivalent to 2.5 mg of the labeled amount of vitamin A, as
retinol. Add 0.5 g of sodium bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of
2,2,4-trimethylpentane, and disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–
pyrogallol solution, shake slowly, and allow the solution to degas. Continue shaking until
the evolution of gas has ceased, and then shake for an additional 12 min. Add 6 mL of
dimethyl sulfoxide, mix on a vortex mixer to form a suspension, and shake for 12 min. Add
6 mL of 3 N methanolic sulfuric acid solution, mix on a vortex mixer to form a suspension,
and shake for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to
form a suspension, and shake for 10 min. Centrifuge for 10 min to break up the emulsion
and to clarify the supernatant. [Note—The supernatant is used for the determination of
vitamin A, and also vitamin D and vitamin E, if present in the formulation.] If necessary,
quantitatively dilute a volume of the supernatant with 2,2,4-trimethylpentane to obtain a
concentration close to that of the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection size: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in
the portion of Capsules taken:
Result = (rU /rS) × (CS/CU ) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
CS= concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A, as retinol (C20 H30 O) in the Sample solution
(µg/mL)
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F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 3
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water. [Note
—Cautiously add the potassium hydroxide to the water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
Standard solution: Dilute a volume of Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of retinyl acetate from USP Vitamin A RS. Transfer 10.0 mL of
this solution to a stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3
mL of Potassium hydroxide solution. Insert the stopper tightly, shake for 15 min over a
water bath maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and
25.0 mL of Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. Withdraw a portion of the organic layer for injection into the
chromatograph. This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL beaker. Remove any
contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule contents, equivalent to 1.5 mg of
retinyl acetate, to a stoppered 125-mL flask. Add 5 mL of water, 15 mL of Diluent, and 3
mL of Potassium hydroxide solution. Insert the stopper tightly, shake for 15 min over a
water bath maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and
25.0 mL of Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s or
longer, if necessary, for complete extraction. Rinse the sides of the flask with 60 mL of
water, and allow to stand for 10 min until the layers separate. [Note—Do not shake,
because an emulsion may form.] Withdraw a portion of the organic layer, and dilute
quantitatively, and stepwise if necessary, with Extraction solvent, to obtain a
concentration of 0.34 µg/mL of retinol.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
Column temperature: 40
Flow rate: 4 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are about 0.92
and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and 13-cis-retinol. Calculate the percentage
of the labeled amount of vitamin A, as retinol (C20 H30 O), in the portion of Capsules
taken:
Result = (rT1 /rT2 ) × (CS/CU ) × F × 100
rT1= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
rT2= sum of the areas of all-trans-retinol and 13-cis-retinol peaks from the Standard
solution
CS= concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A, as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS,
to retinol, 0.872
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 1
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 1.
Transfer NLT 20 mL of this solution retained as specified in the directions for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate, if necessary, in
vacuum at room temperature to obtain a solution with a concentration of 2 µg/mL of
cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection size: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU /rS) × (CS/CU ) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
CS= concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU= nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 2
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75:1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection size: 40 µL
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System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU= nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 3
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8:0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.]
Dilute a volume of the Standard stock solution with dehydrated alcohol to obtain a
concentration of 5 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS. Prepare this
solution fresh daily. Transfer 2.0 mL of this solution to a stoppered 125-mL flask. Add 15.0
mL of water and 15.0 mL of Potassium hydroxide solution, insert the stopper, and shake
for 30 min in a water bath maintained at 60 . Allow to cool to room temperature, and
transfer the contents of the flask to a 250-mL separatory funnel. Add 15.0 mL of water to
the flask, insert the stopper, shake vigorously, and transfer this solution to the separatory
funnel. Rinse the flask with 60 mL of n-hexane, and transfer the rinsing to the separatory
funnel. Insert the stopper, shake vigorously for 90 s, and allow to stand for 15 min until
the layers separate. Drain and discard the aqueous layer. Add 15.0 mL of water to the
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hexane layer in the separatory funnel, insert the stopper, and shake vigorously. Allow to
stand for 10 min until the layers separate, and discard the aqueous layer. Add 1 drop of
Phenolphthalein solution and 15.0 mL of water to the separatory funnel. Add Diluted acetic
acid dropwise, with shaking, until the washing is neutral. Allow to stand for 10 min until
the layers separate. Drain and discard the aqueous layer. Filter the hexane layer through
anhydrous sodium sulfate supported by a small pledget of cotton into a 100-mL roundbottom flask. Rinse the funnel and sodium sulfate with a few mL of n-hexane, and collect
the rinsings in the same flask. Evaporate the hexane in the flask on a rotary evaporator at
50 to dryness. Immediately add 2.0 mL of Extraction solvent to dissolve the residue.
Transfer this solution to a freshly conditioned solid-phase extraction column containing
silica packing with a sorbent mass-to-column volume ratio of 500 mg to 2.8 mL or
equivalent, rinse the round-bottom flask with 1.0 mL of Extraction solvent, and transfer to
the column. Elute the column with 2.0 mL of Extraction solvent, and discard this fraction.
Elute the column with 7.0 mL of Extraction solvent, and collect the eluate in a suitable
flask. Place the flask in a warm water bath maintained at 42 , and evaporate the solvent
with the aid of a stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue,
and use the solution for injection into the chromatograph.
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 3,
through “calculate the net weight of the Capsule contents.” Transfer a portion of the
Capsule contents, equivalent to 10 µg of ergocalciferol or cholecalciferol, to a stoppered
125-mL flask, and proceed as directed for the Standard solution, beginning with “Add 15.0
mL of water and 15.0 mL of Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27
Flow rate: 0.7 mL/min
Injection size: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU= nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
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Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E, Method 1
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 1.
Transfer NLT 20 mL of this solution retained as specified in the directions for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate if necessary, in
vacuum at room temperature to dryness. Transfer the contents of the flask to a suitable
volumetric flask with the aid of methanol, and dilute with methanol to volume, to obtain a
concentration of 2 mg/mL of alpha tocopherol, alpha tocopheryl acetate, or alpha
tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection size: 100 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are
about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Capsules taken:
Result = (rU /rS) × (CS/CU ) × 100
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rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 2
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
3 N methanolic sulfuric acid solution: Cautiously mix sulfuric acid and methanol (9 in 100)
in a 100-mL volumetric flask. [Note—Dissolve in a portion of methanol, cool, and then
dilute to final volume.]
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask. Add sufficient water to dissolve. Add 1.7 mL of
sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 2,
through “calculate the net weight of the Capsule contents.” Transfer a portion of the
Capsule contents, equivalent to 55 mg of vitamin E, to a container having a polytef-lined
screw cap. Add 0.5 g of sodium bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of
2,2,4-trimethylpentane, and disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–
pyrogallol solution, shake slowly, and allow the solution to degas. Continue shaking until
the evolution of gas has ceased, and then shake for an additional 12 min. Add 6 mL of
dimethyl sulfoxide, mix on a vortex mixer to form a suspension, and shake for 12 min. Add
6 mL of 3 N methanolic sulfuric acid solution, mix on a vortex mixer to form a suspension,
and shake for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to
form a suspension, and shake for 10 min. Centrifuge for 10 min to break up the emulsion
and to clarify the supernatant layer. Transfer a volume of the supernatant 2,2,4trimethylpentane layer to a suitable volumetric flask, the volume of the specimen
withdrawn from the 2,2,4-trimethylpentane layer and the size of the volumetric flask being
such that the final concentration of the Sample solution is equivalent to that of the
Standard solution. Evaporate nearly to dryness, add several mL of methanol, and
evaporate the remaining 2,2,4-trimethylpentane. Dilute with methanol to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 25 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol and
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Capsules taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 3
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:46.5:7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 3
through “calculate the net weight of the Capsule contents“. Transfer a portion of the
Capsule contents, equivalent to 8.0 mg of alpha tocopherol, to a glass-stoppered conical
flask. Add 25.0 mL of water, 25.0 mL of dehydrated alcohol, and 3.5 g of potassium
hydroxide pellets. Shake for 1 h in a water bath maintained at 55 , cool, and transfer with

PF 40(5): Sep.-Oct. 2014

732

the aid of a minimum volume of water to a 125-mL separatory funnel. Rinse the flask with
50 mL of n-hexane, and add the rinsing to the separatory funnel. Insert the stopper,
shake vigorously for 60 s, and allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the extraction with 50 mL of n-hexane.
Discard the aqueous layer and combine the hexane extracts. Wash the combined extracts
with 25 mL of water, allow the layers to separate, and discard the aqueous layer. Add 3
drops of glacial acetic acid, and repeat the washing procedure two more times. Filter the
washed hexane layer through anhydrous sodium sulfate into a 250-mL round-bottom flask.
Rinse the funnel and sodium sulfate with a few mL of n-hexane, and add the rinsing to the
hexane solution in the flask. Place the flask in a water bath maintained at 50 , and
evaporate the hexane solution with the aid of a rotary evaporator to dryness. Immediately
add 25.0 mL of Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of vitamin E as alpha tocopherol
(C29 H50 O2 ) in the portion of Capsules taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak area for alpha tocopherol from the Sample solution
rS= peak area for alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
CU= nominal concentration of alpha tocopherol the Sample solution (mg/mL)
[Note—Calculate the content of alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl
acid succinate (C33 H54 O5 ) by dividing the content, in mg/Capsule of vitamin E as alpha
tocopherol (C29 H50 O2 ), by the factor 0.91 or 0.81, respectively.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl
succinate (C33 H54 O5 )
• Phytonadione
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
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Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume.]
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 1.
Transfer NLT 20 mL of this solution retained as specified in the directions for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate, if necessary, in
vacuum at room temperature to dryness. Transfer the contents of the flask to a suitable
volumetric flask with the aid of methanol, and dilute with methanol to volume to obtain a
concentration of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection size: 100 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for alpha tocopheryl acetate and phytonadione are
about 0.68 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of
phytonadione (C31 H46 O2 ) in the portion of Capsules taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak area of phytonadione from the Sample solution
rS= peak area of phytonadione from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of potassium hydroxide in 50 mL of water.
Iodine solution: Transfer 10 mg of iodine to a 100-mL volumetric flask. Dissolve in
cyclohexane, and dilute with cyclohexane to volume. Dilute 10 mL of this solution with
cyclohexane to 100 mL. [Note—Prepare this solution fresh daily.]
Sample solution A (for preparations containing beta carotene in oil solutions): Proceed as
directed in Vitamin A, Method 1, except use cyclohexane instead of n-hexane as the
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extraction solvent, and dilute the filtered extracts with cyclohexane to obtain a
concentration of 2 µg/mL of beta carotene.
Sample solution B (for preparations containing beta carotene in dry powder): Remove the
contents of NLT 20 Capsules by cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the Capsule contents, equivalent to 2 mg of beta
carotene, to a 500-mL saponification flask. Add 100 mL of alcohol, 6 mL of Potassium
hydroxide solution, and a magnetic stirring bar. Attach an air condenser to the flask, and
heat under reflux for 45 min with constant stirring. Cool to room temperature. Add 170 mL
of solvent hexane, and stir for 30 min. Quantitatively transfer the contents of the flask to
a 500-mL separatory funnel with portions of solvent hexane. Allow the layers to separate
for 5–10 min, and transfer the upper organic layer to a 500-mL volumetric flask. Transfer
the lower aqueous layer into the saponification flask. Add 170 mL of solvent hexane, and
stir for an additional 20 min. Quantitatively transfer the contents of the saponification
flask to the separatory funnel with the aid of portions of solvent hexane. Allow the layers
to separate for 10 min. Drain the lower aqueous layer, and discard. Transfer the organic
layer to the volumetric flask containing the previously collected organic layer. Rinse the
separatory funnel with small portions of solvent hexane, and transfer the washings to the
volumetric flask. Dilute the hexane extracts with solvent hexane to volume. Add 3 g of
anhydrous sodium sulfate, shake, and allow to settle. Quantitatively transfer a volume of
this solution, equivalent to 100 µg of beta carotene, to a 50-mL volumetric flask.
Evaporate under a stream of nitrogen to dryness, and immediately add cyclohexane. Add 2
mL of Iodine solution, and heat for 15 min in a water bath maintained at 65 . Cool rapidly,
and dilute with cyclohexane to volume.
Spectrometric conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Sample: Sample solution A or Sample solution B
Determine the absorbance against the Blank. Calculate the percentage of the labeled
amount of beta carotene (C40 H56 ) in the portion of Capsules taken:
Result = (AU /F) × (100/CU )
A=
U absorbance of Sample solution A or Sample solution B
F= absorptivity of beta carotene at 452 nm, 223
C=
U nominal concentration of beta carotene in Sample solution A or Sample solution B
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
• Weight Variation of Dietary Supplements
CONTAMINANTS

2040 : Meet the requirements

2091 : Meet the requirements
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• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
3000 cfu/g, and the total combined molds and yeasts count does not exceed 300 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling:1 Label the Capsules to state that the product is Oil-Soluble Vitamins Capsules.
The label also states the quantity of each vitamin/dosage unit and, where necessary, the
chemical form in which it is present. Where the product contains vitamin E, the label also
indicates whether it is the d- or dl- form. Where more than one assay method is given for
a particular vitamin, the labeling states the assay method used only if Method 1 is not
used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3 ,5Z,7E)-.
Cholecalciferol.
C27 H44 O
384.64
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3 ,5Z,7E,22E)-.
Ergocalciferol.
C28 H44 O
396.65
USP Phytonadione RS
1,4-Naphthalenedione, 2-methyl-3-(3,7,11,15-tetramethyl-2-hexadecenyl)-, [R[R*,R*-(E)]]-.
Phylloquinone.
C31 H46 O2
450.70
USP Vitamin A RS
1 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
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= 1.36 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil-Soluble Vitamins Tablets, USP 37 page 5592. Based on the comments received, it is
proposed to eliminate the requirements for absence of Staphylococcus aureus in the test for
Absence of Specified Microorganisms since this testing is typically performed for topical and
not for oral dosage forms.
(DS: N. Davydova.)
Correspondence Number—C147790

Comment deadline: November 30, 2014
Oil-Soluble Vitamins Tablets
DEFINITION
Oil-Soluble Vitamins Tablets contain two or more of the following oil-soluble vitamins: Vitamin A,
Vitamin D as Ergocalciferol (Vitamin D2 ) or Cholecalciferol (Vitamin D3 ), Vitamin E, Phytonadione
(Vitamin K1 ), and Beta Carotene. Tablets contain NLT 90.0% and NMT 165.0% of the labeled
amounts of vitamin A (C20 H30 O) as retinol or esters of retinol in the form of retinyl acetate
(C22 H32 O2 ) or retinyl palmitate (C36 H46 O2 ); vitamin D as cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O); vitamin E as alpha tocopherol (C29 H50 O2 ), alpha tocopheryl acetate
(C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ); phytonadione (C31 H46 O2 ); and
beta carotene (C40 H56 ).
Oil-Soluble Vitamins Tablets contain no other vitamins or any minerals. They may contain other
labeled added substances that are generally recognized as safe, in amounts that are
unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Vitamin A, Method 1
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
System suitability solution: Mix equal volumes of System suitability stock solution and
the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate and
retinyl palmitate.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a container having a polytef-lined screw cap. Add 10 mL of
dimethyl sulfoxide and 15 mL of n-hexane, and shake for 45 min on a wrist-action shaker
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in a water bath maintained at 60 . [Note—Set up the wrist-action shaker to ensure that
the contents of the container are mixed vigorously and thoroughly.] Centrifuge at 3000
rpm for 10 min, and transfer the hexane layer by means of a pipet to a 100-mL volumetric
flask. Add 15 mL of n-hexane to the dimethyl sulfoxide layer, shake thoroughly for 5 min,
and transfer the hexane layer by means of a pipet to the 100-mL volumetric flask. Repeat
this extraction with three additional 15-mL portions of n-hexane. Dilute the extracts in the
volumetric flask with n-hexane to volume. Dilute a 10-mL volume of this solution with nhexane to obtain a solution with a concentration of 15 µg/mL of vitamin A as retinol
(C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection size: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area for all-trans-retinyl acetate or all-trans-retinyl palmitate in the chromatogram
of the Sample solution. For products containing vitamin A acetate or vitamin A
palmitate, calculate the percentage of the labeled amount of vitamin A, as retinol
(C20 H30 O) in the portion of the Tablets taken:
Result = (rU /rS) × (CS/CU ) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
CS= concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A, as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS,
to retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 2
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
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3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7:0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E, when present in the formulation.] Finely powder NLT 20 Tablets.
If vitamin D is present in the formulation, transfer a portion of the powder, equivalent to
30 µg of the labeled amount of cholecalciferol or ergocalciferol, to a container having a
polytef-lined screw cap. If vitamin D is not present in the formulation, use a portion of the
powder, equivalent to 90 mg of the labeled amount of vitamin E (as alpha tocopherol,
alpha tocopheryl acetate, or alpha tocopheryl hemisuccinate). If vitamin E is not present
in the formulation, use a portion of the powder, equivalent to 2.5 mg of the labeled
amount of retinyl acetate or retinyl palmitate. Add 0.5 g of sodium bicarbonate, 1.5 mL of
Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane, and disperse on a vortex mixer.
Add 6 mL of Sodium ascorbate–pyrogallol solution, shake slowly, and allow the solution to
degas. Continue shaking until the evolution of gas has ceased, and then shake for an
additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a vortex mixer to form a
suspension, and shake for 12 min. Add 6 mL of 3 N methanolic sulfuric acid solution, mix
on a vortex mixer to form a suspension, and shake for 12 min. Add 12.5 mL of 2,2,4trimethylpentane, mix on a vortex mixer to form a suspension, and shake for 10 min.
Centrifuge for 10 min to break up the emulsion and to clarify the supernatant. [Note—The
supernatant is used for the determination of vitamin A, and also vitamin D and vitamin E, if
present in the formulation.] If necessary, quantitatively dilute a volume of the
supernatant with 2,2,4-trimethylpentane to obtain a concentration close to that of the
Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection size: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
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Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution.
Calculate the percentage of the labeled amount of of vitamin A, as retinol (C20 H30 O), in
the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
CS= concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A, as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in the USP Vitamin A
RS, to retinol, 0.872
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 3
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water. [Note
—Cautiously add potassium hydroxide in water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
Standard solution: Dilute a volume of Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of USP Vitamin A RS. Transfer 10.0 mL of this solution to a
stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3 mL of Potassium
hydroxide solution. Insert the stopper tightly, shake for 15 min over a water bath
maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and 25.0 mL of
Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s. Rinse the
sides of the flask with 60 mL of water, and allow to stand for 10 min until the layers
separate. Withdraw a portion of the organic layer for injection into the chromatograph.
This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Finely powder a counted number of Tablets. Transfer a portion of the
powder, equivalent to 1.5 mg of retinyl acetate, to a stoppered 125-mL flask. Add 5 mL of
water, 15 mL of Diluent, and 3 mL of Potassium hydroxide solution. Insert the stopper
tightly, shake for 15 min over a water bath maintained at 60 ± 5 , and cool to room
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temperature. Add 7 mL of water and 25.0 mL of Extraction solvent. Insert the stopper
tightly, and shake vigorously for 60 s or longer, if necessary, for complete extraction.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. [Note—Do not shake, because an emulsion may form.] Withdraw a portion
of the organic layer, and dilute with Extraction solvent to obtain a concentration of 0.34
µg/mL of retinol.
Chromatographic system
(See Chromatography 621 , System Suitability).
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
Column temperature: 40
Flow rate: 4 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are 0.92 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and 13-cis-retinol. Calculate the percentage
of the labeled amount of vitamin A, as retinol (C20 H30 O), in the portion of Tablets taken:
Result = (rT1 /rT2 ) × (CS/CU ) × F × 100
rT1= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
rT2= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Standard
solution
CS= concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A, as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS,
to retinol, 0.872
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 1
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
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precursor.
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 1.
Transfer NLT 20 mL of this solution to a suitable container, and evaporate, if necessary, in
vacuum at room temperature to obtain a concentration of 2 µg/mL of cholecalciferol or
ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection size: 100 µL
System suitability
Sample: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
CS= concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU= nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 2
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75:1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection size: 40 µL
System suitability
Sample: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU= nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 3
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8:0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.] Dilute a volume of Standard stock
solution with dehydrated alcohol to obtain a concentration of 5 µg/mL of USP
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Cholecalciferol RS or USP Ergocalciferol RS. Prepare this solution fresh daily. Transfer 2.0
mL of this solution to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution, insert the stopper, and shake for 30 min in a water bath
maintained at 60 . Allow to cool to room temperature, and transfer the contents of the
flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert the
stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until
the layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution
and 15.0 mL of water to the separatory funnel. Add Diluted acetic acid dropwise, with
shaking, until the washing is neutral. Allow to stand for 10 min until the layers separate.
Drain and discard the aqueous layer. Filter the hexane layer through anhydrous sodium
sulfate supported by a small pledget of cotton into a 100-mL, round-bottom flask. Rinse
the funnel and sodium sulfate with a few mL of n-hexane, and collect the rinsings in the
same flask. Evaporate the hexane in the flask on a rotary evaporator at 50 to dryness.
Immediately add 2.0 mL of Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase extraction column containing silica packing
with a sorbent mass-to-column volume ratio of 500 mg to 2.8 mL or equivalent, rinse the
round-bottom flask with 1.0 mL of Extraction solvent, and transfer to the column. Elute
the column with 2.0 mL of Extraction solvent, and discard this fraction. Elute the column
with 7.0 mL of Extraction solvent, and collect the eluate in a suitable flask. Place the flask
in a warm water bath maintained at 42 , and evaporate the solvent with the aid of a
stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue, and use the
solution for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 µg of cholecalciferol or ergocalciferol, to the stoppered 125-mL flask, and
proceed as directed for the Standard solution, beginning with “Add 15.0 mL of water and
15.0 mL of Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27
Flow rate: 0.7 mL/min
Injection size: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
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Result = (rU /rS) × (CS/CU ) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU= nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E, Method 1
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 1.
Transfer NLT 20 mL of this solution to a suitable container, and evaporate in vacuum at
room temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 2 mg/mL
of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection size: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are
about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
CU= nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 2
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Proceed as directed for Sample solution in Vitamin A, Method 2. Transfer
a volume of the supernatant 2,2,4-trimethylpentane to a suitable volumetric flask, the
volume of the specimen withdrawn from the 2,2,4-trimethylpentane and the size of the
volumetric flask being such that the final concentration of the Sample solution is
equivalent to that of the Standard solution. Evaporate nearly to dryness, add several mL
of methanol, and evaporate the remaining 2,2,4-trimethylpentane. Dilute with methanol to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol;
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
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solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 3
Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:46.5:7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 8 mg of alpha tocopherol, to a 125-mL flask fitted with a ground-glass joint.
Add 25.0 mL of water, 25.0 mL of dehydrated alcohol, and 3.5 g of potassium hydroxide
pellets. Shake for 1 h in a water bath maintained at 55 . Cool, and transfer with the aid of
a minimum volume of water to a 125-mL separatory funnel. Rinse the flask with 50 mL of
n-hexane, and add the rinsing to the separatory funnel. Insert the stopper, shake
vigorously for 60 s, and allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the extraction with 50 mL of n-hexane.
Discard the aqueous layer, and combine the hexane extracts. Wash the combined extracts
with 25 mL of water, allow the layers to separate, and discard the aqueous layer. Add 3
drops of glacial acetic acid, and repeat the washing procedure two more times. Filter the
washed hexane layer through anhydrous sodium sulfate into a 250-mL round-bottom flask.
Rinse the funnel and sodium sulfate with a few mL of n-hexane, and add the rinsing to the
hexane solution in the flask. Place the flask in a water bath maintained at 50 , and
evaporate the hexane solution with the aid of a rotary evaporator to dryness. Immediately
add 25.0 mL of Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
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Column temperature: 40
Flow rate: 3 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E as
alpha tocopherol (C29 H50 O2 ) in the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
CS= concentration of alpha tocopherol in the Standard solution (mg/mL)
CU= nominal concentration of vitamin E as alpha tocopherol in the Sample solution
(mg/mL)
[Note—Calculate the content of alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl
acid succinate (C33 H54 O5 ) by dividing the content, in mg/Tablet of vitamin E as alpha
tocopherol (C29 H50 O2 ), by the factor 0.91 or 0.81, respectively.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Phytonadione, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
Standard solution: 20 µg/mL of USP Phytonadione RS from Standard stock solution diluted
with methanol
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from Standard stock solution diluted with methanol. [Note
—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the Standard
stock solution, and then dilute with methanol to volume.]
Sample solution: Transfer NLT 20 mL of the solution retained as specified in the directions
for Sample solution in Vitamin A, Method 1 to a suitable container, and evaporate in
vacuum at room temperature to dryness. Transfer the residue with the aid of methanol to
a suitable volumetric flask, and dilute with methanol to volume to obtain a concentration
of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
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Injection size: 100 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for alpha tocopheryl acetate and phytonadione are
0.68 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of
phytonadione (C31 H46 O2 ) in the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak area for phytonadione from the Sample solution
rS= peak area for phytonadione from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Phytonadione, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent: Methanol and isopropyl alcohol (19:1)
Mobile phase: Mix 800 mL of methanol, 200 mL of methylene chloride, 0.1 mL of glacial
acetic acid, 1.36 g of zinc chloride, and 0.41 g of sodium acetate.
Internal standard solution: 5 µg/mL of menaquinone 4 (vitamin K2 ) in Solvent. [Note—A
concentrated stock solution of menaquinone 4 (100 µg/mL) can be stored for 2 months in
a refrigerator.]
Standard stock solution: 5 µg/mL of USP Phytonadione RS, prepared by dissolving in
methylene chloride with the aid of sonication, and diluting with Solvent to final volume
Standard solution: Transfer 1.0 mL of the Standard stock solution and 1.0 mL of the
Internal standard solution to a suitable flask and dilute with Solvent to 5 mL. Pass through
a membrane filter of 0.45-µm or finer pore size.
Sample solution: Finely powder NLT 20 Tablets. To a centrifuge tube fitted with a cap
transfer an amount of powder, not exceeding 800 mg and equivalent to an amount of
phytonadione not exceeding 50 µg. Add 4 mL of water. Insert the stopper, and mix using a
vortex mixer until the sample is dispersed. Place the tube in a water bath at 60 for 5 min.
Remove from the bath, and again shake or mix using a vortex mixer for 1 min while the
preparation is still hot. Add 8 mL of alcohol, and swirl the contents to mix. Place the tube
in a water bath at 60 for 5 min. Remove from the bath, and again shake or mix using a
vortex mixer for 2 min while the preparation is still hot. Cool to room temperature. Add a
volume of Internal standard solution, equivalent to 1.0 mL per each 5 µg of the expected
amount of phytonadione in the aliquot taken. Add 20.0 mL of petroleum ether, and cap
the tube tightly. Shake or mix using a vortex mixer for 15 min to thoroughly mix the
contents. Centrifuge to separate the two layers. Transfer a volume of the top layer of
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petroleum ether, equivalent to 5–50 µg of the nominal amount of phytonadione, to an
appropriate flask. Place the flask in a water bath at 35 –45 , and evaporate the solvent
under a stream of nitrogen until an oily residue is left. Dissolve the residue in a volume of
Solvent to obtain a concentration of 1 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorometric detector set at 320 nm for excitation and 420 nm for emission
Column: 4.6-mm × 25-cm; 5-µm, end-capped packing L1, and a postcolumn reactor
constituted with a 4.6-mm × 3-cm PEEK column tightly packed with zinc powder. [Note
—Prepare the postcolumn reactor daily, or as necessary, to meet the system suitability
requirements.]
Flow rate: 1 mL/min
Injection size: 25 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the internal standard and phytonadione are 1.0
and 1.4, respectively.]
Suitability requirements
Column efficiency: NLT 2500 theoretical plates for the phytonadione peak
Tailing factor: NMT 1.5 for the phytonadione peak
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the
portion of Tablets taken:
Result = (RU /RS) × (CS/CU ) × 100
RU= peak response ratio of phytonadione to that of the internal standard from the Sample
solution
RS= peak response ratio of phytonadione to that of the internal standard from the
Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
CU= nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of potassium hydroxide in 50 mL of water.
Iodine solution: 0.01 mg/mL of iodine in cyclohexane. [Note—Prepare this solution fresh
daily]
Sample solution: Weigh NLT 20 Tablets. Grind the Tablets to a fine powder, and transfer a
quantity of the powder, equivalent to 2 mg of beta carotene, to a 500-mL saponification
flask. Add 100 mL of alcohol, 6 mL of Potassium hydroxide solution, and a magnetic stirring
bar. Attach an air condenser to the flask, and heat under reflux for 45 min with constant
stirring. Cool to room temperature, add 170 mL of solvent hexane, and stir for 30 min.
Quantitatively transfer the contents of the flask to a 500-mL separatory funnel with
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portions of solvent hexane. Allow the layers to separate for 5–10 min, and transfer the
upper organic layer to a 500-mL volumetric flask. Transfer the lower aqueous layer into
the saponification flask, add 170 mL of solvent hexane, and stir for an additional 20 min.
Quantitatively transfer the contents of the saponification flask to the separatory funnel
with the aid of portions of solvent hexane. Allow the layers to separate for 10 min. Drain
the lower aqueous layer, and discard. Transfer the organic layer to the volumetric flask
containing the previously collected organic layer. Rinse the separatory funnel with small
portions of solvent hexane, and transfer the washings to the volumetric flask. Dilute the
hexane extracts with solvent hexane to volume, add 3 g of anhydrous sodium sulfate,
shake, and allow to settle. Quantitatively transfer a volume of this solution, equivalent to
100 µg of beta carotene, to a 50-mL volumetric flask. Evaporate under a stream of
nitrogen to dryness, and immediately add cyclohexane. Add 2 mL of Iodine solution, and
heat for 15 min in a water bath maintained at 65 . Cool rapidly, and dilute with
cyclohexane to volume.
Spectrometric conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Sample: Sample solution
Determine the absorbance against the Blank. Calculate the percentage of the labeled
amount of beta carotene (C40 H56 ) in the portion of Tablets taken:
Result = (AU /F) × (100/CU )
A=
U absorbance of the Sample solution
F= absorptivity of beta carotene at 452 nm, 223
C=
U nominal concentration of beta carotene in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Disintegration
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
3000 cfu/g, and the combined molds and yeasts count does not exceed 300 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling1 : Label the Tablets to state that the product is Oil-Soluble Vitamins Tablets. The
label also states the quantity of each vitamin/dosage unit and where necessary the
chemical form in which it is present. Where the product contains vitamin E, the label
indicates whether it is the d- or dl- form. Where more than one assay method is given for
a particular vitamin, the labeling states the assay method used only if Method 1 is not
used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3 ,5Z,7E)-.
Cholecalciferol.
C27 H44 O
384.64
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3 ,5Z,7E,22E)-.
Ergocalciferol.
C28 H44 O
396.65
USP Phytonadione RS
1,4-Naphthalenedione, 2-methyl-3-(3,7,11,15-tetramethyl-2-hexadecenyl)-, [R[R*,R*-(E)]]-.
Phylloquinone.
C31 H46 O2
450.70
USP Vitamin A RS
1 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
= 1.36 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil-Soluble Vitamins with Minerals Capsules, USP 37 page 5599. Based on the comments
received, it is proposed to eliminate the requirements for absence of Staphylococcus aureus
in the test for Absence of Specified Microorganisms since this testing is typically performed
for topical and not for oral dosage forms.
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(DS: N. Davydova.)
Correspondence Number—C147788

Comment deadline: November 30, 2014
Oil-Soluble Vitamins with Minerals Capsules
DEFINITION
Oil-Soluble Vitamins with Minerals Capsules contain two or more of the following oil-soluble
vitamins: Vitamin A, as retinol or esters of retinol in the form of retinyl acetate or retinyl
palmitate; Vitamin D as ergocalciferol (Vitamin D2 ) or cholecalciferol (Vitamin D3 ); Vitamin E, as
alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate; Phytonadione
(Vitamin K1 ); beta carotene; and one or more minerals derived from substances generally
recognized as safe, furnishing one or more of the following elements in ionizable form: boron,
calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel,
phosphorus, potassium, selenium, tin, vanadium, and zinc. Capsules contain NLT 90.0% and
NMT 165.0% of the labeled amounts of vitamin A, as retinol equivalent (C20 H30 O); vitamin D, as
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O); vitamin E, as alpha tocopherol
(C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate
(C33 H54 O5 ); phytonadione (C31 H46 O2 ); and beta carotene (C40 H56 ); NLT 90.0% and NMT
125.0% of the labeled amount of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).
They may contain other labeled added substances that are generally recognized as safe, in
amounts that are unobjectionable.
STRENGTH
• Vitamin A
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution 1: 13 µg/mL of retinol from USP Retinyl Acetate RS in n-hexane
Standard solution 2: 13 µg/mL of retinol from USP Retinyl Palmitate RS in n-hexane
System suitability solution: Mix equal volumes of Standard solution 1 and Standard
solution 2.
Sample solution: Transfer the contents of NLT 20 Capsules to a suitable container, mix,
and weigh. Transfer a portion of the mixture, equivalent to 5 Capsules, to a container
having a polytef-lined screw cap. [Note—For hard gelatin Capsules, remove, as completely
as possible, the contents of NLT 20 Capsules by cutting open the Capsule shells,
transferring the shells and their contents to a suitable container, and triturating to a
homogeneous mass. Transfer a portion of the mass, equivalent to 5 Capsules, to a
container having a polytef-lined screw cap.] Add 10 mL of dimethyl sulfoxide and 15 mL of
n-hexane, and shake for 45 min in a water bath maintained at 60 . Centrifuge at 3000 rpm
for 10 min, and transfer the hexane layer by means of a pipet to a 100-mL volumetric
flask. Add 15 mL of n-hexane to the dimethyl sulfoxide layer, shake thoroughly for 5 min,
and transfer the hexane layer by means of a pipet to the 100-mL volumetric flask. Repeat
this extraction with three additional 15-mL portions of n-hexane. Dilute the extracts in the
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volumetric flask with n-hexane to volume. Further dilute this solution with n-hexane to
obtain a solution with a concentration of 13 µg/mL of vitamin A as retinol (C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the appropriate Standard solution
C=
S concentration of retinol in the appropriate Standard solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol, in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
equivalent (C20 H30 O)
• Vitamin D
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Transfer NLT 20 mL of a solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and concentrate, if necessary, in vacuum at
room temperature to obtain a solution with an expected concentration of 2 µg/mL of
cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
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Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F= correction factor to account for the average amount of pre-vitamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 2 mg/mL
of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E
• Phytonadione (Vitamin K1)
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume.]
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 20
µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
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suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware.]
Mobile phase: Transfer 50 mg of butylated hydroxytoluene into a 1-L volumetric flask, and
dissolve with 20 mL of 2-propanol. Add 0.2 mL of N-ethyldiisopropylamine, 25 mL of 0.2%
ammonium acetate solution, 455 mL of acetonitrile, and about 450 mL of methanol. Allow
the solution to reach to room temperature, and dilute with methanol to volume.
Diluent: 50 µg/mL of butylated hydroxytoluene in alcohol
System suitability solution: Transfer 20 mg of USP Beta Carotene System Suitability RS
to a 50-mL volumetric flask. Add 1 mL of water, 4 mL of tetrahydrofuran, and sonicate for
5 min. Dilute with Diluent to volume, and sonicate for 5 min. Cool to room temperature,
pass the suspension through a membrane filter of 0.45-µm pore size, and use the clear
filtrate.
Standard stock solution: 60 µg/mL of USP Beta Carotene RS in tetrahydrofuran
Standard solution A: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, add 5.0 mL of tetrahydrofuran, and dilute with Diluent to volume.
Determine the concentration of Standard solution A from the concentration of Standard
solution B as described below.
Standard solution B: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, and dilute with cyclohexane to volume. Prepare in triplicate.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Analytical wavelength: 457 nm
Cell path: 1 cm
Blank: Cyclohexane
Analysis
Sample: Standard solution B

851 .)

Calculate the concentration of total beta carotene (mg/mL) as all-trans-beta carotene
(C40 H56 ) in Standard solution B. [Note—The concentration of Standard solution B equals
the concentration of Standard solution A.]
Result = A/F
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A= average absorbance of the three preparations of Standard solution B
F= absorptivity of pure all-trans-beta carotene in cyclohexane, 250
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Dissolve the residue in a mixture of methylene chloride and
Diluent (1:1), and dilute with the same mixture to obtain a concentration of 3 µg/mL of
beta carotene. Pass through a membrane filter of 0.45-µm pore size if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV-Vis 448 nm
Column: 4.6-mm × 25-cm; 5-µm packing L68
Column temperature: 30
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution A
[Note—The approximate relative retention times of the components in the System
suitability solution are listed in Table 1.]
Table 1
Relative
Relative
Retention
Response
Name
Time
Factor
All-trans-apha carotene
0.93
1.1
All-trans-beta carotene
1.00
1
9-cis-Beta carotene
1.07
1
13-cis-Beta carotene
1.17
1.2
15-cis-Beta carotene
1.21
1.4
Suitability requirements
Chromatogram similarity: The chromatogram from the System suitability solution is
similar to the reference chromatogram provided with the lot of USP Beta Carotene
System Suitability RS being used.
Resolution: NLT 1.5 between beta carotene and alpha carotene and between beta
carotene and 9-cis-beta carotene, System suitability solution
Tailing factor: NMT 2.0 for the beta carotene peak, Standard solution A
Relative standard deviation: NMT 2.0% for the beta carotene peak from replicate
injections, Standard solution A
Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage of all-trans-beta carotene in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of all-trans-beta carotene from the Sample solution
rS= peak area of all-trans-beta carotene from Standard solution A

PF 40(5): Sep.-Oct. 2014

758

C=
S concentration of all-trans-beta carotene in Standard solution A as determined by
spectrometric procedure
C=
U nominal concentration of beta carotene in the Sample solution
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from the Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL of calcium.
Polysorbate 80 solution: Polysorbate 80 and alcohol (1:10)
Sample solution: Transfer 5 Capsules to a 100-mL volumetric flask. [Note—For hard
gelatin Capsules, weigh NLT 20 Capsules. Open the Capsules, without loss of shell
material, and transfer the contents to a suitable container. Remove any contents adhering
to the empty shells by washing with several portions of ether. Discard the washings, and
allow the Capsule shells to dry. Weigh the empty Capsule shells, calculate the net weight
of the Capsule contents, and transfer a portion of the Capsule contents, equivalent to 5
Capsules, to a 100-mL volumetric flask.] Add 15 mL of water, 10 mL of 6 N hydrochloric
acid, and 1 mL of Polysorbate 80 solution to the flask. Heat on a hot plate or steam bath,
with intermittent swirling, until the Capsules are completely disintegrated or the contents
are dissolved. Boil gently for an additional 15 min. Cool, dilute with water to volume, and
filter, discarding the first 5 mL of the filtrate. Dilute this solution with 0.125 N hydrochloric
acid, to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of Lanthanum chloride
solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission line at 422.7 nm
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in mg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Capsules
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taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from Chromium standard solution diluted
with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2.5 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at 357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
solution of nitric acid, and dilute with a 1% solution of nitric acid to 1000 mL. This solution
contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from the Copper standard solution diluted
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with 0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with 0.125 N hydrochloric acid to volume to
obtain concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Copper emission line at 324.7 nm
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water
contained in a 1000-mL volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a few drops of acetic acid to a
pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium fluoride
in water, previously dried at 100 for 4 h and cooled in a desiccator
Intermediate stock solution A: 100 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
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volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the mixed Capsule
contents, equivalent to 200 µg of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1
N hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and 25.0 mL of Sodium
citrate solution. Dilute with water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ionindicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer having an
insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
potential, in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in mg/mL, of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with one column volume of
methanol followed by one column volume of pH 10.0 buffer. Do not allow the column top
to dry. If the top of the column becomes dry, recondition the column.] Transfer 10.0 mL
of the Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and
adjust with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to volume.
Filter, discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
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solid-phase extraction column containing L1 packing that is connected through an adaptor
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL container. If
necessary, remove any contents adhering to the empty shells by washing with several
portions of ether. Discard the washings, and dry the Capsule shells with the aid of a
current of dry air. Weigh the empty Capsule shells in the tared weighing bottle, and
calculate the net weight of the Capsule contents. Transfer a portion of the Capsule
contents, equivalent to 1 mg of fluorine, to a 100-mL volumetric flask. Add 15 mL of
water, and shake vigorously. Rinse the sides of the flask with 15 mL of water, and allow to
stand for 10 min. Dilute with water to 85 mL, adjust with 1 N sodium hydroxide to a pH of
10.4 ± 0.1, and dilute with water to 100 mL. Proceed as directed for the Standard
solution, beginning with “Filter, discarding the first 15 mL of the filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide, Method 1
Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Capsules
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Remove the contents of Capsules by cutting open the Capsules. Mix, and determine the
weight of the contents. Transfer a quantity of the contents, equivalent to 3 mg of iodine,
to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium hydroxide
solution, and 10 mL of alcohol, taking care that the entire specimen is moistened. Heat
the crucible on a steam bath to evaporate the alcohol, then dry the crucible at 100 for
30 min to prevent spattering upon subsequent heating. Transfer the crucible with its
contents to a furnace heated to 500 , and heat the crucible for 15 min. [Note—Heating at
500 is necessary to carbonize any organic matter present; a higher temperature may be
used, if necessary, to ensure complete carbonization of all organic matter.]
Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and boil
gently for 10 min. Filter the solution, and wash the crucible with boiling water, collecting
the filtrate and washings in a beaker. Add phosphoric acid until the solution is neutral to
methyl orange, then add 1 mL excess of phosphoric acid. Add excess of Bromine water,
and boil the solution gently until colorless and then for 5 min longer. Add a few crystals of
salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid and 0.5 g of
potassium iodide, and titrate the liberated iodine with 0.005 N sodium thiosulfate VS,
adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Capsules
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA= actual normality of the sodium thiosulfate solution used
F = correction factor to convert mg to µg, 1000 µg/mL
Ime
= milliequivalent of I, 21.16 mg/meq
Aw= average weight of the Capsules content
W= weight of the sample of Capsules content taken
L = labeled amount of iodine (µg/Capsule)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iodide, Method 2
Analysis: Proceed as directed in Automated Methods of Analysis 16 , Assay for Iodide.
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL
of iron.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 5 µg/mL of iron and omit the use of the Lanthanum
chloride solution.
Instrumental conditions
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(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a known concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
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Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese to a 1000-mL
volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of manganese and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Manganese emission line at 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
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• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min, cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except take a number of
Capsules or a portion of Capsule contents equivalent to 1000 µg of molybdenum and make
appropriate dilutions to obtain a final concentration of 10 µg/mL of molybdenum, omitting
the addition of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Molybdenum emission line at 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 mg of stannous chloride to a beaker, add
20 mL of 6.5 N hydrochloric acid solution, and heat the solution until the stannous chloride
is dissolved. Cool, and dilute with water to 100 mL.
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Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: Remove the contents of a counted number of Capsules by cutting open the
Capsules. Mix, and determine the weight of the contents. Use a quantity of the Capsule
contents, equivalent to 40 µg of molybdenum.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis
Analytical wavelength: 465 nm
Cell: 1 cm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample

851 .)

Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is complete,
as indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in
the beakers to dryness. Rinse the sides of the beakers and the watchglasses with water,
and add more water to complete 50 mL in each beaker. Gently boil the water solution for a
few min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding volumetric flasks, and dilute with water
to volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% Stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnel for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layer from each separatory funnel to a centrifuge
tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the organic
phases obtained from the Standard solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the Sample
AS= absorbance of the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
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Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, and then dilute with the Sulfuric
acid solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add one drop of sulfuric acid
per 100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from the Phosphorus standard stock solution
diluted with water
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 100 mg of phosphorus, to 25 mL of nitric acid, and digest on a hot plate for
30 min. Add 15 mL of hydrochloric acid, and continue the digestion to the cessation of
brown fumes. Cool, and transfer the contents of the flask to a 500-mL volumetric flask
with the aid of small portions of water. Dilute with water to volume. Transfer 10.0 mL of
this solution to a 100-mL volumetric flask, and dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 650 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution,
the Sample solution, and water to provide the blank. To each of the three flasks add 1.0
mL each of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite
solution, and swirl to mix. Dilute the contents of each flask with water to volume, and
allow the flasks to stand for 30 min. Determine the absorbances of the solutions against
the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Capsules taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
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dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from the Potassium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1.5 µg/mL of potassium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission line at 766.5 nm
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from the Selenium standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
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Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 1000 µg of selenium, to a suitable flask, and add 12 mL of nitric acid. [Note
—The volume of nitric acid may be varied to ensure that the powder is uniformly
dispersed.] Carefully swirl the flask to disperse the test specimen. Sonicate for 10 min or
until the test specimen is completely dissolved. Gently boil the solution for 15 min, and
cool to room temperature. Carefully add 8 mL of perchloric acid to the flask, heat the flask
until perchloric acid fumes appear, and swirl the flask to dissipate the fumes. Repeat the
heating and swirling until the fumes appear again. Cool to room temperature. Transfer the
contents of the flask to a 50-mL volumetric flask with the aid of the Diluent, and dilute
with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Selenium emission line at 196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
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dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 20 µg of selenium, to a suitable flask. Add 10 mL of nitric acid, and warm
gently on a hot plate. Continue heating until the initial nitric acid reaction has subsided,
then add 3 mL of perchloric acid.
[Caution—Exercise care at this stage, because perchloric acid reaction becomes vigorous.]
Continue heating on the hot plate until the appearance of white fumes of perchloric acid
or until the digest begins to darken. Add 0.5 mL of nitric acid, and resume heating, adding
additional amounts of nitric acid if further darkening occurs. Digest for 10 min after the
first appearance of perchloric acid fumes or until the digest becomes colorless. Cool the
flask. Add 2.5 mL of Hydrochloric acid solution, and return the flask to the hot plate to
expel residual nitric acid. Heat the mixture for 3 min after it begins to boil. Cool the flask
to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 380 nm
Cell: 1 cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, the Standard solution, and the Blank as follows. Add 5 mL of
Reagent A to each flask, and swirl gently to mix. Adjust the solution in each flask with
50% Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each
flask, and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and
equilibrate for 30 min, taking care that the flasks are covered to protect them from light.
Cool to room temperature, and transfer the contents of each flask to separate separatory
funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions obtained from the Samples against the
solution obtained from the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbances of the cyclohexane layer from the Sample solution
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AS= absorbances of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard solution: 1000 µg/mL of zinc from zinc oxide in 5 M hydrochloric acid (3.89
mg/mL) and diluted with water to final volume. [Note—Dissolve in 5 M hydrochloric acid by
warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from Zinc standard solution diluted with 0.125
N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of zinc and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
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Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding one
volume of Stock aqua regia solution to two volumes of water. Dilute with additional water
to volume, and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% nitric acid
solution, 1000 mg/L of scandium in 5% nitric acid solution, and Diluent (1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% nitric acid solution to obtain a solution having final concentrations of about 1000 mg/L
of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L of
manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% hydrochloric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
20% hydrochloric acid solution to obtain a solution having final concentrations of about
200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium, tin,
and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in Diluent, to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution: Weigh, then transfer 5 Capsules to a 250-mL volumetric flask, and heat
gently on a hot plate until the contents begin to release. Cautiously add 25 mL of Stock
aqua regia solution in 5-mL increments, and swirl. Heat, continue to swirl until the
Capsules dissolve into the acid, immediately remove from the heat source, and add 150 mL
of water. Cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube,
using a 5-µm pore size nylon syringe filter. If necessary, make any further adjustments
using the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry, using a spectrometer set to measure
the emission of each mineral of interest at about the corresponding wavelength. [Note
—The operating conditions may be developed and optimized based on the
manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision.]
System suitability
[Note—Analyze the System suitability solution, and obtain the response as directed in the
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
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emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution.
Calculate the percentage of the labeled amount for each mineral taken:
Result = C × (V/W) × F × (CW/L) × 100
C= measured concentration of the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
CW
= average Capsule weight (mg)
L = labeled amount per Capsule (mg)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amounts of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution 2040 : Meet the requirements for Dissolution
• Weight Variation 2091 : Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling:1 The label states that the product is Oil-Soluble Vitamins with Minerals Capsules.
The label also states the quantity of each vitamin and mineral per dosage unit and, where
necessary, the chemical form in which a vitamin is present and also states the salt form of
the mineral used as the source of each element. Where the product contains vitamin E,
the label indicates whether it is the d- or dl- form. Where more than one assay method is
given for a particular vitamin or mineral, the labeling states with which assay method the
product complies only if Method 1 is not used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
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Alpha Tocopheryl Acid Succinate RS
Beta Carotene RS
Beta Carotene System Suitability RS
Cholecalciferol RS
Ergocalciferol RS
Phytonadione RS
Retinyl Palmitate RS
Sodium Fluoride RS
Vitamin A RS

1 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
= 1.36 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil-Soluble Vitamins with Minerals Tablets, USP 37 page 5615. Based on the comments
received, it is proposed to eliminate the requirements for absence of Staphylococcus aureus
in the test for Absence of Specified Microorganisms since this testing is typically performed
for topical and not for oral dosage forms.
(DS: N. Davydova.)
Correspondence Number—C147787

Comment deadline: November 30, 2014
Oil-Soluble Vitamins with Minerals Tablets
DEFINITION
Oil-Soluble Vitamins with Minerals Tablets contain two or more of the following oil-soluble
vitamins: Vitamin A, as retinol or esters of retinol in the form of retinyl acetate or retinyl
palmitate; Vitamin D as ergocalciferol (Vitamin D2 ) or cholecalciferol (Vitamin D3 ); Vitamin E, as
alpha tocopherol, alpha tocopheryl acetate or alpha tocopheryl acid succinate; Phytonadione
(Vitamin K1 ); beta carotene; and one or more minerals derived from substances generally
recognized as safe, furnishing one or more of the following elements in ionizable form: boron,
calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel,
phosphorus, potassium, selenium, tin, vanadium, and zinc. Tablets contain NLT 90.0% and NMT
165.0% of the labeled amounts of vitamin A, as retinol equivalent (C20 H30 O); vitamin D, as
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O); vitamin E, as alpha tocopherol
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(C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate
(C33 H54 O5 ); phytonadione (C31 H46 O2 ); and beta carotene (C40 H56 ); NLT 90.0% and NMT
125.0% of the labeled amounts of calcium (Ca), copper (Cu), iron (Fe), manganese (Mn),
magnesium (Mg), phosphorus (P), potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).
They may contain other labeled added substances that are generally recognized as safe, in
amounts that are unobjectionable.
STRENGTH
• Vitamin A
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution 1: 13 µg/mL of retinol from USP Retinyl Acetate RS in n-hexane
Standard solution 2: 13 µg/mL of retinol from USP Retinyl Palmitate RS in n-hexane
System suitability solution: Mix equal volumes of Standard solution 1 and Standard
solution 2.
Sample solution: Finely powder NLT 20 Tablets. To a portion of the powder, equivalent to
5 Tablets, add 15 mL of water, and sonicate for 5 min. Add 15 mL of n-hexane, and shake
for 15 min in a water bath maintained at 60 . Add 10 mL of dimethyl sulfoxide, and shake
for an additional period of 30 min in a water bath maintained at 60 . Centrifuge at 3000
rpm for 10 min, and transfer the hexane layer by means of a pipet to a 100-mL volumetric
flask. Add 15 mL of n-hexane to the dimethyl sulfoxide layer, shake thoroughly for 5 min,
and transfer the hexane layer by means of a pipet to the 100-mL volumetric flask. Repeat
this extraction with three additional 15-mL portions of n-hexane. Dilute the extracts in the
volumetric flask with n-hexane to volume. Further dilute this solution with n-hexane to
obtain a solution with a concentration equivalent to 13 µg/mL of retinol (C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100

PF 40(5): Sep.-Oct. 2014

777

rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the appropriate Standard solution
C=
S concentration of retinol in the appropriate Standard solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol, in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
equivalent (C20 H30 O)
• Vitamin D
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate, if necessary, in vacuum at
room temperature to obtain a concentration of 2 µg/mL of cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F= correction factor to account for the average amount of pre-vitamin D present in the
Sample solution, 1.09
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Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution in water (1 in 100)
Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 2 mg/mL
of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak area of the relevant vitamin E form from the Sample solution
r=
S peak area of the relevant vitamin E form from the Standard solution
C=S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E
• Phytonadione (Vitamin K1)
[Note—Use low-actinic glassware throughout this procedure.]
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Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume.]
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 20
µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware.]
Mobile phase: Transfer 50 mg of butylated hydroxytoluene into a 1-L volumetric flask, and
dissolve with 20 mL of 2-propanol. Add 0.2 mL of N-ethyldiisopropylamine, 25 mL of 0.2%
ammonium acetate solution, 455 mL of acetonitrile, and about 450 mL of methanol. Allow
the solution to reach room temperature, and dilute with methanol to volume.
Diluent: 50 µg/mL of butylated hydroxytoluene in alcohol
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System suitability solution: Transfer 20 mg of USP Beta Carotene System Suitability RS
to a 50-mL volumetric flask. Add 1 mL of water, 4 mL of tetrahydrofuran, and sonicate for
5 min. Dilute with Diluent to volume, and sonicate for 5 min. Cool to room temperature,
pass the suspension through a membrane filter of 0.45-µm pore size, and use the clear
filtrate.
Standard stock solution: 60 µg/mL of USP Beta Carotene RS in tetrahydrofuran
Standard solution A: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, add 5.0 mL of tetrahydrofuran, and dilute with Diluent to volume.
Determine the concentration of Standard solution A from the concentraation of Standard
solution B as follows.
Standard solution B: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, and dilute with cyclohexane to volume. Prepare in triplicate.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Analytical wavelength: 457 nm
Cell path: 1 cm
Blank: Cyclohexane
Analysis
Sample: Standard solution B

851 .)

Calculate the concentration of total beta carotene (mg/mL) as all-trans-beta carotene
(C40 H56 ) in Standard solution B. [Note—The concentration of Standard solution B equals
the concentration of Standard solution A.]
Result = A/F
A= average absorbance of the three preparations of Standard solution B
F= absorptivity of pure all-trans-beta carotene in cyclohexane, 250
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A to a suitable container, and evaporate in vacuum at room
temperature to dryness. Dissolve the residue in a mixture of methylene chloride and
Diluent (1:1), and dilute with the same mixture to obtain a concentration of 3 µg/mL of
beta carotene. Pass through a membrane filter of 0.45-µm pore size, if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV-Vis 448 nm
Column: 4.6-mm × 25-cm; 5-µm packing L68
Column temperature: 30
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution A
The approximate relative retention times of the components in the System suitability
solution are listed in Table 1.
Table 1
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Relative
Relative
Retention
Response
Name
Time
Factor
All-trans-alpha carotene
0.93
1.1
All-trans-beta carotene
1.00
1
9-cis-Beta carotene
1.07
1
13-cis-Beta carotene
1.17
1.2
15-cis-Beta carotene
1.21
1.4
Suitability requirements
Chromatogram similarity: The chromatogram from the System suitability solution is
similar to the reference chromatogram provided with the USP Beta Carotene System
Suitability RS being used.
Resolution: NLT 1.5 between beta carotene and alpha carotene and between beta
carotene and 9-cis-beta carotene, System suitability solution
Tailing factor: NMT 2.0 for the beta carotene peak, Standard solution A
Relative standard deviation: NMT 2.0% for the beta carotene peak from replicate
injections, Standard solution A
Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage of all-trans-beta carotene in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of all-trans-beta carotene in the Sample solution
rS= peak area of all-trans-beta carotene in Standard solution A
C=
S concentration of all-trans-beta carotene in Standard solution A as determined by
spectrometric procedure
C=
U nominal concentration of beta carotene in the Sample solution
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from the Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL of calcium.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550 for 6–12 h, and cool. Add 60 mL of hydrochloric acid, and boil gently
on a hot plate or steam bath for 30 min, intermittently rinsing the inner surface of the
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crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask. Rinse the crucible with small portions of 6 N
hydrochloric acid, and add the rinsings to the flask. Dilute with water to volume, and filter,
discarding the first 5 mL of the filtrate. Dilute this solution quantitatively, with 0.125 N
hydrochloric acid, to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of
Lanthanum chloride solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission line at 422.7 nm
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions, against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of calcium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from the Chromium standard solution
diluted with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain 2.5 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at 357.9 nm
Lamp: Chromium hollow-cathode
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Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
solution of nitric acid, and dilute with a 1% solution of nitric acid to 1000 mL. This solution
contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from the Copper standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with 0.125 N hydrochloric acid to volume to
obtain concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed for Calcium, Method 1, except to prepare the
Sample solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Copper emission line at 324.7 nm
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
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C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water
contained in a 1000-mL volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a few drops of acetic acid to a
pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium fluoride
in water, previously dried at 100 for 4 h and cooled in a desiccator
Intermediate stock solution A: 100 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Transfer a quantity of the finely powdered Tablets, equivalent to 200 µg
of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1 N hydrochloric acid, 25.0 mL of
3 M sodium acetate solution, and 25.0 mL of Sodium citrate solution, and dilute with
water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ionindicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer having an
insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
potential, in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in µg/mL, of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (C/CU) × 100
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C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with one column volume of
methanol followed by one column volume of pH 10.0 buffer. Do not allow the column top
to dry. If the top of the column becomes dry, recondition the column.] Transfer 10.0 mL
of Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and adjust
with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to volume. Filter,
discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that is connected through an adaptor
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powdered Tablets,
equivalent to 1 mg of fluorine, in 15 mL of water, and shake vigorously. Rinse the sides of
the flask with 15 mL of water, and allow to stand for 10 min. Dilute with water to 85 mL,
adjust with 1 N sodium hydroxide to a pH of 10.4 ± 0.1, and dilute with water to 100 mL.
Proceed as directed for the Standard solution, beginning with “Filter, discarding the first
15 mL of the filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Column
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas for fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide, Method 1
Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Tablets
Transfer an amount of finely powdered Tablets, equivalent to 3 mg of iodide, to a nickel
crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium hydroxide solution, and
10 mL of alcohol, taking care that the entire specimen is moistened. Heat the crucible on
a steam bath to evaporate the alcohol, then dry the crucible at 100 for 30 min to
prevent spattering upon subsequent heating. Transfer the crucible with its contents to a
furnace heated to 500 , and heat the crucible for 15 min. [Note—Heating at 500 is
necessary to carbonize any organic matter present; a higher temperature may be used, if
necessary, to ensure complete carbonization of all organic matter.]
Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and boil
gently for 10 min. Filter the solution, and wash the crucible with boiling water, collecting
the filtrate and washings in a beaker. Add phosphoric acid until the solution is neutral to
methyl orange, then add 1 mL excess of phosphoric acid. Add excess of Bromine water,
and boil the solution gently until colorless for 5 min longer. Add a few crystals of salicylic
acid, and cool the solution to 20 . Add 1 mL of phosphoric acid and 0.5 g of potassium
iodide, and titrate the liberated iodine with 0.005 N sodium thiosulfate VS, adding starch
TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Tablets
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA= actual normality of the sodium thiosulfate solution used
F = correction factor to convert mg to µg, 1000 µg/mL
Ime
= milliequivalent of I, 21.16 mg/meq
Aw= average weight of the Tablets
W= weight of the portion of Tablets taken
L = labeled amount of iodine (µg/Tablet)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)

PF 40(5): Sep.-Oct. 2014

787

• Iodide, Method 2: Proceed as directed in Automated Methods of Analysis 16 , Assay for
Iodide.
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of the Iron standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL
of iron.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 5 µg/mL of iron and omit the use of the Lanthanum
chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a known concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from the Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
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solution to contain a concentration of 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese to a 1000-mL
volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 1 µg/mL of manganese and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Manganese emission line at 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
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Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min, cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Sample solution: Transfer a portion of the powder, equivalent to 1000 µg of molybdenum,
to a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric acid may be
varied to ensure that the powder is uniformly dispersed.] Carefully swirl the flask to
disperse the test specimen. Sonicate for 10 min, or until the test specimen is completely
dissolved. Gently boil the solution for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid, heat until perchloric acid fumes appear, and swirl the flask to
dissipate the fumes. Repeat the heating and swirling until the fumes appear again. Cool to
room temperature. Quantitatively transfer the contents of the flask to a 100-mL
volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Molybdenum emission line at 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of molybdenum in the Sample solution.
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Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 mg of stannous chloride to a beaker, add
20 mL of 6.5 N hydrochloric acid solution, and heat the solution until the stannous chloride
is dissolved. Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: A portion of finely powdered Tablets, equivalent to 40 µg of molybdenum
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis
Analytical wavelength: 465 nm
Cell: 1 cm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample

851 .)

Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is complete,
as indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in
the beakers to dryness. Rinse the sides of the beakers and the watchglasses with water,
and add more water to complete 50 mL in each beaker. Gently boil the water solution for a
few min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding volumetric flasks, and dilute with water
to volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% Stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnel for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layer from each separatory funnel to a centrifuge
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tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the organic
phases obtained from the Standard solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the Sample
AS= absorbance of the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5:100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, and then dilute with Sulfuric acid
solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add one drop of sulfuric acid
per 100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from the Phosphorus standard stock solution
diluted with water
Sample solution: [Note—Finely powder and weigh a counted number of Tablets.] Transfer
a portion of the powder, equivalent to 100 mg of phosphorus, to 25 mL of nitric acid, and
digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and continue the
digestion to the cessation of brown fumes. Cool, and transfer the contents of the flask to
a 500-mL volumetric flask with the aid of small portions of water. Dilute with water to
volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and dilute with
water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 650 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution,
the Sample solution, and water to provide the blank. To each of the three flasks add 1.0
mL each of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite
solution, and swirl to mix. Dilute the contents of each flask with water to volume, and
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allow the flasks to stand for 30 min. Determine the absorbances of the solutions against
the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from the Potassium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 1.5 µg/mL of potassium and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission line at 766.5 nm
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
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Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from the Selenium standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Transfer a portion of the powder, equivalent to 1000 µg of selenium, to
a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric acid may be
varied to ensure that the powder is uniformly dispersed.] Carefully swirl the flask to
disperse the test specimen. Sonicate for 10 min or until the test specimen is completely
dissolved. Gently boil the solution for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid to the flask, heat the flask until perchloric acid fumes appear, and
swirl the flask to dissipate the fumes. Repeat the heating and swirling until the fumes
appear again. Cool to room temperature. Transfer the contents of the flask to a 50-mL
volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Selenium emission line at 196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
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Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 20 µg of
selenium, to a suitable flask. Add 10 mL of nitric acid, and warm gently on a hot plate.
Continue heating until the initial nitric acid reaction has subsided, then add 3 mL of
perchloric acid.
[Caution—Exercise care at this stage, because the perchloric acid reaction becomes
vigorous.]
Continue heating on the hot plate until the appearance of white fumes of perchloric acid
or until the digest begins to darken. Add 0.5 mL of nitric acid and resume heating, adding
additional amounts of nitric acid if further darkening occurs. Digest for 10 min after the
first appearance of perchloric acid fumes or until the digest becomes colorless. Cool the
flask, add 2.5 mL of Hydrochloric acid solution, and return the flask to the hot plate to
expel residual nitric acid. Heat the mixture for 3 min after it begins to boil. Cool the flask
to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 380 nm
Cell: 1 cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, the Standard solution, and the Blank as follows. Add 5 mL of
Reagent A to each flask, and swirl gently to mix. Adjust the solution in each flask with
50% Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each
flask, and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and
equilibrate for 30 min, taking care that the flasks are covered to protect them from light.
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Cool to room temperature, and transfer the contents of each flask to separate separatory
funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions obtained from the Samples against the
solution obtained from the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbances of the cyclohexane layer from the Sample solution
AS= absorbances of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard stock solution: 1000 µg/mL of zinc from zinc oxide in 5 M hydrochloric acid
(3.89 mg/mL) and diluted with water to final volume. [Note—Dissolve in 5 M hydrochloric
acid by warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from the Zinc standard stock solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Proceed as directed for the Sample solution in Calcium, Method 1,
except prepare the Sample solution to contain a concentration of 2 µg/mL of zinc and
omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets
taken:
Result = (C/CU) × 100
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C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding one
volume of Stock aqua regia solution to two volumes of water. Dilute with additional water
to volume, and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% nitric acid
solution, 1000 mg/L of scandium in 5% nitric acid solution, and Diluent (1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% nitric acid solution to obtain a solution having final concentrations of about 1000 mg/L
of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L of
manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% hydrochloric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
20% hydrochloric acid solution to obtain a solution having final concentrations of about
200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium, tin,
and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in Diluent to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution 1 (for Tablets containing minerals found in Standard stock solution 1 and
Standard stock solution 2): Weigh and finely powder NLT 20 Tablets. Transfer a portion,
equal to 3.5 times the average Tablet weight, to a 250-mL volumetric flask. Slowly add 25
mL of Stock aqua regia solution in 5-mL increments followed by mixing. [Note—If the
sample contains a carbonate, bubbling will occur. Wait until bubbling ends to proceed.]
Bring the solution to a boil on a hot plate. Continue to heat gently until fumes cease
(about 1 h). [Note—If the sample contains selenium, digest for NMT 15 min.] Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a nylon syringe filter of 5-µm pore size. If necessary, make any further dilutions
using the Diluent.
Sample solution 2 (for Tablets containing minerals found only in Standard stock solution
2): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua
regia solution in 5-mL increments followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to

PF 40(5): Sep.-Oct. 2014

797

a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). [Note—If the
sample contains selenium, digest for NMT 15 min.] Remove from heat, cool, and dilute with
water to volume. Filter about 30 mL into a centrifuge tube using a nylon syringe filter of
5-µm pore size. If necessary, make any further dilutions using the Diluent.
Sample solution 3 (for Tablets containing minerals found only in Standard stock solution
1): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to the average
Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua regia
solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently (about 1 h) until fumes cease. Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a nylon syringe filter of 5-µm pore size. If necessary, make any further dilutions
using the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry, using a spectrometer set to measure
the emission of each mineral of interest at about the corresponding wavelength. [Note
—The operating conditions may be developed and optimized based on the
manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision.]
System suitability
[Note—Analyze the System suitability solution, and obtain the response as directed in the
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution.
Calculate the percentage of the labeled amount for each mineral taken:
Result = C × (V/W) × F × (CW/L) × 100
C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
CW
= average weight (mg/Tablet)
L = label claim (mg/Tablet)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
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160.0% of the labeled amounts of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution 2040 : Meet the requirements for Dissolution
• Weight Variation 2091 : Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling:1 The label states that the product is Oil-Soluble Vitamins with Minerals Tablets.
The label also states the quantity of each vitamin and mineral per dosage unit and where
necessary the chemical form in which a vitamin is present and also states the salt form of
the mineral used as the source of each element. Where the product contains vitamin E,
the label indicates whether it is the d- or dl- form. Where more than one assay method is
given for a particular mineral, the labeling states with which assay method the product
complies only if Method 1 is not used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Cholecalciferol RS
USP Ergocalciferol RS
USP Phytonadione RS
USP Retinyl Acetate RS
USP Retinyl Palmitate RS
USP Sodium Fluoride RS
1 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin

PF 40(5): Sep.-Oct. 2014

799

E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
= 1.36 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil- and Water-Soluble Vitamins Capsules, USP 37 page 5625. As part of the USP
monograph modernization efforts and based on the comments received, the following
changes are proposed:
1.
In the Strength for Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate,
a.
Add the cross-references to the new general chapter Vitamin C Assay

580 .

The new chapter 580 is proposed to serve as the focal point for all crossreferences related to vitamin C analysis in the USP official monographs for
multivitamin combinations with “Water-Soluble Vitamins” in the title. The
currently available titrimetric procedure is proposed to be migrated to this
general chapter. In addition, the new HPLC procedures for the analysis of
vitamin C are provided. Chapter 580 is proposed elsewhere in this issue of
PF.
b.
Remove the titrimetric procedure which is no longer necessary due to the
reference to chapter 580 to which this procedure had been migrated.
2.
In the test for Absence of Specified Microorganisms, eliminate the requirements for
absence of Staphylococcus aureus since this testing is typically performed for topical
and not for oral dosage forms.
Additionally, editorial changes have been made to remove the cross references to Ascorbic Acid
sample preparations within the monograph.
(DS: N. Davydova.)
Correspondence Number—C147617

Comment deadline: November 30, 2014
Oil- and Water-Soluble Vitamins Capsules
DEFINITION
Oil- and Water-Soluble Vitamins Capsules contain one or more of the following oil-soluble
vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vitamin D2 ) or Cholecalciferol (Vitamin D3 ),
Vitamin E, Phytonadione (Vitamin K1 ), and Beta Carotene; and one or more of the following
water-soluble vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium
Ascorbate, Biotin, Cyanocobalamin, Folic Acid, Niacin or Niacinamide, Dexpanthenol or
Panthenol, Pantothenic Acid (as Calcium Pantothenate or Racemic Calcium Pantothenate),
Pyridoxine Hydrochloride, Riboflavin, and Thiamine Hydrochloride or Thiamine Mononitrate.
Capsules contain NLT 90.0% and NMT 165.0% of the labeled amounts of vitamin A (C20 H30 O)
as retinol or esters of retinol in the form of retinyl acetate (C22 H32 O2 ) or retinyl palmitate
(C36 H60 O2 ); vitamin D as cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O); vitamin E as
alpha tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ); phytonadione (C31 H46 O2 ); and beta carotene (C40 H56 ); and NLT 90.0%
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and NMT 150.0% of the labeled amounts of ascorbic acid (C6 H8 O6 ) or its salts as calcium
ascorbate (C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 ), biotin (C10 H16 N2 O3 S),
cyanocobalamin (C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O), dexpanthenol (C9 H19 NO4 ) or panthenol (C9 H19 NO4 ), calcium pantothenate
(C18 H32 CaN2 O10 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate.
They do not contain any minerals. They may contain other labeled added substances that are
generally recognized as safe, in amounts that are unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Vitamin A, Method 1
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: Transfer the contents of NLT 20 Capsules to a suitable container, mix,
and weigh. Transfer a portion of the mixture, equivalent to 5 Capsules, to a container with
a polytef-lined screw cap. [Note—For hard gelatin Capsules, remove, as completely as
possible, the contents of NLT 20 Capsules by cutting open the Capsule shells, transferring
the shells and their contents to a suitable container, and triturating to a homogeneous
mass. Transfer a portion of the mass, equivalent to 5 Capsules, to a container with a
polytef-lined screw cap.] Add 10 mL of dimethyl sulfoxide and 15 mL of n-hexane, and
shake for 45 min on a wrist-action shaker in a water bath maintained at 60 . [Note—Set
up the wrist-action shaker to ensure that the contents of the container are mixed
vigorously and thoroughly.] Centrifuge at 3000 rpm for 10 min, and transfer the hexane
layer by means of a pipet to a 100-mL volumetric flask. Add 15 mL of n-hexane to the
dimethyl sulfoxide layer, shake thoroughly for 5 min, and transfer the hexane layer by
means of a pipet to the 100-mL volumetric flask. Repeat this extraction with three
additional 15-mL portions of n-hexane. Dilute the extracts in the volumetric flask with nhexane to volume. Dilute a volume of this solution with n-hexane to obtain a solution with
a concentration of 15 µg/mL of vitamin A as retinol (C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
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System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area for all-trans-retinyl acetate or all-trans-retinyl palmitate in the chromatogram
of the Sample solution. For products containing vitamin A acetate or vitamin A palmitate,
calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution (µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 2
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7: 0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E, when present in the formulation.] Weigh NLT 20 Capsules in a
tared weighing bottle. Using a sharp blade if necessary, carefully open the Capsules,

PF 40(5): Sep.-Oct. 2014

802

without loss of shell material, and transfer the contents to a 100-mL beaker. Remove any
contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule contents, equivalent to 30 µg of the
labeled amount of cholecalciferol or ergocalciferol (vitamin D), to a container with a
polytef-lined screw cap. If vitamin D is not present in the formulation, use a portion
equivalent to 90 mg of the labeled amount of vitamin E. If vitamin E is not present in the
formulation, use a portion equivalent to 2.5 mg of the labeled amount of vitamin A, as
retinol. Add 0.5 g of sodium bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of
2,2,4-trimethylpentane, and disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–
pyrogallol solution, shake slowly, and allow the solution to degas. Continue shaking until
the evolution of gas has ceased, and then shake for an additional 12 min. Add 6 mL of
dimethyl sulfoxide, mix on a vortex mixer to form a suspension, and shake for 12 min. Add
6 mL of 3 N methanolic sulfuric acid solution, mix on a vortex mixer to form a suspension,
and shake for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to
form a suspension, and shake for 10 min. Centrifuge for 10 min to break up the emulsion
and to clarify the supernatant. [Note—The supernatant is used for the determination of
vitamin A, and also vitamin D and vitamin E, if present in the formulation.] If necessary,
quantitatively dilute a volume of the supernatant with 2,2,4-trimethylpentane to obtain a
concentration close to that of the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
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C=
U nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution (µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 3
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water. [Note
—Cautiously add potassium hydroxide to the water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
Standard solution: Dilute a volume of the Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of retinyl acetate from USP Vitamin A RS. Transfer 10.0 mL of
this solution to a stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3
mL of Potassium hydroxide solution. Insert the stopper tightly, shake for 15 min over a
water bath maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and
25.0 mL of Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. Withdraw a portion of the organic layer for injection into the
chromatograph. This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL beaker. Remove any
contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule contents, equivalent to 1.5 mg of
retinyl acetate, to a stoppered 125-mL flask. Add 5 mL of water, 15 mL of Diluent, and 3
mL of Potassium hydroxide solution. Insert the stopper tightly, shake for 15 min over a
water bath maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and
25.0 mL of Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s or
longer, if necessary, for complete extraction. Rinse the sides of the flask with 60 mL of
water, and allow to stand for 10 min until the layers separate. [Note—Do not shake,
because an emulsion may form.] Withdraw a portion of the organic layer, and dilute
quantitatively, and stepwise if necessary, with Extraction solvent to obtain a
concentration of 0.34 µg/mL of retinol.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
Column temperature: 40
Flow rate: 4 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are about 0.92
and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and 13-cis-retinol. Calculate the percentage
of the labeled amount of vitamin A, as retinol (C20 H30 O), in the portion of Capsules taken:
Result = (rT1/rT2) × (CS/CU) × F × 100
rT1
= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
rT2
= sum of the areas of all-trans-retinol and 13-cis-retinol peaks from the Standard
solution
CS= concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 1
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 1.
Transfer NLT 20 mL of this solution to a suitable container, and evaporate, if necessary,
under vacuum at room temperature to obtain a concentration of 2 µg/mL of cholecalciferol
or ergocalciferol.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 2
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75: 1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection volume: 40 µL
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System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 3
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8: 0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.] Dilute a volume of the Standard stock
solution with dehydrated alcohol to obtain a concentration of 5 µg/mL of USP
Cholecalciferol RS or USP Ergocalciferol RS. Prepare this solution fresh daily. Transfer 2.0
mL of this solution to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution, insert the stopper, and shake for 30 min in a water bath
maintained at 60 . Allow to cool to room temperature, and transfer the contents of the
flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert the
stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
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separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until
the layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution
and 15.0 mL of water to the separatory funnel. Add Diluted acetic acid dropwise, with
shaking, until the washing is neutral. Allow to stand for 10 min until the layers separate.
Drain and discard the aqueous layer. Filter the hexane layer through anhydrous sodium
sulfate supported by a small pledget of cotton into a 100-mL round-bottom flask. Rinse
the funnel and sodium sulfate with a few mL of n-hexane, and collect the rinsings in the
same flask. Evaporate the hexane in the flask on a rotary evaporator at 50 to dryness.
Immediately add 2.0 mL of Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase extraction column containing silica packing
with a sorbent mass-to-column volume ratio of 500 mg to 2.8 mL or equivalent, rinse the
round-bottom flask with 1.0 mL of Extraction solvent, and transfer to the column. Elute
the column with 2.0 mL of Extraction solvent, and discard this fraction. Elute the column
with 7.0 mL of Extraction solvent, and collect the eluate in a suitable flask. Place the flask
in a warm water bath maintained at 42 , and evaporate the solvent with the aid of a
stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue, and use the
solution for injection into the chromatograph.
Sample solution: Proceed as directed in Vitamin A, Method 3, through “calculate the net
weight of the Capsule contents.” Transfer a portion of the Capsule contents, equivalent
to 10 µg of cholecalciferol or ergocalciferol, to a stoppered 125-mL flask, and proceed as
directed for the Standard solution, beginning with “Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27
Flow rate: 0.7 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E, Method 1
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 1.
Transfer NLT 20 mL of this solution to a suitable container, and evaporate if necessary,
under vacuum at room temperature to dryness. Transfer the contents of the flask to a
suitable volumetric flask with the aid of methanol, and dilute with methanol to volume to
obtain a concentration of 2 mg/mL of alpha tocopherol, alpha tocopheryl acetate, or alpha
tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are
about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 2
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water, followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
3 N methanolic sulfuric acid solution: Cautiously mix sulfuric acid and methanol (9 in 100)
in a 100-mL volumetric flask. [Note—Dissolve in a portion of methanol, cool, and then
dilute to final volume.]
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask. Add sufficient water to dissolve. Add 1.7 mL of
sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 2,
through “calculate the net weight of the Capsule contents.” Transfer a portion of the
Capsule contents, equivalent to 55 mg of vitamin E, to a container with a polytef-lined
screw cap. Add 0.5 g of sodium bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of
2,2,4-trimethylpentane, and disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–
pyrogallol solution, shake slowly, and allow the solution to degas. Continue shaking until
the evolution of gas has ceased, and then shake for an additional 12 min. Add 6 mL of
dimethyl sulfoxide, mix on a vortex mixer to form a suspension, and shake for 12 min. Add
6 mL of 3 N methanolic sulfuric acid solution, mix on a vortex mixer to form a suspension,
and shake for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to
form a suspension, and shake for 10 min. Centrifuge for 10 min to break up the emulsion
and to clarify the supernatant layer. Transfer a volume of the supernatant 2,2,4trimethylpentane layer to a suitable volumetric flask, the volume of the specimen
withdrawn from the 2,2,4-trimethylpentane layer and the size of the volumetric flask being
such that the final concentration of the Sample solution is equivalent to that of the
Standard solution. Evaporate nearly to dryness, add several mL of methanol, and
evaporate the remaining 2,2,4-trimethylpentane. Dilute with methanol to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol and
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 3
Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Proceed as directed in Vitamin A, Method 3, through “calculate the net
weight of the Capsule contents.” Transfer a portion of the Capsule contents, equivalent
to 8.0 mg of alpha tocopherol, to a glass-stoppered conical flask. Add 25.0 mL of water,
25.0 mL of dehydrated alcohol, and 3.5 g of potassium hydroxide pellets. Shake for 1 h in
a water bath maintained at 55 . Cool, and transfer with the aid of a minimum volume of
water to a 125-mL separatory funnel. Rinse the flask with 50 mL of n-hexane, and add the
rinsing to the separatory funnel. Insert the stopper, shake vigorously for 60 s, and allow
the layers to separate. Drain the aqueous layer into a second 250-mL separatory funnel,
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and repeat the extraction with 50 mL of n-hexane. Discard the aqueous layer, and
combine the hexane extracts. Wash the combined extracts with 25 mL of water, allow the
layers to separate, and discard the aqueous layer. Add 3 drops of glacial acetic acid, and
repeat the washing procedure two more times. Filter the washed hexane layer through
anhydrous sodium sulfate into a 250-mL round-bottom flask. Rinse the funnel and sodium
sulfate with a few mL of n-hexane, and add the rinsing to the hexane solution in the flask.
Place the flask in a water bath maintained at 50 , and evaporate the hexane solution with
the aid of a rotary evaporator to dryness. Immediately add 25.0 mL of Diluent, and swirl to
dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E, as
alpha tocopherol (C29 H50 O2 ), in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
C=
U nominal concentration of vitamin E, as alpha tocopherol, in the Sample solution (mg/mL)
[Note—Calculate the nominal amount of vitamin E as alpha tocopherol (C29 H50 O2 ) by
multiplying the content of alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl acid
succinate (C33 H54 O5 ), in mg/Capsule by the factor 0.91 or 0.81, respectively.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Phytonadione
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
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[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume.]
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
Sample solution: Transfer NLT 20 mL of the solution retained as specified in the directions
for the Sample solution in Vitamin A, Method 1 to a suitable container, and evaporate, if
necessary, under vacuum at room temperature to dryness. Transfer the contents of the
flask to a suitable volumetric flask with the aid of methanol, and dilute with methanol to
volume to obtain a concentration of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acetate and phytonadione are
about 0.68 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of phytonadione
(C31 H46 O2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for phytonadione from the Sample solution
rS= peak area for phytonadione from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of potassium hydroxide in 50 mL of water.
Iodine solution: Transfer 10 mg of iodine to a 100-mL volumetric flask. Dissolve in
cyclohexane, and dilute with cyclohexane to volume. Dilute 10 mL of this solution with
cyclohexane to 100 mL. [Note—Prepare this solution fresh daily.]
Sample solution A (for preparations containing beta carotene in oil solutions): Proceed as
directed in Vitamin A, Method 1, except use cyclohexane instead of n-hexane as the
extraction solvent, and dilute the filtered extracts with cyclohexane, to obtain a
concentration of 2 µg/mL of beta carotene.
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Sample solution B (for preparations containing beta carotene in dry powder): Remove the
contents of NLT 20 Capsules by cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the Capsule contents, equivalent to 2 mg of beta
carotene, to a 500-mL saponification flask. Add 100 mL of alcohol, 6 mL of Potassium
hydroxide solution, and a magnetic stirring bar. Attach an air condenser to the flask, and
heat under reflux for 45 min with constant stirring. Cool to room temperature. Add 170 mL
of solvent hexane, and stir for 30 min. Quantitatively transfer the contents of the flask to
a 500-mL separatory funnel with portions of solvent hexane. Allow the layers to separate
for 5–10 min, and transfer the upper organic layer to a 500-mL volumetric flask. Transfer
the lower aqueous layer into the saponification flask. Add 170 mL of solvent hexane, and
stir for an additional 20 min. Quantitatively transfer the contents of the saponification
flask to the separatory funnel with the aid of portions of solvent hexane. Allow the layers
to separate for 10 min. Drain the lower aqueous layer, and discard. Transfer the organic
layer to the volumetric flask containing the previously collected organic layer. Rinse the
separatory funnel with small portions of solvent hexane, and transfer the washings to the
volumetric flask. Dilute the hexane extracts with solvent hexane to volume. Add 3 g of
anhydrous sodium sulfate, shake, and allow to settle. Quantitatively transfer a volume of
this solution, equivalent to 100 µg of beta carotene, to a 50-mL volumetric flask.
Evaporate under a stream of nitrogen to dryness, and immediately add cyclohexane. Add 2
mL of Iodine solution, and heat for 15 min in a water bath maintained at 65 . Cool rapidly,
and dilute with cyclohexane to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Samples: Sample solution A or Sample solution B
Determine the absorbance against the Blank. Calculate the percentage of the labeled
amount of beta carotene (C40 H56 ) in the portion of Capsules taken:
Result = (AU/F) × (100/CU)
AU= absorbance of Sample solution A or Sample solution B
F= absorptivity of beta carotene at 452 nm, 223
C=
U nominal concentration of beta carotene in Sample solution A or Sample solution B
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
Delete the following:
• Ascorbic Acid
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
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tared weighing bottle, and calculate the average net weight per Capsule. Transfer a
portion of the Capsule contents, equivalent to 100 mg of ascorbic acid, to a 200-mL
volumetric flask, and add 75 mL of metaphosphoric–acetic acids TS. Insert a stopper into
the flask, and shake by mechanical means for 30 min. Dilute with water to volume.
Transfer a portion of the solution to a centrifuge tube, and centrifuge until a clear
supernatant is obtained. Pipet 4.0 mL of this solution into a 50-mL conical flask, and add 5
mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Capsule.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP38)

Delete the following:
• Calcium Ascorbate : Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP38)

Delete the following:
• Sodium Ascorbate : Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP38)

Add the following:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
(See Vitamin C Assay 580 .)
[Note—For labeling purposes, consider Method I—Titrimetric Method as Method 1.]
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ),
calcium ascorbate (C12 H14 CaO12 ·2H2 O), or sodium ascorbate (C6 H7 NaO6 ) 2S (USP38)

Change to read:
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution:
Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules, without the loss of
shell material, and transfer the contents to a 100-mL beaker. Remove any contents
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adhering to the empty shells by washing, if necessary, with several portions of ether.
Discard the washings, and dry the Capsule shells with the aid of a current of dry air until
the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the tared
weighing bottle, and calculate the average net weight per Capsule. 2S (USP38)
Proceed as directed in Ascorbic Acid through “calculate the average net weight per Capsule.”
Transfer a portion of the Capsule contents, equivalent to 1 mg of biotin, to a 200-mL
volumetric flask. Add 3 mL of dimethyl sulfoxide, and swirl to wet the contents. Place the flask
in a water bath at 60 –70 for 5 min. Sonicate for 5 min, dilute with water to volume, and
filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of biotin
(C10 H16 N2 O3 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by dilution of the
Standard stock solution with water on the day of the assay
Sample solution: Proceed as directed in
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Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer a portion of
the Capsule contents, equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of
50% alcohol, and swirl to wet the contents. Heat the flask in a water bath at 60 –70 for 5
min. Sonicate for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of the
filtrate quantitatively, and stepwise if necessary, with water to obtain a solution having a
concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick paste remains. Redissolve the
resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5 ± 0.1,
and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and filter.
Repeat the treatment with activated charcoal. Store under toluene in a cool place at a
temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of l-tryptophan
(or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add dilute
hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute
with water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store in a
refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of thiamine
hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a mixture of
neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of hydrochloric
acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Adenine–guanine–uracil solution

25 mL
25 mL
0.25 mL
10 g
5g
5 mL
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Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of water.
Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g of agar,
and heat the mixture on a steam bath, with stirring, until the agar dissolves. Add 10-mL
portions of the hot solution to test tubes, close or cover the tubes, sterilize in an autoclave at
121 for 15 min, and allow the tubes to cool in an upright position. Prepare stab cultures in
three or more of the tubes, using a pure culture of Lactobacillus plantarum,1 incubating for
16–24 h at a temperature between 30 and 37 held constant to within ±0.5 . Store in a
refrigerator. Prepare a fresh stab of the stock culture every week, and do not use for
Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium stock
solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton, sterilize in
an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the stock
culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells from the
Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of Culture medium.
Incubate this culture for 16–24 h at a temperature between 30 and 37 held constant to
within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of the Basal
medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to three
or more of the levels specified for the Standard solution, including the levels of 2.0, 3.0, and
4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and sufficient water to
make 10 mL. Place one complete set of Standard and sample tubes together in one tube rack
and the duplicate set in a second rack or section of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at 121
for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes containing
no Standard solution (the uninoculated blanks). Incubate the tubes at a temperature between
30 and 37 held constant to within ±0.5 until, following 16–24 h of incubation, there has
been no substantial increase in turbidity in the tubes containing the highest level of Standard
during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to a spectrophotometer cell. Place the cell in a spectrophotometer that has
been set at a specific wavelength of 540–660 nm, and read the transmittance when a steady
state is reached. This steady state is observed a few seconds after agitation when the
galvanometer reading remains constant for 30 s or more. Allow approximately the same time
interval for the reading on each tube.
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With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of the
inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read the
transmittance for each of the remaining tubes. If there is evidence of contamination with a
foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of the
Standard, calculate the response from the sum of the duplicate values of the transmittance
(SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of cross-section
paper against the logarithm of the mL of Standard solution per tube on the abscissa, using for
the ordinate either an arithmetic or a logarithmic scale, whichever gives the better
approximation to a straight line. Draw the straight line or smooth curve that best fits the
plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for each
level of the Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that falls within the range of
lowest and highest points plotted for the Standard. Subtract from each logarithm so obtained
the logarithm of the volume, in mL, of the Sample solution to obtain the difference, X, for each
dosage level. Average the values of X for each of three or more dosage levels to obtain X,
which equals the log-relative potency, M¢, of the Sample solution. Determine the quantity, in
µg, of biotin (C10 H16 N2 O3 S) in the portion of Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin assumed to be present in the portion of Capsules taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of biotin in the portion of Capsules taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared Sample
solutions. If the difference between the two log-potencies M is NMT 0.08, their mean, M, is
the assayed log-potency of the test material (see Design and Analysis of Biological Assays
111 , The Confidence Interval and Limits of Potency). If the two determinations differ by
more than 0.08, conduct one or more additional determinations. From the mean of two or more
values of M that do not differ by more than 0.15, compute the mean potency of the
preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from the Standard stock solution
diluted with water
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
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of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight per Capsule. Transfer a
portion of the Capsule contents, equivalent to 100 µg of cyanocobalamin, to a 250-mL
flask. Quantitatively add 100.0 mL of water, and carefully extract for 2 min. Filter 10 mL of
the extract, and use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cyanocobalamin from the Sample solution
rS= peak area of cyanocobalamin from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer a portion of
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the Capsule contents, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel
containing, for each g of Capsule contents taken, 25 mL of an aqueous extracting solution
prepared just before use to contain 12.9 mg/mL of dibasic sodium phosphate, 11.0 mg/mL of
anhydrous citric acid, and 10 mg/mL of sodium metabisulfite. Autoclave the mixture at 121 for
10 min. Allow any undissolved particles of the extract to settle, and filter or centrifuge, if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution containing
vitamin B12 activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Calcium Pantothenate, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Calcium Pantothenate, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0 mL
of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with water to
200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic potassium
phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid. Store this solution
under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of
biotin, and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40
mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1) to
make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided that,
when constituted as directed in the labeling, it yields a medium comparable to that obtained
from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving Cystine and Tryptophan
in the hydrochloric acid before adding the next eight solutions to the resulting solution. Add
100 mL of water, and dissolve the Dextrose, Sodium acetate, and Ascorbic acid. Filter, if
necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium hydroxide to a pH of 5.5–
6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
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Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of the
pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass, with the
aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary, until a clear,
straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be used
provided that, when constituted as directed in the labeling, it yields a medium equivalent to
that obtained from the formula given herein.] Dissolve 0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic potassium phosphate in 60–70
mL of water. Add 10 mL of Tomato juice preparation and 1 mL of Polysorbate 80 solution.
Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute with water to 100 mL. Place 10-mL
portions of the solution in test tubes, and plug with cotton. Sterilize the tubes and contents in
an autoclave at 121 for 15 min. Cool as rapidly as possible to avoid color formation resulting
from overheating the medium.
Suspension medium: Dilute a measured volume of the Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize, and
cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g of
agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves. Place 10-mL
portions of the hot solution in test tubes, cover the tubes, sterilize at 121 for 15 min in an
autoclave, and allow the tubes to cool in an upright position. Inoculate three or more of the
tubes by stab transfer of a pure culture of Lactobacillus leichmannii.2 [Note—Before first using
a fresh culture in this assay, make NLT 10 successive transfers of the culture in a 2-week
period.] Incubate for 16–24 h at a temperature between 30 and 40 held constant to within
±0.5 . Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for preparing
the Inoculum if more than 4 days old. The activity of the microorganism can be increased by
daily or twice-daily transfer of the stab culture, to the point where definite turbidity in the
liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing culture seldom gives a
suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the stock
culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells from the
Stock culture of Lactobacillus leichmannii to two sterile tubes containing 10 mL each of the
Culture medium. Incubate these cultures for 16–24 h at a temperature between 30 and 40
held constant to within ±0.5 . Under aseptic conditions, centrifuge the cultures, and decant
the supernatant. Suspend the cells from the culture in 5 mL of sterile Suspension medium, and
combine. Using sterile Suspension medium, adjust the volume so that a 1-in-20 dilution in
saline TS produces 70% transmittance when read on a suitable spectrophotometer that has
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been set at a wavelength of 530 nm, equipped with a 10-mm cell, and read against saline TS
set at 100% transmittance. Prepare a 1-in-400 dilution of the adjusted suspension using sterile
Basal medium stock solution. [Note—This dilution may be altered, when necessary, to obtain
the desired test response.] The cell suspension so obtained is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water, and with
the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12 activity
and to traces of many cleansing agents, cleanse meticulously by suitable means, followed
preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150-mm test tubes and other
necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard
solution. To each of these tubes and to four similar empty tubes add 5.0 mL of the Basal
medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample
solution. To each tube add 5.0 mL of the Basal medium stock solution and sufficient water to
make 10 mL. Place one complete set of Standard and sample tubes together in one tube rack
and the duplicate set in a second rack or section of a rack, preferably in random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121 for 5
min, arranging to reach this temperature in NMT 10 min by preheating the autoclave if
necessary. Cool as rapidly as possible to avoid color formation resulting from overheating the
medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or overloading it
may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room temperature.
After agitating contents, read the transmittance at 530 nm when a steady state is reached.
This steady state is observed a few seconds after agitation when the reading remains
constant for 30 s or more. Allow approximately the same time interval for the reading on each
tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of the
inoculated blank. If the difference is greater than 5%, or if there is evidence of contamination
with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the standard
curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following procedure. Test
for and replace any aberrant individual transmittances. For each level of the Standard,
calculate the response from the sum of the duplicate values of the transmittances (SS) as the
difference, y = 2.00

SS. Plot this response on the ordinate of cross-section paper against
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the logarithm of the mL of Standard solution per tube on the abscissa, using for the ordinate
either an arithmetic or a logarithmic scale, whichever gives the better approximation to a
straight line. Draw the straight line or smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for each
level of the Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that falls within the range of the
lowest and highest points plotted for the Standard. Subtract from each logarithm so obtained
the logarithm of the volume, in mL, of the Sample solution to obtain the difference, X, for each
dosage level. Average the values of X for each of three or more dosage levels to obtain X,
which equals the log-relative potency, M¢, of the Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in the portion of Capsules taken
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the
portion of Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of Capsules taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared Sample
solutions. If the difference between the two log-potencies M is NMT 0.08, their mean, M, is
the assayed log-potency of the test material (see Vitamin B12 Activity in Design and Analysis
of Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations. From
the mean of two or more values of M that do not differ by more than 0.15, compute the mean
potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (between 1% and 3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
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the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer an amount of
Capsule contents to a suitable centrifuge tube, and add a volume of the Internal standard
solution to obtain a nominal concentration of 0.016 mg/mL of folic acid. Shake by mechanical
means for 10 min, and centrifuge. Filter a portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and 1.0,
respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of folic acid to methylparaben from the Sample solution
R=
S peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
Change to read:
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
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Standard solution: Mix 5.0 mL of the Standard stock solution with 10.0 mL of a mixture of
methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of methanol and ethylene
glycol (1:1). Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer a portion of
the Capsule contents, equivalent to 0.3 mg of folic acid, to a 125-mL stoppered flask. Add 10.0
mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of methanol
and ethylene glycol (1:1). Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of folic
acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Dexpanthenol or Panthenol
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS, or 1600 µg/mL of USP
Racemic Panthenol RS in water. Store in a refrigerator, protected from light, and use
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within 30 days.
Standard solution: On the day of the assay, prepare a dilution of 1.2 µg/mL of
dexpanthenol or 2.4 µg/mL of panthenol from the Standard stock solution diluted with
water.
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents as completely as possible to a
beaker. Remove any contents adhering to the empty Capsule shells by washing with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight per
Capsule. Dissolve a portion of the Capsule contents, nominally equivalent to 1.2 mg of
dexpanthenol or 2.4 mg of panthenol, in 100.0 mL of water. Quantitatively dilute a portion
of this solution with water to obtain a concentration of 1.2 µg/mL of dexpanthenol or 2.4
µg/mL of panthenol.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in about 500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of activated
charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature NLT 10 . Filter the solution if a precipitate
forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add
hydrochloric acid solution (1 in 2) dropwise, with stirring, until the solids are dissolved.
Cool, and dilute with water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in neutral
25% alcohol. Store in a refrigerator.
Salt solution A: 50 mg/mL of monobasic potassium phosphate and 50 mg/mL of dibasic
potassium phosphate in water. Add 10 drops of hydrochloric acid per L of solution. Store
under toluene.
Salt solution B: 20 mg/mL of magnesium sulfate, 1 mg/mL of sodium chloride, 1 mg/mL of
ferrous sulfate, and 1 mg/mL of manganese sulfate in water. Add 10 drops of hydrochloric
acid per L of the solution. Store under toluene.
Pyridoxal–calcium pantothenate solution: 200 µg/mL of pyridoxal hydrochloride and
1.875 µg/mL of calcium pantothenate in 10% alcohol. Store in a refrigerator, and use
within 30 days.
Polysorbate 40–oleic acid solution: 50 mg/mL of polysorbate 40 and 0.5 mg/mL of oleic
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acid in 20% alcohol. Store in a refrigerator, and use within 30 days.
Modified pantothenate medium: Dissolve anhydrous Dextrose and Sodium acetate in the
solutions previously mixed according to Table 3, and adjust with 1 N sodium hydroxide to a
pH of 6.8. Finally, dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed in Modified
pantothenate medium, but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
Stock culture of Pediococcus acidilactici: Dissolve in 800 mL of water, with the aid of
heat, 6.0 g of peptone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g
of beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with 0.1 N sodium hydroxide
or 0.1 N hydrochloric acid to a pH of 6.5–6.6, and dilute with water to 1000 mL. Add 10mL portions of the solution to culture tubes, place caps on the tubes, and sterilize in an
autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator. Prepare a stock
culture of Pediococcus acidilactici3 on a slant of this medium. Incubate at 35 for 20–24 h,
and store in a refrigerator. Maintain the stock culture by monthly transfer onto fresh
slants.
Inoculum: Inoculate three 250-mL portions of sterile Modified pantothenate medium from
a stock culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with sterile Modified pantothenate medium.
Resuspend the cells in sufficient Modified pantothenate medium so that a 1-in-50 dilution,
when tested in a 13-mm diameter test tube, gives 80% light transmission at 530 nm.
Transfer 1.2-mL portions of this stock suspension to sterile glass ampuls, seal, freeze in
liquid nitrogen, and store in a freezer. On the day of the assay, allow the ampuls to reach
room temperature, mix the contents, and dilute 1 mL of thawed culture with sterile saline
TS to 150 mL. [Note—This dilution may be altered when necessary to obtain the desired
test response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes and in the same order add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes and
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in the same order add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of Double-strength modified pantothenate medium to each tube. Cover the
tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to room
temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the Inoculum.
Allow to incubate at 37 for 16 h. Terminate growth by heating to a temperature NLT 80 ,
such as by steaming at atmospheric pressure in a sterilizer for 5–10 min. Cool, and
determine the percentage transmittance of the suspensions, in cells of equal pathlength,
on a suitable spectrophotometer, at a wavelength of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percentage of transmittance, for each set of tubes of the standard
curve against the standard level concentrations. The curve is drawn by connecting each
adjacent pair of points with a straight line. From this standard curve, determine by
interpolation the potency of each tube containing portions of the Sample solution. To
obtain the individual responses divide the potency of each tube by the amount of the
Sample solution added to it. Calculate the mean response by averaging the individual
responses that vary from their mean by NMT 15%, using NLT half the total number of
tubes. Calculate the potency of the portion of the material taken for the assay, by
multiplying the mean response by the appropriate dilution factor.
Calculate the percentage of the labeled amount of dexpanthenol or panthenol (C9 H19 NO4 )
in the portion of Capsules taken:
Result = (P/N) × 100
P= potency of dexpanthenol or panthenol in the portion taken (mg)
N= nominal amount of dexpanthenol or panthenol in the portion taken (mg)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
Change to read:
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in the Internal standard
solution
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” To a centrifuge tube
transfer an amount of mixed Capsule contents and a volume of Internal standard solution to
obtain a concentration of 0.6 mg/mL in the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
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Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid are
about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate and the internal standard. Calculate the
percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of
Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample solution
R=
S peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Standard
solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume, to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in the Analysis,
2.0 and 4.0 mL of the Standard solution being used, are within the linear portion of the
log-concentration response curve.
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer a portion of
the Capsule contents, equivalent to 50 mg of calcium pantothenate, to a 1000-mL volumetric
flask containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate
solution (16.66 mg/mL), dilute with water to volume, and filter. Dilute a volume of this solution
to obtain a solution with approximately the same concentration as that of the Standard
solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
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hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick paste remains. Redissolve the
resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5 ± 0.1,
and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and filter.
Repeat the treatment with activated charcoal. Store under toluene in a cool place at a
temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of l-tryptophan
(or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add dilute
hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute
with water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under toluene,
protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a mixture of
neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of hydrochloric
acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 4, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 4
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of water.
Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g of agar,
and heat the mixture on a steam bath, with stirring, until the agar dissolves. Add 10-mL
portions of the hot solution to the test tubes, close or cover the tubes, sterilize in an
autoclave at 121 for 15 min, and allow the tubes to cool in an upright position. Prepare stab
cultures in three or more of the tubes, using a pure culture of Lactobacillus plantarum1
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incubating for 16–24 h at a temperature between 30 and 37 held constant to within ±0.5 .
Store in a refrigerator. Prepare a fresh stab of the stock culture every week, and do not use
for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium stock
solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate . Plug the tubes with
cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the stock
culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells from the
Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of Culture medium.
Incubate this culture for 16–24 h at a temperature between 30 and 37 held constant to
within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution corresponding
to three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in one
tube rack and the duplicate set in a second rack or section of a rack, preferably in random
order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at 121
for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24 h of
incubation, there has been no substantial increase in turbidity in the tubes containing the
highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to an optical container if necessary. Read the transmittance between 540
and 660 nm when a steady state is reached. This steady state is observed a few seconds
after agitation when the galvanometer reading remains constant for 30 s or more. Allow
approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of the
inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read the
transmittance for each of the remaining tubes. If there is evidence of contamination with a
foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of the
Standard, calculate the response from the sum of the duplicate values of the transmittance
(SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of cross-section
paper against the logarithm of the mL of Standard solution per tube on the abscissa, using for
the ordinate either an arithmetic or a logarithmic scale, whichever gives the better
approximation to a straight line. Draw the straight line or smooth curve that best fits the
plotted points.
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Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for each
level of the Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that falls within the range of the
lowest and highest points plotted for the Standard. Subtract from each logarithm so obtained
the logarithm of the volume, in mL, of the Sample solution to obtain the difference, X, for each
dosage level. Average the values of X for each of three or more dosage levels to obtain X,
which equals the log-relative potency, M¢, of the Sample solution. Determine the quantity, in
mg, of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of Capsules
taken
Calculate the percentage of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Capsules
taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Capsules taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared Sample
solutions. If the difference between the two log-potencies M is NMT 0.08, their mean, M, is
the assayed log-potency of the test material (see Design and Analysis of Biological Assays
111 , The Confidence Interval and Limits of Potency). If the two determinations differ by
more than 0.08, conduct one or more additional determinations. From the mean of two or more
values of M that do not differ by more than 0.15, compute the mean potency of the
preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from the Standard stock
solution diluted with water
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the net weight of the Capsule contents.” Transfer a portion of
the Capsule contents, equivalent to a nominal amount of 10 mg of calcium pantothenate, to a
250-mL volumetric flask. Add 10 mL of methanol, and swirl the flask to disperse the Capsules
contents. Dilute with water to volume, mix, and filter.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the labeled
amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of calcium pantothenate from the Sample solution
rS= peak area of calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer a portion of
the Capsule contents, equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine
hydrochloride, riboflavin, and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL
of Diluent, and mix using a vortex mixer for 30 s to completely suspend the powder. Immerse
the centrifuge tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix on a
vortex mixer for 30 s. Return the tube to the hot water bath, heat for another 5 min, and mix
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on a vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature, and use
the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine. Calculate
the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
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For products containing thiamine mononitrate, calculate the percentage of the labeled amount
of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine as
thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
flask, and dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Weigh NLT 20
Capsules in a tared weighing bottle. Open the Capsules, without loss of shell material, and
transfer the contents to a beaker. Remove any contents adhering to the shells by
washing with several portions of ether. Discard the washings, and dry the Capsule shells
with the aid of a current of dry air. Weigh the empty Capsule shells in the tared weighing
bottle, and calculate the net weight of the Capsule contents. Transfer a portion of the
Capsule contents, equivalent to 2 mg of riboflavin, to a 200-mL volumetric flask. If
riboflavin is not present in the formulation, use a portion equivalent to 2 mg of pyridoxine.
If pyridoxine is not present in the formulation, use a portion equivalent to 20 mg of niacin
or niacinamide. Add 100.0 mL of Extraction solvent, and mix for 20 min, using a wristaction shaker. Immerse the flask in a water bath maintained at 70 –75 , and heat for 20
min. Mix on a vortex mixer for 30 s, cool to room temperature, and filter. Use the clear
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
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System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, Standard stock solution, Standard solution,
Sample solution, and Chromatographic system: Using USP Niacinamide RS in place of
USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacinamide. Calculate the percentage of the labeled amount of
niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: Transfer 20 µg/mL of USP Pyridoxine Hydrochloride RS from the
Standard stock solution, and dilute with Extraction solvent to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine from the Sample solution
rS= peak area of pyridoxine from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 g/L of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of the Standard stock solution with Extraction solvent to
25.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of riboflavin from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
Change to read:
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 g/L of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from the Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the net weight of the Capsule contents.” Mix a portion of the
Capsule contents with a volume of 0.2 N hydrochloric acid to obtain a concentration of 0.02
mg/mL of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30 min.
Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Capsules taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled amount
of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of the Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer a portion of
the Capsule contents, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine
hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a stoppered 125mL flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1), and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a water
bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin or niacinamide. Calculate the percentage of the labeled
amount of niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl) (for
products containing thiamine hydrochloride) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled amount
of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine as
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thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling:4 The label states that the product is Oil- and Water-Soluble Vitamins Capsules.
The label also states the quantity of each vitamin per dosage unit and, where necessary,
the chemical form in which it is present. Where the product contains vitamin E, the label
indicates whether it is the d- or dl- form. Where more than one assay method is given for
a particular vitamin, the labeling states with which assay method the product complies only
if Method 1 is not used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Biotin RS
1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro-2-oxo-, 3aS-(3a ,4 ,6a );
(3aS,4S,6aR)-Hexahydro-2-oxo-1H-thieno[3,4-d]imidazole-4-valeric acid.
C10 H16 N2 O3 S
244.31
USP Calcium Pantothenate RS
-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-;
Calcium d-pantothenate (1:2).
C18 H32 CaN2 O10
476.53
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3 ,5Z,7E)-;
Cholecalciferol.
C27 H44 O
384.64
USP Cyanocobalamin RS
Vitamin B12 .
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C63 H88 CoN14 O14 P
1355.37
USP Dexpanthenol RS
Butanamide, 2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethyl-, (R)-;
d-(+)-2,4-Dihydroxy-N-(3-hydroxypropyl)-3,3-dimethylbutyramide.
C9 H19 NO4
205.25
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3 ,5Z,7E,22E)-;
Ergocalciferol.
C28 H44 O
396.65
USP Folic Acid RS
l-Glutamic acid, N-[4-[[(2-amino-1,4-dihydro-4-oxo-6pteridinyl)methyl]amino]benzoyl]-;
Folic acid;
N-[p-[[(2-Amino-4-hydroxy-6-pteridinyl)methyl]amino]-benzoyl]-l-glutamic acid.
C19 H19 N7 O6
441.40
USP Niacin RS
3-Pyridinecarboxylic acid;
Nicotinic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
3-Pyridinecarboxamide;
Nicotinamide.
C6 H6 N2 O
122.12
USP Phytonadione RS
1,4-Naphthalenedione, 2-methyl-3-(3,7,11,15-tetramethyl-2-hexadecenyl)-, [R[R*,R*-(E)]]-;
Phylloquinone.
C31 H46 O2
450.70
USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride;
Pyridoxol hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Racemic Panthenol RS
USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl)-4-methyl-,
chloride, monohydrochloride;
Thiamine monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
USP Vitamin A RS
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbruekii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
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3 ATC C No. 8042 is suitable.
4 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units (IU), where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of cholecalciferol or
ergocalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
= 1.36 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin
E Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of dalpha tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl
acetate = 0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil- and Water-Soluble Vitamins Oral Solution, USP 37 page 5644. As part of the USP
monograph modernization efforts and based on the comments received, the following
changes are proposed:
1.
In the Strength for Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate,
a.
Add the cross-references to the new general chapter Vitamin C Assay

580 .

The new chapter 580 is proposed to serve as the focal point for all crossreferences related to vitamin C analysis in the USP official monographs for
multivitamin combinations with “Water-Soluble Vitamins” in the title. The
currently available titrimetric procedure is proposed to be migrated to this
general chapter. In addition, the new HPLC procedures for analysis of vitamin
C are provided. Chapter 580 is proposed elsewhere in this issue of PF.
b.
Remove the titrimetric procedure which is no longer necessary due to the
reference to chapter 580 to which this procedure had been migrated.
2.
In the test for Absence of Specified Microorganisms, eliminate the requirements for
absence of Staphylococcus aureus since this testing is typically performed for topical
and not for oral dosage forms.
(DS: N. Davydova.)
Correspondence Number—C147618

Comment deadline: November 30, 2014
Oil- and Water-Soluble Vitamins Oral Solution
DEFINITION
Oil- and Water-Soluble Vitamins Oral Solution contains one or more of the following oil-soluble
vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vitamin D2 ) or Cholecalciferol (Vitamin D3 ), and
Vitamin E; one or more of the following water-soluble vitamins: Ascorbic Acid or its equivalent
as Calcium Ascorbate or Sodium Ascorbate, Cyanocobalamin, Niacin or Niacinamide,
Dexpanthenol or Panthenol, Pantothenic Acid (as Calcium Pantothenate or Racemic Calcium
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Pantothenate), Pyridoxine Hydrochloride, Riboflavin or Riboflavin-5¢-Phosphate Sodium, and
Thiamine Hydrochloride or Thiamine Mononitrate. It contains NLT 90.0% and NMT 250.0% of the
labeled amounts of vitamin A (C20 H30 O) as retinol or esters of retinol in the form of retinyl
acetate (C22 H32 O2 ) or retinyl palmitate (C36 H60 O2 ), vitamin D as ergocalciferol (C28 H44 O) or
cholecalciferol (C27 H44 O), vitamin E as alpha tocopherol (C29 H50 O2 ) or alpha tocopheryl
acetate (C31 H52 O3 ) or alpha tocopheryl acid succinate (C33 H54 O5 ), ascorbic acid (C6 H8 O6 ) or
its salts as calcium ascorbate (C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 ), and
thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate; NLT 90.0% and
NMT 150.0% of the labeled amounts of calcium pantothenate (C18 H32 CaN2 O10 ), dexpanthenol
(C9 H19 NO4 ) or panthenol (C9 H19 NO4 ), niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), pyridoxine
hydrochloride (C8 H11 NO3 ·HCl), and riboflavin (C17 H20 N4 O6 ) or riboflavin-5¢-phosphate sodium
(C17 H20 N4 NaO9 P); and NLT 90.0% and NMT 450.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P).
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Vitamin A
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Tetrahydrofuran and acetonitrile (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.33 mg/mL of retinol (C20 H30 O) from USP Vitamin A RS in Diluent.
[Note—USP Vitamin A RS is retinyl acetate. Use it to analyze Oral Solution that contains
vitamin A as retinol, retinyl acetate, or retinyl palmitate.]
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
3.3 mg of retinol, to a 500-mL separatory funnel containing 10 mL of water and 20 mL of
dehydrated alcohol. Add 150 mL of solvent hexane, insert the stopper, and shake for 1
min. Add another 150 mL of solvent hexane, insert the stopper, shake, and allow the
layers to separate. Discard the aqueous layer, and filter the solvent hexane extract
through anhydrous sodium sulfate into a 500-mL round-bottom flask. Evaporate the
solution to dryness with the aid of a rotary evaporator over a water bath maintained at
about 65 . Immediately add 10.0 mL of Diluent, swirl to dissolve the residue, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 50-cm (prepared from two concatenated 4.6-mm × 25-cm columns);
packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of vitamin A as retinol (C20 H30 O) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of retinol or retinyl ester from the Sample solution
rS= peak area of retinyl acetate from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) in the Standard solution (µg/mL)
C=
U nominal concentration of vitamin A as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
Acceptance criteria: 90.0%–250.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D)
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluent and Mobile phase: Prepare as directed in Vitamin A.
Standard solution: 5 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in Diluent
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
50 µg of cholecalciferol or ergocalciferol, to a 500-mL separatory funnel containing 10 mL
of water and 20 mL of dehydrated alcohol. Add 150 mL of solvent hexane, insert the
stopper, and shake for 1 min. Add another 150 mL of solvent hexane, insert the stopper,
shake, and allow the layers to separate. Discard the aqueous layer. Drain the solvent
hexane extract through anhydrous sodium sulfate into a 500-mL round-bottom flask.
Evaporate the solution to dryness with the aid of a rotary evaporator over a water bath
maintained at about 65 . Immediately add 10.0 mL of Diluent, swirl to dissolve the residue,
and filter.
Chromatographic system: Prepare as directed in Vitamin A.
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak areas of cholecalciferol or ergocalciferol from the Sample solution
rS= peak areas of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
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C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
formulation, 1.09
Acceptance criteria: 90.0%–250.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile and ethyl acetate (1:1)
Potassium hydroxide solution: Transfer 90 g of potassium hydroxide pellets to a 100-mL
volumetric flask containing 60 mL of water. Mix to dissolve, cool, and dilute with water to
volume.
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in Diluent
Sample solution: Transfer an amount of Oral Solution, equivalent to 1.5 mg of alpha
tocopherol, to a 125-mL conical flask fitted with a ground-glass joint, and add 25.0 mL of
dehydrated alcohol. Attach a reflux condenser, and reflux in a boiling water bath for 1 min.
Cautiously add 3 mL of the Potassium hydroxide solution through the condenser, and
continue to reflux for 30 min. Remove the flask from the bath, and rinse the condenser
with about 15 mL of water. Cool, and transfer with a minimum volume of water to a 250mL separatory funnel. Rinse the flask with 50 mL of n-hexane, and add the rinsings to the
separatory funnel. Insert the stopper, shake vigorously for 1 min, and allow the layers to
separate. Drain the aqueous layer into a second 250-mL separatory funnel, and repeat the
extraction with 50 mL of n-hexane. Discard the aqueous layer, and combine the hexane
extracts. Wash the combined extracts with 25 mL of water, allow the layers to separate,
and discard the aqueous layer. Add 3 drops of glacial acetic acid, and repeat the washing
procedure two more times. Filter the washed hexane layer through anhydrous sodium
sulfate into a 250-mL round-bottom flask. Rinse the funnel and sodium sulfate with nhexane, and add the rinsing to the hexane solution in the flask. Evaporate the hexane
solution to dryness with the aid of a rotary evaporator over a water bath maintained at
about 50 . Immediately add 5.0 mL of Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E as
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alpha tocopherol (C29 H50 O2 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
C=
U nominal concentration of vitamin E, as alpha tocopherol, in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–250.0% of the labeled amount of vitamin E
Delete the following:
• Ascorbic Acid
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
80 mg of ascorbic acid, to a conical flask. Add 50 mL of water, 100 mL of 0.1 N sulfuric
acid VS, and 15.0 mL of 0.1 N iodine VS. Stir the contents for 30 s, and add 5 mL of
starch TS.
Analysis: Immediately titrate with 0.1 N sodium thiosulfate VS to the disappearance of the
color. Each mL of 0.1 N iodine is equivalent to 8.806 mg of ascorbic acid (C6 H8 O6 ).
Acceptance criteria: 90.0%–250.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP38)

Delete the following:
• Calcium Ascorbate: Proceed as directed in Ascorbic Acid. Each mL of 0.1 N iodine is
equivalent to 10.66 mg of calcium ascorbate (C12 H14 CaO12 ·2H2 O).
Acceptance criteria: 90.0%–250.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP38)

Delete the following:
• Sodium Ascorbate: Proceed as directed in Ascorbic Acid. Each mL of 0.1 N iodine is
equivalent to 9.905 mg of sodium ascorbate (C6 H7 NaO6 ).
Acceptance criteria: 90.0%–250.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP38)

Add the following:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
(See Vitamin C Assay 580 .)
[Note—For labeling purposes, consider Method I—Titrimetric Method as Method 1.]
Acceptance criteria: 90.0%–250.0% of the labeled amount of ascorbic acid (C6 H8 O6 ),
calcium ascorbate (C12 H14 CaO12 ·2H2 O), or sodium ascorbate (C6 H7 NaO6 ) 2S (USP38)
• Cyanocobalamin
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of cyanocobalamin from USP Cyanocobalamin RS in
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25% alcohol. Store in a refrigerator.
Standard solution: Dilute a suitable volume of Standard stock solution with water to a
measured volume such that after the incubation period as described in Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Transfer an accurately measured volume of Oral Solution, assumed to
contain 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for each mL of the
Oral Solution taken, 25 mL of an aqueous extracting solution prepared just before use to
contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of anhydrous citric
acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121 for 10 min. Allow
any undissolved particles of the extract to settle, and filter or centrifuge if necessary.
Dilute an aliquot of the clear solution with water to obtain a final solution containing
vitamin B12 activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol. Store in a refrigerator.
Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of biotin,
and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene protected
from light in a refrigerator.
Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40 mg
of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1)
to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
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obtained from the formula given herein.
Add the ingredients in the order listed in Table 1, carefully dissolving Cystine and
Tryptophan in the hydrochloric acid before adding the next eight solutions in the resulting
solution. In the resulting solution, add 100 mL of water, and dissolve Dextrose, Sodium
acetate, and Ascorbic acid. Filter if necessary. Add the Polysorbate 80 solution, adjust
with 1 N sodium hydroxide to a pH of 5.5–6.0, and dilute with Purified Water to 250 mL.
Table 1
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and filter
with the aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous Dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of the Basal medium stock solution with
an equal volume of water. Place 10-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed in Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of the Culture medium add 1.0–
1.5 g of agar, and heat the mixture on a steam bath, with stirring, until the agar
dissolves. Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize
at 121 for 15 min in an autoclave, and allow the tubes to cool in an upright position.
Inoculate three or more of the tubes by stab transfer of a pure culture of Lactobacillus
leichmannii.1 [Note—Before first using a fresh culture in this assay, make NLT 10
successive transfers of the culture in a 2-week period.]
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Incubate for 16–24 h at a temperature between 30 and 40 held constant to within ±0.5
. Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus leichmannii to two sterile tubes each containing 10
mL of the Culture medium. Incubate these cultures for 16–24 h at a temperature between
30 and 40 held constant to within ± 0.5 . Under aseptic conditions centrifuge the
cultures, and decant the supernatant. Suspend the cells from the culture in 5 mL of sterile
Suspension medium, and combine. Using sterile Suspension medium, adjust the volume so
that a 1-in-20 dilution in saline TS produces 70% transmittance when read on a suitable
spectrophotometer that has been set at a wavelength of 530 nm, equipped with a 10-mm
cell, and read against saline TS set at 100% transmittance. Prepare a 1-in-400 dilution of
the adjusted suspension using sterile Basal medium stock solution. [Note—This dilution
may be altered, when necessary, to obtain the desired test response.] The cell
suspension so obtained is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically using a standard wavelength cell or other suitable device. Before reading any
tests calibrate the spectrophotometer for 0% and 100% transmittance using water and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minimum amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable
means, followed preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150mm test tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min arranging to reach this temperature in NMT 10 min by preheating the
autoclave if necessary. Cool as rapidly as possible to avoid color formation resulting from
overheating the medium. Take precautions to maintain uniformity of sterilizing and
cooling conditions throughout the assay, because packing the tubes too closely in the
autoclave or overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of the Inoculum to each tube so prepared, except two of the
four containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
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temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating the contents, read the transmittance at 530 nm when a
steady state is reached. This steady state is observed a few seconds after agitation
when the reading remains constant for 30 s or more. Allow approximately the same time
interval for the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance
of the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance
of each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Oral Solution taken:
antilog M = antilog (M¢ + log R)
R= µg of cyanocobalamin assumed to be present in the portion of Oral Solution taken
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P)
in the portion of Oral Solution taken:
Result = [(antilog M)/N] x 100
N= nominal amount of cyanocobalamin in the portion of Oral Solution taken
Replication: Repeat the entire determination at least once using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08 their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency, Vitamin B12
Activity). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ
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by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–450.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Calcium Pantothenate, Method 1
Mobile phase: 0.2 M monobasic sodium phosphate and methanol (97:3). Adjust with 1.7 M
phosphoric acid to a pH of 3.2 ± 0.1.
Standard solution: 80 µg/mL of USP Calcium Pantothenate RS in Mobile phase
System suitability solution: 80 µg/mL of USP Racemic Panthenol RS in Mobile phase. Mix
the resulting solution and the Standard solution (1:1).
Sample solution: Equivalent to 80 µg/mL of calcium pantothenate from Oral Solution in
Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm × 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between panthenol and calcium pantothenate, System suitability
solution
Tailing factor: NMT 2.0 for both the calcium pantothenate and the panthenol peaks,
Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the
labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of calcium pantothenate from the Sample solution
rS= peak area of calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
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Standard solution: On the day of the assay, dilute a volume of the Standard stock
solution with water to obtain a concentration of 0.01–0.04 µg/mL of calcium
pantothenate, the exact concentration being such that the responses obtained as
directed in Analysis, 2.0 and 4.0 mL of the Standard solution being used, are within the
linear portion of the log-concentration response curve.
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
50 mg of calcium pantothenate, to a 1000-mL volumetric flask containing 500 mL of
water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60),
dilute with water to volume, and filter. Dilute a measured volume of this solution
quantitatively, and stepwise if necessary, with water to obtain a solution with about the
same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 2, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 2
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution

25 mL
25 mL
0.25 mL
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Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes, using a pure culture of
Lactobacillus plantarum,2 incubating for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for the Inoculum if the culture is more than 1 week
old.
Culture medium: To each of a series of test tubes containing 5.0 mL of the Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
the Culture medium. Incubate this culture for 16–24 h at a temperature between 30 and
37 held constant to within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution,
including the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal
medium stock solution and sufficient water to make 10 mL. Place one complete set of
Standard and sample tubes together in one tube rack and the duplicate set in a second
rack or section of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of the Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at
a temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24
h of incubation, there has been no substantial increase in turbidity in the tubes
containing the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance
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between 540 and 660 nm when a steady state is reached. This steady state is observed
a few seconds after agitation when the galvanometer reading remains constant for 30 s
or more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in mg, of USP Calcium Pantothenate RS corresponding to
calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of Oral
Solution taken
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Oral Solution (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Dexpanthenol or Panthenol, Method 1
Mobile phase and Chromatographic system: Proceed as directed in the assay for
Calcium Pantothenate, Method 1.
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Standard solution: 80 µg/mL of USP Dexpanthenol RS or USP Racemic Panthenol RS in the
Mobile phase. [Note—Use USP Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol and USP Racemic Panthenol RS to analyze Oral Solution that contains
panthenol.]
System suitability solution: 80 µg/mL of USP Calcium Pantothenate RS in Mobile phase.
Mix the resulting solution and Standard solution (1:1).
Sample solution: Equivalent to 80 µg/mL of dexpanthenol or panthenol from the Oral
Solution in the Mobile phase
Analysis
Samples: Standard solution and Sample solution
Measure the areas for panthenol. Calculate the percentage of the labeled amount of
dexpanthenol or panthenol (C9 H19 NO4 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of dexpanthenol or panthenol from the Sample solution
rS= peak area of dexpanthenol or panthenol from the Standard solution
C=
S concentration of USP Dexpanthenol RS or USP Racemic Panthenol RS in the Standard
solution (mg/mL)
C=
U nominal concentration of dexpanthenol or panthenol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
• Dexpanthenol or Panthenol, Method 2
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS or 1600 µg/mL of USP
Racemic Panthenol RS in water. Store in a refrigerator, protected from light, and use
within 30 days. [Note—Use USP Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol and USP Racemic Panthenol RS to analyze Oral Solution that contains
panthenol.]
Standard solution: On the day of the assay, prepare 1.2 µg/mL of dexpanthenol or 2.4
µg/mL of racemic panthenol from the Standard stock solution with water.
Sample solution: 1.2 µg/mL of dexpanthenol or 2.4 µg/mL of panthenol from Oral Solution
in water
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in about 500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of activated
charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature NLT 10 . Filter the solution if a precipitate
forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of l-
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tryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add
6 M hydrochloric acid solution dropwise, with stirring, until the solids are dissolved. Cool,
dilute with water to 1000 mL, and mix. Store under toluene in a cool place at a
temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
dilute with water to 200 mL, and mix. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: Prepare a solution of riboflavin,
thiamine hydrochloride, and biotin in 0.02 N acetic acid containing 20 µg/mL of riboflavin,
10 µg/mL of thiamine hydrochloride, and 0.04 µg/mL of biotin. Store under toluene,
protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: Prepare a solution in
neutral 25% alcohol containing 10 µg/mL of p-aminobenzoic acid, 50 µg/mL of niacin, and
40 µg/mL of pyridoxine hydrochloride. Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid, and mix.
Store under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Pyridoxal–calcium pantothenate solution: Dissolve 40 mg of pyridoxal hydrochloride and
375 µg of calcium pantothenate in 10% alcohol to make 200 mL, and mix. Store in a
refrigerator, and use within 30 days.
Polysorbate 40–oleic acid solution: Dissolve 25 g of polysorbate 40 and 0.25 g of oleic
acid in 20% alcohol to make 500 mL, and mix. Store in a refrigerator, and use within 30
days.
Modified pantothenate medium: Dissolve anhydrous Dextrose and Sodium acetate in the
solutions previously mixed according to Table 3, adjust with 1 N sodium hydroxide to a pH
of 6.8, dilute with water to 250 mL, and mix.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed in Modified
pantothenate medium, but make the final dilution to 125 mL instead of 250 mL. Prepare
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fresh.
Stock culture of Pediococcus acidilactici: Dissolve in 800 mL of water, with the aid of
heat, 6.0 g of peptone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g
of beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with 0.1 N sodium hydroxide
or 0.1 N hydrochloric acid to a pH between 6.5 and 6.6, dilute with water to 1000 mL, and
mix. Add 10-mL portions of the solution to culture tubes, place caps on the tubes, and
sterilize in an autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator.
Prepare a stock culture of Pediococcus acidilactici3 on a slant of this medium. Incubate at
35 for 20–24 h, and store in a refrigerator. Maintain the stock culture by monthly transfer
onto fresh slants.
Inoculum: Inoculate three 250-mL portions of sterile Modified pantothenate medium from
a stock culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with sterile Modified pantothenate medium.
Resuspend the cells in sufficient Modified pantothenate medium so that a 1-in-50 dilution,
when tested in a 13-mm diameter test tube, gives 80% light transmission at 530 nm.
Transfer 1.2-mL portions of this stock suspension to glass ampuls, seal, freeze in liquid
nitrogen, and store in a freezer. On the day of the assay, allow the ampuls to reach room
temperature, mix the contents, and dilute 1 mL of thawed culture with sterile saline TS to
150 mL. [Note—This dilution may be altered when necessary to obtain the desired test
response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes, and in the same order, add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes, and
in the same order, add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of Double-strength modified pantothenate medium to each tube, and mix.
Cover the tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to
room temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the
Inoculum. Allow to incubate at 37 for 16 h. Terminate growth by heating to a
temperature NLT 80 , such as by steaming at atmospheric pressure in a sterilizer for 5–10
min. Cool, and concomitantly determine the percentage transmittance of the suspensions,
in cells of equal pathlength, on a suitable spectrophotometer at a wavelength of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percent transmittance, for each set of tubes of the standard curve
against the standard level concentrations. The curve is drawn by connecting each
adjacent pair of points with a straight line. From this standard curve, determine by
interpolation the potency, in terms of dexpanthenol, of each tube containing portions of
the Sample solution. Divide the potency of each tube by the amount of the Sample
solution added to it to obtain the individual responses. Calculate the mean response by
averaging the individual responses that vary from their mean by NMT 15%, using NLT
half the total number of tubes.
Calculate the potency of the portion of the material taken for assay by multiplying the
mean response by the appropriate dilution factor. Calculate the percentage of the
labeled amount of dexpanthenol or panthenol in the portion of Oral Solution taken:
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Result = (P/N) × 100
P= calculated potency of dexpanthenol or panthenol in the portion of Oral Solution taken
(mg)
N= nominal amount of dexpanthenol or panthenol in the portion of Oral Solution taken
(mg)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
• Niacin or Niacinamide
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: 25 mg/mL of edetate disodium in water
Mobile phase: Mix 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL of
methanol, and dilute with 0.008 M sodium 1-hexanesulfonate to 2000 mL.
Standard solution: 0.10 mg/mL of USP Niacin RS or USP Niacinamide RS in Diluent. [Note
—Use USP Niacin RS for Oral Solution that contains niacin, and USP Niacinamide RS for
Oral Solution that contains niacinamide.]
Sample solution: Dilute an accurately measured volume of Oral Solution with Diluent to
obtain a solution with a concentration of 0.1 mg/mL of niacin or niacinamide.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution
(mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: Equivalent to 24 µg/mL of USP Pyridoxine Hydrochloride RS in Diluent
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Sample solution: Equivalent to 24 µg/mL of Pyridoxine Hydrochloride from Oral Solution in
Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine hydrochloride from the Sample solution
rS= peak area of pyridoxine hydrochloride from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin-5¢ -Phosphate Sodium, Method 1
[Note—Riboflavin-5¢-phosphate sodium is quantitated against USP Riboflavin RS in this
procedure. In the chromatogram of the Sample solution, the riboflavin-5¢-phosphate peak
is the only peak measured for calculation.]
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: Equivalent to 8 µg/mL of USP Riboflavin RS in Diluent, by heating if
necessary
Sample solution: Equivalent to 8 µg/mL of riboflavin from Oral Solution in Diluent
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for riboflavin-5¢-phosphate and riboflavin are about
0.18 and 1.0, respectively.]
Calculate the percentage of the labeled amount of riboflavin (C17 H20 N4 O6 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of riboflavin-5¢-phosphate from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
F= factor for converting the response obtained for riboflavin-5¢-phosphate to riboflavin,
1.493. [Note—Riboflavin phosphate sodium is a mixture of isomeric monophosphates
and diphosphates containing an average amount of 67% of riboflavin-5¢monophosphate, which separates in this chromatographic system. The factor 1.493
assumes 67% of riboflavin-5¢-monophosphate.]
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Riboflavin or Riboflavin-5¢ -Phosphate Sodium, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent blank: 1 N hydrochloric acid, 2.5 M sodium acetate, and water (1:2:97)
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Standard stock solution: Transfer 16 mg of USP Riboflavin RS to a 100-mL volumetric
flask, dissolve in 1.0 mL of 1 N hydrochloric acid and 2.0 mL of 2.5 M sodium acetate, and
dilute with water to volume. Transfer 10.0 mL of this solution to a 100-mL volumetric
flask, and dilute with water to volume.
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 500-mL volumetric
flask, add 5.0 mL of 1 N hydrochloric acid and 10.0 mL of 2.5 M sodium acetate, and dilute
with water to volume.
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
0.8 mg of riboflavin, to a 100-mL volumetric flask, and dilute with water to volume.
Transfer 10.0 mL of the resulting solution to a 500-mL volumetric flask, add 5.0 mL of 1 N
hydrochloric acid and 10.0 mL of 2.5 M sodium acetate, and dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Fluorescence
Analytical wavelengths
Excitation: 440 nm
Emission: 530 nm
Blank: Solvent
Analysis
Samples: Standard solution and Sample solution
Determine the maximum fluorescence intensities, IS and IU, of the Standard solution and
the Sample solution, respectively. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Oral Solution taken:
Result= (IU/IS) × (CS/CU) × 100
IU= fluorescence intensity from the Sample solution
IS= fluorescence intensity from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: Equivalent to 24 µg/mL of USP Thiamine Hydrochloride RS in Diluent
Sample solution: Equivalent to 24 µg/mL of thiamine hydrochloride from Oral Solution in
Diluent
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks. Calculate the percentage of the labeled amount
of thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S) in
the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of thiamine from the Sample solution
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rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride or thiamine mononitrate in the Sample
solution (mg/mL)
F= 1 (for products containing thiamine hydrochloride) and 0.97 (for products containing
thiamine mononitrate)
Acceptance criteria: 90.0%–250.0% of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
OTHER COMPONENTS
• Alcohol Determination, Method I
of C2 H5 OH

611 (if present): 90.0%–120.0% of the labeled amount

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/mL, and the combined molds and yeasts count does not exceed 3 × 102 cfu/mL.
Change to read:
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers under an inert gas or
with a minimum of headspace.
• Labeling:4 The label states that the product is Oil- and Water-Soluble Vitamins Oral
Solution. The label states the quantity of each vitamin present in a given volume of Oral
Solution and, where necessary, the chemical form in which a vitamin is present. Where the
product contains vitamin E, the label indicates whether it is the d- or dl- form. Where the
product is labeled to contain panthenol, the label states the equivalent content of
dexpanthenol. Where more than one assay method is given for a particular vitamin, the
labeling states with which assay method the product complies only if Method 1 is not used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Calcium Pantothenate RS
-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-.
C18 H32 CaN2 O10
476.53
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3 ,5Z,7E)-.
C27 H44 O
384.64
USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
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USP Dexpanthenol RS
d-(+)-2,4-Dihydroxy-N-(3-hydroxypropyl)-3-3-dimethylbutyramide.
C9 H19 NO4
205.25
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3 ,5Z,7E,22E)-.
C28 H44 O
396.65
USP Niacin RS
3-Pyridinecarboxylic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
3-Pyridinecarboxamide.
C6 H6 N2 O
122.12
USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Racemic Panthenol RS
USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl)-4-methyl-,
chloride, monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
USP Vitamin A RS
3,7-Dimethyl-9-(2,6,6-trimethyl-1- cyclohexen-1-yl) 2,4,6,8-nonatetraen-1-ol acetate
(vitamin A acetate).
1 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbrueckii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
2 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
3 ATC C No. 8042 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
4 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units (IU), where such formerly existed. The USP Unit for Vitamin E has been discontinued. IU for
vitamins also have been discontinued; however, the use of IU on the labels of vitamin products continues.
Where articles are labeled in terms of Units in addition to the required labeling, the relationship of the USP
Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol (vitamin A alcohol) or
0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl palmitate (vitamin A
palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU of beta carotene =
0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or cholecalciferol; and 1
mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl acetate = 1 former
USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin E Unit, 1 mg of dalpha tocopherol = 1.49 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acetate = 1.36 former USP
Vitamin E Units; and 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E Units. In terms of
d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha tocopheryl acid
succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate = 0.67, and 1 mg of
dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
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Oil- and Water-Soluble Vitamins Tablets, USP 37 page 5653. As part of the USP monograph
modernization efforts and based on the comments received, the following changes are
proposed:
1.
In the Strength for Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate,
a.
Add the cross-references to the new general chapter Vitamin C Assay

580 .

The new chapter 580 is proposed to serve as the focal point for all crossreferences related to vitamin C analysis in the USP official monographs for
multivitamin combinations with “Water-Soluble Vitamins” in the title. The
currently available titrimetric procedure is proposed to be migrated to this
general chapter. In addition, the new HPLC procedures for analysis of vitamin
C are provided. Chapter 580 is proposed elsewhere in this issue of PF.
b.
Remove the titrimetric procedure which is no longer necessary due to the
reference to chapter 580 to which this procedure had been migrated.
2.
In the test for Absence of Specified Microorganisms, eliminate the requirements for
absence of Staphylococcus aureus since this testing is typically performed for a
topical and not for oral dosage forms.
(DS: N. Davydova.)
Correspondence Number—C147777

Comment deadline: November 30, 2014
Oil- and Water-Soluble Vitamins Tablets
DEFINITION
Oil- and Water-Soluble Vitamins Tablets contain one or more of the following oil-soluble
vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vitamin D2 ) or Cholecalciferol (Vitamin D3 ),
Vitamin E, Phytonadione (Vitamin K1 ), and Beta Carotene; and one or more of the following
water-soluble vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium
Ascorbate, Biotin, Cyanocobalamin, Folic Acid, Niacin or Niacinamide, Pantothenic Acid (as
Calcium Pantothenate or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin,
and Thiamine Hydrochloride or Thiamine Mononitrate. Tablets contain NLT 90.0% and NMT
165.0% of the labeled amounts of vitamin A (C20 H30 O) as retinol or esters of retinol in the form
of retinyl acetate (C22 H32 O2 ) or retinyl palmitate (C36 H60 O2 ); vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O); vitamin E as alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ); phytonadione
(C31 H46 O2 ); and beta carotene (C40 H56 ); and NLT 90.0% and NMT 150.0% of the labeled
amounts of ascorbic acid (C6 H8 O6 ) or its salts as calcium ascorbate (C12 H14 CaO12 ·2H2 O) or
sodium ascorbate (C6 H7 NaO6 ); biotin (C10 H16 N2 O3 S), cyanocobalamin (C63 H88 CoN14 O14 P), folic
acid (C19 H19 N7 O6 ), niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), calcium pantothenate
(C18 H32 CaN2 O10 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate.
They do not contain any minerals. They may contain other labeled added substances that are
generally recognized as safe, in amounts that are unobjectionable.
STRENGTH
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[Note—Where more than one assay method is given for an individual ingredient, the
requirements may be met by following any one of the specified methods, the method used
being stated in the labeling only if Method 1 is not used.]
• Vitamin A, Method 1
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a container having a polytef-lined screw cap. Add 10 mL of
dimethyl sulfoxide and 15 mL of n-hexane, and shake for 45 min on a wrist-action shaker
in a water bath maintained at 60 . [Note—Set up the wrist-action shaker to ensure that
the contents of the container are mixed vigorously and thoroughly.] Centrifuge at 3000
rpm for 10 min, and transfer the hexane layer by means of a pipet to a 100-mL volumetric
flask. Add 15 mL of n-hexane to the dimethyl sulfoxide layer, shake thoroughly for 5 min,
and transfer the hexane layer by means of a pipet to the 100-mL volumetric flask. Repeat
this extraction with three additional 15-mL portions of n-hexane. Dilute the extracts in the
volumetric flask with n-hexane to volume. Dilute a 10-mL volume of this solution with nhexane to obtain a solution with a concentration of 15 µg/mL of vitamin A as retinol
(C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area for all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution. For products containing vitamin A acetate or vitamin A palmitate, calculate the
percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the portion of
Tablets taken:
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Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution (µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 2
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7: 0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E, when present in the formulation.] Finely powder NLT 20 Tablets.
If vitamin D is present in the formulation, transfer a portion of the powder, equivalent to
30 µg of the labeled amount of cholecalciferol or ergocalciferol (vitamin D), to a container
having a polytef-lined screw cap. If vitamin D is not present in the formulation, use a
portion of the powder equivalent to 90 mg of the labeled amount of vitamin E (as alpha
tocopherol, alpha tocopheryl acetate, or alpha tocopheryl hemisuccinate). If vitamin E is
not present in the formulation, use a portion of the powder equivalent to 2.5 mg of the
labeled amount of vitamin A, as retinyl acetate or retinyl palmitate. Add 0.5 g of sodium
bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane, and
disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–pyrogallol solution, shake
slowly, and allow the solution to degas. Continue shaking until the evolution of gas has
ceased, and then shake for an additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a
vortex mixer to form a suspension, and shake for 12 min. Add 6 mL of 3 N methanolic
sulfuric acid solution, mix on a vortex mixer to form a suspension, and shake for 12 min.
Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to form a suspension, and
shake for 10 min. Centrifuge for 10 min to break up the emulsion and to clarify the
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supernatant. [Note—The supernatant is used for the determination of vitamin A, and also
vitamin D and vitamin E, if present in the formulation.] If necessary, quantitatively dilute a
volume of the supernatant with 2,2,4-trimethylpentane to obtain a concentration close to
that of the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution (µg/mL)
F= factor used to convert retinyl acetate, the ester form present in the USP Vitamin A RS,
to retinol, 0.872
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 3
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water. [Note
—Cautiously add the potassium hydroxide to the water. Mix, and cool.]
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Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
Standard solution: Dilute a volume of the Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of USP Vitamin A RS. Transfer 10.0 mL of this solution to a
stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3 mL of Potassium
hydroxide solution. Insert the stopper tightly, shake for 15 min over a water bath
maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and 25.0 mL of
Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s. Rinse the
sides of the flask with 60 mL of water, and allow to stand for 10 min until the layers
separate. Withdraw a portion of the organic layer for injection into the chromatograph.
This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Finely powder a counted number of Tablets. Transfer a portion of the
powder, equivalent to 1.5 mg of retinyl acetate, to a stoppered 125-mL flask. Add 5 mL of
water, 15 mL of Diluent, and 3 mL of Potassium hydroxide solution. Insert the stopper
tightly, shake for 15 min over a water bath maintained at 60 ± 5 , and cool to room
temperature. Add 7 mL of water and 25.0 mL of Extraction solvent. Insert the stopper
tightly, and shake vigorously for 60 s or longer, if necessary, for complete extraction.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. [Note—Do not shake, because an emulsion may form.] Withdraw a portion
of the organic layer, and dilute with Extraction solvent to obtain a concentration of 0.34
µg/mL of retinol.
Chromatographic system
(See Chromatography 621 , System Suitability).
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
Column temperature: 40
Flow rate: 4 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are 0.92 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and 13-cis-retinol. Calculate the percentage
of the labeled amount of vitamin A, as retinol (C20 H30 O), in the portion of Tablets taken:
Result = (rT1/rT2) × (CS/CU) × F × 100
rT1
= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
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rT2
= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Standard
solution
CS= concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 1
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 1.
Transfer NLT 20 mL of this solution to a suitable container, and evaporate, if necessary,
under vacuum at room temperature to obtain a concentration of 2 µg/mL of cholecalciferol
or ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
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C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 2
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75: 1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration.]
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Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 3
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8: 0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.] Dilute a volume of Standard stock
solution with dehydrated alcohol to obtain a concentration of 5 µg/mL of USP
Cholecalciferol RS or USP Ergocalciferol RS. Prepare this solution fresh daily. Transfer 2.0
mL of this solution to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution, insert the stopper, and shake for 30 min in a water bath
maintained at 60 . Allow to cool to room temperature, and transfer the contents of the
flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert the
stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until
the layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution
and 15.0 mL of water to the separatory funnel. Add Diluted acetic acid dropwise, with
shaking, until the washing is neutral. Allow to stand for 10 min until the layers separate.
Drain and discard the aqueous layer. Filter the hexane layer through anhydrous sodium
sulfate supported by a small pledget of cotton into a 100-mL round-bottom flask. Rinse
the funnel and sodium sulfate with a few mL of n-hexane, and collect the rinsings in the
same flask. Evaporate the hexane in the flask on a rotary evaporator at 50 to dryness.
Immediately add 2.0 mL of Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase extraction column containing silica packing
with a sorbent mass-to-column volume ratio of 500 mg to 2.8 mL or equivalent, rinse the
round-bottom flask with 1.0 mL of Extraction solvent, and transfer to the column. Elute
the column with 2.0 mL of Extraction solvent, and discard this fraction. Elute the column
with 7.0 mL of Extraction solvent, and collect the eluate in a suitable flask. Place the flask
in a warm water bath maintained at 42 , and evaporate the solvent with the aid of a
stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue, and use the
solution for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
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equivalent to 10 µg of cholecalciferol or ergocalciferol, to a stoppered 125-mL flask, and
proceed as directed for the Standard solution, beginning with “Add 15.0 mL of water and
15.0 mL of Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27
Flow rate: 0.7 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E, Method 1
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 1.
Transfer NLT 20 mL of this solution to a suitable container, and evaporate if necessary,
under vacuum at room temperature to dryness. Transfer the residue to a suitable
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volumetric flask with the aid of methanol, and dilute with methanol to volume to obtain a
concentration of 2 mg/mL of alpha tocopherol, alpha tocopheryl acetate, or alpha
tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are
about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 2
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water, followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate

PF 40(5): Sep.-Oct. 2014

874

RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 2.
Transfer a volume of the supernatant 2,2,4-trimethylpentane layer to a suitable
volumetric flask, the volume of the specimen withdrawn from the 2,2,4-trimethylpentane
layer and the size of the volumetric flask being such that the final concentration of the
Sample solution is equivalent to that of the Standard solution. Evaporate nearly to
dryness, add several mL of methanol, and evaporate the remaining 2,2,4trimethylpentane. Dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol and
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 3
Diluent: Acetonitrile and ethyl acetate (1:1)
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Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 8 mg of alpha tocopherol, to a 125-mL flask fitted with a ground-glass joint.
Add 25.0 mL of water, 25.0 mL of dehydrated alcohol, and 3.5 g of potassium hydroxide
pellets. Shake for 1 h in a water bath maintained at 55 . Cool, and transfer with the aid of
a minimum volume of water to a 125-mL separatory funnel. Rinse the flask with 50 mL of
n-hexane, and add the rinsing to the separatory funnel. Insert the stopper, shake
vigorously for 60 s, and allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the extraction with 50 mL of n-hexane.
Discard the aqueous layer, and combine the hexane extracts. Wash the combined extracts
with 25 mL of water, allow the layers to separate, and discard the aqueous layer. Add 3
drops of glacial acetic acid, and repeat the washing procedure two more times. Filter the
washed hexane layer through anhydrous sodium sulfate into a 250-mL round-bottom flask.
Rinse the funnel and sodium sulfate with a few mL of n-hexane, and add the rinsing to the
hexane solution in the flask. Place the flask in a water bath maintained at 50 , and
evaporate the hexane solution with the aid of a rotary evaporator to dryness. Immediately
add 25.0 mL of Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E as
alpha tocopherol (C29 H50 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
C=
U nominal concentration of vitamin E as alpha tocopherol in the Sample solution (mg/mL)
[Note—Calculate the content of alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl
acid succinate (C33 H54 O5 ) by dividing the content, in mg/Tablet of vitamin E as alpha
tocopherol (C29 H50 O2 ), by the factor 0.91 or 0.81, respectively.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
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tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Phytonadione, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume.]
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
Sample solution: Transfer NLT 20 mL of the solution retained as specified in the directions
for the Sample solution in Vitamin A, Method 1 to a suitable container, and evaporate, if
necessary, under vacuum at room temperature to dryness. Transfer the residue to a
suitable volumetric flask with the aid of methanol, and dilute with methanol to volume to
obtain a concentration of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acetate and phytonadione are
0.68 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of phytonadione
(C31 H46 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of phytonadione from the Sample solution
rS= peak area of phytonadione from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Phytonadione, Method 2
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[Note—Use low-actinic glassware throughout this procedure.]
Solvent: Methanol and isopropyl alcohol (19:1)
Mobile phase: Mix 800 mL of methanol, 200 mL of methylene chloride, 0.1 mL of glacial
acetic acid, 1.36 g of zinc chloride, and 0.41 g of sodium acetate.
Internal standard solution: 5 µg/mL of menaquinone 4 (vitamin K2 ) in Solvent. [Note—A
concentrated stock solution of menaquinone 4 (100 µg/mL) can be stored for 2 months in
a refrigerator.]
Standard stock solution: 5 µg/mL of USP Phytonadione RS, prepared by dissolving in
methylene chloride with the aid of sonication, and diluting with Solvent to final volume.
Standard solution: Transfer 1.0 mL of the Standard stock solution and 1.0 mL of the
Internal standard solution to a suitable flask, and dilute with Solvent to 5 mL. Pass
through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Finely powder NLT 20 Tablets. To a centrifuge tube fitted with a cap
transfer an amount of powder not exceeding 800 mg and equivalent to an amount of
phytonadione not exceeding 50 µg. Add 4 mL of water. Insert the stopper, and mix using a
vortex mixer until the sample is dispersed. Place the tube in a water bath at 60 for 5 min.
Remove from the bath, and again shake or mix using a vortex mixer for 1 min while the
preparation is still hot. Add 8 mL of alcohol, and swirl the contents to mix. Place the tube
in a water bath at 60 for 5 min. Remove from the bath, and again shake or mix using a
vortex mixer for 2 min while the preparation is still hot. Cool to room temperature. Add a
volume of the Internal standard solution, equivalent to 1.0 mL for each 5 µg of the
expected amount of phytonadione in the aliquot taken. Add 20.0 mL of petroleum ether,
and cap the tube tightly. Shake or mix using a vortex mixer for 15 min to thoroughly mix
the contents. Centrifuge to separate the two layers. Transfer a volume of the top layer of
petroleum ether, equivalent to 5–50 µg of the nominal amount of phytonadione, to an
appropriate flask. Place the flask in a water bath at 35 –45 , and evaporate the solvent
under a stream of nitrogen until an oily residue is left. Dissolve the residue in a volume of
Solvent to obtain a concentration of 1 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorometric detector set at 320 nm for excitation and 420 nm for emission
Column: 4.6-mm × 25-cm; 5-µm, end-capped packing L1, and a postcolumn reactor
constituted with a 4.6-mm × 3-cm PEEK column tightly packed with zinc powder. [Note
—Prepare the postcolumn reactor daily, or as necessary, to meet the system suitability
requirements.]
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the internal standard and phytonadione are 1.0
and 1.4, respectively.]
Suitability requirements
Column efficiency: NLT 2500 theoretical plates for the phytonadione peak
Tailing factor: NMT 1.5 for the phytonadione peak
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the
portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of phytonadione to that of the internal standard from the Sample
solution
R=
S peak response ratio of phytonadione to that of the internal standard from the
Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of potassium hydroxide in 50 mL of water.
Iodine solution: 0.01 mg/mL of iodine in cyclohexane. [Note—Prepare this solution fresh
daily.]
Sample solution: Weigh NLT 20 Tablets. Grind the Tablets to a fine powder, and transfer a
quantity of the powder, equivalent to 2 mg of beta carotene, to a 500-mL saponification
flask. Add 100 mL of alcohol, 6 mL of Potassium hydroxide solution, and a magnetic stirring
bar. Attach an air condenser to the flask, and heat under reflux for 45 min with constant
stirring. Cool to room temperature. Add 170 mL of solvent hexane, and stir for 30 min.
Quantitatively transfer the contents of the flask to a 500-mL separatory funnel with
portions of solvent hexane. Allow the layers to separate for 5–10 min, and transfer the
upper organic layer to a 500-mL volumetric flask. Transfer the lower aqueous layer into
the saponification flask. Add 170 mL of solvent hexane, and stir for an additional 20 min.
Quantitatively transfer the contents of the saponification flask to the separatory funnel
with the aid of portions of solvent hexane. Allow the layers to separate for 10 min. Drain
the lower aqueous layer, and discard. Transfer the organic layer to the volumetric flask
containing the previously collected organic layer. Rinse the separatory funnel with small
portions of solvent hexane, and transfer the washings to the volumetric flask. Dilute the
hexane extracts with solvent hexane to volume. Add 3 g of anhydrous sodium sulfate,
shake, and allow to settle. Quantitatively transfer a volume of this solution, equivalent to
100 µg of beta carotene, to a 50-mL volumetric flask. Evaporate under a stream of
nitrogen to dryness, and immediately add cyclohexane. Add 2 mL of Iodine solution, and
heat for 15 min in a water bath maintained at 65 . Cool rapidly, and dilute with
cyclohexane to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Sample: Sample solution

851 .)
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Determine the absorbance against the Blank. Calculate the percentage of the labeled
amount of beta carotene (C40 H56 ) in the portion of Tablets taken:
Result = (AU/F) × (100/CU)
A=
U absorbance of the Sample solution
F= absorptivity of beta carotene at 452 nm, 223
C=
U nominal concentration of beta carotene in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
Delete the following:
• Ascorbic Acid
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent of 100 mg of ascorbic acid, to a 200-mL volumetric flask, and add 75 mL of
metaphosphoric–acetic acids TS. Insert a stopper into the flask, and shake by mechanical
means for 30 min. Dilute with water to volume. Transfer a portion of the solution to a
centrifuge tube, and centrifuge until a clear supernatant is obtained. Pipet 4.0 mL of this
solution into a 50-mL conical flask, and add 5 mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Tablet.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP38)

Delete the following:
• Calcium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP38)

Delete the following:
• Sodium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP38)

Add the following:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
(See Vitamin C Assay 580 .)
[Note—For labeling purposes, consider Method I—Titrimetric Method as Method 1.]
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ),
calcium ascorbate (C12 H14 CaO12 ·2H2 O), or sodium ascorbate (C6 H7 NaO6 ) 2S (USP38)
• Biotin, Method 1
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[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 1 mg of biotin, to a 200-mL volumetric flask. Add 3 mL of dimethyl sulfoxide,
and swirl to wet the contents. Place the flask in a water bath at 60 –70 for 5 min.
Sonicate for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of
biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by dilution of the
Standard stock solution with water on the day of the assay
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50% alcohol, and
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swirl to wet the contents. Heat the flask in a water bath at 60 –70 for 5 min. Sonicate
for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of the filtrate
quantitatively, and stepwise if necessary, with water to obtain a solution with a
concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to make 1000 mL. Add 20 g of activated charcoal, stir for 1
h, and filter. Repeat the treatment with activated charcoal. Store under toluene in a cool
place at a temperature not below 10 . Filter the solution if a precipitate forms during
storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to make 1000 mL. Store under toluene in a cool place at a
temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
add water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Adenine–guanine–uracil solution

25 mL
25 mL
0.25 mL
10 g
5g
5 mL
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Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature of between 30 and 37 held constant to within ±0.5 until, following 16–24
h of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength of 540–660 nm, and read
the transmittance when a steady state is reached. This steady state is observed a few
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seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of lowest and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to
obtain the difference, X, for each dosage level. Average the values of X for each of three
or more dosage levels to obtain X, which equals the log-relative potency, M¢, of the
Sample solution. Determine the quantity, in µg, of biotin (C10 H16 N2 O3 S) in the portion of
Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin assumed to be present in the portion of Tablets taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
the Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of biotin in the portion of the Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water. [Note—A portion of the Standard
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solution will be used to determine the percent recovery of biotin from the Solid-phase
extraction procedure.]
Sample solution: Finely powder NLT 20 Tablets. Transfer an amount of powdered Tablets
to a volumetric flask to obtain a nominal concentration of 0.6 µg/mL of biotin. Add water
up to 80% of the flask capacity, and sonicate for 30–40 min, with occasional mixing, to
dissolve. Dilute with water to volume, and filter. Adjust the pH of the solution with either
dilute acetic acid or 0.1 N sodium hydroxide to a pH of 6.0–7.0.
Solid-phase extraction: [Note—Condition the extraction column specified in this
procedure in the following manner. Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.] Separately pipet 5.0 mL each of the Sample
solution and Standard solution into freshly conditioned solid-phase extraction columns
consisting of a mixed-mode packing with a sorbent-mass of 60 mg. [Note—The mixedmode packing consists of anion-exchange and reversed-phase sorbents. The reversephase component is a copolymer of N-vinylpyrrolidone and divinylbenzene. The anion
exchange moiety is a trialkylamino group.2]
Wash the column with 10 mL of 30% (v/v) methanol in water. Apply an appropriate volume
(4.9 mL) of 30% (v/v) methanol in 0.1 N hydrochloric acid to the column. Collect the
eluate in a 5-mL volumetric flask, containing 100 µL of 40% (w/v) sodium acetate in
water, and dilute with 30% (v/v) methanol in 0.1 N hydrochloric acid to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and a portion of the Standard solution that has undergone
Solid-phase extraction
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and Standard solution that
has undergone Solid-phase extraction
Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and Sample solution that have both undergone Solid-phase
extraction
Measure the peak area of biotin. Calculate the percentage of the labeled amount of biotin
(C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from the Standard stock solution
diluted with water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of cyanocobalamin, to a 250-mL flask. Quantitatively add 100.0 mL
of water, and carefully extract for 2 min. Filter 10 mL of the extract, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area of cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cyanocobalamin from the Sample solution
rS= peak area of cyanocobalamin from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of the Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powdered
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Tablets, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each g of powdered Tablets taken, 25 mL of an aqueous extracting solution prepared just
before use to contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121 for
10 min. Allow any undissolved particles of the extract to settle, and filter or centrifuge if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity equivalent to the nominal activity of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Biotin, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Biotin, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to make 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL. Add 2 drops of hydrochloric acid. Store
this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store
in a refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg
of biotin, and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium
pantothenate, 40 mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg
of pyridoxamine dihydrochloride, and 2 mg of folic acid in a mixture of water and
neutralized alcohol (3:1) to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving Cystine and
Tryptophan in the hydrochloric acid before adding the next eight solutions to the resulting
solution. Add 100 mL of water, and dissolve the Dextrose, Sodium acetate, and Ascorbic
acid. Filter, if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH 5.5–6.0, and dilute with Purified Water to make 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
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Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous 5 g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass,
with the aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to make 100 mL. Place 10-mL portions of the solution in test tubes, and plug
with cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate
three or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii.3
[Note—Before first using a fresh culture in this assay, make NLT 10 successive transfers
of the culture in a 2-week period.] Incubate for 16–24 h at a temperature of between 30
and 40 held constant to within ±0.5 . Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture, to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus leichmannii to two sterile tubes
containing 10 mL each of the Culture medium. Incubate these cultures for 16–24 h at a
temperature of between 30 and 40 held constant to within ±0.5 . Under aseptic
conditions centrifuge the cultures, and decant the supernatant. Suspend the cells from
the culture in 5 mL of sterile Suspension medium, and combine. Using sterile Suspension
medium, adjust the volume so that a 1-in-20 dilution in saline TS produces 70%
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transmittance when read on a suitable spectrophotometer that has been set at a
wavelength of 530 nm, equipped with a 10-mm cell, and read against saline TS set at
100% transmittance. Prepare a 1-in-400 dilution of the adjusted suspension using sterile
Basal medium stock solution. [Note—This dilution may be altered, when necessary, to
obtain the desired test response.] The cell suspension so obtained is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
followed preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150-mm test
tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave
if necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature of between 30 and 40 , held constant to within ±0.5 for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating its contents, read the transmittance at 530 nm when a
steady state is reached. This steady state is observed a few seconds after agitation
when the reading remains constant for 30 s or more. Allow approximately the same time
interval for the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5%, or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
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the Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution. Determine the quantity, in µg, of cyanocobalamin
(C63 H88 CoN14 O14 P) in the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in the portion of Tablets taken
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P)
in the portion of Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of the Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Vitamin B12 Activity in
Design and Analysis of Biological Assays 111 , The Confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ
by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (1%–3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
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flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in the Internal standard solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of powder, equivalent
to 0.4 mg of folic acid, to a 50-mL amber-colored centrifuge tube. Add 25.0 mL of the
Internal standard solution, shake by mechanical means for 10 min, and centrifuge. Filter a
portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of folic acid to methylparaben from the Sample solution
RS= peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
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Standard solution: Mix 5.0 mL of the Standard stock solution with 10.0 mL of methanol
and 35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60 , and cool.
Filter, discarding the first few mL of the filtrate.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 0.3 mg of
folic acid, to a 125-mL stoppered flask. Add 10.0 mL of methanol and 35.0 mL of Reagent.
Shake for 15 min in a water bath maintained at 60 , and cool. Filter, discarding the first
few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 15 mg of calcium pantothenate, to a centrifuge tube. Add 25.0 mL of the
Internal standard solution, and shake vigorously for 10 min. Centrifuge, filter, and use the
clear filtrate.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate and the internal standard. Calculate the
percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the
portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
R=
S peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Standard
solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of the Standard stock
solution with water to obtain a concentration of 0.01–0.04 µg/mL of calcium
pantothenate, the exact concentration being such that the responses obtained as
directed in the Analysis, 2.0 and 4.0 mL of the Standard solution, are within the linear
portion of the log-concentration response curve.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 50 mg of calcium pantothenate, to a 1000-mL volumetric flask containing
500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1
in 60), dilute with water to volume, and filter. Dilute a volume of this solution to obtain a
solution having approximately the same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
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± 0.1, and dilute with water to make 1000 mL. Add 20 g of activated charcoal, stir for 1
h, and filter. Repeat the treatment with activated charcoal. Store under toluene in a cool
place at a temperature not below 10 . Filter the solution if a precipitate forms during
storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to make 1000 mL. Store under toluene in a cool place at a
temperature not below 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes, using a pure culture of
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Lactobacillus plantarum,1 incubating for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution, including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached. This steady state is observed a
few seconds after agitation when the galvanometer reading remains constant for 30 s or
more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
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smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution. Determine the quantity, in mg, of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of the
Tablets taken
Calculate the percentage of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of
Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Tablets taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from the Standard stock
solution diluted with water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of calcium pantothenate, to a 250-mL volumetric flask. Add 10 mL of
methanol, and swirl the flask to disperse. Dilute with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
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Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate. Calculate the percentage of the labeled
amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of calcium pantothenate from the Sample solution
rS= peak area of calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS, to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride, riboflavin,
and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
using a vortex mixer for 30 s to completely suspend the powder. Immerse the centrifuge
tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix on a vortex mixer
for 30 s. Return the tube to the hot water bath, heat for another 5 min, and mix on a
vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature, and use
the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
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Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
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Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
flask, and dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Finely powder
NLT 20 Tablets. Transfer a portion of the powder, equivalent to a nominal amount of 2 mg
of riboflavin, to a 200-mL volumetric flask. If riboflavin is not present in the formulation,
use a portion of the powder equivalent to 2 mg of pyridoxine. If pyridoxine is not present
in the formulation, use a portion of the powder equivalent to 20 mg of niacin or
niacinamide. Add 100.0 mL of Extraction solvent, and mix for 20 min, using a wrist-action
shaker. Immerse the flask in a water bath maintained at 70 –75 , and heat for 20 min. Mix
on a vortex mixer for 30 s, cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A, Extraction solvent, Mobile phase, Standard stock solution, Standard
solution, Sample solution, Chromatographic system, and System suitability: Using
USP Niacinamide RS in place of USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacinamide. Calculate the percentage of the labeled amount
of niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
flask, and dilute with Extraction solvent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of pyridoxine. Calculate the percentage of the labeled amount of
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pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine from the Sample solution
rS= peak area of pyridoxine from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed in Niacin, Method 2.
Solution B: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution B and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of the Standard stock solution with Extraction solvent to
25.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of riboflavin from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
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• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from the Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the powder
with a volume of 0.2 N hydrochloric acid to obtain a concentration of 0.02 mg/mL of
thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30 min. Cool
to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for the major peaks. For products containing thiamine
hydrochloride, calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
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Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of the Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride,
0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride to a stoppered 125-mL flask.
Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1), and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide. Calculate the percentage of the labeled
amount of niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
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Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling:4 The label states that the product is Oil- and Water-Soluble Vitamins Tablets. The
label also states the quantity of each vitamin per dosage unit and, where necessary, the
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chemical form in which it is present. Where the product contains vitamin E, the label
indicates whether it is the d- or dl- form. Where more than one assay method is given for
a particular vitamin, the labeling states with which assay method the product complies only
if Method 1 is not used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Biotin RS
1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro-2-oxo-, 3aS-[(3a ,4 ,6a )];
(3aS,4S,6aR)-Hexahydro-2-oxo-1H-thieno[3,4-d]imidazole-4-valeric acid.
C10 H16 N2 O3 S
244.31
USP Calcium Pantothenate RS
-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-;
Calcium d-pantothenate (1:2).
C18 H32 CaN2 O10
476.53
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3 ,5Z,7E)-;
Cholecalciferol.
C27 H44 O
384.64
USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3 ,5Z,7E,22E)-;
Ergocalciferol.
C28 H44 O
396.65
USP Folic Acid RS
l-Glutamic acid, N-[4-[[(2-amino-1,4-dihydro-4-oxo-6pteridinyl)methyl]amino]benzoyl]-;
Folic acid;
N-[p-[[(2-Amino-4-hydroxy-6-pteridinyl)methyl]amino]-benzoyl]-l-glutamic acid.
C19 H19 N7 O6
441.40
USP Niacin RS
3-Pyridinecarboxylic acid;
Nicotinic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
3-Pyridinecarboxamide;
Nicotinamide.
C6 H6 N2 O
122.12
USP Phytonadione RS
1,4-Naphthalenedione, 2-methyl-3-(3,7,11,15-tetramethyl-2-hexadecenyl)-, [R-
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[R*,R*-(E)]]-;
Phylloquinone.
C31 H46 O2
450.70
USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride;
Pyridoxol hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl)-4-methyl-,
chloride, monohydrochloride;
Thiamine monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
USP Vitamin A RS
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters Oasis MAX Vac RC cartridge, particle size 30 µm, part 186000371.
3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbrueckii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
4 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of cholecalciferol or
ergocalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
= 1.36 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin
E Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of dalpha tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl
acetate = 0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil- and Water-Soluble Vitamins with Minerals Capsules, USP 37 page 5671. As part of the
USP monograph modernization efforts and based on the comments received, the following
changes are proposed:
1.
In the Strength for Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate,
a.
Add the cross-references to the new general chapter Vitamin C Assay

580 .

The new chapter 580 is proposed to serve as the focal point for all crossreferences related to vitamin C analysis in the USP official monographs for
multivitamin combinations with “Water-Soluble Vitamins” in the title. The
currently available titrimetric procedure is proposed to be migrated to this
general chapter. In addition, the new HPLC procedures for the analysis of
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vitamin C are provided. Chapter 580 is proposed elsewhere in this issue of
PF.
b.
Remove the titrimetric procedure which is no longer necessary due to the
reference to chapter

580

to which this procedure had been migrated.

2.
In the test for Absence of Specified Microorganisms 2022 , eliminate the
requirements for absence of Staphylococcus aureus since this testing is typically
performed for topical and not for oral dosage forms.
Additionally, editorial changes have been made to eliminate the cross references to Ascorbic
Acid sample preparations within the monograph.
(DS: N. Davydova.)
Correspondence Number—C147778

Comment deadline: November 30, 2014
Oil- and Water-Soluble Vitamins with Minerals Capsules
DEFINITION
Oil- and Water-Soluble Vitamins with Minerals Capsules contain one or more of the following oilsoluble vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vitamin D2 ) or Cholecalciferol (Vitamin
D3 ), Vitamin E, Phytonadione (Vitamin K1 ), and Beta Carotene; one or more of the following
water-soluble vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium
Ascorbate, Biotin, Cyanocobalamin, Folic Acid, Niacin or Niacinamide, Dexpanthenol or
Panthenol, Pantothenic Acid (as Calcium Pantothenate or Racemic Calcium Pantothenate),
Pyridoxine Hydrochloride, Riboflavin, and Thiamine Hydrochloride or Thiamine Mononitrate; and
one or more minerals derived from substances generally recognized as safe, furnishing one or
more of the following elements in ionizable form: boron, calcium, chromium, copper, fluorine,
iodine, iron, magnesium, manganese, molybdenum, nickel, phosphorus, potassium, selenium, tin,
vanadium, and zinc. Capsules contain NLT 90.0% and NMT 165.0% of the labeled amounts of
vitamin A (C20 H30 O) as retinol or esters of retinol in the form of retinyl acetate (C22 H32 O2 ) or
retinyl palmitate (C36 H60 O2 ); vitamin D as cholecalciferol (C27 H44 O) or ergocalciferol
(C28 H44 O); vitamin E as alpha tocopherol (C29 H50 O2 ) or alpha tocopheryl acetate (C31 H52 O3 )
or alpha tocopheryl acid succinate (C33 H54 O5 ); phytonadione (C31 H46 O2 ); and beta carotene
(C40 H56 ); NLT 90.0% and NMT 150.0% of the labeled amounts of ascorbic acid (C6 H8 O6 ) or its
salts as calcium ascorbate (C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 ); biotin
(C10 H16 N2 O3 S); cyanocobalamin (C63 H88 CoN14 O14 P); folic acid (C19 H19 N7 O6 ); niacin
(C6 H5 NO2 ) or niacinamide (C6 H6 N2 O); dexpanthenol (C9 H19 NO4 ) or panthenol (C9 H19 NO4 );
calcium pantothenate (C18 H32 CaN2 O10 ); pyridoxine hydrochloride (C8 H11 NO3 ·HCl); riboflavin
(C17 H20 N4 O6 ); and thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate;
and NLT 90.0% and NMT 125.0% of the labeled amount of calcium (Ca), copper (Cu), iron (Fe),
magnesium (Mg), manganese (Mn), phosphorus (P), potassium (K), and zinc (Zn); and NLT
90.0% and NMT 160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F), iodine
(I), molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).
They may contain other labeled added substances that are generally recognized as safe, in
amounts that are unobjectionable.
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STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Vitamin A, Method 1
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
System suitability solution: Mix equal volumes of System suitability stock solution and
the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate and
retinyl palmitate.
Sample solution: Transfer the contents of NLT 20 Capsules to a suitable container, mix,
and weigh. Transfer a portion of the mixture, equivalent to 5 Capsules, to a container with
a polytef-lined screw cap. [Note—For hard gelatin Capsules, remove, as completely as
possible, the contents of NLT 20 Capsules by cutting open the Capsule shells, transferring
the shells and their contents to a suitable container, and triturating to a homogeneous
mass. Transfer a portion of the mass, equivalent to 5 Capsules, to a container with a
polytef-lined screw cap.] Add 10 mL of dimethyl sulfoxide and 15 mL of n-hexane, and
shake for 45 min on a wrist-action shaker in a water bath maintained at 60 . [Note—Set
up the wrist-action shaker to ensure that the contents of the container are mixed
vigorously and thoroughly.] Centrifuge at 3000 rpm for 10 min, and transfer the hexane
layer by means of a pipet to a 100-mL volumetric flask. Add 15 mL of n-hexane to the
dimethyl sulfoxide layer, shake thoroughly for 5 min, and transfer the hexane layer by
means of a pipet to the 100-mL volumetric flask. Repeat this extraction with three
additional 15-mL portions of n-hexane. Dilute the extracts in the volumetric flask with nhexane to volume. Dilute a volume of this solution with n-hexane to obtain a solution with
a concentration of 15 µg/mL of vitamin A as retinol (C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
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peak area for all-trans-retinyl acetate or all-trans-retinyl palmitate in the chromatogram
of the Sample solution. For products containing vitamin A acetate or vitamin A palmitate,
calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution (µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 2
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7: 0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E, when present in the formulation.] Weigh NLT 20 Capsules in a
tared weighing bottle. Using a sharp blade if necessary, carefully open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL beaker. Remove any
contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule contents, equivalent to 30 µg of the
labeled amount of cholecalciferol or ergocalciferol (vitamin D), to a container with a
polytef-lined screw cap. If vitamin D is not present in the formulation, use a portion,
equivalent to 90 mg of the labeled amount of vitamin E. If vitamin E is not present in the
formulation, use a portion, equivalent to 2.5 mg of the labeled amount of vitamin A, as
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retinol. Add 0.5 g of sodium bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of
2,2,4-trimethylpentane, and disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–
pyrogallol solution, shake slowly, and allow the solution to degas. Continue shaking until
the evolution of gas has ceased, and then shake for an additional 12 min. Add 6 mL of
dimethyl sulfoxide, mix on a vortex mixer to form a suspension, and shake for 12 min. Add
6 mL of 3 N methanolic sulfuric acid solution, mix on a vortex mixer to form a suspension,
and shake for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to
form a suspension, and shake for 10 min. Centrifuge for 10 min to break up the emulsion
and to clarify the supernatant. [Note—The supernatant is used for the determination of
vitamin A, and also vitamin D and vitamin E, if present in the formulation.] If necessary,
quantitatively dilute a volume of the supernatant with 2,2,4-trimethylpentane to obtain a
concentration close to that of the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution (µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
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• Vitamin A, Method 3
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water. [Note
—Cautiously add potassium hydroxide in water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
Standard solution: Dilute a volume of Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of retinyl acetate from USP Vitamin A RS. Transfer 10.0 mL of
this solution to a stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3
mL of Potassium hydroxide solution. Insert the stopper tightly, shake for 15 min over a
water bath maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and
25.0 mL of Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. Withdraw a portion of the organic layer for injection into the
chromatograph. This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL beaker. Remove any
contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule contents, equivalent to 1.5 mg of
retinyl acetate, to a stoppered 125-mL flask. Add 5 mL of water, 15 mL of Diluent, and 3
mL of Potassium hydroxide solution. Insert the stopper tightly, shake for 15 min over a
water bath maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and
25.0 mL of Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s or
longer, if necessary, for complete extraction. Rinse the sides of the flask with 60 mL of
water, and allow to stand for 10 min until the layers separate. [Note—Do not shake,
because an emulsion may form.] Withdraw a portion of the organic layer, and dilute
quantitatively, and stepwise if necessary, with Extraction solvent to obtain a
concentration of 0.34 µg/mL of retinol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
Column temperature: 40
Flow rate: 4 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
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[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are about 0.92
and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and 13-cis-retinol.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Capsules taken:
Result = (rT1/rT2) × (CS/CU) × F × 100
rT1
= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
rT2
= sum of the areas of all-trans-retinol and 13-cis-retinol peaks from the Standard
solution
CS= concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 1
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate, if necessary,
under vacuum at room temperature to obtain a solution with an expected concentration of
2 µg/mL of cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
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Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 2
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75: 1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 3
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8: 0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.] Dilute a volume of Standard stock
solution with dehydrated alcohol to obtain a concentration of 5 µg/mL of USP
Cholecalciferol RS or USP Ergocalciferol RS. Prepare this solution fresh daily. Transfer 2.0
mL of this solution to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution, insert the stopper, and shake for 30 min in a water bath
maintained at 60 . Allow to cool to room temperature, and transfer the contents of the
flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert the
stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain, and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until
the layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution
and 15.0 mL of water to the separatory funnel. Add Diluted acetic acid dropwise, with
shaking, until the washing is neutral. Allow to stand for 10 min until the layers separate.
Drain, and discard the aqueous layer. Filter the hexane layer through anhydrous sodium
sulfate supported by a small pledget of cotton into a 100-mL round-bottom flask. Rinse
the funnel and sodium sulfate with a few mL of n-hexane, and collect the rinsings in the
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same flask. Evaporate the hexane in the flask on a rotary evaporator at 50 to dryness.
Immediately add 2.0 mL of Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase extraction column containing silica packing
with a sorbent mass-to-column volume ratio of 500 mg to 2.8 mL or equivalent, rinse the
round-bottom flask with 1.0 mL of Extraction solvent, and transfer to the column. Elute
the column with 2.0 mL of Extraction solvent, and discard this fraction. Elute the column
with 7.0 mL of Extraction solvent, and collect the eluate in a suitable flask. Place the flask
in a warm water bath maintained at 42 , and evaporate the solvent with the aid of a
stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue, and use the
solution for injection into the chromatograph.
Sample solution: Proceed as directed in Vitamin A, Method 3, through “calculate the net
weight of the Capsule contents.” Transfer a portion of the Capsule contents, equivalent
to 10 µg of cholecalciferol or ergocalciferol, to a stoppered 125-mL flask, and proceed as
directed for the Standard solution, beginning with “Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27
Flow rate: 0.7 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E, Method 1
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
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throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate, under vacuum at
room temperature to dryness. Transfer the contents of the flask to a suitable volumetric
flask with the aid of methanol, and dilute with methanol to volume, to obtain a solution
with an expected concentration of 2 mg/mL of alpha tocopherol, alpha tocopheryl
acetate, or alpha tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are
about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
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Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 2
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water, followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
3 N methanolic sulfuric acid solution: Cautiously mix sulfuric acid and methanol (9 in 100)
in a 100-mL volumetric flask. [Note—Dissolve in a portion of methanol, cool, and then
dilute to final volume.]
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask. Add sufficient water to dissolve. Add 1.7 mL of
sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Sample solution: Proceed as directed in Vitamin A, Method 2, through “calculate the net
weight of the Capsule contents.” Transfer a portion of the Capsule contents, equivalent
to 55 mg of vitamin E, to a container with a polytef-lined screw cap. Add 0.5 g of sodium
bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane, and
disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–pyrogallol solution, shake
slowly, and allow the solution to degas. Continue shaking until the evolution of gas has
ceased, and then shake for an additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a
vortex mixer to form a suspension, and shake for 12 min. Add 6 mL of 3 N methanolic
sulfuric acid solution, mix on a vortex mixer to form a suspension, and shake for 12 min.
Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to form a suspension, and
shake for 10 min. Centrifuge for 10 min to break up the emulsion and to clarify the
supernatant layer. Transfer a volume of the supernatant 2,2,4-trimethylpentane layer to a
suitable volumetric flask, the volume of the specimen withdrawn from the 2,2,4trimethylpentane layer and the size of the volumetric flask being such that the final
concentration of the Sample solution is equivalent to that of the Standard solution.
Evaporate nearly to dryness, add several mL of methanol, and evaporate the remaining
2,2,4-trimethylpentane. Dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
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[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol and
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 3
Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Proceed as directed in Vitamin A, Method 3, through “calculate the net
weight of the Capsule contents.” Transfer a portion of the Capsule contents, equivalent
to 8.0 mg of alpha tocopherol, to a glass-stoppered conical flask. Add 25.0 mL of water,
25.0 mL of dehydrated alcohol, and 3.5 g of potassium hydroxide pellets. Shake for 1 h in
a water bath maintained at 55 . Cool, and transfer with the aid of a minimum volume of
water to a 125-mL separatory funnel. Rinse the flask with 50 mL of n-hexane, and add the
rinsing to the separatory funnel. Insert the stopper, shake vigorously for 60 s, and allow
the layers to separate. Drain the aqueous layer into a second 250-mL separatory funnel,
and repeat the extraction with 50 mL of n-hexane. Discard the aqueous layer, and
combine the hexane extracts. Wash the combined extracts with 25 mL of water, allow the
layers to separate, and discard the aqueous layer. Add 3 drops of glacial acetic acid, and
repeat the washing procedure two more times. Filter the washed hexane layer through
anhydrous sodium sulfate into a 250-mL round-bottom flask. Rinse the funnel and sodium
sulfate with a few mL of n-hexane, and add the rinsing to the hexane solution in the flask.
Place the flask in a water bath maintained at 50 , and evaporate the hexane solution with
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the aid of a rotary evaporator to dryness. Immediately add 25.0 mL of Diluent, and swirl to
dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E, as
alpha tocopherol (C29 H50 O2 ), in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
C=
U nominal concentration of vitamin E, as alpha tocopherol, in the Sample solution (mg/mL)
[Note—Calculate the alpha tocopherol equivalent (C29 H50 O2 ) of alpha tocopheryl acetate
(C31 H52 O3 ) or alpha tocopheryl acid succinate (C33 H54 O5 ) by multiplying their contents by
the factors 0.91 or 0.81, respectively.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E
• Phytonadione
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from Standard stock solution diluted with methanol. [Note
—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the Standard
stock solution, and then dilute with methanol to volume.]
Standard solution: 20 µg/mL of USP Phytonadione RS from Standard stock solution diluted
with methanol
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate, if necessary,
under vacuum at room temperature to dryness. Transfer the contents of the flask to a
suitable volumetric flask with the aid of methanol, and dilute with methanol to volume to
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obtain a solution with an expected concentration of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2.0 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acetate and phytonadione are
about 0.68 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of phytonadione
(C31 H46 O2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of potassium hydroxide in 50 mL of water.
Iodine solution: Transfer 10 mg of iodine to a 100-mL volumetric flask. Dissolve in
cyclohexane, and dilute with cyclohexane to volume. Dilute 10 mL of this solution with
cyclohexane to 100 mL. [Note—Prepare this solution fresh daily.]
Sample solution A (for preparations containing beta carotene in oil solutions): Proceed as
directed in Vitamin A, Method 1, except use cyclohexane instead of n-hexane as the
extraction solvent, and dilute the filtered extracts with cyclohexane, to obtain a
concentration of 2 µg/mL of beta carotene.
Sample solution B (for preparations containing beta carotene in dry powder): Remove the
contents of NLT 20 Capsules by cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the Capsule contents, equivalent to 2 mg of beta
carotene, to a 500-mL saponification flask. Add 100 mL of alcohol, 6 mL of Potassium
hydroxide solution, and a magnetic stirring bar. Attach an air condenser to the flask, and
heat under reflux for 45 min with constant stirring. Cool to room temperature. Add 170 mL
of solvent hexane, and stir for 30 min. Quantitatively transfer the contents of the flask to
a 500-mL separatory funnel with portions of solvent hexane. Allow the layers to separate
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for 5–10 min, and transfer the upper organic layer to a 500-mL volumetric flask. Transfer
the lower aqueous layer into the saponification flask. Add 170 mL of solvent hexane, and
stir for an additional 20 min. Quantitatively transfer the contents of the saponification
flask to the separatory funnel with the aid of portions of solvent hexane. Allow the layers
to separate for 10 min. Drain the lower aqueous layer, and discard. Transfer the organic
layer to the volumetric flask containing the previously collected organic layer. Rinse the
separatory funnel with small portions of solvent hexane, and transfer the washings to the
volumetric flask. Dilute the hexane extracts with solvent hexane to volume. Add 3 g of
anhydrous sodium sulfate, shake, and allow to settle. Quantitatively transfer a volume of
this solution, equivalent to 100 µg of beta carotene, to a 50-mL volumetric flask.
Evaporate under a stream of nitrogen to dryness, and immediately add cyclohexane. Add 2
mL of Iodine solution, and heat for 15 min in a water bath maintained at 65 . Cool rapidly,
and dilute with cyclohexane to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Sample: Sample solution

851 .)

Determine the absorbance against the Blank. Calculate the percentage of the labeled
amount of beta carotene (C40 H56 ) in the portion of Capsules taken:
Result = (AU/F) × (100/CU)
A=
U absorbance of the Sample solution
F= absorptivity of beta carotene at 452 nm, 223
C=
U nominal concentration of beta carotene in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
Delete the following:
• Ascorbic Acid
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight per Capsule. Transfer a
portion of the Capsule contents, equivalent to 100 mg of ascorbic acid, to a 200-mL
volumetric flask, and add 75 mL of metaphosphoric–acetic acids TS. Insert a stopper into
the flask, and shake by mechanical means for 30 min. Dilute with water to volume.
Transfer a portion of the solution to a centrifuge tube, and centrifuge until a clear
supernatant is obtained. Pipet 4.0 mL of this solution into a 50-mL conical flask, and add 5
mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
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consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Capsule.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP38)

Delete the following:
• Calcium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP38)

Delete the following:
• Sodium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP38)

Add the following:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
(See Vitamin C Assay 580 .)
[Note—For labeling purposes, consider Method I—Titrimetric Method as Method 1.]
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ),
calcium ascorbate (C12 H14 CaO12 ·2H2 O), or sodium ascorbate (C6 H7 NaO6 ) 2S (USP38)

Change to read:
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Proceed as directed in Ascorbic Acid through “calculate the average net
weight per Capsule.”
Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules, without the loss of
shell material, and transfer the contents to a 100-mL beaker. Remove any contents
adhering to the empty shells by washing, if necessary, with several portions of ether.
Discard the washings, and dry the Capsule shells with the aid of a current of dry air until
the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the tared
weighing bottle, and calculate the average net weight per Capsule. 2S (USP38)
Transfer a portion of the Capsule contents, equivalent to 1 mg of biotin, to a 200-mL
volumetric flask. Add 3 mL of dimethyl sulfoxide, and swirl to wet the contents. Place the flask
in a water bath at 60 –70 for 5 min. Sonicate for 5 min, dilute with water to volume, and
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filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of biotin
(C10 H16 N2 O3 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by dilution of the
Standard stock solution with water on the day of the assay
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50%
alcohol, and swirl to wet the contents. Heat the flask in a water bath at 60 –70 for 5 min.
Sonicate for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of the filtrate
quantitatively, and stepwise if necessary, with water to obtain a solution with a concentration
of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
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hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick paste remains. Redissolve the
resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5 ± 0.1,
and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and filter.
Repeat the treatment with activated charcoal. Store under toluene in a cool place at a
temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of l-tryptophan
(or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add dilute
hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute
with water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store in a
refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of thiamine
hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a mixture of
neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under toluene.
Salt solution B: 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous sulfate,
and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of hydrochloric acid,
and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of water.
Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g of agar,
and heat the mixture on a steam bath, with stirring, until the agar dissolves. Add 10-mL
portions of the hot solution to test tubes, close or cover the tubes, sterilize in an autoclave at
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121 for 15 min, and allow the tubes to cool in an upright position. Prepare stab cultures in
three or more of the tubes, using a pure culture of Lactobacillus plantarum,1 incubating for
16–24 h at a temperature of between 30 and 37 held constant to within ±0.5 . Store in a
refrigerator. Prepare a fresh stab of the stock culture every week, and do not use for
Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium stock
solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton, sterilize in
an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the stock
culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells from the
Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of Culture medium.
Incubate this culture for 16–24 h at a temperature of between 30 and 37 held constant to
within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to three
or more of the levels specified for the Standard solution, including the levels of 2.0, 3.0, and
4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and sufficient water to
make 10 mL. Place one complete set of Standard and sample tubes together in one tube rack
and the duplicate set in a second rack or section of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at 121
for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes containing
no Standard solution (the uninoculated blanks). Incubate the tubes at a temperature of
between 30 and 37 held constant to within ±0.5 until, following 16–24 h of incubation,
there has been no substantial increase in turbidity in the tubes containing the highest level of
Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to a spectrophotometer cell. Place the cell in a spectrophotometer that has
been set at a specific wavelength of 540–660 nm, and read the transmittance when a steady
state is reached. This steady state is observed a few seconds after agitation when the
galvanometer reading remains constant for 30 s or more. Allow approximately the same time
interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of the
inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read the
transmittance for each of the remaining tubes. If there is evidence of contamination with a
foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of the
Standard, calculate the response from the sum of the duplicate values of the transmittance
(SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of cross-section
paper against the logarithm of the mL of Standard solution per tube on the abscissa, using for
the ordinate either an arithmetic or a logarithmic scale, whichever gives the better
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approximation to a straight line. Draw the straight line or smooth curve that best fits the
plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for each
level of the Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that falls within the range of
lowest and highest points plotted for the Standard. Subtract from each logarithm so obtained
the logarithm of the volume, in mL, of the Sample solution to obtain the difference, X, for each
dosage level. Average the values of X for each of three or more dosage levels to obtain X ,
which equals the log-relative potency, M¢, of the Sample solution. Determine the quantity, in
µg, of biotin (C10 H16 N2 O3 S) in the portion of Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin assumed to be present in the portion of the Capsules taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of the
Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of biotin in the portion of Capsules taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared Sample
solutions. If the difference between the two log-potencies M is NMT 0.08, their mean, M, is
the assayed log-potency of the test material (see Design and Analysis of Biological Assays
111 , The Confidence Interval and Limits of Potency). If the two determinations differ by
more than 0.08, conduct one or more additional determinations. From the mean of two or more
values of M that do not differ by more than 0.15, compute the mean potency of the
preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from Standard stock solution
diluted with water
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 100 µg of cyanocobalamin, to a 250-mL flask. Quantitatively, add 100.0
mL of water, and carefully extract for 2 min. Filter 10 mL of the extract, and use the clear
filtrate.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area of cyanocobalamin. Calculate the percentage of the labeled amount of
cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the Sample solution
rS= peak area of the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each g of Capsule contents taken, 25 mL of an aqueous extracting solution prepared just
before use to contain 12.9 mg/mL of dibasic sodium phosphate, 11.0 mg/mL of anhydrous citric
acid, and 10 mg/mL of sodium metabisulfite. Autoclave the mixture at 121 for 10 min. Allow
any undissolved particles of the extract to settle, and filter or centrifuge, if necessary. Dilute
an aliquot of the clear solution with water to obtain a final solution containing vitamin B12
activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Calcium Pantothenate, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
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toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Calcium Pantothenate, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0 mL
of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with water to
200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic potassium
phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid. Store this solution
under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of
biotin, and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40
mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1) to
make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided that,
when constituted as directed in the labeling, it yields a medium comparable to that obtained
from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving Cystine and Tryptophan
in the hydrochloric acid before adding the next eight solutions to the resulting solution. Add
100 mL of water, and dissolve the Dextrose, Sodium acetate, and Ascorbic acid. Filter, if
necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium hydroxide to a pH of 5.5–
6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL

PF 40(5): Sep.-Oct. 2014

928

Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of the
pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass, with the
aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary, until a clear,
straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be used
provided that, when constituted as directed in the labeling, it yields a medium equivalent to
that obtained from the formula given herein.] Dissolve 0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic potassium phosphate in 60–70
mL of water. Add 10 mL of Tomato juice preparation and 1 mL of Polysorbate 80 solution.
Adjust with 1 N sodium hydroxide to a pH of 6.8, and add water to make 100 mL. Place 10-mL
portions of the solution in test tubes, and plug with cotton. Sterilize the tubes and contents in
an autoclave at 121 for 15 min. Cool as rapidly as possible to avoid color formation resulting
from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an equal
volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize, and cool
as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g of
agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves. Place 10-mL
portions of the hot solution in test tubes, cover the tubes, sterilize at 121 for 15 min in an
autoclave, and allow the tubes to cool in an upright position. Inoculate three or more of the
tubes by stab transfer of a pure culture of Lactobacillus leichmannii.2 [Note—Before first using
a fresh culture in this assay, make NLT 10 successive transfers of the culture in a 2-week
period.] Incubate for 16–24 h at a temperature of between 30 and 40 held constant to
within ±0.5 . Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for preparing
the Inoculum if more than 4 days old. The activity of the microorganism can be increased by
daily or twice-daily transfer of the stab culture, to the point where definite turbidity in the
liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing culture seldom gives a
suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the stock
culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells from the
Stock culture of Lactobacillus leichmannii to two sterile tubes containing 10 mL each of the
Culture medium. Incubate these cultures for 16–24 h at a temperature of between 30 and 40
held constant to within ±0.5 . Under aseptic conditions centrifuge the cultures, and decant
the supernatant. Suspend the cells from the culture in 5 mL of sterile Suspension medium, and
combine. Using sterile Suspension medium, adjust the volume so that a 1-in-20 dilution in
saline TS produces 70% transmittance when read on a suitable spectrophotometer that has
been set at a wavelength of 530 nm, equipped with a 10-mm cell, and read against saline TS
set at 100% transmittance. Prepare a 1-in-400 dilution of the adjusted suspension using sterile
Basal medium stock solution. [Note—This dilution may be altered, when necessary, to obtain
the desired test response.] The cell suspension so obtained is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water, and with
the wavelength set at 530 nm.
Analysis
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Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12 activity
and to traces of many cleansing agents, cleanse meticulously by suitable means, followed
preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150-mm test tubes and other
necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard
solution. To each of these tubes and to four similar empty tubes add 5.0 mL of Basal medium
stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample
solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient water to
make 10 mL. Place one complete set of Standard and sample tubes together in one tube rack
and the duplicate set in a second rack or section of a rack, preferably in random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121 for 5
min, arranging to reach this temperature in NMT 10 min by preheating the autoclave if
necessary. Cool as rapidly as possible to avoid color formation resulting from overheating the
medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or overloading it
may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature of between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room temperature.
After agitating its contents, read the transmittance at 530 nm when a steady state is
reached. This steady state is observed a few seconds after agitation when the reading
remains constant for 30 s or more. Allow approximately the same time interval for the reading
on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of the
inoculated blank. If the difference is greater than 5% or if there is evidence of contamination
with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the standard
curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following procedure. Test
for and replace any aberrant individual transmittances. For each level of the Standard,
calculate the response from the sum of the duplicate values of the transmittances (SS) as the
difference, y = 2.00 SS. Plot this response on the ordinate of cross-section paper against
the logarithm of the mL of Standard solution per tube on the abscissa, using for the ordinate
either an arithmetic or a logarithmic scale, whichever gives the better approximation to a
straight line. Draw the straight line or smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for each
level of the Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that falls within the range of the
lowest and highest points plotted for the Standard. Subtract from each logarithm so obtained
the logarithm of the volume, in mL, of the Sample solution to obtain the difference, X, for each
dosage level. Average the values of X for each of three or more dosage levels to obtain X ,
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which equals the log-relative potency, M¢, of the Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in each mg in the portion of
Capsules taken
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the
portion of the Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of Capsules taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared Sample
solutions. If the difference between the two log-potencies M is NMT 0.08, their mean, M, is
the assayed log-potency of the test material (see Vitamin B12 Activity in Design and Analysis
of Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations. From
the mean of two or more values of M that do not differ by more than 0.15, compute the mean
potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (1%–3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
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through “calculate the average net weight per Capsule.” Transfer an amount of Capsule
contents to a suitable centrifuge tube, and add a volume of Internal standard solution to
obtain a nominal concentration of 0.016 mg/mL of folic acid. Shake by mechanical means for 10
min, and centrifuge. Filter a portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and 1.0,
respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak area ratio of folic acid to methylparaben from the Sample solution
RS= peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
Change to read:
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of Standard stock solution with 10.0 mL of methanol and
35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
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through “calculate the net weight of the Capsule contents.” Transfer a portion of the Capsule
contents, equivalent to 0.3 mg of folic acid, to a 125-mL stoppered flask. Add 10.0 mL of
methanol and 35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60 , and
cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of folic
acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Dexpanthenol or Panthenol
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS or 1600 µg/mL of USP
Racemic Panthenol RS in water. Store in a refrigerator, protected from light, and use
within 30 days.
Standard solution: On the day of the assay, prepare a dilution of 1.2 µg/mL of
dexpanthenol or 2.4 µg/mL of panthenol from Standard stock solution diluted with water.
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents as completely as possible to a
beaker. Remove any contents adhering to the empty Capsule shells by washing with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
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a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight per
Capsule. Dissolve a portion of the Capsule contents, nominally equivalent to 1.2 mg of
dexpanthenol or 2.4 mg of panthenol, in 100.0 mL of water. Quantitatively dilute a portion
of this solution with water to obtain a concentration of 1.2 µg/mL of dexpanthenol or 2.4
µg/mL of panthenol.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in about 500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and add water to make 1000 mL. Add 20 g of activated
charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature NLT 10 . Filter the solution if a precipitate
forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add
hydrochloric acid solution (1 in 2) dropwise, with stirring, until the solids are dissolved.
Cool, and dilute with water to make 1000 mL. Store under toluene in a cool place at a
temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
add water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in neutral
25% alcohol. Store in a refrigerator.
Salt solution A: 50 mg/mL of monobasic potassium phosphate and 50 mg/mL of dibasic
potassium phosphate in water. Add 10 drops of hydrochloric acid per L of solution. Store
under toluene.
Salt solution B: 20 mg/mL of magnesium sulfate, 1 mg/mL of sodium chloride, 1 mg/mL of
ferrous sulfate, and 1 mg/mL of manganese sulfate in water. Add 10 drops of hydrochloric
acid per L of the solution. Store under toluene.
Pyridoxal–calcium pantothenate solution: 200 µg/mL of pyridoxal hydrochloride and
1.875 µg/mL of calcium pantothenate in 10% alcohol. Store in a refrigerator, and use
within 30 days.
Polysorbate 40–oleic acid solution: 50 mg/mL of polysorbate 40 and 0.5 mg/mL of oleic
acid in 20% alcohol. Store in a refrigerator, and use within 30 days.
Modified pantothenate medium: Dissolve anhydrous Dextrose and Sodium acetate in the
solutions previously mixed according to Table 3, and adjust with 1 N sodium hydroxide to a
pH of 6.8. Finally, dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
Cystine–tryptophan solution

25 mL
25 mL
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Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed in Modified
pantothenate medium, but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
Stock culture of Pediococcus acidilactici: Dissolve in 800 mL of water, with the aid of
heat, 6.0 g of peptone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g
of beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with 0.1 N sodium hydroxide
or 0.1 N hydrochloric acid to a pH of 6.5–6.6, and dilute with water to 1000 mL. Add 10mL portions of the solution to culture tubes, place caps on the tubes, and sterilize in an
autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator. Prepare a stock
culture of Pediococcus acidilactici3 on a slant of this medium. Incubate at 35 for 20–24 h,
and store in a refrigerator. Maintain the stock culture by monthly transfer onto fresh
slants.
Inoculum: Inoculate three 250-mL portions of Modified pantothenate medium from a stock
culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with sterile Modified pantothenate medium.
Resuspend the cells in sufficient Modified pantothenate medium so that a 1-in-50 dilution,
when tested in a 13-mm diameter test tube, gives 80% light transmission at 530 nm.
Transfer 1.2-mL portions of this stock suspension to glass ampuls, seal, freeze in liquid
nitrogen, and store in a freezer. On the day of the assay, allow the ampuls to reach room
temperature, mix the contents, and dilute 1 mL of thawed culture with sterile saline TS to
150 mL. [Note—This dilution may be altered when necessary to obtain the desired test
response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes and in the same order add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes and
in the same order add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of Double-strength modified pantothenate medium to each tube. Cover the
tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to room
temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the Inoculum.
Allow to incubate at 37 for 16 h. Terminate growth by heating to a temperature NLT 80 ,
such as by steaming at atmospheric pressure in a sterilizer for 5–10 min. Cool, and
determine the percentage transmittance of the suspensions, in cells of equal pathlength,
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on a suitable spectrophotometer, at a wavelength of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percentage of transmittance, for each set of tubes of the standard
curve against the standard level concentrations. The curve is drawn by connecting each
adjacent pair of points with a straight line. From this standard curve, determine by
interpolation the potency of each tube containing portions of the Sample solution. To
obtain the individual responses, divide the potency of each tube by the amount of the
Sample solution added to it. Calculate the mean response by averaging the individual
responses that vary from their mean by NMT 15%, using NLT half the total number of
tubes. Calculate the potency of the portion of the material taken for the assay by
multiplying the mean response by the appropriate dilution factor.
Calculate the percentage of the labeled amount of dexpanthenol or panthenol (C9 H19 NO4 )
in the portion of Capsules taken:
Result = (P/N) × 100
P= potency of dexpanthenol or panthenol in the portion of Capsules taken (mg)
N= nominal amount of dexpanthenol or panthenol in the portion of Capsules taken (mg)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
Change to read:
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” To a centrifuge tube transfer an
amount of mixed Capsule contents and a volume of Internal standard solution to obtain a
concentration of 0.6 mg/mL in the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid are
about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate and the internal standard. Calculate the
percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of
Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample solution
RS= peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Standard
solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume, to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in the Analysis,
2.0 and 4.0 mL of the Standard solution being used, are within the linear portion of the
log-concentration response curve.
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to an amount of 50 mg of calcium pantothenate, to a 1000-mL volumetric
flask containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate
solution (1 in 60), dilute with water to volume, and filter. Dilute a volume of this solution to
obtain a solution with approximately the same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick paste remains. Redissolve the
resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5 ± 0.1,
and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and filter.
Repeat the treatment with activated charcoal. Store under toluene in a cool place at a
temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of l-tryptophan
(or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add dilute
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hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute
with water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under toluene,
protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a mixture of
neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of hydrochloric
acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 4, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 4
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of water.
Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g of agar,
and heat the mixture on a steam bath, with stirring, until the agar dissolves. Add 10-mL
portions of the hot solution to the test tubes, close or cover the tubes, sterilize in an
autoclave at 121 for 15 min, and allow the tubes to cool in an upright position. Prepare stab
cultures in three or more of the tubes, using a pure culture of Lactobacillus plantarum1
incubating for 16–24 h at a temperature of 30 –37 held constant to within ±0.5 . Store in a
refrigerator. Prepare a fresh stab of the stock culture every week, and do not use for
Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium stock
solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the tubes with
cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the stock
culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells from the
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Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of Culture medium.
Incubate this culture for 16–24 h at a temperature of between 30 and 37 held constant to
within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution corresponding
to three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in one
tube rack and the duplicate set in a second rack or section of a rack, preferably in random
order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at 121
for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature of between 30 and 37 , held constant to within ±0.5 until, following 16–24 h of
incubation, there has been no substantial increase in turbidity in the tubes containing the
highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to an optical container if necessary. Read the transmittance between 540
and 660 nm when a steady state is reached. This steady state is observed a few seconds
after agitation when the galvanometer reading remains constant for 30 s or more. Allow
approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of the
inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read the
transmittance for each of the remaining tubes. If there is evidence of contamination with a
foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of the
Standard, calculate the response from the sum of the duplicate values of the transmittance
(SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of cross-section
paper against the logarithm of the mL of Standard solution per tube on the abscissa, using for
the ordinate either an arithmetic or a logarithmic scale, whichever gives the better
approximation to a straight line. Draw the straight line or smooth curve that best fits the
plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for each
level of the Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that falls within the range of the
lowest and highest points plotted for the Standard. Subtract from each logarithm so obtained
the logarithm of the volume, in mL, of the Sample solution to obtain the difference, X, for each
dosage level. Average the values of X for each of three or more dosage levels to obtain X ,
which equals the log-relative potency, M¢, of the Sample solution. Determine the quantity, in
mg, of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Capsules taken:
antilog M = antilog (M¢ + log R)
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R= number of mg of calcium pantothenate assumed to be present in the portion of the Capsules
taken
Calculate the percentage of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Capsules
taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of the Capsules taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared Sample
solutions. If the difference between the two log-potencies M is NMT 0.08, their mean, M, is
the assayed log-potency of the test material (see Design and Analysis of Biological Assays
111 , The Confidence Interval and Limits of Potency). If the two determinations differ by
more than 0.08, conduct one or more additional determinations. From the mean of two or more
values of M that do not differ by more than 0.15, compute the mean potency of the
preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from Standard stock
solution diluted with water
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the net weight of the Capsule contents.” Transfer a portion of the Capsule
contents, equivalent to 10 mg of calcium pantothenate, to a 250-mL volumetric flask. Add 10
mL of methanol, and swirl the flask to disperse the Capsules contents. Dilute with water to
volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the labeled
amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride,
riboflavin, and thiamine hydrochloride to a 50-mL centrifuge tube. Add 25.0 mL of Diluent, and
mix using a vortex mixer for 30 s to completely suspend the powder. Immerse the centrifuge
tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix on a vortex mixer for
30 s. Return the tube to the hot water bath, heat for another 5 min, and mix on a vortex mixer
for 30 s. Filter a portion of the solution, cool to room temperature, and use the clear filtrate.
[Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
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Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine. Calculate
the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled amount
of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
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Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine as
thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask
and dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Weigh NLT 20
Capsules in a tared weighing bottle. Open the Capsules, without loss of shell material, and
transfer the contents to a beaker. Remove any contents adhering to the shells by
washing with several portions of ether. Discard the washings, and dry the Capsule shells
with the aid of a current of dry air. Weigh the empty Capsule shells in the tared weighing
bottle, and calculate the net weight of the Capsule contents. Transfer a portion of the
Capsule contents, equivalent to 2 mg of riboflavin, to a 200-mL volumetric flask. If
riboflavin is not present in the formulation, use a portion equivalent to a nominal amount
of 2 mg of pyridoxine. If pyridoxine is not present in the formulation, use a portion
equivalent to 20 mg of niacin or niacinamide. Add 100.0 mL of Extraction solvent, and mix
for 20 min, using a wrist-action shaker. Immerse the flask in a water bath maintained at
70 –75 , and heat for 20 min. Mix on a vortex mixer for 30 s, cool to room temperature,
and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Capsules taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A, Extraction solvent, Mobile phase, Standard stock solution, Standard
solution, Sample solution, Chromatographic system, and System suitability
solution: Using USP Niacinamide RS in place of USP Niacin RS, proceed as directed in
Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacinamide. Calculate the percentage of the labeled amount of
niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: Transfer 20 µg/mL of USP Pyridoxine Hydrochloride RS from Standard
stock solution, and dilute with Extraction solvent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
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Samples: Standard solution and Sample solution
Measure the peak areas of pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine from the Sample solution
rS= peak area of pyridoxine from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 g/L of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of Standard stock solution with Extraction solvent to
25.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of riboflavin from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
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C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
Change to read:
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 g/L of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the net weight of the Capsule contents.” Mix a portion of the Capsule
contents with a volume of 0.2 N hydrochloric acid to obtain a concentration of 0.02 mg/mL of
thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30 min. Cool to
room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled amount
of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

PF 40(5): Sep.-Oct. 2014

946

rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL triethylamine, 15.0 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate to
volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the net weight of the Capsule contents.” Transfer a portion of the Capsule
contents, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride, 0.4
mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a stoppered 125-mL flask. Add 10.0
mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of methanol
and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a water bath maintained at
60 , and cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Measure the peak areas of niacin or niacinamide. Calculate the percentage of the labeled
amount of niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) (for products
containing thiamine hydrochloride) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled amount
of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or niacin
(C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine as
thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
[Note—Commercially available atomic absorption standard solutions for the minerals, where
applicable, may be used where preparation of a Standard stock solution is described in the
following assays. Use deionized water where water is specified. Where atomic absorption
spectrophotometry is specified in the assay, the Standard solutions and the Sample solution
may be diluted quantitatively with the solvent specified, if necessary, to yield solutions of
suitable concentrations adaptable to the linear or working range of the instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
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previously dried at 300 for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5,
and 3.0 µg/mL of calcium.
Polysorbate 80 solution: Polysorbate 80 and alcohol (1:10)
Sample solution: Transfer 5 Capsules to a 100-mL volumetric flask. [Note—For hard
gelatin Capsules, weigh NLT 20 Capsules. Open the Capsules, without loss of shell
material, and transfer the contents to a suitable container. Remove any contents adhering
to the empty shells by washing with several portions of ether. Discard the washings, and
allow the Capsule shells to dry. Weigh the empty Capsule shells, calculate the net weight
of the Capsule contents, and transfer a portion of the Capsule contents, equivalent to 5
Capsules, to a 100-mL volumetric flask.] Add 15 mL of water, 10 mL of 6 N hydrochloric
acid, and 1 mL of Polysorbate 80 solution to the flask. Heat on a hot plate or steam bath,
with intermittent swirling, until the Capsules are completely disintegrated or the contents
are dissolved. Boil gently for an additional 15 min. Cool, dilute with water to volume, and
filter, discarding the first 5 mL of the filtrate. Dilute this solution with 0.125 N hydrochloric
acid, to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of Lanthanum chloride
solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission line at 422.7 nm
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in mg/mL, of calcium in the Sample solution.
Calculate the percentage of of the labeled amount of calcium (Ca) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
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previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from Chromium standard solution diluted
with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at 357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
solution of nitric acid, and dilute with a 1% solution of nitric acid to 1000 mL. This solution
contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from Copper standard solution diluted with
0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)
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Mode: Atomic absorption spectrophotometry
Analytical wavelength: Copper emission line at 324.7 nm
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water
contained in a 1000-mL volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a few drops of acetic acid to a
pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator, in water
Intermediate stock solution A: 100 µg/mL of fluoride from Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from Fluoride standard stock solution
diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the mixed Capsule
contents, equivalent to 200 µg of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1
N hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and 25.0 mL of Sodium
citrate solution. Dilute with water to volume.
Analysis
Samples: Standard solutions and Sample solution

PF 40(5): Sep.-Oct. 2014

951

To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ionindicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer with an
insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
potential, in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in mg/mL, of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with one column volume of
methanol followed by one column volume of pH 10.0 buffer. Do not allow the column top
to dry. If the top of the column becomes dry, recondition the column.] Transfer 10.0 mL
of Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and adjust
with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to volume. Filter,
discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that is connected through an adaptor
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL container. If
necessary, remove any contents adhering to the empty shells by washing with several
portions of ether. Discard the washings, and dry the Capsule shells with the aid of a
current of dry air. Weigh the empty Capsule shells in the tared weighing bottle, and
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calculate the net weight of the Capsule contents. Transfer a portion of the Capsule
contents, equivalent to 1 mg of fluorine, to a 100-mL volumetric flask. Add 15 mL of
water, and shake vigorously. Rinse the sides of the flask with 15 mL of water, and allow to
stand for 10 min. Dilute with water to 85 mL, adjust with 1 N sodium hydroxide to a pH of
10.4 ± 0.1, and dilute with water to 100 mL. Proceed as directed for the Standard
solution, beginning with “Filter, discarding the first 15 mL of the filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide
Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Capsules
Remove the contents of Capsules by cutting open the Capsules. Mix, and determine the
weight of the contents. Transfer a quantity of the contents, equivalent to 3 mg of iodine,
to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium hydroxide
solution, and 10 mL of alcohol, taking care that the entire specimen is moistened. Heat
the crucible on a steam bath to evaporate the alcohol, then dry the crucible at 100 for
30 min to prevent spattering upon subsequent heating. Transfer the crucible with its
contents to a furnace heated to 500 , and heat the crucible for 15 min. [Note—Heating at
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500 is necessary to carbonize any organic matter present; a higher temperature may be
used, if necessary, to ensure complete carbonization of all organic matter.]
Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and boil
gently for 10 min. Filter the solution, and wash the crucible with boiling water, collecting
the filtrate and washings in a beaker. Add phosphoric acid until the solution is neutral to
methyl orange, then add 1 mL excess of phosphoric acid. Add excess of Bromine water,
and boil the solution gently until colorless and then for 5 min longer. Add a few crystals of
salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid and 0.5 g of
potassium iodide, and titrate the liberated iodine with 0.005 N sodium thiosulfate VS,
adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Capsules
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA = actual normality of the sodium thiosulfate solution used
F = correction factor to convert mg to µg, 1000 µg/mL
Ime= milliequivalent of I, 21.16 mg/meq
Aw= average weight of the Capsules content
W = weight of the sample of Capsules content taken
L = labeled amount of iodine (µg/Capsule)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 5 µg/mL of iron and omit the use of the Lanthanum
chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
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concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a known concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
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Manganese standard stock solution: Transfer 1.00 g of manganese to a 1000-mL
volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from Manganese standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain to 1 µg/mL of manganese and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Manganese emission line at 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
Change to read:
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from Molybdenum standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer
5.0, (ERR 1-Feb-2014)
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10.0, and 25.0 mL of the Standard stock solution, and add 5.0 mL of perchloric acid to each
flask. Gently boil the solution in each flask for 15 min. Cool to room temperature, and dilute
each with Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of
molybdenum.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except take a number of Capsules
or a portion of Capsule contents equivalent to 1000 µg of molybdenum and make appropriate
dilutions to obtain a final concentration of 10 µg/mL of molybdenum, omitting the addition of
the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Molybdenum emission line at 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 mg of stannous chloride to a beaker, add
20 mL of 6.5 N hydrochloric acid solution, and heat the solution until the stannous chloride
is dissolved. Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: Remove the contents of a counted number of Capsules by cutting open the
Capsules. Mix, and determine the weight of the contents. Use a quantity of the Capsule
contents, equivalent to 40 µg of molybdenum.
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)
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Mode: UV-Vis
Analytical wavelength: 465 nm
Cell: 1-cm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample
Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is complete,
as indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in
the beakers to dryness. Rinse the sides of the beakers and the watchglasses with water,
and dilute with water to 50 mL in each beaker. Gently boil the water solution for a few
min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresonding volumetric flasks, and dilute with water to
volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% Stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnel for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layer from each separatory funnel to a centrifuge
tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the organic
phases obtained from the Standard solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the Sample
AS= absorbance of the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, and then dilute with Sulfuric acid
solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
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previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 100 mg of phosphorus, to 25 mL of nitric acid, and digest on a hot plate for
30 min. Add 15 mL of hydrochloric acid, and continue the digestion to the cessation of
brown fumes. Cool, and transfer the contents of the flask to a 500-mL volumetric flask
with the aid of small portions of water. Dilute with water to volume. Transfer 10.0 mL of
this solution to a 100-mL volumetric flask, and dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 650 nm
Cell: 1-cm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution,
the Sample solution, and water to provide the blank. To each of the three flasks add 1.0
mL each of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite
solution, and swirl to mix. Dilute the contents of each flask with water to volume, and
allow the flasks to stand for 30 min. Determine the absorbances of the solutions against
the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Capsules taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from Potassium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
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Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of potassium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission line at 766.5 nm
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from Selenium standard solution diluted
with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 1000 µg of selenium, to a suitable flask, and add 12 mL of nitric acid. [Note
—The volume of nitric acid may be varied to ensure that the powder is uniformly
dispersed.] Carefully swirl the flask to disperse the sample specimen. Sonicate for 10 min
or until the sample specimen is completely dissolved. Gently boil the solution for 15 min,
and cool to room temperature. Carefully add 8 mL of perchloric acid to the flask, heat the
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flask until perchloric acid fumes appear, and swirl the flask to dissipate the fumes. Repeat
the heating and swirling until the fumes appear again. Cool to room temperature. Transfer
the contents of the flask to a 50-mL volumetric flask with the aid of the Diluent, and
dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Selenium emission line at 196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
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Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 20 µg of selenium, to a suitable flask. Add 10 mL of nitric acid, and warm
gently on a hot plate. Continue heating until the initial nitric acid reaction has subsided,
then add 3 mL of perchloric acid.
[Caution—Exercise care at this stage, because perchloric acid reaction becomes vigorous.]
Continue heating on the hot plate until the appearance of white fumes of perchloric acid
or until the digest begins to darken. Add 0.5 mL of nitric acid, and resume heating, adding
additional amounts of nitric acid if further darkening occurs. Digest for 10 min after the
first appearance of perchloric acid fumes or until the digest becomes colorless. Cool the
flask. Add 2.5 mL of Hydrochloric acid solution, and return the flask to the hot plate to
expel residual nitric acid. Heat the mixture for 3 min after it begins to boil. Cool the flask
to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 380 nm
Cell: 1-cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, the Standard solution, and the Blank as follows. Add 5 mL of
Reagent A to each flask, and swirl gently to mix. Adjust the solution in each flask with
50% Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each
flask, and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and
equilibrate for 30 min, taking care that the flasks are covered to protect them from light.
Cool to room temperature, and transfer the contents of each flask to separate separatory
funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions obtained from the Samples against the
solution obtained from the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbances of the cyclohexane layer from the Sample solution
AS= absorbances of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
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Zinc standard solution: 1000 µg/mL of zinc from zinc oxide in 5 M hydrochloric acid (3.89
mg/mL) and diluted with water to final volume. [Note—Dissolve in 5 M hydrochloric acid by
warming, if necessary, cool, and then dilute to final volume.]
Standard stock solutions: 50 µg/mL of zinc from Zinc standard solution diluted with 0.125
N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of Standard stock solution to
separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of zinc and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding 1 volume
of Stock aqua regia solution to 2 volumes of water. Dilute with additional water to volume,
and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% nitric acid
solution, 1000 mg/L of scandium in 5% nitric acid solution, and Diluent (1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
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standard (single- or multi-element) solutions in 5% nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% nitric acid solution to obtain a solution having final concentrations of about 1000 mg/L
of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L of
manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% hydrochloric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
20% hydrochloric acid solution to obtain a solution having final concentrations of about
200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium, tin,
and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in Diluent, to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution: Weigh, then transfer 5 Capsules to a 250-mL volumetric flask, and heat
gently on a hot plate until the contents begin to release. Cautiously add 25 mL of Stock
aqua regia solution in 5-mL increments, and swirl. Heat, continue to swirl until the
Capsules dissolve into the acid, immediately remove from the heat source, and add 150 mL
of water. Cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube,
using a 5-µm pore size nylon syringe filter. If necessary, make any further adjustments
using the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry, using a spectrometer set to measure
the emission of each mineral of interest at about the corresponding wavelength. [Note
—The operating conditions may be developed and optimized based on the
manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision.]
System suitability
[Note—Analyze the System suitability solution, and obtain the response as directed in the
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution. Calculate the percentage of the labeled amount for each mineral taken:
Result = C × (V/W) × F × (CW/L) × 100
C= measured concentration of the Sample solution (mg/L)
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V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
CW
= average Capsule weight (mg)
L = labeled amount per Capsule (mg)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amounts of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling:4 The label states that the product is Oil- and Water-Soluble Vitamins with Minerals
Capsules. The label also states the quantity of each vitamin and mineral per dosage unit
and, where necessary, the chemical form in which a vitamin is present and also states the
salt form of the mineral used as the source of each element. Where the product contains
vitamin E, the label indicates whether it is the d- or dl- form. Where more than one assay
method is given for a particular vitamin or mineral, the labeling states with which assay
method the product complies only if Method 1 is not used.
• USP Reference Standards 11
USP Biotin RS
USP Calcium Pantothenate RS
USP Cholecalciferol RS
USP Cyanocobalamin RS
USP Dexpanthenol RS
USP Ergocalciferol RS
USP Folic Acid RS
USP Niacin RS
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Niacinamide RS
Phytonadione RS
Pyridoxine Hydrochloride RS
Racemic Panthenol RS
Riboflavin RS
Sodium Fluoride RS
Thiamine Hydrochloride RS
Alpha Tocopherol RS
Alpha Tocopheryl Acetate RS
Alpha Tocopheryl Acid Succinate RS
Vitamin A RS

1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbruekii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
3 ATC C No. 8042 is suitable.
4 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units (IU), where such formerly existed. The USP Unit for Vitamin E has been discontinued. IU for
vitamins also have been discontinued; however, the use of IU on the labels of vitamin products continues.
Where articles are labeled in terms of Units in addition to the required labeling, the relationship of the USP
Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol (vitamin A alcohol) or
0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl palmitate (vitamin A
palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU of beta carotene =
0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of cholecalciferol or ergocalciferol; and 1
mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl acetate = 1 former
USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin E Unit, 1 mg of dalpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate = 1.36 former
USP Vitamin E Units; and 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E Units. In
terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil- and Water-Soluble Vitamins with Minerals Oral Solution, USP 37 page 5697. As part of
the USP monograph modernization efforts and based on the comments received, the
following changes are proposed:
1.
In the Strength for Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate,
a.
Add the cross-references to the new general chapter Vitamin C Assay

580 .

The new chapter 580 is proposed to serve as the focal point for all crossreferences related to vitamin C analysis in the USP official monographs for
multivitamin combinations with “Water-Soluble Vitamins” in the title. The
currently available titrimetric procedure is proposed to be migrated to this
general chapter. In addition, the new HPLC procedures for analysis of vitamin
C are provided. Chapter 580 is proposed elsewhere in this issue of PF.
b.
Remove the titrimetric procedure which is no longer necessary due to the
reference to chapter 580 to which this procedure had been migrated.
2.
In the test for Absence of Specified Microorganisms, eliminate the requirements for
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absence of Staphylococcus aureus since this testing is typically performed for topical
and not for oral dosage forms.
(DS: N. Davydova.)
Correspondence Number—C147779

Comment deadline: November 30, 2014
Oil- and Water-Soluble Vitamins with Minerals Oral Solution
DEFINITION
Oil- and Water-Soluble Vitamins with Minerals Oral Solution contains one or more of the
following oil-soluble vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vitamin D2 ) or
Cholecalciferol (Vitamin D3 ), and Vitamin E; one or more of the following water-soluble vitamins:
Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate, Biotin,
Cyanocobalamin, Niacin or Niacinamide, Dexpanthenol or Panthenol, Pantothenic Acid (as
Calcium Pantothenate or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin or
Riboflavin-5¢-Phosphate Sodium, and Thiamine Hydrochloride or Thiamine Mononitrate; and one
or more minerals derived from substances generally recognized as safe, furnishing one or more
of the following elements in ionizable form: chromium, fluorine, iodine, iron, magnesium,
manganese, molybdenum, and zinc. Oral Solution contains NLT 90.0% and NMT 200.0% of the
labeled amounts of vitamin A (C20 H30 O) as retinol or esters of retinol in the form of retinyl
acetate (C22 H32 O2 ) or retinyl palmitate (C36 H60 O2 ), vitamin D as ergocalciferol (C28 H44 O) or
cholecalciferol (C27 H44 O), vitamin E as alpha tocopherol (C29 H50 O2 ) or alpha tocopheryl
acetate (C31 H52 O3 ) or alpha tocopheryl acid succinate (C33 H54 O5 ), ascorbic acid (C6 H8 O6 ) or
its salts as calcium ascorbate (C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 ), and
thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate; NLT 90.0% and
NMT 150.0% of the labeled amounts of biotin (C10 H16 N2 O3 S), calcium pantothenate
(C18 H32 CaN2 O10 ), dexpanthenol (C9 H19 NO4 ) or panthenol (C9 H19 NO4 ), niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ) or
riboflavin-5¢-phosphate sodium (C17 H20 N4 NaO9 P); NLT 90.0% and NMT 450.0% of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P); and NLT 90.0% and NMT 160.0% of the labeled
amounts of chromium (Cr), fluorine (F), iodine (I), and molybdenum (Mo); and NLT 90.0% and
NMT 125.0% of the labeled amounts of iron (Fe), magnesium (Mg), manganese (Mn), and zinc
(Zn).
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Vitamin A
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Tetrahydrofuran and acetonitrile (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.33 mg/mL of retinol (C20 H30 O) from USP Vitamin A RS in Diluent.
[Note—USP Vitamin A RS is retinyl acetate. Use it to analyze Oral Solution that contains
vitamin A as retinol, retinyl acetate, or retinyl palmitate.]

PF 40(5): Sep.-Oct. 2014

967

Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
3.3 mg of retinol, to a 500-mL separatory funnel containing 10 mL of water and 20 mL of
dehydrated alcohol. Add 150 mL of solvent hexane, insert the stopper, and shake for 1
min. Add another 150 mL of solvent hexane, insert the stopper, shake, and allow the
layers to separate. Discard the aqueous layer, and filter the solvent hexane extract
through anhydrous sodium sulfate into a 500-mL round-bottom flask. Evaporate the
solution to dryness with the aid of a rotary evaporator over a water bath maintained at
about 65 . Immediately add 10.0 mL of Diluent, swirl to dissolve the residue, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 50-cm (prepared from two concatenated 4.6-mm × 25-cm columns);
packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of vitamin A as retinol (C20 H30 O) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of retinol or retinyl ester from the Sample solution
rS= peak area of retinyl acetate from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) in the Standard solution (µg/mL)
C=
U nominal concentration of vitamin A as retinol (C20 H30 O) in the Sample solution (µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
Acceptance criteria: 90.0%–200.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D)
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluent and Mobile phase: Prepare as directed for Vitamin A.
Standard solution: 5 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in Diluent
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
50 µg of cholecalciferol or ergocalciferol, to a 500-mL separatory funnel containing 10 mL
of water and 20 mL of dehydrated alcohol. Add 150.0 mL of solvent hexane, insert the
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stopper, and shake for 1 min. Add another 150 mL of solvent hexane, insert the stopper,
shake, and allow the layers to separate. Discard the aqueous layer. Drain the solvent
hexane extract through anhydrous sodium sulfate into a 500-mL round-bottom flask.
Evaporate the solution to dryness with the aid of a rotary evaporator over a water bath
maintained at about 65 . Immediately add 10.0 mL of Diluent, swirl to dissolve the residue,
and filter.
Chromatographic system: Prepare as directed for Vitamin A.
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak areas of cholecalciferol or ergocalciferol from the Sample solution
rS= peak areas of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
formulation, 1.09
Acceptance criteria: 90.0%–200.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile and ethyl acetate (1:1)
Potassium hydroxide solution: Transfer 90 g of potassium hydroxide pellets to a 100-mL
volumetric flask containing 60 mL of water. Mix to dissolve, cool, and dilute with water to
volume.
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in Diluent
Sample solution: Transfer an amount of Oral Solution, equivalent to 1.5 mg of alpha
tocopherol, to a 125-mL conical flask fitted with a ground-glass joint, and add 25.0 mL of
dehydrated alcohol. Attach a reflux condenser, and reflux in a boiling water bath for 1 min.
Cautiously add 3 mL of Potassium hydroxide solution through the condenser, and continue
to reflux for 30 min. Remove the flask from the bath, and rinse the condenser with about
15 mL of water. Cool, and transfer with a minimum volume of water to a 250-mL
separatory funnel. Rinse the flask with 50 mL of n-hexane, and add the rinsings to the
separatory funnel. Insert the stopper, shake vigorously for 1 min, and allow the layers to
separate. Drain the aqueous layer into a second 250-mL separatory funnel, and repeat the
extraction with 50 mL of n-hexane. Discard the aqueous layer, and combine the hexane
extracts. Wash the combined extracts with 25 mL of water, allow the layers to separate,
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and discard the aqueous layer. Add 3 drops of glacial acetic acid, and repeat the washing
procedure two more times. Filter the washed hexane layer through anhydrous sodium
sulfate into a 250-mL round-bottom flask. Rinse the funnel and sodium sulfate with nhexane, and add the rinsing to the hexane solution in the flask. Evaporate the hexane
solution to dryness with the aid of a rotary evaporator over a water bath maintained at
about 50 . Immediately add 5.0 mL of Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E as
alpha tocopherol (C29 H50 O2 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
C=
U nominal concentration of vitamin E as alpha tocopherol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–200.0% of the labeled amount of vitamin E
Delete the following:
• Ascorbic Acid
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
80 mg of ascorbic acid, to a conical flask. Add 50 mL of water, 100 mL of 0.1 N sulfuric
acid VS, and 15.0 mL of 0.1 N iodine VS. Stir the contents for 30 s, and add 5 mL of
starch TS.
Analysis: Immediately titrate with 0.1 N sodium thiosulfate VS to the disappearance of the
color. Each mL of 0.1 N iodine is equivalent to 8.806 mg of ascorbic acid (C6 H8 O6 ).
Acceptance criteria: 90.0%–200.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP38)

Delete the following:
• Calcium Ascorbate: Proceed as directed for Ascorbic Acid. Each mL of 0.1 N iodine is
equivalent to 10.66 mg of (C12 H14 CaO12 ·2H2 O.)
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Acceptance criteria: 90.0%–200.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP38)

Delete the following:
• Sodium Ascorbate: Proceed as directed for Ascorbic Acid. Each mL of 0.1 N iodine is
equivalent to 9.905 mg of (C6 H7 NaO6 .)
Acceptance criteria: 90.0%–200.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP38)

Add the following:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
(See Vitamin C Assay 580 .)
[Note—For labeling purposes, consider Method I—Titrimetric Method as Method 1.]
Acceptance criteria: 90.0%–200.0% of the labeled amount of ascorbic acid (C6 H8 O6 ),
calcium ascorbate (C12 H14 CaO12 ·2H2 O), or sodium ascorbate (C6 H7 NaO6 ) 2S (USP38)
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures, yielding formulations similar to the media described herein, may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: On the day of the assay, prepare 0.1 ng/mL of biotin from the
Standard stock solution in water.
Sample solution: Dilute an accurately measured portion of the Oral Solution with water to
an assumed concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to make 1000 mL. Add 20 g of activated charcoal, stir for 1
h, and filter. Repeat the treatment with activated charcoal. Store under toluene in a cool
place at a temperature not below 10 . Filter the solution if a precipitate forms during
storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to make 1000 mL. Store under toluene in a cool place at a
temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
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dilute with water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 50 mg/mL of monobasic potassium phosphate and 50 mg/mL of
dibasic potassium phosphate in water. Add 5 drops of hydrochloric acid. Store under
toluene.
Salt solution B: Dissolve 20 g of magnesium sulfate, 1 mg/mL of sodium chloride, 1 mg/mL
of ferrous sulfate, and 1 mg/mL of manganese sulfate in water. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an inoculum comparable to a fresh culture.]

PF 40(5): Sep.-Oct. 2014

972

Transfer cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength of 540–660 nm, and read
the transmittance when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of lowest and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to
obtain the difference, X, for each dosage level. Average the values of X for each of
three or more dosage levels to obtain X, which equals the log-relative potency, M¢, of
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the Sample solution.
Calculate the quantity, in ng, of biotin (C10 H16 N2 O3 S) in the portion of Oral Solution
taken:
antilog M = antilog (M¢ + log R)
R= number of ng of biotin assumed to be present in the portion of Oral Solution taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion
of Oral Solution taken:
Result = [(antilog M)/N] × 100
N= nominal amount of biotin, in ng, in the portion of Oral Solution taken
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water. [Note—A portion of the Standard
solution will be used to determine the percent recovery of biotin from the Solid-phase
extraction procedure.]
Sample solution: 0.6 µg/mL of biotin, from the Oral Solution in water. Adjust the solution
with either dilute acetic acid or 0.1 N sodium hydroxide to a pH of 6.0–7.0.
Solid-phase extraction: [Note—Condition the extraction column specified in this
procedure in the following manner. Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.] Separately pipet 5.0 mL each of the Sample
solution and Standard solution into freshly conditioned solid-phase extraction columns
consisting of a mixed-mode packing with a sorbent-mass of 60 mg. [Note—The mixedmode packing consists of anion-exchange and reversed-phase sorbents. The reversephase component is a copolymer of N-vinylpyrrolidone and divinylbenzene. The anion
exchange moiety is a trialkylamino group.2]
Wash the column with 10 mL of 30% (v/v) methanol in water. Apply an appropriate volume
(4.9 mL) of 30% (v/v) methanol in 0.1 N hydrochloric acid to the column. Collect the
eluate in a 5-mL volumetric flask, containing 100 µL of 40% (w/v) sodium acetate in
water, and dilute with 30% (v/v) methanol in 0.1 N hydrochloric acid to volume.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and a portion of Standard solution that has undergone Solidphase extraction
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and Standard solution that
has undergone Solid-phase extraction
Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and Sample solution that have both undergone Solid-phase
extraction
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of
biotin (C10 H16 N2 O3 S) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of cyanocobalamin from USP Cyanocobalamin RS in
25% alcohol. Store in a refrigerator.
Standard solution: Dilute a suitable volume of Standard stock solution with water to a
measured volume such that after the incubation period as described in Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Transfer an accurately measured volume of Oral Solution, assumed to
contain 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for each mL of the
Oral Solution taken, 25 mL of an aqueous extracting solution prepared just before use to
contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of anhydrous citric
acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121 for 10 min. Allow
any undissolved particles of the extract to settle, and filter or centrifuge if necessary.
Dilute an aliquot of the clear solution with water to obtain a final solution containing
vitamin B12 activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Biotin, Method 1.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
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Adenine–guanine–uracil solution: Prepare as directed for Biotin, Method 1.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to make 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of biotin,
and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene protected
from light in a refrigerator.
Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40 mg
of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1)
to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving Cystine and
Tryptophan in the hydrochloric acid before adding the next eight solutions. In the
resulting solution add 100 mL of water, and dissolve Dextrose, Sodium acetate, and
Ascorbic acid. Filter if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of 5.5–6.0, and dilute with Purified Water to make 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
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the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and filter
with the aid of reduced pressure through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous Dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to make 100 mL. Place 10-mL portions of the solution in test tubes, and plug
with cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate
three or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii.3
[Note—Before first using a fresh culture in this assay, make NLT 10 successive transfers
of the culture in a 2-week period.]
Incubate for 16–24 h at a temperature between 30 and 40 held constant to within ±0.5
. Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus leichmannii to two sterile tubes each
containing 10 mL of the Culture medium. Incubate these cultures for 16–24 h at a
temperature between 30 and 40 held constant to within ±0.5 . Under aseptic conditions
centrifuge the cultures, and decant the supernatant. Suspend the cells from the culture in
5 mL of sterile Suspension medium, and combine. Using sterile Suspension medium, adjust
the volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read
on a suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped
with a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in400 dilution of the adjusted suspension using sterile Basal medium stock solution. [Note
—This dilution may be altered, when necessary, to obtain the desired test response.] The
cell suspension so obtained is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance using water and
with the wavelength set at 530 nm.
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Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minimum amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable
means, followed preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150mm test tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the
autoclave if necessary. Cool as rapidly as possible to avoid color formation resulting from
overheating the medium. Take precautions to maintain uniformity of sterilizing and
cooling conditions throughout the assay, because packing the tubes too closely in the
autoclave or overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to NLT 80 for 5 min. Cool to room temperature. After
agitating the contents, read the transmittance at 530 nm when a steady state is
reached. This steady state is observed a few seconds after agitation when the reading
remains constant for 30 s or more. Allow approximately the same time interval for the
reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance
of the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance
of each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
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from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Calculate the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Oral Solution taken:
antilog M = antilog (M¢ + log R)
R= µg of cyanocobalamin assumed to be present in the portion of Oral Solution taken
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P)
in the portion of the Oral Solution taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of Oral Solution taken (µg)
Replication: Repeat the entire determination at least once using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency, Vitamin B12
Activity). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ
by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–450.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Calcium Pantothenate, Method 1
Mobile phase: 0.2 M monobasic sodium phosphate and methanol (97:3). Adjust with 1.7 M
phosphoric acid to a pH of 3.2 ± 0.1.
Standard solution: 80 µg/mL of USP Calcium Pantothenate RS in Mobile phase
System suitability solution: 80 µg/mL of USP Racemic Panthenol RS in Mobile phase. Mix
the resulting solution and Standard solution (1:1).
Sample solution: Equivalent to 80 µg/mL of calcium pantothenate from the Oral Solution in
Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm × 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between panthenol and calcium pantothenate, System suitability
solution
Tailing factor: NMT 2.0 for both the calcium pantothenate and the panthenol peaks,
Standard solution
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Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate.
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of calcium pantothenate from the Sample solution
rS= peak area of calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in the Analysis,
2.0 and 4.0 mL of the Standard solution being used, are within the linear portion of the
log-concentration response curve.
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
50 mg of calcium pantothenate, to a 1000-mL volumetric flask containing 500 mL of
water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60),
dilute with water to volume, and filter. Dilute a measured volume of this solution
quantitatively, and stepwise if necessary, with water to obtain a solution having about
the same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to make 1000 mL. Add 20 g of activated charcoal, stir for 1
h, and filter. Repeat the treatment with activated charcoal. Store under toluene in a cool
place at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to make 1000 mL. Store under toluene in a cool place at a
temperature NLT 10 .
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Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes, using a pure culture of
Lactobacillus plantarum,1 incubating for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus plantarum to a sterile tube
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containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution,
including the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal
medium stock solution and sufficient water to make 10 mL. Place one complete set of
Standard and sample tubes together in one tube rack and the duplicate set in a second
rack or section of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 , following 16–24 h of
incubation, until there has been no substantial increase in turbidity in the tubes
containing the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached. This steady state is observed
a few seconds after agitation when the galvanometer reading remains constant for 30 s
or more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in mg, of USP Calcium Pantothenate RS corresponding to the
calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
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antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of Oral
Solution taken
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Oral Solution (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Dexpanthenol or Panthenol, Method 1
Mobile phase and Chromatographic system: Proceed as directed in the assay for
Calcium Pantothenate, Method 1.
Standard solution: 80 µg/mL of USP Dexpanthenol RS or USP Racemic Panthenol RS in
Mobile phase. [Note—Use USP Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol and USP Racemic Panthenol RS to analyze Oral Solution that contains
panthenol.]
System suitability solution: 80 µg/mL of USP Calcium Pantothenate RS in Mobile phase.
Mix the resulting solution and Standard solution (1:1).
Sample solution: Equivalent to 80 µg/mL of dexpanthenol or panthenol from the Oral
Solution in Mobile phase
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of panthenol.
Calculate the percentage of the labeled amount of dexpanthenol or panthenol (C9 H19 NO4 )
in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of dexpanthenol or panthenol from the Sample solution
rS= peak area of dexpanthenol or panthenol from the Standard solution
C=
S concentration of USP Dexpanthenol RS or USP Racemic Panthenol RS in the Standard
solution (mg/mL)
C=
U nominal concentration of panthenol or dexpanthenol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
• Dexpanthenol or Panthenol, Method 2
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[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS or 1600 µg/mL of USP
Racemic Pantenol RS in water. Store in a refrigerator, protected from light, and use within
30 days. [Note—Use USP Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol and USP Racemic Panthenol RS to analyze Oral Solution that contains
panthenol.]
Standard solution: On the day of the assay, prepare 1.2 µg/mL of dexpanthenol or 2.4
µg/mL of racemic panthenol from the Standard stock solution with water.
Sample solution: 1.2 µg/mL of dexpanthenol or 2.4 µg/mL of panthenol from Oral Solution
in water
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of dilute
hydrochloric acid (1 in 2), and reflux the mixture for 8–12 h. Remove the hydrochloric acid
from the mixture by distillation under reduced pressure until a thick paste remains.
Redissolve the resulting paste in about 500 mL of water, adjust the solution with 1 N
sodium hydroxide to a pH of 3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal.
Store under toluene in a cool place at a temperature not below 10 . Filter the solution if a
precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add
6 M hydrochloric acid solution dropwise, with stirring, until the solids are dissolved. Cool,
dilute with water to 1000 mL, and mix. Store under toluene in a cool place at a
temperature not below 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool,
dilute with water to 200 mL, and mix. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: Prepare a solution of riboflavin,
thiamine hydrochloride, and biotin in 0.02 N acetic acid containing 20 µg/mL of riboflavin,
10 µg/mL of thiamine hydrochloride, and 0.04 µg/mL of biotin. Store under toluene,
protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: Prepare a solution in
neutral 25% alcohol containing 10 µg/mL of p-aminobenzoic acid, 50 µg/mL of niacin, and
40 µg/mL of pyridoxine hydrochloride. Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid, and mix.
Store under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Pyridoxal–calcium pantothenate solution: Dissolve 40 mg of pyridoxal hydrochloride and
375 µg of calcium pantothenate in 10% alcohol to make 200 mL, and mix. Store in a
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refrigerator, and use within 30 days.
Polysorbate 40–oleic acid solution: Dissolve 25 g of polysorbate 40 and 0.25 g of oleic
acid in 20% alcohol to make 500 mL, and mix. Store in a refrigerator, and use within 30
days.
Modified pantothenate medium: Dissolve anhydrous Dextrose and Sodium acetate in the
solutions previously mixed according to Table 4, adjust with 1 N sodium hydroxide to a pH
of 6.8, dilute with water to 250 mL, and mix.
Table 4
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed in Modified
pantothenate medium, but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
Stock culture of Pediococcus acidilactici: Dissolve in 800 mL of water, with the aid of
heat, 6.0 g of peptone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g
of beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with 0.1 N sodium hydroxide
or 0.1 N hydrochloric acid to a pH between 6.5 and 6.6, dilute with water to 1000 mL, and
mix. Add 10-mL portions of the solution to culture tubes, place caps on the tubes, and
sterilize in an autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator.
Prepare a stock culture of Pediococcus acidilactici4 on a slant of this medium. Incubate at
35 for 20–24 h, and store in a refrigerator. Maintain the stock culture by monthly transfer
onto fresh slants.
Inoculum: Inoculate three 250-mL portions of sterile Modified pantothenate medium from
a stock culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with sterile Modified pantothenate medium.
Resuspend the cells in sufficient sterile Modified pantothenate medium so that a 1-in-50
dilution, when tested in a 13-mm diameter test tube, gives 80% light transmission at 530
nm. Transfer 1.2-mL portions of this stock suspension to sterile glass ampuls, seal, freeze
in liquid nitrogen, and store in a freezer. On the day of the assay, allow the ampuls to
reach room temperature, mix the contents, and dilute 1 mL of thawed culture with sterile
saline TS to 150 mL. [Note—This dilution may be altered when necessary to obtain the
desired test response.]
Analysis
Samples: Standard solution and Sample solution
Prepare in triplicate a series of eight culture tubes by adding the following quantities of
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water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL. To these
same tubes, and in the same order, add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes, and
in the same order, add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of Double-strength modified pantothenate medium to each tube, and mix.
Cover the tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to
room temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the
Inoculum. Allow to incubate at 37 for 16 h. Terminate growth by heating to a
temperature NLT 80 , such as by steaming at atmospheric pressure in a sterilizer for 5–10
min. Cool, and concomitantly determine the percentage transmittance of the suspensions,
in cells of equal pathlength, on a suitable spectrophotometer at a wavelength of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percent transmittance, for each set of tubes of the standard curve
against the standard level concentrations. The curve is drawn by connecting each
adjacent pair of points with a straight line. From this standard curve, determine by
interpolation the potency, in terms of dexpanthenol, of each tube containing portions of
the Sample solution. Divide the potency of each tube by the amount of the Sample
solution added to it to obtain the individual responses. Calculate the mean response by
averaging the individual responses that vary from their mean by NMT 15%, using NLT
half the total number of tubes. Calculate the potency of the portion of the Oral Solution
taken for assay by multiplying the mean response by the appropriate dilution factor.
Calculate the percentage of the labeled amount of dexpanthenol or panthenol in the
portion of Oral Solution taken:
Result = (P/N) × 100
P= calculated potency of dexpanthenol or panthenol in the portion of Oral Solution taken
(mg)
N= nominal amount of dexpanthenol or panthenol in the portion of Oral Solution taken
(mg)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
• Niacin or Niacinamide
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: 25 mg/mL of edetate disodium in water
Mobile phase: Mix 350 mL of methanol, 15.0 mL of glacial acetic acid, 0.4 mL of
triethylamine, and dilute with 0.008 M sodium 1-hexanesulfonate to 2000 mL.
Standard solution: 0.10 mg/mL of USP Niacin RS or USP Niacinamide RS in Diluent. [Note
—Use USP Niacin RS for Oral Solution that contains niacin, and USP Niacinamide RS for
Oral Solution that contains niacinamide.]
Sample solution: Dilute an accurately measured volume of Oral Solution with Diluent to
obtain a solution with a concentration of 0.1 mg/mL of niacin or niacinamide.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: Equivalent to 24 µg/mL of USP Pyridoxine Hydrochloride RS in Diluent
Sample solution: Equivalent to 24 µg/mL of Pyridoxine Hydrochloride from Oral Solution in
Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine hydrochloride from the Sample solution
rS= peak area of pyridoxine hydrochloride from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin-5¢ -Phosphate Sodium, Method 1
[Note—Riboflavin-5¢-phosphate sodium is quantitated against USP Riboflavin RS in this
procedure. In the chromatogram of the Sample solution, the riboflavin-5¢-phosphate peak
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is the only peak measured for calculation.]
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: Equivalent to 8 µg/mL of USP Riboflavin RS in Diluent, by heating if
necessary
Sample solution: Equivalent to 8 µg/mL of riboflavin from the Oral Solution in Diluent
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for riboflavin-5¢-phosphate and riboflavin are about
0.18 and 1.0, respectively.]
Calculate the percentage of the labeled amount of riboflavin (C17 H20 N4 O6 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of riboflavin-5¢-phosphate from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
F= factor for converting the response obtained for riboflavin-5¢-phosphate to riboflavin,
1.493. [Note—Riboflavin phosphate sodium is a mixture of isomeric monophosphates and
diphosphates containing an average amount of 67% of riboflavin-5¢-monophosphate,
which separates in this chromatographic system. The factor 1.493 assumes 67% of
riboflavin-5¢-monophosphate.]
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Riboflavin or Riboflavin-5¢ -Phosphate Sodium, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent blank: 1 N hydrochloric acid, 2.5 M sodium acetate, and water (1:2:97)
Standard stock solution: Transfer 0.16 mg/mL of USP Riboflavin RS in 1 N hydrochloric
acid, 2.5 M sodium acetate, and water (1:2:97). Mix the resulting solution and water
(1:9).
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 500-mL volumetric
flask, add 5.0 mL of 1 N hydrochloric acid, 10.0 mL of 2.5 M sodium acetate, and dilute
with water to volume.
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
0.8 mg of riboflavin to a 100-mL volumetric flask, and dilute with water to volume.
Transfer 10.0 mL of the resulting solution to a 500-mL volumetric flask, add 5.0 mL of 1 N
hydrochloric acid and 10.0 mL of 2.5 M sodium acetate, and dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Fluorescence
Analytical wavelengths
Excitation: 440 nm
Emission: 530 nm
Blank: Solvent blank
Analysis

851 .)
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Samples: Standard solution and Sample solution
Determine the maximum fluorescence intensities, IS and IU, of the Standard solution and
the Sample solution, respectively.
Calculate the percentage of the labeled amount of riboflavin (C17 H20 N4 O6 ) in the portion
of Oral Solution taken:
Result= (IU/IS) × (CS/CU) × 100
IU= fluorescence intensity from the Sample solution
IS= fluorescence intensity from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: Equivalent to 24 µg/mL of USP Thiamine Hydrochloride RS in Diluent
Sample solution: Equivalent to 24 µg/mL of thiamine hydrochloride or thiamine mononitrate
from Oral Solution in Diluent
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride or thiamine mononitrate in the Sample
solution (mg/mL)
F= 1 (for products containing thiamine hydrochloride) and 0.97 (for products containing
thiamine mononitrate)
Acceptance criteria: 90.0%–200.0% of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
[Note—Commercially available atomic absorption standard solutions for the minerals, where
applicable, may be used where preparation of a standard stock solution is described in the
following assays. Use deionized water where water is specified. Where atomic absorption
spectrophotometry is specified in the assay, the Standard solutions and the Sample solution
may be diluted quantitatively with the solvent specified, if necessary, to yield solutions of
suitable concentrations adaptable to the linear or working range of the instrument.]
Change to read:
• Chromium
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Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from Chromium standard solution diluted
with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Dilute an accurately measured volume of Oral Solution to obtain a
solution equivalent to 1 µg/mL of chromium in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of chromium, and draw the straight
line best fitting the four plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of chromium in the Sample solution (µg/mL)
CU= nominal concentration of chromium in the Sample solution, (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Fluoride
[Note—Store all solutions in plastic containers.]
Ascorbic acid solution: 70 mg/mL of ascorbic acid in water
Mobile phase: Alcohol, water, and 1 N sulfuric acid (50:449:1)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: Transfer 5.0 mL of Standard stock solution to a 100-mL volumetric
flask. Add 2 mL of Ascorbic acid solution, 10 mL of alcohol, and about 70 mL of water, and
mix. Adjust with 1 N sodium hydroxide to a pH of 4.25 ± 0.05. Dilute with water to volume,
and mix to obtain 5 µg/mL of fluoride solution.
Sample solution: Transfer an accurately measured volume of the Oral Solution, equivalent
to 0.5 mg of fluoride, to a 100-mL volumetric flask. Add 1 drop of hydrochloric acid, 10 mL
of alcohol, and about 75 mL of water, and mix. Adjust with 1 N sodium hydroxide to a pH
of 4.25 ± 0.05. Dilute with water to volume.
(ERR 1-Feb-2014)

PF 40(5): Sep.-Oct. 2014

990

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.6 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of fluoride from the Sample solution
rS= peak area of fluoride from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide
Mobile phase: Dissolve 5.15 g of tetrabutylammonium bromide in 320 mL of acetonitrile.
Dilute with water to 2000 mL.
Standard stock solution: 1.3 mg/mL of potassium iodide in Mobile phase. This solution has
a concentration of 1 mg/mL of iodide.
Standard solution: 2.5 µg/mL of iodide from the Standard stock solution in Mobile phase
System suitability solution: Transfer 0.13 g of potassium iodide and 0.5 g of potassium
iodate to a 100-mL volumetric flask. Dissolve in Mobile phase, using sonication if
necessary, dilute with Mobile phase to volume, and mix. Transfer 1.0 mL of this solution to
a 100-mL volumetric flask, dilute with Mobile phase to volume, and mix. Transfer 25.0 mL
of this solution to a 100-mL volumetric flask, and dilute with Mobile phase to volume.
Sample solution: Dilute an accurately measured volume of the Oral Solution to obtain a
solution with a concentration of 2.5 µg/mL of iodine in Mobile phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 30 µL
System suitability
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Samples: Standard solution and System suitability solution
[Note—The relative retention times for iodate and iodide are about 0.32 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.5 between iodate and iodide, System suitability solution
Relative standard deviation: NMT 2.0% for the iodide peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of iodine (I) in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of iodide from the Sample solution
rS= peak area of iodide from the Standard solution
C=
S concentration of iodide in the Standard solution (µg/mL)
C=
U nominal concentration of iodine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask, dissolve in 6 N hydrochloric acid, and dilute with water to volume.
Standard solutions: To separate 100-mL volumetric flasks, transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of the Iron standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL
of iron.
Sample solution: 6 µg/mL of iron from Oral Solution in 0.125 N hydrochloric acid
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of iron, and draw the straight line best
fitting the five plotted points. From the graph so obtained, determine the concentration,
C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Oral Solution
taken:
Result = (C/CU) × 100
C= concentration of iron in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium
Magnesium standard solution: Transfer 1.00 g of magnesium ribbon to a 1000-mL
volumetric flask. Dissolve in 50 mL of 6 N hydrochloric acid, and dilute with water to
volume.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution in
0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks, transfer 5.0, 7.5, 10.0, 12.5,
and 15.0 mL of Standard stock solution. Dilute with 0.125 N hydrochloric acid to volume to
obtain concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL of magnesium.
Sample solution: 2.5 µg/mL of magnesium from Oral Solution in 0.125 N hydrochloric acid
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of magnesium, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of magnesium in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese
Manganese standard solution: Transfer 1.0 g of manganese to a 1000-mL volumetric
flask. Dissolve in 20 mL of nitric acid, and dilute with 6 N hydrochloric acid to volume.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks, transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions having known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Sample solution: Dilute an accurately measured volume of the Oral Solution to obtain 1.5
µg/mL of manganese in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)
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Mode: Atomic absorption spectrophotometry
Analytical wavelength: 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of manganese, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of manganese in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume.
Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution in water
Standard solutions: To separate 100-mL volumetric flasks transfer 0.5, 1.0, 1.5, 2.0, and
3.0 mL of the Standard stock solution. Add 0.125 N hydrochloric acid to volume, and mix
to obtain the solutions having known concentrations of about 0.5, 1.0, 1.5, 2.0, and 3.0
µg/mL of molybdenum.
Sample solution: Dilute an accurately measured volume of the Oral Solution to obtain 1
µg/mL of molybdenum from the Oral Solution in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions, against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of Oral
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Solution taken:
Result = (C/CU) × 100
C= concentration of molybdenum in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Zinc
Zinc standard solution: Transfer 311 mg of zinc oxide to a 250-mL volumetric flask, and
add 80 mL of 6 N hydrochloric acid, warming if necessary to dissolve. Cool, dilute with
water to volume, and mix to obtain a solution having a known concentration of 1000
µg/mL of zinc.
Standard stock solution: 50 µg/mL of zinc from the Zinc standard solution in 0.125 N
hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of Standard stock solution to
separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Dilute an accurately measured volume of the Oral Solution to obtain 1
µg/mL of zinc in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of zinc, and draw the straight line best
fitting the five plotted points. From the graph so obtained, determine the concentration,
C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Oral Solution
taken:
Result = (C/CU) × 100
C= concentration of zinc in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
OTHER COMPONENTS
• Alcohol Determination, Method I 611 (if present): 90.0%–120.0% of the labeled amount
of alcohol (C2 H5 OH)
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CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/mL, and the combined molds and yeasts count does not exceed 3 × 102 cfu/mL.
Add the following:
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species, Escherichia coli and Staphylococcus aureus
2S (USP38)
(ERR=1-Feb-2014)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, under an inert gas or
with a minimum of headspace.
• Labeling:5 The label states that the product is Oil- and Water-Soluble Vitamins with Minerals
Oral Solution. The label also states the quantity of each vitamin and mineral in a given
volume of the Oral Solution and, where necessary, the chemical form in which a vitamin is
present, and also states the salt form of the mineral used as the source of each element.
Where the product contains vitamin E, the label indicates whether it is the d- or dl- form.
Where the product is labeled to contain panthenol the label states the equivalent content
of dexpanthenol. Where more than one assay method is given for a particular vitamin or
mineral, the labeling states with which assay method the product complies only if Method 1
is not used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
2H-1-Benzopyran-6-ol, 3,4-dihydro-2,5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl).
C29 H50 O2
430.70
USP Biotin RS
1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro-2-oxo-, 3aS-[(3a ,4 ,6a )].
C10 H16 N2 O3 S
244.31
USP Calcium Pantothenate RS
-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-.
C18 H32 CaN2 O10
476.53
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3 ,5Z,7E)-.
C27 H44 O
384.64
USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
USP Dexpanthenol RS
Butanamide, 2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethyl-, (R)-.
C9 H19 NO4
205.25
USP Ergocalciferol RS
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9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3 ,5Z,7E,22E)-.
C28 H44 O
396.65
USP Niacin RS
3-Pyridinecarboxylic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
3-Pyridinecarboxamide.
C6 H6 N2 O
122.12
USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Racemic Panthenol RS
Butanamide, 2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethyl-,(±)-.
C9 H19 NO4
205.25
USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Sodium Fluoride RS
Sodium fluoride.
NaF
41.99
USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl)-4-methyl-,
chloride, monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
USP Vitamin A RS
3,7-Dimethyl-9-(2,6,6-trimethyl-1- cyclohexen-1-yl) 2,4,6,8-nonatetraen-1-ol acetate
(vitamin A acetate).
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters Oasis MAX Vac RC cartridge, particle size 30 µm, part 186000371.
3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbrueckii) may be obtained as No. 7030
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
4 ATC C No. 8042 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
5 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
= 1.36 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

PF 40(5): Sep.-Oct. 2014

997

BRIEFING
Oil- and Water-Soluble Vitamins with Minerals Tablets, USP 37 page 5710. As part of the
USP monograph modernization efforts and based on the comments received, the following
changes are proposed:
1.
In the Strength for Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate,
a.
Add the cross-references to the new general chapter Vitamin C Assay

580 .

The new chapter 580 is proposed to serve as the focal point for all crossreferences related to vitamin C analysis in the USP official monographs for
multivitamin combinations with “Water-Soluble Vitamins” in the title. The
currently available titrimetric procedure is proposed to be migrated to this
general chapter. In addition, the new HPLC procedures for analysis of vitamin
C are provided. Chapter 580 is proposed elsewhere in this issue of PF.
b.
Remove the titrimetric procedure which is no longer necessary due to the
reference to chapter 580 to which this procedure had been migrated.
2.
In the test for Absence of Specified Microorganisms, eliminate the requirements for
absence of Staphylococcus aureus since this testing is typically performed for topical
and not for oral dosage forms.
(DS: N. Davydova.)
Correspondence Number—C147616

Comment deadline: November 30, 2014
Oil- and Water-Soluble Vitamins with Minerals Tablets
DEFINITION
Oil- and Water-Soluble Vitamins with Minerals Tablets contain one or more of the following oilsoluble vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vitamin D2 ) or Cholecalciferol (Vitamin
D3 ), Vitamin E, Phytonadione (Vitamin K1 ), and Beta Carotene; one or more of the following
water-soluble vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium
Ascorbate, Biotin, Cyanocobalamin, Folic Acid, Niacin or Niacinamide, Pantothenic Acid (as
Calcium Pantothenate or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin,
and Thiamine Hydrochloride or Thiamine Mononitrate; and one or more minerals derived from
substances generally recognized as safe, furnishing one or more of the following elements in
ionizable form: boron, calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese,
molybdenum, nickel, phosphorus, potassium, selenium, tin, vanadium, and zinc. Tablets contain
NLT 90.0% and NMT 165.0% of the labeled amounts of vitamin A (C20 H30 O) as retinol or esters
of retinol in the form of retinyl acetate (C22 H32 O2 ) or retinyl palmitate (C36 H60 O2 ), vitamin D as
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O), vitamin E as alpha tocopherol (C29 H50 O2 )
or alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl acid succinate (C33 H54 O5 ),
phytonadione (C31 H46 O2 ), and beta carotene (C40 H56 ); NLT 90.0% and NMT 150.0% of the
labeled amounts of ascorbic acid (C6 H8 O6 ) or its salts as calcium ascorbate
(C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 ), biotin (C10 H16 N2 O3 S), cyanocobalamin
(C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O),
calcium pantothenate (C18 H32 CaN2 O10 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin
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(C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate;
and NLT 90.0% and NMT 125.0% of the labeled amounts of calcium (Ca), copper (Cu), iron
(Fe), manganese (Mn), magnesium (Mg), phosphorus (P), potassium (K), and zinc (Zn); and
NLT 90.0% and NMT 160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F),
iodine (I), molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).
They may contain other labeled added substances that are generally recognized as safe, in
amounts that are unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Vitamin A, Method 1
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a container having a polytef-lined screw cap. Add 10 mL of
dimethyl sulfoxide and 15 mL of n-hexane, and shake for 45 min on a wrist-action shaker
in a water bath maintained at 60 . [Note—Set up the wrist-action shaker to ensure that
the contents of the container are mixed vigorously and thoroughly.] Centrifuge at 3000
rpm for 10 min, and transfer the hexane layer by means of a pipet to a 100-mL volumetric
flask. Add 15 mL of n-hexane to the dimethyl sulfoxide layer, shake thoroughly for 5 min,
and transfer the hexane layer by means of a pipet to the 100-mL volumetric flask. Repeat
this extraction with three additional 15-mL portions of n-hexane. Dilute the extracts in the
volumetric flask with n-hexane to volume. Dilute a 10-mL volume of this solution with nhexane to obtain a solution with a concentration of 15 µg/mL of vitamin A as retinol
(C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area for all-trans-retinyl acetate or all-trans-retinyl palmitate in the chromatogram
of the Sample solution. For products containing vitamin A acetate or vitamin A
palmitate, calculate the percentage of the labeled amount of vitamin A, as retinol
(C20 H30 O), in the portion of the Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS to
retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
• Vitamin A, Method 2
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7: 0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E, when present in the formulation.] Finely powder NLT 20 Tablets.
If vitamin D is present in the formulation, transfer a portion of the powder, equivalent to
30 µg of the labeled amount of cholecalciferol or ergocalciferol (vitamin D), to a container
having a polytef-lined screw cap. If vitamin D is not present in the formulation, use a
portion of the powder equivalent to 90 mg of the labeled amount of vitamin E (as alpha
tocopherol, alpha tocopheryl acetate, or alpha tocopheryl hemisuccinate). If vitamin E is
not present in the formulation, use a portion of the powder equivalent to 2.5 mg of the
labeled amount of vitamin A, as retinyl acetate or retinyl palmitate. Add 0.5 g of sodium
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bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane, and
disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–pyrogallol solution, shake
slowly, and allow the solution to degas. Continue shaking until the evolution of gas has
ceased, and then shake for an additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a
vortex mixer to form a suspension, and shake for 12 min. Add 6 mL of 3 N methanolic
sulfuric acid solution, mix on a vortex mixer to form a suspension, and shake for 12 min.
Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to form a suspension, and
shake for 10 min. Centrifuge for 10 min to break up the emulsion and to clarify the
supernatant. [Note—The supernatant is used for the determination of vitamin A, and also
vitamin D and vitamin E, if present in the formulation.] If necessary, quantitatively dilute a
volume of the supernatant with 2,2,4-trimethylpentane to obtain a concentration close to
that of the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F= factor used to convert retinyl acetate, the ester form present in the USP Vitamin A
RS, to retinol, 0.872
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
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• Vitamin A, Method 3
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in the following
procedure, use the chemical form present in the formulation. USP Vitamin A RS is retinyl
acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic glassware
throughout this procedure.]
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water. [Note
—Cautiously add potassium hydroxide in water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
Standard solution: Dilute a volume of Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of USP Vitamin A RS. Transfer 10.0 mL of this solution to a
stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3 mL of Potassium
hydroxide solution. Insert the stopper tightly, shake for 15 min over a water bath
maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and 25.0 mL of
Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s. Rinse the
sides of the flask with 60 mL of water, and allow to stand for 10 min until the layers
separate. Withdraw a portion of the organic layer for injection into the chromatograph.
This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Finely powder a counted number of Tablets. Transfer a portion of the
powder equivalent to 1.5 mg of retinyl acetate to a stoppered 125-mL flask. Add 5 mL of
water, 15 mL of Diluent, and 3 mL of Potassium hydroxide solution. Insert the stopper
tightly, shake for 15 min over a water bath maintained at 60 ±5 , and cool to room
temperature. Add 7 mL of water and 25.0 mL of Extraction solvent. Insert the stopper
tightly, and shake vigorously for 60 s or longer, if necessary, for complete extraction.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. [Note—Do not shake because an emulsion may form.] Withdraw a portion
of the organic layer, and dilute with Extraction solvent to obtain a concentration of 0.34
µg/mL of retinol.
Chromatographic system
(See Chromatography 621 , System Suitability).
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
Column temperature: 40
Flow rate: 4 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are 0.92 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
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Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and 13-cis-retinol.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in
the portion of Tablets taken:
Result = (rT1/rT2) × (CS/CU) × F × 100
rT1
= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
rT2
= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Standard
solution
CS= concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 1
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate, if necessary,
under vacuum at room temperature to obtain a concentration of 2 µg/mL of cholecalciferol
or ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas for vitamin D.
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 2
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75: 1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 3
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8: 0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.] Dilute a volume of Standard stock
solution with dehydrated alcohol to obtain a concentration of 5 µg/mL of USP
Cholecalciferol RS or USP Ergocalciferol RS. Prepare this solution fresh daily. Transfer 2.0
mL of this solution to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution, insert the stopper, and shake for 30 min in a water bath
maintained at 60 . Allow to cool to room temperature, and transfer the contents of the
flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert the
stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain, and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until
the layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution
and 15.0 mL of water to the separatory funnel. Add Diluted acetic acid dropwise, with
shaking, until the washing is neutral. Allow to stand for 10 min until the layers separate.
Drain, and discard the aqueous layer. Filter the hexane layer through anhydrous sodium
sulfate supported by a small pledget of cotton into a 100-mL round-bottom flask. Rinse
the funnel and sodium sulfate with a few mL of n-hexane, and collect the rinsings in the
same flask. Evaporate the hexane in the flask on a rotary evaporator at 50 to dryness.
Immediately add 2.0 mL of Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase extraction column containing silica packing
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with a sorbent mass-to-column volume ratio of 500 mg to 2.8 mL or equivalent, rinse the
round-bottom flask with 1.0 mL of Extraction solvent, and transfer to the column. Elute
the column with 2.0 mL of Extraction solvent, and discard this fraction. Elute the column
with 7.0 mL of Extraction solvent, and collect the eluate in a suitable flask. Place the flask
in a warm water bath maintained at 42 , and evaporate the solvent with the aid of a
stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue, and use the
solution for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 µg of cholecalciferol or ergocalciferol, to the stoppered 125-mL flask, and
proceed as directed for the Standard solution beginning with “Add 15.0 mL of water and
15.0 mL of Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27
Flow rate: 0.7 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E, Method 1
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
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of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate under vacuum at
room temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 2 mg/mL
of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are
about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 2
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
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throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water, followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 2.
Transfer a volume of the supernatant 2,2,4-trimethylpentane to a suitable volumetric
flask, the volume of the specimen withdrawn from the 2,2,4-trimethylpentane, and the
size of the volumetric flask being such that the final concentration of the Sample solution
is equivalent to that of the Standard solution. Evaporate nearly to dryness, add several
mL of methanol, and evaporate the remaining 2,2,4-trimethylpentane. Dilute with methanol
to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol and
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
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Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 3
Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 8 mg of alpha tocopherol, to a 125-mL flask fitted with a ground-glass joint.
Add 25.0 mL of water, 25.0 mL of dehydrated alcohol, and 3.5 g of potassium hydroxide
pellets. Shake for 1 h in a water bath maintained at 55 . Cool, and transfer with the aid of
a minimum volume of water to a 125-mL separatory funnel. Rinse the flask with 50 mL of
n-hexane, and add the rinsing to the separatory funnel. Insert the stopper, shake
vigorously for 60 s, and allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the extraction with 50 mL of n-hexane.
Discard the aqueous layer, and combine the hexane extracts. Wash the combined extracts
with 25 mL of water, allow the layers to separate, and discard the aqueous layer. Add 3
drops of glacial acetic acid, and repeat the washing procedure two more times. Filter the
washed hexane layer through anhydrous sodium sulfate into a 250-mL round-bottom flask.
Rinse the funnel and sodium sulfate with a few mL of n-hexane, and add the rinsing to the
hexane solution in the flask. Place the flask in a water bath maintained at 50 , and
evaporate the hexane solution with the aid of a rotary evaporator to dryness. Immediately
add 25.0 mL of the Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E,
as alpha tocopherol (C29 H50 O2 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
C=
U nominal concentration of vitamin E, as alpha tocopherol, in the Sample solution
(mg/mL)
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[Note—Calculate the nominal amount of vitamin E as alpha tocopherol (C29 H50 O2 ) by
multiplying the content of alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl acid
succinate (C33 H54 O5 ), in mg/Tablet, by the factors 0.91 or 0.81, respectively.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Phytonadione, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume.]
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate, if necessary,
under vacuum at room temperature to dryness. Transfer the residue to a suitable
volumetric flask with the aid of methanol, and dilute with methanol to volume to obtain a
concentration of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acetate and phytonadione are
0.68 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of
phytonadione (C31 H46 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of phytonadione from the Sample solution
rS= peak area of phytonadione from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
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C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Phytonadione, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent: Methanol and isopropyl alcohol (19:1)
Mobile phase: Mix 800 mL of methanol, 200 mL of methylene chloride, 0.1 mL of glacial
acetic acid, 1.36 g of zinc chloride, and 0.41 g of sodium acetate.
Internal standard solution: 5 µg/mL of menaquinone 4 (vitamin K2 ) in the Solvent. [Note
—A concentrated stock solution of menaquinone 4 (100 µg/mL) can be stored for 2
months in a refrigerator.]
Standard stock solution: 5 µg/mL of USP Phytonadione RS, prepared by dissolving in
methylene chloride with the aid of sonication, and diluting with Solvent to final volume
Standard solution: Transfer 1.0 mL of the Standard stock solution and 1.0 mL of the
Internal standard solution to a suitable flask, and dilute with Solvent to 5 mL. Pass
through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Finely powder NLT 20 Tablets. To a centrifuge tube fitted with a cap
transfer an amount of powder not exceeding 800 mg and equivalent to an amount of
phytonadione not exceeding 50 µg. Add 4 mL of water. Insert the stopper, and mix using a
vortex mixer until the sample is dispersed. Place the tube in a water bath at 60 for 5 min.
Remove from the bath, and again shake or mix using a vortex mixer for 1 min while the
preparation is still hot. Add 8 mL of alcohol, and swirl the contents to mix. Place the tube
in a water bath at 60 for 5 min. Remove from the bath, and again shake or mix using a
vortex mixer for 2 min while the preparation is still hot. Cool to room temperature. Add a
volume of the Internal standard solution, equivalent to 1.0 mL per each 5 µg of the
expected amount of phytonadione in the aliquot taken. Add 20.0 mL of petroleum ether,
and cap the tube tightly. Shake or mix using a vortex mixer for 15 min to thoroughly mix
the contents. Centrifuge to separate the two layers. Transfer a volume of the top layer of
petroleum ether, equivalent to 5–50 µg of the nominal amount of phytonadione, to an
appropriate flask. Place the flask in a water bath at 35 –45 , and evaporate the solvent
under a stream of nitrogen until an oily residue is left. Dissolve the residue in a volume of
the Solvent to obtain a concentration of 1 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorometric detector set at 320 nm for excitation and 420 nm for emission
Column: 4.6-mm × 25-cm; 5-µm, end-capped packing L1, and a postcolumn reactor
constituted with a 4.6-mm × 3-cm PEEK column tightly packed with zinc powder. [Note
—Prepare the postcolumn reactor daily, or as necessary, to meet the System suitability
requirements.]
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the internal standard and phytonadione are 1.0
and 1.4, respectively.]
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Suitability requirements
Column efficiency: NLT 2500 theoretical plates for the phytonadione peak
Tailing factor: NMT 1.5 for the phytonadione peak
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the
portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of phytonadione to that of the internal standard from the Sample
solution
R=
S peak response ratio of phytonadione to that of the internal standard from the
Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g potassium hydroxide in 50 mL of water.
Iodine solution: 0.01 mg/mL of iodine in cyclohexane. [Note—Prepare this solution fresh
daily.]
Sample solution: Weigh NLT 20 Tablets. Grind the Tablets to a fine powder, and transfer a
quantity of the powder, equivalent to 2 mg of beta carotene, to a 500-mL saponification
flask. Add 100 mL of alcohol, 6 mL of Potassium hydroxide solution, and a magnetic stirring
bar. Attach an air condenser to the flask, and heat under reflux for 45 min with constant
stirring. Cool to room temperature. Add 170 mL of solvent hexane, and stir for 30 min.
Quantitatively transfer the contents of the flask to a 500-mL separatory funnel with
portions of solvent hexane. Allow the layers to separate for 5–10 min, and transfer the
upper organic layer to a 500-mL volumetric flask. Transfer the lower aqueous layer into
the saponification flask. Add 170 mL of solvent hexane, and stir for an additional 20 min.
Quantitatively transfer the contents of the saponification flask to the separatory funnel
with the aid of portions of solvent hexane. Allow the layers to separate for 10 min. Drain
the lower aqueous layer, and discard. Transfer the organic layer to the volumetric flask
containing the previously collected organic layer. Rinse the separatory funnel with small
portions of solvent hexane, and transfer the washings to the volumetric flask. Dilute the
hexane extracts with solvent hexane to volume. Add 3 g of anhydrous sodium sulfate,
shake, and allow to settle. Quantitatively transfer a volume of this solution, equivalent to
100 µg of beta carotene, to a 50-mL volumetric flask. Evaporate under a stream of
nitrogen to dryness, and immediately add cyclohexane. Add 2 mL of Iodine solution, and
heat for 15 min in a water bath maintained at 65 . Cool rapidly, and dilute with
cyclohexane to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Vis
Analytical wavelength: 452 nm

851 .)
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Blank: Cyclohexane
Analysis
Sample: Sample solution
Determine the absorbance against the Blank.
Calculate the percentage of the labeled amount of beta carotene (C40 H56 ) in the portion
of Tablets taken:
Result = (AU/F) × (100/CU)
AU= absorbance of the Sample solution
F= absorptivity of beta carotene at 452 nm, 223
C=
U nominal concentration of beta carotene in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
Delete the following:
• Ascorbic Acid
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent of 100 mg of ascorbic acid, to a 200-mL volumetric flask, and add 75 mL of
metaphosphoric–acetic acids TS. Insert a stopper into the flask, and shake by mechanical
means for 30 min. Dilute with water to volume. Transfer a portion of the solution to a
centrifuge tube, and centrifuge until a clear supernatant is obtained. Pipet 4.0 mL of this
solution into a 50-mL conical flask, and add 5 mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Tablet.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP38)

Delete the following:
• Calcium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP38)

Delete the following:
• Sodium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP38)

Add the following:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
(See Vitamin C Assay 580 .)
[Note—For labeling purposes, consider Method I—Titrimetric Method as Method 1.]
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Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ),
calcium ascorbate (C12 H14 CaO12 ·2H2 O), or sodium ascorbate (C6 H7 NaO6 ) 2S (USP38)
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 1 mg of biotin, to a 200-mL volumetric flask. Add 3 mL of dimethyl sulfoxide,
and swirl to wet the contents. Place the flask in a water bath at 60 –70 for 5 min.
Sonicate for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of
biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by dilution of the
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Standard stock solution with water on the day of the assay
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50% alcohol, and
swirl to wet the contents. Heat the flask in a water bath at 60 –70 for 5 min. Sonicate
for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of the filtrate
quantitatively, and stepwise if necessary, with water to obtain a solution with a
concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to make 1000 mL. Add 20 g of activated charcoal, stir for 1
h, and filter. Repeat the treatment with activated charcoal. Store under toluene in a cool
place at a temperature not below 10 . Filter the solution if a precipitate forms during
storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and add water to make 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
add water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under
toluene.
Salt solution B: 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous

25 mL
25 mL
0.25 mL
10 g
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Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
Culture medium. Incubate this culture for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
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spectrophotometer that has been set at a specific wavelength of 540–660 nm, and read
the transmittance when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of the Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of lowest and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to
obtain the difference, X, for each dosage level. Average the values of X for each of three
or more dosage levels to obtain X, which equals the log-relative potency, M¢, of the
Sample solution.
Determine the quantity, in µg, of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin assumed to be present in the portion of the Tablets taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
the Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of biotin in the portion of the Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
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volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water. [Note—A portion of the Standard
solution will be used to determine the percent recovery of biotin from the Solid-phase
extraction procedure.]
Sample solution: Finely powder NLT 20 Tablets. Transfer an amount of powdered Tablets
to a volumetric flask to obtain a nominal concentration of 0.6 µg/mL of biotin. Add water
up to 80% of the flask capacity, and sonicate for 30–40 min, with occasional mixing, to
dissolve. Dilute with water to volume, and filter. Adjust the pH of the solution with either
dilute acetic acid or 0.1 N sodium hydroxide to a pH of 6.0–7.0.
Solid-phase extraction: [Note—Condition the extraction column specified in this
procedure in the following manner. Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.] Separately pipet 5.0 mL each of the Sample
solution and Standard solution into freshly conditioned solid-phase extraction columns
consisting of a mixed-mode packing with a sorbent-mass of 60 mg. [Note—The mixedmode packing consists of anion-exchange and reversed-phase sorbents. The reversephase component is a polymer of copolymer N-vinylpyrrolidone and divinylbenzene. The
anion exchange moiety is a trialkylamino group.2]
Wash the column with 10 mL of 30% (v/v) methanol in water. Apply an appropriate volume
(4.9 mL) of 30% (v/v) methanol in 0.1 N hydrochloric acid to the column. Collect the
eluate in a 5-mL volumetric flask, containing 100 µL of 40% (w/v) sodium acetate in
water, and dilute with 30% (v/v) methanol in 0.1 N hydrochloric acid to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and portion of the Standard solution that has undergone the
Solid-phase extraction
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and Standard solution that
has undergone Solid-phase extraction
Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and the Sample solution that have both undergone Solidphase extraction
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of
biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from Standard stock solution
diluted with water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of cyanocobalamin, to a 250-mL flask. Quantitatively add 100.0 mL
of water, and carefully extract for 2 min. Filter 10 mL of the extract, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of cyanocobalamin.
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of the Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the Standard
solution. Prepare this solution fresh for each assay.
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Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powdered
Tablets, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each g of powdered Tablets taken, 25 mL of an aqueous extracting solution prepared just
before use to contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121 for
10 min. Allow any undissolved particles of the extract to settle, and filter or centrifuge if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity equivalent to the nominal activity of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Biotin, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Biotin, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to make 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store
in a refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg
of biotin, and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium
pantothenate, 40 mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg
of pyridoxamine dihydrochloride, and 2 mg of folic acid in a mixture of water and
neutralized alcohol (3:1) to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving Cystine and
Tryptophan in the hydrochloric acid before adding the next eight solutions to the resulting
solution. Add 100 mL of water, and dissolve the Dextrose, Sodium acetate, and Ascorbic
acid. Filter, if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of 5.5–6.0, and dilute with Purified Water to make 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
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Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass
with the aid of reduced pressure through a layer of the filter aid. Repeat if necessary until
a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and add
water to make 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of the Basal medium stock solution with
an equal volume of water. Place 10-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate
three or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii.3
[Note—Before first using a fresh culture in this assay, make NLT 10 successive transfers
of the culture in a 2-week period.] Incubate for 16–24 h at a temperature between 30
and 40 held constant to within ±0.5 . Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture, to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus leichmannii to two sterile tubes containing 10 mL
each of the Culture medium. Incubate these cultures for 16–24 h at a temperature
between 30 and 40 held constant to within ±0.5 . Under aseptic conditions centrifuge
the cultures, and decant the supernatant. Suspend the cells from the culture in 5 mL of
sterile Suspension medium, and combine. Using sterile Suspension medium, adjust the
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volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read on a
suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped with
a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in-400
dilution of the adjusted suspension using sterile Basal medium stock solution. [Note—This
dilution may be altered, when necessary, to obtain the desired test response.] The cell
suspension so obtained is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water, and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable
means, followed preferably by heating at 250 for 2 h using hard-glass 20-mm × 150mm test tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the
autoclave if necessary. Cool as rapidly as possible to avoid color formation resulting from
overheating the medium. Take precautions to maintain uniformity of sterilizing and
cooling conditions throughout the assay, because packing the tubes too closely in the
autoclave or overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating its contents, read the transmittance at 530 nm when a
steady state is reached. This steady state is observed a few seconds after agitation
when the reading remains constant for 30 s or more. Allow approximately the same time
interval for the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance
of the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance
of each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of

PF 40(5): Sep.-Oct. 2014

1022

the Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63H88CoN14O14P) in the portion of
Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in the portion of Tablets taken
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P)
in the portion of the Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of the Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Vitamin B12 Activity in
Design and Analysis of Biological Assays 111 , The Confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ
by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (1%–3%).]
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Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in the Internal standard solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of powder, equivalent
to 0.4 mg of folic acid, to a 50-mL amber-colored centrifuge tube. Add 25.0 mL of the
Internal standard solution, shake by mechanical means for 10 min, and centrifuge. Filter a
portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of
the labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak area ratio of folic acid to methylparaben from the Sample solution
RS= peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
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Standard solution: Mix 5.0 mL of the Standard stock solution with 10.0 mL of methanol
and 35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60 , and cool.
Filter, discarding the first few mL of the filtrate.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 0.3 mg of
folic acid, to a 125-mL stoppered flask. Add 10.0 mL of methanol and 35.0 mL of Reagent.
Shake for 15 min in a water bath maintained at 60 , and cool. Filter, discarding the first
few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount
of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in the Internal standard
solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 15 mg of calcium pantothenate, to a centrifuge tube. Add 25.0 mL of the
Internal standard solution, and shake vigorously for 10 min. Centrifuge, filter, and use the
clear filtrate.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 210 nm

621 , System Suitability.)
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Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate and the internal standard. Calculate
the percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the
portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
R=
S peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Standard
solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of the Standard stock
solution with water to obtain a concentration of 0.01–0.04 µg/mL of calcium
pantothenate, the exact concentration being such that the responses obtained as
directed in the Analysis, using 2.0 and 4.0 mL of the Standard solution, are within the
linear portion of the log-concentration-response curve.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 50 mg of calcium pantothenate, to a 1000-mL volumetric flask containing
500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1
in 60), dilute with water to volume, and filter. Dilute a volume of this solution to obtain a
solution having approximately the same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to make 1000 mL. Add 20 g of activated charcoal, stir for 1
h, and filter. Repeat the treatment with activated charcoal. Store under toluene in a cool
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place at a temperature not below 10 . Filter the solution if a precipitate forms during
storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to make 1000 mL. Store under toluene in a cool place at a
temperature not below 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes using a pure culture of
Lactobacillus plantarum,1 incubating for 16–24 h at a temperature between 30 and 37
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held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for the Inoculum if the culture is more than 1 week
old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of the Culture medium. Incubate this culture for 16–24 h at a
temperature between 30 and 37 held constant to within ±0.5 . The cell suspension so
obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution. To each tube and to four similar empty tubes, add 5.0 mL
of the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution,
including the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal
medium stock solution and sufficient water to make 10 mL. Place one complete set of
Standard and sample tubes together in one tube rack and the duplicate set in a second
rack or section of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at
a temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24
h of incubation, until there has been no substantial increase in turbidity in the tubes
containing the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached. This steady state is observed
a few seconds after agitation when the galvanometer reading remains constant for 30 s
or more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
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Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution. Determine the quantity, in mg, of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of the
Tablets taken
Calculate the percentage of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of
the Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of the Tablets taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from the Standard stock
solution diluted with water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of calcium pantothenate, to a 250-mL volumetric flask. Add 10 mL of
methanol, and swirl the flask to disperse. Dilute with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
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Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate.
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of calcium pantothenate from the Sample solution
rS= peak area of calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS, to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Finely powder NLT 30 Tablets.Transfer a portion of the powder,
equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride, riboflavin,
and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
using a vortex mixer for 30 s to completely suspend the powder. Immerse the centrifuge
tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix on a vortex mixer
for 30 s. Return the tube to the hot water bath, heat for another 5 min, and mix on a
vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature, and use
the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
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System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
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Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in the Extraction solvent
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
flask, and dilute with the Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Finely powder
NLT 20 Tablets. Transfer a portion of the powder, equivalent to a nominal amount of 2 mg
of riboflavin, to a 200-mL volumetric flask. If riboflavin is not present in the formulation,
use a portion of the powder equivalent to 2 mg of pyridoxine. If pyridoxine is not present
in the formulation, use a portion of the powder equivalent to 20 mg of niacin or
niacinamide. Add 100.0 mL of the Extraction solvent, and mix for 20 min, using a wristaction shaker. Immerse the flask in a water bath maintained at 70 –75 , and heat for 20
min. Mix on a vortex mixer for 30 s, cool to room temperature, and filter. Use the clear
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
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rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A, Extraction solvent, Mobile phase, Standard stock solution, Standard
solution, Sample solution, Chromatographic system, and System suitability: Using
USP Niacinamide RS in place of USP Niacin RS, proceed as directed for Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacinamide. Calculate the percentage of the labeled amount
of niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed for Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in the Extraction
solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with the Extraction solvent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of pyridoxine. Calculate the percentage of the labeled amount
of pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area of pyridoxine from the Sample solution
rS= peak area of pyridoxine from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed for Niacin, Method 2.
Solution A: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of the Extraction solvent. Immerse the flask for 5 min in a water
bath maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly
in a cold water bath to room temperature, and dilute with the Extraction solvent to
volume.
Standard solution: Dilute 5.0 mL of the Standard stock solution with the Extraction
solvent to 25.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of riboflavin from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 g/L of sodium 1-hexanesulfonate in 0.1% phosphoric acid
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Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from the Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the powder
with a volume of 0.2 N hydrochloric acid to obtain a concentration of 0.02 mg/mL of
thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30 min. Cool
to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for the major peaks. For products containing thiamine
hydrochloride, calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
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[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of the Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride,
0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride to a stoppered 125-mL flask.
Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1), and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin or niacinamide.
Calculate the percentage of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution
(mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
[Note—Commercially available atomic absorption standard solutions for the minerals, where
applicable, may be used where preparation of a Standard stock solution is described in the
following assays. Use deionized water where water is specified. Where atomic absorption
spectrophotometry is specified in the assay, the Standard solutions and the Sample solution
may be diluted quantitatively with the solvent specified, if necessary, to yield solutions of
suitable concentrations adaptable to the linear or working range of the instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from the Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of the Lanthanum
chloride solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5,
2.0, 2.5, and 3.0 µg/mL of calcium.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550 for 6–12 h, and cool. Add 60 mL of hydrochloric acid, and boil gently
on a hot plate or steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
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crucible to a 100-mL volumetric flask. Rinse the crucible with small portions of 6 N
hydrochloric acid, and add the rinsings to the flask. Dilute with water to volume, and filter,
discarding the first 5 mL of the filtrate. Dilute this solution quantitatively, with 0.125 N
hydrochloric acid, to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of the
Lanthanum chloride solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission line at 422.7 nm
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of calcium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from the Chromium standard solution
diluted with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at 357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
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Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
solution of nitric acid, and dilute with a 1% solution of nitric acid to 1000 mL. This solution
contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from the Copper standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Copper emission line at 324.7 nm
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of copper, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= concentration of copper in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
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• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water
contained in a 1000-mL volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a few drops of acetic acid to a
pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator in water
Intermediate stock solution A: 100 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Transfer a quantity of the finely powdered Tablets, equivalent to 200 µg
of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1 N hydrochloric acid, 25.0 mL of
3 M sodium acetate solution, and 25.0 mL of Sodium citrate solution, and dilute with
water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific
ion-indicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer having
an insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse
and dry the electrodes between measurements, taking care to avoid damaging the
crystal of the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
potential, in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in µg/mL, of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
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[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with one column volume of
methanol followed by one column volume of pH 10.0 buffer. Do not allow the column top
to dry. If the top of the column becomes dry, recondition the column.] Transfer 10.0 mL
of the Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and
adjust with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to volume.
Filter, discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that is connected through an adaptor
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powdered Tablets,
equivalent to 1 mg of fluorine, in 15 mL of water, and shake vigorously. Rinse the sides of
the flask with 15 mL of water, and allow to stand for 10 min. Dilute with water to 85 mL,
adjust with 1 N sodium hydroxide to a pH of 10.4 ± 0.1, and dilute with water to 100 mL.
Proceed as directed for the Standard solution, beginning with “Filter, discarding the first
15 mL of the filtrate”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
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C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide
Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Tablets
Transfer an amount of finely powdered Tablets, equivalent to 3 mg of iodide, to a nickel
crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium hydroxide solution, and
10 mL of alcohol, taking care that the entire specimen is moistened. Heat the crucible on
a steam bath to evaporate the alcohol, then dry the crucible at 100 for 30 min to
prevent spattering upon subsequent heating. Transfer the crucible with its contents to a
furnace heated to 500 , and heat the crucible for 15 min. [Note—Heating at 500 is
necessary to carbonize any organic matter present; a higher temperature may be used, if
necessary, to ensure complete carbonization of all organic matter.]
Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and boil
gently for 10 min. Filter the solution, and wash the crucible with boiling water, collecting
the filtrate and washings in a beaker. Add phosphoric acid until the solution is neutral to
methyl orange, then add 1 mL excess of phosphoric acid. Add excess of Bromine water,
and boil the solution gently until colorless and then for 5 min longer. Add a few crystals of
salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid and 0.5 g of
potassium iodide, and titrate the liberated iodine with 0.005 N sodium thiosulfate VS,
adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Tablets
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA = actual normality of the sodium thiosulfate solution used
F = correction factor to convert mg to µg, 1000 µg/mL
Ime= milliequivalent of I, 21.16 mg/meq
Aw= average weight of the Tablets
W = weight of the portion of the Tablets taken
L = labeled amount of iodine (µg/Tablet)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, and dilute with water to volume.
Standard solutions: To separate 100-mL volumetric flasks, transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of the Iron standard stock solution. Dilute the contents of each flask with water
to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
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Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 5 µg/mL of iron and omit the use of the Lanthanum
chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of iron, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a known concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from the Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of the Lanthanum
chloride solution, and dilute with 0.125 N hydrochloric acid to volume to obtain
concentrations of 0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
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Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese to a 1000-mL
volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 1 µg/mL of manganese and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Manganese emission line at 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
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Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min, cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Sample solution: Transfer a portion of the powder, equivalent to 1000 µg of molybdenum,
to a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric acid may be
varied to ensure that the powder is uniformly dispersed.] Carefully swirl the flask to
disperse the test specimen. Sonicate for 10 min or until the test specimen is completely
dissolved. Gently boil the solution for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid, heat until perchloric acid fumes appear, and swirl the flask to
dissipate the fumes. Repeat the heating and swirling until the fumes appear again. Cool to
room temperature. Quantitatively transfer the contents of the flask to a 100-mL
volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Molybdenum emission line at 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw
the straight line best fitting the three plotted points. From the graph so obtained,
determine the concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 mg of stannous chloride to a beaker, add
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20 mL of 6.5 N hydrochloric acid solution, and heat the solution until the stannous chloride
is dissolved. Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: A portion of finely powdered Tablets equivalent to 40 µg of molybdenum
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 465 nm
Cell: 1 cm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample
Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is
complete, as indicated when the liquid becomes colorless or pale yellow. Evaporate the
solutions in the beakers to dryness. Rinse the sides of the beakers and the watchglasses
with water, and add more water to complete 50 mL in each beaker. Gently boil the
water solution for a few min. Cool to room temperature. Add 2 drops of methyl orange
TS, and neutralize with ammonium hydroxide. Add 8.2 mL of hydrochloric acid.
Quantitatively transfer the contents of the beakers to separate 100-mL volumetric
flasks, rinse the beakers with water, transfer the rinsings to the corresonding volumetric
flasks, and dilute with water to volume. Transfer 50.0 mL of each solution to separatory
funnels. To each separatory funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of
Ferrous sulfate solution, 4.0 mL of Potassium thiocyanate solution, 1.5 mL of 20%
Stannous chloride solution, and 15.0 mL of amyl alcohol, and shake the separatory
funnel for 1 min. Allow the layers to separate, and discard the aqueous layers. Add 25
mL of Diluted stannous chloride solution to each separatory funnel, and shake gently for
15 s. Allow the layers to separate, and discard the aqueous layers. Transfer the organic
layer from each separatory funnel to a centrifuge tube, and centrifuge at 2000 rpm for
10 min. Determine the absorbances of the organic phases obtained from the Standard
solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the Sample
AS= absorbance of the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
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Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in the Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, and then dilute with the Sulfuric
acid solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: [Note—Finely powder and weigh a counted number of Tablets.] Transfer
a portion of the powder, equivalent to 100 mg of phosphorus, to 25 mL of nitric acid, and
digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and continue the
digestion to the cessation of brown fumes. Cool, and transfer the contents of the flask to
a 500-mL volumetric flask with the aid of small portions of water. Dilute with water to
volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and dilute with
water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 650 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard
solution, the Sample solution, and water to provide the blank. To each of the three
flasks add 1.0 mL each of Ammonium molybdate solution, Hydroquinone solution, and
Sodium bisulfite solution, and swirl to mix. Dilute the contents of each flask with water
to volume, and allow the flasks to stand for 30 min. Determine the absorbances of the
solutions against the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
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dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from the Potassium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 1 µg/mL of potassium and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission line at 766.5 nm
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from the Selenium standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Transfer a portion of the powder, equivalent to 1000 µg of selenium, to
a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric acid may be
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varied to ensure that the powder is uniformly dispersed.] Carefully swirl the flask to
disperse the test specimen. Sonicate for 10 min or until the test specimen is completely
dissolved. Gently boil the solution for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid to the flask, heat the flask until perchloric acid fumes appear, and
swirl the flask to dissipate the fumes. Repeat the heating and swirling until the fumes
appear again. Cool to room temperature. Transfer the contents of the flask to a 50-mL
volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Selenium emission line at 196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of selenium, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= concentration of selenium in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10 mL of the Standard stock solution to a glass-stoppered
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flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 20 µg of
selenium, to a suitable flask. Add 10 mL of nitric acid, and warm gently on a hot plate.
Continue heating until the initial nitric acid reaction has subsided, then add 3 mL of
perchloric acid.
[Caution—Exercise care at this stage because the perchloric acid reaction becomes
vigorous.]
Continue heating on the hot plate until the appearance of white fumes of perchloric acid
or until the digest begins to darken. Add 0.5 mL of nitric acid and resume heating, adding
additional amounts of nitric acid if further darkening occurs. Digest for 10 min after the
first appearance of perchloric acid fumes or until the digest becomes colorless. Cool the
flask, add 2.5 mL of Hydrochloric acid solution, and return the flask to the hot plate to
expel residual nitric acid. Heat the mixture for 3 min after it begins to boil. Cool the flask
to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 380 nm
Cell: 1 cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, the Standard solution, and the Blank as follows. Add 5 mL of
Reagent A to each flask, and swirl gently to mix. Adjust the solution in each flask with
50% Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each
flask, and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and
equilibrate for 30 min, taking care that the flasks are covered to protect them from light.
Cool to room temperature, and transfer the contents of each flask to separate
separatory funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and
extract vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer
to a centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining
water. Determine the absorbances of the solutions obtained from the Samples against
the solution obtained from the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbances of the cyclohexane layer from the Sample solution
AS= absorbances of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
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• Zinc, Method 1
Zinc standard stock solution: 1000 µg/mL of zinc from zinc oxide in 5 M hydrochloric acid
(3.89 mg/mL) and diluted with water to final volume. [Note—Dissolve in 5 M hydrochloric
acid by warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from the Zinc standard stock solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of Standard stock solution to
separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Proceed as directed for the Sample solution in Calcium, Method 1,
except prepare the Sample solution to contain a concentration of 2 µg/mL of zinc and
omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of zinc, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of the Stock aqua regia solution and water (1:9) by adding one
volume of Stock aqua regia solution to two volumes of water. Dilute with additional water
to volume, and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% nitric acid
solution, 1000 mg/L of scandium in 5% nitric acid solution, and Diluent (1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
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standard (single- or multi-element) solutions in 5% nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% nitric acid solution to obtain a solution having final concentrations of about 1000 mg/L
of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L of
manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% hydrochloric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
20% hydrochloric acid solution to obtain a solution having final concentrations of about
200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium, tin,
and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in the Diluent to prepare a six-point calibration curve to bracket
the concentration range of each mineral of interest.
Sample solution 1 (for Tablets containing minerals found in Standard stock solution 1 and
Standard stock solution 2): Weigh and finely powder NLT 20 Tablets. Transfer a portion,
equal to 3.5 times the average Tablet weight, to a 250-mL volumetric flask. Slowly add 25
mL of the Stock aqua regia solution in 5-mL increments, followed by mixing. [Note—If the
sample contains a carbonate, bubbling will occur. Wait until bubbling ends to proceed.]
Bring the solution to a boil on a hot plate. Continue to heat gently until fumes cease
(about 1 h). [Note—If the sample contains selenium, digest for NMT 15 min.] Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a 5-µm pore size nylon syringe filter. If necessary, make any further dilutions using
the Diluent.
Sample solution 2 (for Tablets containing minerals found only in Standard stock solution
2): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of the Stock aqua
regia solution in 5-mL increments followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). [Note—If the
sample contains selenium, digest for NMT 15 min.] Remove from heat, cool, and dilute with
water to volume. Filter about 30 mL into a centrifuge tube using a nylon syringe filter of
5-µm pore size. If necessary, make any further dilutions using the Diluent.
Sample solution 3 (for Tablets containing minerals found only in Standard stock solution
1): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to the average
Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of the Stock aqua regia
solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently (about 1 h) until fumes cease. Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a nylon syringe filter of 5-µm pore size. If necessary, make any further dilutions
using the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry, using a spectrometer set to measure
the emission of each mineral of interest at about the corresponding wavelength. [Note
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—The operating conditions may be developed and optimized based on the
manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision.]
System suitability
[Note—Analyze the System suitability solution, and obtain the response as directed in the
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution.
Calculate the percentage of the labeled amount for each mineral taken:
Result = C × (V/W) × F × (CW/L) × 100
C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
CW
= average Tablet weight (mg)
L = labeled amount (mg/Tablet)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amounts of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling:4 The label states that the product is Oil- and Water-Soluble Vitamins with Minerals
Tablets. The label also states the quantity of each vitamin and mineral per dosage unit and
where necessary the chemical form in which a vitamin is present and also states the salt
form of the mineral used as the source of each element. Where the product contains
vitamin E, the label indicates whether it is the d- or dl- form. Where more than one assay
method is given for a particular vitamin, the labeling states with which assay method the
product complies only if Method 1 is not used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
2H-1-Benzopyran-6-ol, 3,4-dihydro-2,5,7,8,-tetramethyl-2-(4,8,12-trimethyltridecyl).
C29 H50 O2
430.70
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Biotin RS
1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro-2-oxo-, 3aS-[(3a ,4 ,6a )].
C10 H16 N2 O3 S
244.31
USP Calcium Pantothenate RS
-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-.
C18 H32 CaN2 O10
476.53
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3 ,5Z,7E)-.
C27 H44 O
384.64
USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3 ,5Z,7E,22E)-.
C28 H44 O
396.65
USP Folic Acid RS
USP Niacin RS
3-Pyridinecarboxylic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
3-Pyridinecarboxamide.
C6 H6 N2 O
122.12
USP Phytonadione RS
USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride.
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C8 H11 NO3 ·HCl
205.64
USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Sodium Fluoride RS
Sodium fluoride.
NaF
41.99
USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl)-4-methyl-,
chloride, monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
USP Vitamin A RS
3,7-Dimethyl-9-(2,6,6-trimethyl-1- cyclohexen-1-yl) 2,4,6,8-nonatetraen-1-ol acetate
(vitamin A acetate).
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters Oasis MAX Vac RC cartridge, particle size 30 µm, part 186000371.
3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbruekii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
4 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of cholecalciferol or
ergocalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
= 1.36 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Water-Soluble Vitamins Capsules, USP 37 page 5736. As part of the USP monograph
modernization efforts and based on the comments received, the following changes are
proposed:
1.
In the Strength for Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate,
a.
Add the cross-references to the new general chapter Vitamin C Assay

580 .

The new chapter 580 is proposed to serve as the focal point for all crossreferences related to vitamin C analysis in the USP official monographs for
multivitamin combinations with “Water-Soluble Vitamins” in the title. The
currently available titrimetric procedure is proposed to be migrated to this
general chapter. In addition, the new HPLC procedures for analysis of vitamin
C are provided. Chapter 580 is proposed elsewhere in this issue of PF.
b.
Remove the titrimetric procedure which is no longer necessary due to the
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reference to chapter 580 to which this procedure had been migrated.
2.
In the test for Absence of Specified Microorganisms, eliminate the requirements for
absence of Staphylococcus aureus since this testing is typically performed for topical
and not for oral dosage forms.
Additionally, editorial changes have been made to eliminate the cross references to Ascorbic
Acid sample preparations within the monograph.
(DS: N. Davydova.)
Correspondence Number—C147780

Comment deadline: November 30, 2014
Water-Soluble Vitamins Capsules
DEFINITION
Water-Soluble Vitamins Capsules contain two or more of the following water-soluble vitamins:
Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate, Biotin,
Cyanocobalamin, Folic Acid, Dexpanthenol or Panthenol, Niacin or Niacinamide, Pantothenic Acid
(as Calcium Pantothenate or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride,
Riboflavin, and Thiamine Hydrochloride or Thiamine Mononitrate. Capsules contain NLT 90.0%
and NMT 150.0% of the labeled amounts of ascorbic acid (C6 H8 O6 ), biotin (C10 H16 N2 O3 S),
calcium pantothenate (C18 H32 CaN2 O10 ), cyanocobalamin (C63 H88 CoN14 O14 P), folic acid
(C19 H19 N7 O6 ), dexpanthenol or panthenol (C9 H19 NO4 ), niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine
(C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate.
They do not contain any form of Beta Carotene or Vitamin A, D, E, or K. They do not contain
any minerals for which nutritional value is claimed. They may contain other labeled added
substances in quantities that are unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
Delete the following:
• Ascorbic Acid
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight per Capsule. Transfer a
portion of the Capsule contents, equivalent to a nominal amount of 100 mg of ascorbic
acid, to a 200-mL volumetric flask, and add 75 mL of metaphosphoric–acetic acids TS.
Insert a stopper into the flask, and shake by mechanical means for 30 min. Dilute with
water to volume. Transfer a portion of the solution to a centrifuge tube, and centrifuge
until a clear supernatant is obtained. Pipet 4.0 mL of this solution into a 50-mL conical
flask, and add 5 mL of metaphosphoric–acetic acids TS.
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Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Capsule.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP38)

Delete the following:
• Calcium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP38)

Delete the following:
• Sodium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP38)

Add the following:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
(See Vitamin C Assay 580 .)
[Note—For labeling purposes, consider Method I—Titrimetric Method as Method 1.]
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ),
calcium ascorbate (C12 H14 CaO12 ·2H2 O), or sodium ascorbate (C6 H7 NaO6 ) 2S (USP38)

Change to read:
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution:
Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules, without the loss of
shell material, and transfer the contents to a 100-mL beaker. Remove any contents
adhering to the empty shells by washing, if necessary, with several portions of ether.
Discard the washings, and dry the Capsule shells with the aid of a current of dry air until
the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the tared
weighing bottle, and calculate the average net weight per Capsule.Proceed as directed
inAscorbic Acid through “calculate the average net weight per Capsule.” 2S (USP38)
Transfer a portion of the Capsule contents, equivalent to a nominal amount of 1 mg of biotin,
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to a 200-mL volumetric flask. Add 3 mL of dimethyl sulfoxide, and swirl to wet the contents.
Place the flask in a water bath at 60 –70 for 5 min. Sonicate for 5 min, dilute with water to
volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of biotin
(C10 H16 N2 O3 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by dilution of the
Standard stock solution with water on the day of the assay.
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer a portion of
the Capsule contents, equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of
50% alcohol, and swirl to wet the contents. Heat the flask in a water bath at 60 –70 for 5
min. Sonicate for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of the
filtrate quantitatively, and stepwise if necessary, with water to obtain a solution with a

PF 40(5): Sep.-Oct. 2014

1058

concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick paste remains. Redissolve the
resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5 ± 0.1,
and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and filter.
Repeat the treatment with activated charcoal. Store under toluene in a cool place at a
temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of l-tryptophan
(or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add dilute
hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute
with water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store in a
refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of thiamine
hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a mixture of
neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of hydrochloric
acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve anhydrous Dextrose and anhydrous Sodium acetate in
the solutions previously mixed according to Table 1, and adjust with 1 N sodium hydroxide to a
pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of water.
Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g of agar,
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and heat the mixture on a steam bath, with stirring, until the agar dissolves. Add 10-mL
portions of the hot solution to test tubes, close or cover the tubes, sterilize in an autoclave at
121 for 15 min, and allow the tubes to cool in an upright position. Prepare stab cultures in
three or more of the tubes, using a pure culture of Lactobacillus plantarum,1 incubating for
16–24 h at a temperature between 30 and 37 held constant to within ±0.5 . Store in a
refrigerator. Prepare a fresh stab of the stock culture every week, and do not use for
Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium stock
solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton, sterilize in
an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the stock
culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells from the
Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of Culture medium.
Incubate this culture for 16–24 h at a temperature between 30 and 37 held constant to
within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to three
or more of the levels specified for the Standard solution, including the levels of 2.0, 3.0, and
4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and sufficient water to
make 10 mL. Place one complete set of Standard and sample tubes together in one tube rack
and the duplicate set in a second rack or section of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at 121
for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes containing
no Standard solution (the uninoculated blanks). Incubate the tubes at a temperature between
30 and 37 held constant to within ±0.5 until, following 16–24 h of incubation, there has
been no substantial increase in turbidity in the tubes containing the highest level of Standard
during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to a spectrophotometer cell. Place the cell in a spectrophotometer that has
been set at a specific wavelength 540–660 nm, and read the transmittance when a steady
state is reached. This steady state is observed a few seconds after agitation when the
galvanometer reading remains constant for 30 s or more. Allow approximately the same time
interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of the
inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read the
transmittance for each of the remaining tubes. If there is evidence of contamination with a
foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of the
Standard, calculate the response from the sum of the duplicate values of the transmittance
(SS) as the difference, y = 2.00

SS. Plot this response on the ordinate of cross-section
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paper against the logarithm of the mL of Standard solution per tube on the abscissa, using for
the ordinate either an arithmetic or a logarithmic scale, whichever gives the better
approximation to a straight line. Draw the straight line or smooth curve that best fits the
plotted points.
Calculate the response y = 2.00 SU, adding together the two transmittances (SU) for each
level of the Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that fall within the range of
lowest and highest points plotted for the Standard. Subtract from each logarithm so obtained
the logarithm of the volume, in mL, of the Sample solution to obtain the difference, X, for each
dosage level. Average the values of X for each of three or more dosage levels to obtain X,
which equals the log-relative potency, M¢, of the Sample solution.
Determine the quantity, in µg, of biotin (C10 H16 N2 O3 S) in the portion of Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin assumed to be present in the portion of Capsules taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of biotin in the portion of Capsules taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared Sample
solutions. If the difference between the two log-potencies M is NMT 0.08, their mean, M, is
the assayed log-potency of the test material (see Design and Analysis of Biological Assays
111 , The Confidence Interval and Limits of Potency). If the two determinations differ by
more than 0.08, conduct one or more additional determinations. From the mean of two or more
values of M that do not differ by more than 0.15, compute the mean potency of the
preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from the Standard stock solution
diluted with water
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight per Capsule. Transfer a
portion of the Capsule contents, equivalent to 100 µg of cyanocobalamin, to a 250-mL
flask. Quantitatively add 100.0 mL of water, and carefully extract for 2 min. Filter 10 mL of
the extract, and use the clear filtrate.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cyanocobalamin from the Sample solution
rS= peak area of cyanocobalamin from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer a portion of
the Capsule contents, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel
containing, for each g of Capsule contents taken, 25 mL of an aqueous extracting solution
prepared just before use to contain 12.9 mg/mL of dibasic sodium phosphate, 11.0 mg/mL of
anhydrous citric acid, and 10 mg/mL of sodium metabisulfite. Autoclave the mixture at 121 for
10 min. Allow any undissolved particles of the extract to settle, and filter or centrifuge, if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution containing
vitamin B12 activity approximately equivalent to that of the Standard solution.
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Acid-hydrolyzed casein solution: Prepare as directed in Calcium Pantothenate, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Calcium Pantothenate, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0 mL
of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with water to
200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic potassium
phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid. Store this solution
under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of
biotin, and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40
mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1) to
make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided that,
when constituted as directed in the labeling, it yields a medium comparable to that obtained
from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving Cystine and Tryptophan
in the hydrochloric acid before adding the next eight solutions to the resulting solution. Add
100 mL of water, and dissolve the Dextrose, Sodium acetate, and Ascorbic acid. Filter, if
necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium hydroxide to a pH of 5.5–
6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
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Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of the
pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass, with the
aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary, until a clear,
straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be used
provided that, when constituted as directed in the labeling, it yields a medium equivalent to
that obtained from the formula given herein.] Dissolve 0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic potassium phosphate in 60–70
mL of water. Add 10 mL of Tomato juice preparation and 1 mL of Polysorbate 80 solution.
Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute with water to 100 mL. Place 10-mL
portions of the solution in test tubes, and plug with cotton. Sterilize the tubes and contents in
an autoclave at 121 for 15 min. Cool as rapidly as possible to avoid color formation resulting
from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an equal
volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize, and cool
as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g of
agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves. Place 10-mL
portions of the hot solution in test tubes, cover the tubes, sterilize at 121 for 15 min in an
autoclave, and allow the tubes to cool in an upright position. Inoculate three or more of the
tubes by stab transfer of a pure culture of Lactobacillus leichmannii.2 [Note—Before first using
a fresh culture in this assay, make NLT 10 successive transfers of the culture in a 2-week
period.] Incubate for 16–24 h at a temperature between 30 and 40 held constant to within
±0.5 . Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for preparing
the Inoculum if more than 4 days old. The activity of the microorganism can be increased by
daily or twice-daily transfer of the stab culture, to the point where definite turbidity in the
liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing culture seldom gives a
suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the stock
culture, provided it yields an Inoculum comparable to a fresh culture.] Make a transfer of cells
from the Stock culture of Lactobacillus leichmannii to two sterile tubes containing 10 mL each
of the Culture medium. Incubate these cultures for 16–24 h at a temperature between 30
and 40 held constant to within ±0.5 . Under aseptic conditions, centrifuge the cultures, and
decant the supernatant. Suspend the cells from the culture in 5 mL of sterile Suspension
medium, and combine. Using sterile Suspension medium, adjust the volume so that a 1-in-20
dilution in saline TS produces 70% transmittance when read on a suitable spectrophotometer
that has been set at a wavelength of 530 nm, equipped with a 10-mm cell, and read against
saline TS set at 100% transmittance. Prepare a 1-in-400 dilution of the adjusted suspension
using sterile Basal medium stock solution. [Note—This dilution may be altered, when
necessary, to obtain the desired test response.] The cell suspension so obtained is the
Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
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periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water, with the
wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12 activity
and to traces of many cleansing agents, cleanse meticulously by suitable means, followed
preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150-mm test tubes and other
necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard
solution. To each of these tubes and to four similar empty tubes add 5.0 mL of Basal medium
stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample
solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient water to
make 10 mL. Place one complete set of Standard and sample tubes together in one tube rack
and the duplicate set in a second rack or section of a rack, preferably in random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121 for 5
min, arranging to reach this temperature in NMT 10 min by preheating the autoclave if
necessary. Cool as rapidly as possible to avoid color formation resulting from overheating the
medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or overloading it
may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room temperature.
After agitating contents, read the transmittance at 530 nm when a steady state is reached.
This steady state is observed a few seconds after agitation when the reading remains
constant for 30 s or more. Allow approximately the same time interval for the reading on each
tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of the
inoculated blank. If the difference is greater than 5% or if there is evidence of contamination
with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the standard
curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following procedure. Test
for and replace any aberrant individual transmittances. For each level of the Standard,
calculate the response from the sum of the duplicate values of the transmittances (SS) as the
difference, y = 2.00 SS. Plot this response on the ordinate of cross-section paper against
the logarithm of the mL of Standard solution per tube on the abscissa, using for the ordinate
either an arithmetic or a logarithmic scale, whichever gives the better approximation to a
straight line. Draw the straight line or smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for each
level of the Sample solution. Read from the standard curve the logarithm of the volume of the
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Standard solution corresponding to each of those values of y that falls within the range of the
lowest and highest points plotted for the Standard. Subtract from each logarithm so obtained
the logarithm of the volume, in mL, of the Sample solution to obtain the difference, X, for each
dosage level. Average the values of X for each of three or more dosage levels to obtain X,
which equals the log-relative potency, M¢, of the Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in the portion of Capsules taken
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the
portion of Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of Capsules taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared Sample
solutions. If the difference between the two log-potencies M is NMT 0.08, their mean, M, is
the assayed log-potency of the test material (see Vitamin B12 Activity in Design and Analysis
of Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations. From
the mean of two or more values of M that do not differ by more than 0.15, compute the mean
potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (between 1% and 3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution

PF 40(5): Sep.-Oct. 2014

1066

Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer an amount of
Capsule contents to a suitable centrifuge tube, and add a volume of Internal standard solution
to obtain a nominal concentration of 0.016 mg/mL of folic acid. Shake by mechanical means for
10 min, and centrifuge. Filter a portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and 1.0,
respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak area ratio of folic acid to methylparaben from the Sample solution
RS= peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
Change to read:
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of the Standard stock solution with 10.0 mL of a mixture of
methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of methanol and ethylene
glycol (1:1). Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
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Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the net average weight per Capsule.” Transfer a portion of
the Capsule contents, equivalent to 0.3 mg of folic acid, to a 125-mL stoppered flask. Add 10.0
mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of methanol
and ethylene glycol (1:1). Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of folic
acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Dexpanthenol or Panthenol
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS or 1600 µg/mL of USP
Racemic Panthenol RS in water. Store in a refrigerator protected from light, and use within
30 days.
Standard solution: On the day of the assay, prepare a dilution of 1.2 µg/mL of
dexpanthenol or 2.4 µg/mL of panthenol from the Standard stock solution diluted with
water.
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Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents as completely as possible to a
beaker. Remove any contents adhering to the empty Capsule shells by washing with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight per
Capsule. Dissolve a portion of the Capsule contents, nominally equivalent to 1.2 mg of
dexpanthenol or 2.4 mg of panthenol, in 100.0 mL of water. Quantitatively dilute a portion
of this solution with water to obtain a nominal concentration of 1.2 µg/mL of dexpanthenol
or 2.4 µg/mL of panthenol.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in about 500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of activated
charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature NLT 10 . Filter the solution if a precipitate
forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add
hydrochloric acid solution (1 in 2) dropwise, with stirring, until the solids are dissolved.
Cool, and dilute with water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in neutral
25% alcohol. Store in a refrigerator.
Salt solution A: 50 mg/mL of monobasic potassium phosphate and 50 mg/mL of dibasic
potassium phosphate in water. Add 10 drops of hydrochloric acid per L of solution. Store
under toluene.
Salt solution B: 20 mg/mL of magnesium sulfate, 1 mg/mL of sodium chloride, 1 mg/mL of
ferrous sulfate, and 1 mg/mL of manganese sulfate in water. Add 10 drops of hydrochloric
acid per L of the solution. Store under toluene.
Pyridoxal–calcium pantothenate solution: 200 µg/mL of pyridoxal hydrochloride and
1.875 µg/mL of calcium pantothenate in 10% alcohol. Store in a refrigerator, and use
within 30 days.
Polysorbate 40–oleic acid solution: 50 mg/mL of polysorbate 40 and 0.5 mg/mL of oleic
acid in 20% alcohol. Store in a refrigerator, and use within 30 days.
Modified pantothenate medium: Dissolve anhydrous dextrose and sodium acetate in the
solutions previously mixed according to Table 3, and adjust with 1 N sodium hydroxide to a
pH of 6.8. Dilute with water to 250 mL.
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Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed in Modified
pantothenate medium, but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
Stock culture of Pediococcus acidilactici: Dissolve in 800 mL of water, with the aid of
heat, 6.0 g of peptone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g
of beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with 0.1 N sodium hydroxide
or 0.1 N hydrochloric acid to a pH of 6.5–6.6, and dilute with water to 1000 mL. Add 10mL portions of the solution to culture tubes, place caps on the tubes, and sterilize in an
autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator. Prepare a stock
culture of Pediococcus acidilactici3 on a slant of this medium. Incubate at 35 for 20–24 h,
and store in a refrigerator. Maintain the stock culture by monthly transfer onto fresh
slants.
Inoculum: Inoculate three 250-mL portions of sterile Modified pantothenate medium from
a stock culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with sterile Modified pantothenate medium.
Resuspend the cells in sufficient Modified pantothenate medium so that a 1-in-50 dilution,
when tested in a 13-mm diameter test tube, gives 80% light transmission at 530 nm.
Transfer 1.2-mL portions of this stock suspension to sterile glass ampuls, seal, freeze in
liquid nitrogen, and store in a freezer. On the day of the assay, allow the ampuls to reach
room temperature, mix the contents, and dilute 1 mL of thawed culture with sterile saline
TS to 150 mL. [Note—This dilution may be altered when necessary to obtain the desired
test response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes and in the same order add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes and
in the same order add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of Double-strength modified pantothenate medium to each tube. Cover the
tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to room
temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the Inoculum.
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Allow to incubate at 37 for 16 h. Terminate growth by heating to a temperature NLT 80 ,
such as by steaming at atmospheric pressure in a sterilizer for 5–10 min. Cool, and
determine the percentage transmittance of the suspensions, in cells of equal path length,
on a suitable spectrophotometer at a wavelength of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percentage of transmittance, for each set of tubes of the standard
curve against the Standard level concentrations. The curve is drawn by connecting each
adjacent pair of points with a straight line. From this standard curve, determine by
interpolation the potency of each tube containing portions of the Sample solution. To
obtain the individual responses, divide the potency of each tube by the amount of the
Sample solution added to it. Calculate the mean response by averaging the individual
responses that vary from their mean by NMT 15%, using NLT half the total number of
tubes. Calculate the potency of the portion of the material taken for assay by multiplying
the mean response by the appropriate dilution factor.
Calculate the percentage of the labeled amount of dexpanthenol or panthenol (C9 H19 NO4 )
in the portion of Capsules taken:
Result = (P/N) × 100
P= potency of dexpanthenol or panthenol in the portion of Capsules taken (mg)
N= nominal amount of dexpanthenol or panthenol in the portion of Capsules taken (mg)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
Change to read:
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” To a centrifuge tube,
transfer an amount of mixed Capsule contents and a volume of Internal standard solution to
obtain a nominal concentration of 0.6 mg/mL in the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid are
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about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate and the internal standard. Calculate the
percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of
Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample solution
R=
S peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Standard
solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in the Analysis,
2.0 and 4.0 mL of the Standard solution being used, are within the linear portion of the
log-concentration response curve.
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer a portion of
the Capsule contents, equivalent to a nominal amount of 50 mg of calcium pantothenate, to a
1000-mL volumetric flask containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100
mL of sodium acetate solution (1 in 60), dilute with water to volume, and filter. Dilute a volume
of this solution to obtain a solution with approximately the same concentration as that of the
Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick paste remains. Redissolve the
resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5 ± 0.1,
and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and filter.
Repeat the treatment with activated charcoal. Store under toluene in a cool place at a
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temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of l-tryptophan
(or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add dilute
hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute
with water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under toluene,
protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a mixture of
neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of hydrochloric
acid. Store under toluene.
Basal medium stock solution: Dissolve anhydrous Dextrose and anhydrous Sodium acetate in
the solutions previously mixed according to Table 4, and adjust with 1 N sodium hydroxide to a
pH of 6.8. Dilute with water to 250 mL.
Table 4
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of water.
Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5 g of agar,
and heat the mixture on a steam bath, with stirring, until the agar dissolves. Add 10-mL
portions of the hot solution to the test tubes, close or cover the tubes, sterilize in an
autoclave at 121 for 15 min, and allow the tubes to cool in an upright position. Prepare stab
cultures in three or more of the tubes, using a pure culture of Lactobacillus plantarum1
incubating for 16–24 h at a temperature between 30 and 37 held constant to within ±0.5 .
Store in a refrigerator. Prepare a fresh stab of the stock culture every week, and do not use
for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium stock
solution, add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the tubes with
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cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the stock
culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells from the
Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of Culture medium.
Incubate this culture for 16–24 h at a temperature between 30 and 37 held constant to
within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution corresponding
to three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in one
tube rack and the duplicate set in a second rack or section of a rack, preferably in random
order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at 121
for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 , until, following 16–24 h of
incubation, there has been no substantial increase in turbidity in the tubes containing the
highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to an optical container if necessary. Read the transmittance between 540
and 660 nm when a steady state is reached. This steady state is observed a few seconds
after agitation when the galvanometer reading remains constant for 30 s or more. Allow
approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of the
inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read the
transmittance for each of the remaining tubes. If there is evidence of contamination with a
foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of the
Standard, calculate the response from the sum of the duplicate values of the transmittance
(SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of cross-section
paper against the logarithm of the mL of Standard solution per tube on the abscissa, using for
the ordinate either an arithmetic or a logarithmic scale, whichever gives the better
approximation to a straight line. Draw the straight line or smooth curve that best fits the
plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for each
level of the Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that fall within the range of the
lowest and highest points plotted for the Standard. Subtract from each logarithm so obtained
the logarithm of the volume, in mL, of the Sample solution to obtain the difference, X, for each
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dosage level. Average the values of X for each of three or more dosage levels to obtain X,
which equals the log-relative potency, M¢, of the Sample solution.
Determine the quantity, in mg, of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of
Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of Capsules
taken
Calculate the percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in
the portion of Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Capsules taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared Sample
solutions. If the difference between the two log-potencies M is NMT 0.08, their mean, M, is
the assayed log-potency of the test material (see Design and Analysis of Biological Assays
111 , The Confidence Interval and Limits of Potency). If the two determinations differ by
more than 0.08, conduct one or more additional determinations. From the mean of two or more
values of M that do not differ by more than 0.15, compute the mean potency of the
preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from the Standard stock
solution diluted with water
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer a portion of
the Capsule contents, equivalent to a nominal amount of 10 mg of calcium pantothenate, to a
250-mL volumetric flask. Add 10 mL of methanol, and swirl the flask to disperse the Capsule
contents. Dilute with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
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Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate. Calculate the percentage of the labeled
amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of calcium pantothenate from the Sample solution
rS= peak area of calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acidthrough “calculate the average net weight per Capsule.” Transfer a portion of the
Capsule contents, equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine
hydrochloride, riboflavin, and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL
of Diluent, and mix using a vortex mixer for 30 s to completely suspend the powder. Immerse
the centrifuge tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix using a
vortex mixer for 30 s. Return the tube to the hot water bath, heat for another 5 min, and mix
using a vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature, and use
the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine. Calculate
the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled amount
of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
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rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or niacin
(C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine as
thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Weigh NLT 20
Capsules in a tared weighing bottle. Open the Capsules, without loss of shell material, and
transfer the contents to a beaker. Remove any contents adhering to the shells by
washing with several portions of ether. Discard the washings, and dry the Capsule shells
with the aid of a current of dry air. Weigh the empty Capsule shells in the tared weighing
bottle, and calculate the net weight of the Capsule contents. Transfer a portion of the
Capsule contents, equivalent to a nominal amount of 2 mg of riboflavin, to a 200-mL
volumetric flask. If riboflavin is not present in the formulation, use a portion equivalent to
a nominal amount of 2 mg of pyridoxine. If pyridoxine is not present in the formulation, use
a portion equivalent to a nominal amount of 20 mg of niacin or niacinamide. Add 100.0 mL
of Extraction solvent, and mix for 20 min, using a wrist-action shaker. Immerse the flask in
a water bath maintained at 70 –75 , and heat for 20 min. Mix on a vortex mixer for 30 s,
cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, Standard stock solution, Standard solution,
Sample solution, and Chromatographic system: Using USP Niacinamide RS in place of
USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacinamide. Calculate the percentage of the labeled amount of
niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: 20 µg/mL of USP Pyridoxine Hydrochloride RS from the Standard stock
solution diluted with Extraction solvent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
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System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine from the Sample solution
rS= peak area of pyridoxine from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of Standard stock solution with Extraction solvent to
25.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Capsules taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area of riboflavin from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
Change to read:
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from the Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Mix a portion of the
Capsule contents with a volume of 0.2 N hydrochloric acid to obtain a nominal concentration of
0.02 mg/mL of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30
min. Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
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C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled amount
of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in
Biotin, Method 1 2S (USP38)
Ascorbic Acid through “calculate the average net weight per Capsule.” Transfer a portion of
the Capsule contents, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine
hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a stoppered 125mL flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1), and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a water
bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2.0 mL/min
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Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin or niacinamide. Calculate the percentage of the labeled
amount of niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl) (for
products containing thiamine hydrochloride) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled amount
of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine as
thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution

2040 : Meet the requirements
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2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Water-Soluble Vitamins Capsules. The label
also states the quantity of each vitamin in terms of metric units per dosage unit, and
where necessary, the salt form in which it is present. Where more than one assay method
is given for a particular vitamin, the labeling states which assay method is used only if
Method 1 is not used. Where products are labeled to contain panthenol, the label states
the equivalent content of dexpanthenol.
• USP Reference Standards 11
USP Biotin RS
(3aS,4S,6aR)-Hexahydro-2-oxo-1H-thieno[3,4-d]imidazole-4-valeric acid.
C10 H16 N2 O3 S
244.31
USP Calcium Pantothenate RS
Calcium d-pantothenate (1:2).
C18 H32 CaN2 O10
476.53
USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
USP Dexpanthenol RS
d-(+)-2,4-Dihydroxy-N-(3-hydroxypropyl)-3,3-dimethylbutyramide.
C9 H19 NO4
205.25
USP Folic Acid RS
l-Glutamic acid, N-[4-[[(2-amino-1,4-dihydro-4-oxo-6pteridinyl)methyl]amino]benzoyl]-.
C19 H19 N7 O6
441.40
USP Niacin RS
Nicotinic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
Nicotinamide.
C6 H6 N2 O
122.12
USP Racemic Panthenol RS
Butanamide, 2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethyl-, (±)-.
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C9 H19 NO4
205.25
USP Pyridoxine Hydrochloride RS
Pyridoxol hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Thiamine Hydrochloride RS
Thiamine monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbruekii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
3 ATC C No. 8042 is suitable.

BRIEFING
Water-Soluble Vitamins Tablets, USP 37 page 5748. As part of the USP monograph
modernization efforts and based on the comments received, the following changes are
proposed:
1.
In the Strength for Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate,
a.
Add the cross-references to the new general chapter Vitamin C Assay

580 .

The new chapter 580 is proposed to serve as the focal point for all crossreferences related to vitamin C analysis in the USP official monographs for
multivitamin combinations with “Water-Soluble Vitamins” in the title. The
currently available titrimetric procedure is proposed to be migrated to this
general chapter. In addition, the new HPLC procedures for analysis of vitamin
C are provided. Chapter 580 is proposed elsewhere in this issue of PF.
b.
Remove the titrimetric procedure which is no longer necessary due to the
reference to chapter 580 to which this procedure had been migrated.
2.
In the test for Absence of Specified Microorganisms, eliminate the requirements for
absence of Staphylococcus aureus since this testing is typically performed for topical
and not for oral dosage forms.
(DS: N. Davydova.)
Correspondence Number—C147781

Comment deadline: November 30, 2014
Water-Soluble Vitamins Tablets
DEFINITION
Water-Soluble Vitamins Tablets contain two or more of the following water-soluble vitamins:
Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate, Biotin,
Cyanocobalamin, Folic Acid, Niacin or Niacinamide, Pantothenic Acid (as Calcium Pantothenate
or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin, and Thiamine
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Hydrochloride or Thiamine Mononitrate. Tablets contain NLT 90.0% and NMT 150.0% of the
labeled amounts of ascorbic acid (C6 H8 O6 ) or its equivalent as sodium ascorbate or calcium
ascorbate, biotin (C10 H16 N2 O3 S), calcium pantothenate (C18 H32 CaN2 O10 ), cyanocobalamin
(C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O),
pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS)
as thiamine hydrochloride or thiamine mononitrate.
They do not contain any form of Beta Carotene or Vitamin A, D, E, or K. They do not contain
any minerals for which nutritional value is claimed. They may contain other labeled added
substances in quantities that are unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
Delete the following:
• Ascorbic Acid
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 100 mg of ascorbic acid, to a 200-mL volumetric flask,
and add 75 mL of metaphosphoric–acetic acids TS. Insert a stopper into the flask, and
shake by mechanical means for 30 min. Dilute with water to volume. Transfer a portion of
the solution to a centrifuge tube, and centrifuge until a clear supernatant is obtained.
Pipet 4.0 mL of this solution into a 50-mL conical flask, and add 5 mL of metaphosphoric–
acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Tablet.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP38)

Delete the following:
• Calcium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP38)

Delete the following:
• Sodium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP38)

Add the following:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
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(See Vitamin C Assay 580 .)
[Note—For labeling purposes, consider Method I—Titrimetric Method as Method 1.]
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ),
calcium ascorbate (C12 H14 CaO12 ·2H2 O), or sodium ascorbate (C6 H7 NaO6 ) 2S (USP38)
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 1 mg of biotin, to a 200-mL volumetric flask. Add 3 mL
of dimethyl sulfoxide, and swirl to wet the contents. Place the flask in a water bath at 60
–70 for 5 min. Sonicate for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of
biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
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equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by dilution of the
Standard stock solution with water on the day of the assay
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50% alcohol, and
swirl to wet the contents. Heat the flask in a water bath at 60 –70 for 5 min. Sonicate
for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of the filtrate
quantitatively, and stepwise if necessary, with water to obtain a solution with a
concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution

25 mL
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Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
Culture medium. Incubate this culture for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
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the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength of 540–660 nm, and read
the transmittance when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of lowest and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to
obtain the difference, X, for each dosage level. Average the values of X for each of three
or more dosage levels to obtain X, which equals the log-relative potency, M¢, of the
Sample solution.
Determine the quantity, in µg, of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin assumed to be present in the portion of Tablets taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of biotin in the portion of Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
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Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water. [Note—A portion of the Standard
solution will be used to determine the percent recovery of biotin from the Solid-phase
extraction procedure.]
Sample solution: Finely powder NLT 20 Tablets. Transfer an amount of powdered Tablets
to a volumetric flask to obtain a nominal concentration of 0.6 µg/mL of biotin. Add water
up to 80% of the flask capacity, and sonicate for 30–40 min, with occasional mixing, to
dissolve. Dilute with water to volume, and filter. Adjust the pH of the solution with either
diluted acetic acid or 0.1 N sodium hydroxide to 6.0–7.0.
Solid-phase extraction: [Note—Condition the extraction column specified in this
procedure in the following manner. Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.]
Separately pipet 5.0 mL of the Sample solution and Standard solution into freshly
conditioned solid-phase extraction columns consisting of a mixed-mode packing with a
sorbent mass of 60 mg. [Note—The mixed-mode packing consists of anion-exchange and
reversed-phase sorbents. The reverse-phase component is a copolymer of Nvinylpyrrolidone and divinylbenzene. The anion exchange moiety is a trialkylamino group.2]
Wash the column with 10 mL of 30% (v/v) methanol in water. Apply an appropriate volume
(4.9 mL) of 30% (v/v) methanol in 0.1 N hydrochloric acid to the column. Collect the
eluate in a 5-mL volumetric flask, containing 100 µL of 40% (w/v) sodium acetate in
water, and dilute with 30% (v/v) methanol in 0.1 N hydrochloric acid to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and a portion of Standard solution that has undergone Solidphase extraction
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and Standard solution that
has undergone Solid-phase extraction
Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and Sample solution that have both undergone Solid-phase
extraction
Measure the responses for the biotin peak. Calculate the percentage of the labeled
amount of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from Standard stock solution
diluted with water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of cyanocobalamin, to a 250-mL flask. Quantitatively add 100.0 mL
of water, and carefully extract for 2 min. Filter 10 mL of the extract, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cyanocobalamin from the Sample solution
rS= peak area of cyanocobalamin from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of Standard stock solution with water to a
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measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powdered
Tablets, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each g of powdered Tablets taken, 25 mL of an aqueous extracting solution prepared just
before use to contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121 for
10 min. Allow any undissolved particles of the extract to settle, and filter or centrifuge if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Biotin, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Biotin, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store
in a refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg
of biotin, and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium
pantothenate, 40 mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg
of pyridoxamine dihydrochloride, and 2 mg of folic acid in a mixture of water and
neutralized alcohol (3:1) to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving Cystine and
Tryptophan in the hydrochloric acid before adding the next eight solutions to the resulting
solution. Add 100 mL of water, and dissolve Dextrose, Sodium acetate, and Ascorbic acid.
Filter, if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium hydroxide to
a pH of 5.5–6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine

0.1 g
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l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass,
with the aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate
three or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii.3
[Note—Before first using a fresh culture in this assay, make NLT 10 successive transfers
of the culture in a 2-week period.] Incubate for 16–24 h at a temperature between 30
and 40 held constant to within ±0.5 . Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture, to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
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transfer of cells from the Stock culture of Lactobacillus leichmannii to two sterile tubes
containing 10 mL each of the Culture medium. Incubate these cultures for 16–24 h at a
temperature between 30 and 40 held constant to within ±0.5 . Under aseptic conditions
centrifuge the cultures, and decant the supernatant. Suspend the cells from the culture in
5 mL of Suspension medium, and combine. Using sterile Suspension medium, adjust the
volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read on a
suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped with
a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in-400
dilution of the adjusted suspension using sterile Basal medium stock solution. [Note—This
dilution may be altered, when necessary, to obtain the desired test response.] The cell
suspension so obtained is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water, the
wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
followed preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150-mm test
tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave
if necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating contents, read the transmittance at 530 nm when a steady
state is reached. This steady state is observed a few seconds after agitation when the
reading remains constant for 30 s or more. Allow approximately the same time interval for
the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5%, or if there is evidence of
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contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in the portion of Tablets taken
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P)
in the portion of Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Vitamin B12 Activity in
Design and Analysis of Biological Assays 111 , The Confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ
by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
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Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (between 1% and 3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of powder, equivalent
to 0.4 mg of folic acid, to a 50-mL amber-colored centrifuge tube. Add 25.0 mL of Internal
standard solution. Shake by mechanical means for 10 min, and centrifuge. Filter a portion
of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of folic acid to methylparaben from the Sample solution
RS= peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: 60 µg/mL of ammonium hydroxide
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Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of Standard stock solution with 10.0 mL of a mixture of
methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of methanol and ethylene
glycol (1:1). Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 0.3 mg of
folic acid, to a 125-mL stoppered flask. Add 10.0 mL of a mixture of methanol and glacial
acetic acid (9:1) and 30.0 mL of a mixture of methanol and ethylene glycol (1:1). Shake
for 15 min in a water bath maintained at 60 , and cool. Filter, discarding the first few mL
of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
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Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 15 mg of calcium pantothenate, to a centrifuge tube. Add 25.0 mL of the
Internal standard solution, and shake vigorously for 10 min. Centrifuge, filter, and use the
clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate and the internal standard. Calculate the
percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the
portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
R=
S peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Standard
solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in the Analysis,
2.0 and 4.0 mL of the Standard solution being used, are within the linear portion of the
log-concentration response curve.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
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equivalent to a nominal amount of 50 mg of calcium pantothenate, to a 1000-mL
volumetric flask containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of
sodium acetate solution (1 in 60), dilute with water to volume, and filter. Dilute a volume
of this solution to obtain a solution with approximately the same concentration as that of
the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
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Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes, using a pure culture of
Lactobacillus plantarum1 incubating for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
Culture medium. Incubate this culture for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution, including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached. This steady state is observed a
few seconds after agitation when the galvanometer reading remains constant for 30 s or
more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
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with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in mg, of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion
of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of Tablets
taken
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Tablets taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from Standard stock
solution diluted with water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
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equivalent to a nominal amount of 10 mg of calcium pantothenate, to a 250-mL volumetric
flask. Add 10 mL of methanol, and swirl the flask to disperse. Dilute with water to volume,
mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the
labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of calcium pantothenate from the Sample solution
rS= peak area of calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride, riboflavin,
and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
using a vortex mixer for 30 s to completely suspend the powder. Immerse the centrifuge
tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix using a vortex
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mixer for 30 s. Return the tube to the hot water bath, heat for another 5 min, and mix on
a vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature, and use
the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
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For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Finely powder
NLT 20 Tablets. Transfer a portion of the powder, equivalent to a nominal amount of 2 mg
of riboflavin, to a 200-mL volumetric flask. If riboflavin is not present in the formulation,
transfer a portion of the powder equivalent to a nominal amount of 2 mg of pyridoxine. If
pyridoxine is not present in the formulation, use a portion of the powder equivalent to a
nominal amount of 20 mg of niacin or niacinamide. Add 100.0 mL of Extraction solvent, and
mix for 20 min, using a wrist-action shaker. Immerse the flask in a water bath maintained
at 70 –75 , and heat for 20 min. Mix on a vortex mixer for 30 s, cool to room temperature,
and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
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Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A, Extraction solvent, Mobile phase, Standard stock solution, Standard
solution, Sample solution, Chromatographic system, and System suitability: Using
USP Niacinamide RS in place of USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacinamide. Calculate the percentage of the labeled amount
of niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 254 nm

621 , System Suitability.)

PF 40(5): Sep.-Oct. 2014

1106

Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine from the Sample solution
rS= peak area of pyridoxine from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of Standard stock solution with Extraction solvent to
25.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas for riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of riboflavin from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the powdered
Tablets with a volume of 0.2 N hydrochloric acid to obtain a nominal concentration of 0.02
mg/mL of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30
min. Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of the major peaks. For products containing thiamine
hydrochloride, calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
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For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1), and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride,
0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a stoppered 125-mL flask.
Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Measure the peak areas of niacin or niacinamide. Calculate the percentage of the labeled
amount of niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
(for products containing thiamine hydrochloride) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests

2021 : The total aerobic microbial count does not exceed 3
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× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Water-Soluble Vitamins Tablets. The label
also states the quantity of each vitamin in terms of metric units per dosage unit, and
where necessary, the salt form in which it is present. Where more than one assay method
is given for a particular vitamin, the labeling states which assay method is used only if
Method 1 is not used.
• USP Reference Standards 11
USP Biotin RS
USP Calcium Pantothenate RS
USP Cyanocobalamin RS
USP Folic Acid RS
USP Niacin RS
USP Niacinamide RS
USP Pyridoxine Hydrochloride RS
USP Riboflavin RS
USP Thiamine Hydrochloride RS
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters Oasis MAX Vac RC cartridge, particle size 30 µm, part 186000371.
3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbrueckii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).

BRIEFING
Water-Soluble Vitamins with Minerals Capsules, USP 37 page 5760. As part of the USP
monograph modernization efforts and based on the comments received, the following
changes are proposed:
1.
In the Strength for Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate,
a.
Add the cross-references to the new general chapter Vitamin C Assay

580 .

The new chapter 580 is proposed to serve as the focal point for all crossreferences related to vitamin C analysis in the USP official monographs for
multivitamin combinations with “Water-Soluble Vitamins” in the title. The
currently available titrimetric procedure is proposed to be migrated to this
general chapter. In addition, the new HPLC procedures for the analysis of
vitamin C are provided. Chapter 580 is proposed elsewhere in this issue of
PF.
b.
Remove the titrimetric procedure which is no longer necessary due to the
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reference to chapter

1111

580

to which this procedure had been migrated.

2.
In the test for Absence of Specified Microorganisms 2022 eliminate the requirements
for absence of Staphylococcus aureus since this testing is typically performed for
topical and not for oral dosage forms.
Additionally, editorial changes have been made to eliminate the cross references to Ascorbic
Acid sample preparations within the monograph.
(DS: N. Davydova.)
Correspondence Number—C147782

Comment deadline: November 30, 2014
Water-Soluble Vitamins with Minerals Capsules
DEFINITION
Water-Soluble Vitamins with Minerals Capsules contain one or more of the following watersoluble vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate,
Biotin, Cyanocobalamin, Folic Acid, Dexpanthenol or Panthenol, Niacin or Niacinamide,
Pantothenic Acid (as Calcium Pantothenate or Racemic Calcium Pantothenate), Pyridoxine
Hydrochloride, Riboflavin, and Thiamine Hydrochloride or Thiamine Mononitrate; and one or more
minerals derived from substances generally recognized as safe, furnishing one or more of the
following elements in ionizable form: boron, calcium, chromium, copper, fluorine, iodine, iron,
magnesium, manganese, molybdenum, nickel, phosphorus, potassium, selenium, tin, vanadium,
and zinc. Capsules contain NLT 90.0% and NMT 150.0% of the labeled amounts of ascorbic acid
(C6 H8 O6 ) or its salts as calcium ascorbate (C12 H14 CaO12 ·2H2 O) or sodium ascorbate
(C6 H7 NaO6 ), biotin (C10 H16 N2 O3 S), cyanocobalamin (C63 H88 CoN14 O14 P), folic acid
(C19 H19 N7 O6 ), dexpanthenol or panthenol (C9 H19 NO4 ), calcium pantothenate (C18 H32 CaN2 O10 ),
niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin
(C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate;
NLT 90.0% and NMT 125.0% of the labeled quantities of calcium (Ca), copper (Cu), iron (Fe),
magnesium (Mg), manganese (Mn), phosphorus (P), potassium (K), and zinc (Zn); and NLT
90.0% and NMT 160.0% of the labeled quantities of boron (B), chromium (Cr), fluorine (F),
iodine (I), molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).
They do not contain any form of Beta Carotene or Vitamin A, D, E, or K. They may contain
other labeled added substances that are generally recognized as safe, in quantities that are
unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
Delete the following:
• Ascorbic Acid
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
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of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight per Capsule. Transfer a
portion of the Capsule contents, equivalent to a nominal amount of 100 mg of ascorbic
acid, to a 200-mL volumetric flask, and add 75 mL of metaphosphoric–acetic acids TS.
Insert a stopper into the flask, and shake by mechanical means for 30 min. Dilute with
water to volume. Transfer a portion of the solution to a centrifuge tube, and centrifuge
until a clear supernatant is obtained. Pipet 4.0 mL of this solution into a 50-mL conical
flask, and add 5 mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Capsule.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP38)

Delete the following:
• Calcium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP38)

Delete the following:
• Sodium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP38)

Add the following:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
See: Vitamin C Assay 580
[Note—For labeling purpose, consider Method I—Titrimetric Method as Method 1]
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ),
calcium ascorbate (C12 H14 CaO12 ·2H2 O), or sodium ascorbate (C6 H7 NaO6 ) 2S (USP38)

Change to read:
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution with water
Sample solution: Proceed as directed in Ascorbic Acid through “calculate the average net
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weight per Capsule.”
Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules, without the loss of
shell material, and transfer the contents to a 100-mL beaker. Remove any contents
adhering to the empty shells by washing, if necessary, with several portions of ether.
Discard the washings, and dry the Capsule shells with the aid of a current of dry air until
the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the tared
weighing bottle, and calculate the average net weight per Capsule. 2S (USP38)
Transfer a portion of the Capsule contents, equivalent to a nominal amount of 1 mg of biotin,
to a 200-mL volumetric flask. Add 3 mL of dimethyl sulfoxide, and swirl to wet the contents.
Place the flask in a water bath at 60 –70 for 5 min. Sonicate for 5 min, dilute with water to
volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the responses for the biotin peaks. Calculate the percentage of the labeled amount of
biotin (C10 H16 N2 O3 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: On the day of the assay, dilute the Standard stock solution with water
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to a concentration of 0.1 ng/mL of USP Biotin RS.
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule”. Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 100 µg of biotin, to a 200-mL volumetric flask. Add
3 mL of 50% alcohol, and swirl to wet the contents. Heat the flask in a water bath at 60 –70
for 5 min. Sonicate for 5 min, dilute with diluted alcohol to volume, and filter. Dilute a volume of
the filtrate quantitatively, and stepwise if necessary, with water to obtain a solution with a
concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick paste remains. Redissolve the
resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5 ± 0.1,
and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and filter.
Repeat the treatment with activated charcoal. Store under toluene in a cool place at a
temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in 1.0 g of l-tryptophan (or 2.0 g of
d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add dilute hydrochloric acid (1
in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute with water to 1000
mL. Store under toluene in a cool place at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store in a
refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of thiamine
hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, and in a
refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a mixture of
neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of hydrochloric
acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous

25 mL
25 mL
0.25 mL
10 g
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Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of water.
Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g of agar,
and heat the mixture on a steam bath, with stirring, until the agar dissolves. Add 10-mL
portions of the hot solution to test tubes, close or cover the tubes, sterilize in an autoclave at
121 , and allow the tubes to cool in an upright position. Prepare stab cultures in three or more
of the tubes, using a pure culture of Lactobacillus plantarum,1 incubating for 16–24 h at a
temperature between 30 and 37 held constant to within ±0.5 . Store in a refrigerator.
Prepare a fresh stab of the stock culture every week, and do not use for Inoculum if the
culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium stock
solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton, sterilize
in an autoclave at 121 , and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the stock
culture, provided it yields an Inoculum comparable to a fresh culture.] Make a transfer of
cells from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
Culture medium. Incubate this culture for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 held constant to within ±0.5 until, following 16–24 h of
incubation, there has been no substantial increase in turbidity in the tubes containing the
highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a spectrophotometer
that has been set at a specific wavelength 540–660 nm, and read the transmittance when
a steady state is reached. This steady state is observed a few seconds after agitation
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when the galvanometer reading remains constant for 30 s or more. Allow approximately the
same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank read the
transmittance for each of the remaining tubes. If there is evidence of contamination with a
foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (S) as the difference, y = 2.00 S. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever gives
the better approximation to a straight line. Draw the straight line or smooth curve that best
fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the Standard
solution corresponding to each of those values of y that fall within the range of lowest and
highest points plotted for the Standard. Subtract from each logarithm so obtained the
logarithm of the volume, in mL, of the Sample solution to obtain the difference, X, for each
dosage level. Average the values of X for each of three or more dosage levels to obtain X,
which equals the log-relative potency, M¢, of the Sample solution.
Determine the quantity, in µg, of USP Biotin RS corresponding to the biotin in each mg of the
portion of Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin assumed to be present in each mg of the portion of the Capsules
taken
Replication: Repeat the entire determination at least once, using separately prepared Sample
solutions. If the difference between the two log-potencies M is NMT 0.08, their mean, M, is
the assayed log-potency of the test material (see Design and Analysis of Biological Assays
111 , The Confidence Interval and Limits of Potency). If the two determinations differ by
more than 0.08, conduct one or more additional determinations. From the mean of two or
more values of M that do not differ by more than 0.15, compute the mean potency of the
preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from Standard stock solution
diluted with water
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
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contents, equivalent to a nominal amount of 100 µg of cyanocobalamin, to a 250-mL flask.
Quantitatively add 100.0 mL of water, and carefully extract for 2 min. Filter 10 mL of the
extract, and use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cyanocobalamin from the Sample solution
rS= peak response of cyanocobalamin from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard cyanocobalamin stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25%
alcohol. Store in a refrigerator.
Standard solution: Dilute a suitable volume of Standard cyanocobalamin stock solution
with water to a measured volume such that after the incubation period as described in the
Analysis, the difference in transmittance between the inoculated blank and the 5.0-mL
level of the Standard solution is NLT that which corresponds to a difference of 1.25 mg in
dried cell weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the
Standard solution. Prepare this solution fresh for each assay.
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 1.0 µg of cyanocobalamin, to an appropriate
vessel containing, for each g of Capsule contents taken, 25 mL of an aqueous extracting
solution prepared just before use to contain 12.9 mg/mL of dibasic sodium phosphate, 11.0
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mg/mL of anhydrous citric acid, and 10 mg/mL of sodium metabisulfite. Autoclave the mixture at
121 for 10 min. Allow any undissolved particles of the extract to settle, and filter or
centrifuge, if necessary. Dilute an aliquot of the clear solution with water to obtain a final
solution containing vitamin B12 activity approximately equivalent to that of the Standard
solution.
Acid-hydrolyzed casein solution: Prepare as directed in Calcium Pantothenate, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Calcium Pantothenate, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0 mL
of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with water to
200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic potassium
phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid. Store this solution
under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of
biotin, and 20 mg of niacin in 0.02 N glacial acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40
mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1) to
make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided that,
when constituted as directed in the labeling, it yields a medium comparable to that obtained
from the formula given herein.
Add the ingredients in the order listed according to Table 2, carefully dissolving cystine and
tryptophan in the hydrochloric acid before adding the next eight solutions in the resulting
solution. Add 100 mL of water, and dissolve the dextrose, sodium acetate, and ascorbic acid.
Filter, if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium hydroxide to a pH
of between 5.5 and 6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
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Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of the
pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass, with the
aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary, until a clear,
straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be used
provided that, when constituted as directed in the labeling, it yields a medium equivalent to
that obtained from the formula given herein.] Dissolve 0.75 g of yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic potassium phosphate in 60–70
mL of water. Add 10 mL of Tomato juice preparation and 1 mL of Polysorbate 80 solution.
Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute with water to 100 mL. Place 10-mL
portions of the solution in test tubes, and plug with cotton. Sterilize the tubes and contents in
an autoclave at 121 for 15 min. Cool as rapidly as possible to avoid color formation resulting
from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an equal
volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize, and cool
as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g of
agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves. Place 10-mL
portions of the hot solution in test tubes, cover the tubes, sterilize at 121 for 15 min in an
autoclave (exhaust line temperature), and allow the tubes to cool in an upright position.
Inoculate three or more of the tubes by stab transfer of a pure culture of Lactobacillus
leichmannii.2 [Note—Before first using a fresh culture in this assay, make NLT 10 successive
transfers of the culture in a 2-week period.] Incubate for 16–24 h at a temperature between
30 and 40 held constant to within ±0.5 . Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for preparing
the Inoculum if more than 4 days old. The activity of the microorganism can be increased by
daily or twice-daily transfer of the stab culture, to the point where definite turbidity in the
liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing culture seldom gives a
suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the stock
culture provided it yields an Inoculum comparable to a fresh culture.] Make a transfer of cells
from the Stock culture of Lactobacillus leichmannii to two sterile tubes each containing 10 mL
of the Culture medium. Incubate these cultures for 16–24 h at a temperature between 30
and 40 held constant to within ±0.5 . Under aseptic conditions centrifuge the cultures, and
decant the supernatant. Suspend the cells from the culture in 5 mL of sterile Suspension
medium, and combine. Using sterile Suspension medium, adjust the volume so that a 1-in-20
dilution in saline TS produces 70% transmittance when read on a suitable spectrophotometer
that has been set at a wavelength of 530 nm, equipped with a 10-mm cell, and read against
saline TS set at 100% transmittance. Prepare a 1-in-400 dilution of the adjusted suspension
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using Basal medium stock solution. [Note—This dilution may be altered, when necessary, to
obtain the desired test response.] The cell suspension so obtained is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water and with
the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12 activity
and to traces of many cleansing agents, cleanse meticulously by suitable means, followed
preferably by heating at 250 for 2 h using hard-glass 20-mm × 150-mm test tubes and other
necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the Standard
solution. To each of these tubes and to four similar empty tubes add 5.0 mL of Basal medium
stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample
solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient water to
make 10 mL. Place one complete set of Standard and sample tubes together in one tube rack
and the duplicate set in a second rack or section of a rack, preferably in random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121 for 5
min, arranging to reach this temperature in NMT 10 min by preheating the autoclave if
necessary. Cool as rapidly as possible to avoid color formation resulting from overheating the
medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or overloading it
may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room temperature.
After agitating contents, place the container in a spectrophotometer that has been set at a
wavelength of 530 nm, and read the transmittance when a steady state is reached. This
steady state is observed a few seconds after agitation when the reading remains constant for
30 s or more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of the
inoculated blank. If the difference is greater than 5% or if there is evidence of contamination
with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the standard
curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following procedure.
Test for and replace any aberrant individual transmittances. For each level of the Standard,
calculate the response from the sum of the duplicate values of the transmittances (S) as the
difference, y = 2.00 S. Plot this response on the ordinate of cross-section paper against
the logarithm of the mL of Standard solution per tube on the abscissa, using for the ordinate
either an arithmetic or a logarithmic scale, whichever gives the better approximation to a
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straight line. Draw the straight line or smooth curve that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the Standard
solution corresponding to each of those values of y that falls within the range of the lowest
and highest points plotted for the Standard. Subtract from each logarithm so obtained the
logarithm of the volume, in mL, of the Sample solution to obtain the difference, X, for each
dosage level. Average the values of X for each of three or more dosage levels to obtain X,
which equals the log-relative potency, M¢, of the Sample solution.
Determine the quantity, in µg, of USP Cyanocobalamin RS corresponding to the
cyanocobalamin in each mg of the portion of Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in each mg of the portion of the
Capsules taken
Replication: Repeat the entire determination at least once, using separately prepared Sample
solutions. If the difference between the two log-potencies M is NMT 0.08, their mean, M, is
the assayed log-potency of the test material (see Design and Analysis of Biological Assays
111 , The Confidence Interval and Limits of Potency). If the two determinations differ by
more than 0.08, conduct one or more additional determinations. From the mean of two or
more values of M that do not differ by more than 0.15, compute the mean potency of the
preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (between 1% and 3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
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through “calculate the average net weight per Capsule.” Transfer an amount of Capsule
contents to a suitable centrifuge tube, and add a volume of Internal standard solution to
obtain a nominal concentration of 0.016 mg/mL of folic acid. Shake by mechanical means for 10
min, and centrifuge. Filter a portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and 1.0,
respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak area ratio of folic acid to methylparaben from the Sample solution
RS= peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (mg/mL)
C=
U nominal concentration of folic acid in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
Change to read:
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of Standard stock solution with 10.0 mL of methanol and
35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in Ascorbic Acid
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through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 0.3 mg of folic acid, to a 125-mL stoppered flask.
Add 10.0 mL of methanol and 35.0 mL of Reagent. Shake for 15 min in a water bath maintained
at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of folic
acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Dexpanthenol or Panthenol
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS in water. Store in a
refrigerator protected from light, and use within 30 days.
Standard solution: On the day of the assay, prepare a dilution of 1.2 µg/mL of
dexpanthenol from Standard stock solution diluted with water.
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents as completely as possible to a
beaker. Remove any contents adhering to the empty Capsule shells by washing with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
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a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight per
Capsule. Dissolve a portion of the Capsule contents, nominally equivalent to 1.2 mg of
dexpanthenol or 2.4 mg of panthenol, in 100.0 mL of water. Quantitatively dilute a portion
of this solution with water to obtain a nominal concentration of 1.2 µg/mL of dexpanthenol
or 2.4 µg/mL of panthenol.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in about 500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of activated
charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature NLT 10 . Filter the solution if a precipitate
forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine and 1.0 g of l-tryptophan (or
2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add hydrochloric
acid solution (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute
with water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in neutral
25% alcohol. Store in a refrigerator.
Salt solution A: Dissolve 50 mg/mL of monobasic potassium phosphate and 50 mg/mL of
dibasic potassium phosphate in water. Add 10 drops of hydrochloric acid per L of solution.
Store under toluene.
Salt solution B: Dissolve 20 mg/mL of magnesium sulfate, 1 mg/mL of sodium chloride, 1
mg/mL of ferrous sulfate, and 1 mg/mL of manganese sulfate in water. Add 10 drops of
hydrochloric acid per L of the solution. Store under toluene.
Pyridoxal–calcium pantothenate solution: Dissolve 200 µg/mL of pyridoxal
hydrochloride and 1.875 µg/mL of calcium pantothenate in 10% alcohol. Store in a
refrigerator, and use within 30 days.
Polysorbate 40–oleic acid solution: Dissolve 50 mg/mL of polysorbate 40 and 0.5 mg/mL
of oleic acid in 20% alcohol. Store in a refrigerator, and use within 30 days.
Modified pantothenate medium: Dissolve anhydrous dextrose and sodium acetate in the
solutions previously mixed according to Table 3, and adjust with 1 N sodium hydroxide to a
pH of 6.8. Finally, dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution

25 mL
25 mL
0.25 mL
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Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed for the Modified
pantothenate medium, but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
Stock culture of Pediococcus acidilactici: Dissolve in 800 mL of water, with the aid of
heat, 6.0 g of peptone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g
of beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with 0.1 N sodium hydroxide
or 0.1 N hydrochloric acid to a pH of 6.5–6.6, and dilute with water to 1000 mL. Add 10mL portions of the solution to culture tubes, place caps on the tubes, and sterilize in an
autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator. Prepare a stock
culture of Pediococcus acidilactici3 on a slant of this medium. Incubate at 35 for 20–24 h,
and store in a refrigerator. Maintain the stock culture by monthly transfer onto fresh
slants.
Inoculum: Inoculate three 250-mL portions of Modified pantothenate medium from a stock
culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with sterile Modified pantothenate medium.
Resuspend the cells in sufficient Modified pantothenate medium so that a 1-in-50 dilution,
when tested in a 13-mm diameter test tube, gives 80% light transmission at 530 nm.
Transfer 1.2-mL portions of this stock suspension to sterile glass ampuls, seal, freeze in
liquid nitrogen, and store in a freezer. On the day of the assay, allow the ampuls to reach
room temperature, mix the contents, and dilute 1 mL of thawed culture with sterile saline
TS to 150 mL. [Note—This dilution may be altered when necessary to obtain the desired
test response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes and in the same order add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes and
in the same order add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of Double-strength modified pantothenate medium to each tube. Cover the
tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to room
temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the Inoculum.
Allow to incubate at 37 for 16 h. Terminate growth by heating to a temperature NLT 80 ,
such as by steaming at atmospheric pressure in a sterilizer for 5–10 min. Cool, and
determine the percentage transmittance of the suspensions, in cells of equal pathlength,
on a suitable spectrophotometer at a wavelength of 530 nm.
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Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percentage of transmittance, for each set of tubes of the standard
curve against the Standard level concentrations. The curve is drawn by connecting
each adjacent pair of points with a straight line. From this standard curve, determine by
interpolation the potency, in terms of dexpanthenol, of each tube containing portions of
the Sample solution. To obtain the individual responses, divide the potency of each tube
by the amount of the Sample solution added to it. Calculate the mean response by
averaging the individual responses that vary from their mean by NMT 15%, using NLT
half the total number of tubes. Calculate the potency of the portion of the material
taken for assay, in terms of dexpanthenol, by multiplying the mean response by the
appropriate dilution factor.
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
Change to read:
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Transfer the equivalent to 0.6 mg/mL
of calcium pantothenate, from mixed Capsule contents, in Internal standard solution, and shake
vigorously for 10 min. Centrifuge, filter, and use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid are
about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for calcium pantothenate and the internal standard. Calculate the
percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of
Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
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RU= peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
R=
S peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the Standard
solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide while protected from absorption of
moisture during the weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL
of 0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with
water to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS.
Store under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed for Analysis, 2.0–
4.0 mL of the Standard solution being used, are within the linear portion of the logconcentration response curve.
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents equivalent to a nominal amount of 50 mg of calcium pantothenate to a 1000-mL
volumetric flask containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of
sodium acetate solution (16.66 mg/mL), dilute with water to volume, and filter. Dilute a volume
of this solution to obtain a solution with approximately the same concentration as that of the
Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from the
mixture by distillation under reduced pressure until a thick paste remains. Redissolve the
resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5 ± 0.1,
and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and filter.
Repeat the treatment with activated charcoal. Store under toluene in a cool place at a
temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine and 1.0 g of l-tryptophan (or 2.0 g
of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add dilute hydrochloric acid
(1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute with water to
1000 mL. Store under toluene in a cool place at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
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Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under toluene,
protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a mixture of
neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of hydrochloric
acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 4, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 4
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of water.
Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5 g of agar,
and heat the mixture on a steam bath, with stirring, until the agar dissolves. Add 10-mL
portions of the hot solution to the test tubes, close or cover the tubes, sterilize in an
autoclave at 121 , and allow the tubes to cool in an upright position. Prepare stab cultures in
three or more of the tubes, using a pure culture of Lactobacillus plantarum1 incubating for 16–
24 h at a temperature between 30 and 37 held constant to within ±0.5 . Store in a
refrigerator. Prepare a fresh stab of the stock culture every week, and do not use for
Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium stock
solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the tubes with
cotton, sterilize in an autoclave at 121 , and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the stock
culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells from the
Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of Culture medium.
Incubate this culture for 16–24 h at a temperature between 30 and 37 held constant to
within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
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To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution corresponding
to three or more of the levels specified for the Standard solution including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in one
tube rack and the duplicate set in a second rack or section of a rack, preferably in random
order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at 121
for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24 h of
incubation, there has been no substantial increase in turbidity in the tubes containing the
highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to an optical container if necessary. Place the container in a
spectrophotometer that has been set at a specific wavelength between 540 and 660 nm, and
read the transmittance when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of the
inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read the
transmittance for each of the remaining tubes. If there is evidence of contamination with a
foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (S) as the difference, y = 2.00 S. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever gives
the better approximation to a straight line. Draw the straight line or smooth curve that best
fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the Standard
solution corresponding to each of those values of y that fall within the range of the lowest
and highest points plotted for the Standard. Subtract from each logarithm so obtained the
logarithm of the volume, in mL, of the Sample solution to obtain the difference, X, for each
dosage level. Average the values of X for each of three or more dosage levels to obtain X,
which equals the log-relative potency, M¢, of the Sample solution.
Determine the quantity, in mg, of USP Calcium Pantothenate RS corresponding to the calcium
pantothenate in each mg of the portion of Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in each mg of the portion of
the Capsules taken
Replication: Repeat the entire determination at least once, using separately prepared Sample
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solutions. If the difference between the two log-potencies M is NMT 0.08, their mean, M, is
the assayed log-potency of the test material (see Design and Analysis of Biological Assays
111 , The Confidence Interval and Limits of Potency). If the two determinations differ by
more than 0.08, conduct one or more additional determinations. From the mean of two or
more values of M that do not differ by more than 0.15, compute the mean potency of the
preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from the Standard stock
solution diluted with water
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 10 mg of calcium pantothenate, to a 250-mL
volumetric flask. Add 10 mL of methanol, and swirl the flask to disperse the Capsules' contents.
Dilute with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the labeled
amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
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C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing Niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride,
riboflavin, and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent, and
mix using a vortex mixer for 30 s to completely suspend the powder. Immerse the centrifuge
tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix on a vortex mixer for
30 s. Return the tube to the hot water bath, heat for another 5 min, and mix on a vortex mixer
for 30 s. Filter a portion of the solution, cool to room temperature, and use the clear filtrate.
[Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine. Calculate
the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of Capsules
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taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled amount
of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O), niacin
(C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine as
thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
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Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine hydrochloride, and riboflavin, when present in the formulation.]
Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules, without loss of
shell material, and transfer the contents to a beaker. Remove any contents adhering to
the shells by washing with several portions of ether. Discard the washings, and dry the
Capsule shells with the aid of a current of dry air. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the net weight of the Capsule contents. Transfer a
portion of the Capsule contents, equivalent to 0.02 mg/mL of riboflavin. If riboflavin is not
present in the formulation, use a portion equivalent to 0.02 mg/mL of pyridoxine. If
pyridoxine is not present in the formulation, use a portion equivalent to 0.2 mg/mL of
niacin or niacinamide in Extraction solvent, and mix for 20 min using a wrist-action shaker.
Immerse the flask in a water bath maintained at 70 –75 , and heat for 20 min. Mix on a
vortex mixer for 30 s, cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
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Extraction solvent, Mobile phase, Standard stock solution, Standard solution,
Sample solution, and Chromatographic system: Using USP Niacinamide RS in place of
USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacinamide. Calculate the percentage of the labeled amount
of niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Mobile phase: Prepare as directed in Niacin, Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: 20 µg/mL of USP Pyrodoxine Hydrochloride RS from Standard stock
solution diluted with Extraction solvent
Sample solution: Prepare as directed in Niacin, Method 2.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine hydrochloride from the Sample solution
rS= peak area of pyridoxine hydrochloride from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
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Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of Standard stock solution with Extraction solvent to
25.0 mL.
Sample solution: Prepare as directed in Niacin, Method 2.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of riboflavin from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
Change to read:
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
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hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Mix a portion of the Capsule contents
with a volume of 0.2 N hydrochloric acid to obtain a nominal concentration of 0.02 mg/mL of
thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30 min. Cool to
room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled amount
of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine

PF 40(5): Sep.-Oct. 2014

1137

hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in Ascorbic Acid
Biotin, Method 1 2S (USP38)
through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 7.5 mg of niacin or niacinamide, 1.2 mg of
pyridoxine hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a
stoppered 125-mL flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1),
and 30.0 mL of a mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for
15 min in a water bath maintained at 60 , and cool. Filter, discarding the first few mL of the
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the peak responses. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacine or niacinamide from the Sample solution
rS= peak area of niacine or niacinamide from the Standard solution
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C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) (for products
containing thiamine hydrochloride) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding analyte in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled amount
of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine as
thiamine hydrochloride (C12 H17 ClN4 OS) or thiamine mononitrate (C12 H17 N5 O4 S · HCl).
[Note—Commercially available atomic absorption standard solutions for the minerals, where
applicable, may be used where preparation of a Standard stock solution is described in the
following assays. Use deionized water where water is specified. Where atomic absorption
spectrophotometry is specified in the assay, the Standard solutions and the Sample solution
may be diluted quantitatively with the solvent specified, if necessary, to yield solutions of
suitable concentrations adaptable to the linear or working range of the instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate
previously dried at 300 for 3 h and cooled in a desiccator for 2 h in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5,
and 3.0 µg/mL of calcium.
Polysorbate 80 solution: Dilute polysorbate 80 with alcohol (1 in 10)
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Sample solution: Transfer 5 Capsules to a 100-mL volumetric flask. [Note—For hard
gelatin Capsules, weigh NLT 20 Capsules. Open the Capsules, without loss of shell
material, and transfer the contents to a suitable container. Remove any contents adhering
to the empty shells by washing with several portions of ether. Discard the washings, and
allow the Capsule shells to dry. Weigh the empty Capsule shells, calculate the net weight
of the Capsule contents, and transfer a portion of the Capsule contents, equivalent to 5
Capsules, to a 100-mL volumetric flask.] Add 15 mL of water, 10 mL of 6 N hydrochloric
acid, and 1 mL of Polysorbate 80 solution to the flask. Heat on a hot plate or steam bath,
with intermittent swirling, until the Capsules are completely disintegrated or the contents
are dissolved. Boil gently for an additional 15 min. Cool, dilute with water to volume, and
filter, discarding the first 5 mL of the filtrate. Dilute this solution with 0.125 N hydrochloric
acid to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of Lanthanum chloride
solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line at 422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from Chromium standard solution diluted
with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
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solution to contain 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Chromium emission line at 357.9 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of
Capsules taken:
Result = (C/CU) ×100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
(v/v) solution of nitric acid, and dilute with a 1% (v/v) solution of nitric acid to 1000 mL.
This solution contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from Copper standard solution diluted with
0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
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Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: 408 mg/mL of sodium acetate in water. Adjust with a few
drops of acetic acid to a pH of 7.0. [Note—Dissolve in a portion of water, and allow the
solution to equilibrate to room temperature, then dilute with water to volume, and adjust
the pH.]
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator in water
Intermediate stock solution A: 100 µg/mL of fluoride from Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from Fluoride standard stock solution
diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the mixed Capsule
contents, equivalent to a nominal amount of 200 mg of fluoride, to a 100-mL volumetric
flask. Add 10.0 mL of 1 N hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and
25.0 mL of Sodium citrate solution, and dilute with water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ionindicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer with an
insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode.]

PF 40(5): Sep.-Oct. 2014

1142

Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
the potential, in mV. From the standard response curve and the measured potential of the
Sample solution, determine the concentration, C, in µg/mL, of fluoride in the Sample
solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution:
[Note—Condition the solid-phase extraction column specified for use in the Standard
solution and the Sample solution in the following manner. Using a vacuum at a pressure
not exceeding 5 mm of mercury, wash the column with 1 column volume of methanol
followed by 1 column volume of pH 10.0 buffer. Do not allow the column top to dry. If the
top of the column becomes dry, recondition the column.]
Transfer 10.0 mL of the Standard stock solution to a 100-mL volumetric flask. Add 75 mL of
water, and adjust with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to
volume. Filter, discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to
a 50-mL volumetric flask, and add 15.0 mL of water, and adjust with 0.1 N sodium
hydroxide to a pH of 10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this
solution through a 3-mL, solid-phase extraction column containing L1 packing that is
connected through an adaptor to a second solid-phase extraction column containing
sulfonylpropyl strong cation-exchange packing. Discard the first 3 mL of the eluate, and
collect the rest of the eluate in a suitable flask for injection into the chromatograph.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL container. If
necessary, remove any contents adhering to the empty shells by washing with several
portions of ether. Discard the washings, and dry the Capsule shells with the aid of a
current of dry air. Weigh the empty Capsule shells in the tared weighing bottle, and
calculate the net weight of the Capsule contents. Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 1 mg of fluorine, to a 100-mL volumetric
flask. Add 15 mL of water, and shake vigorously. Rinse the sides of the flask with 15 mL of
water, and allow to stand for 10 min. Dilute with water to 85 mL, adjust with 1 N sodium
hydroxide to a pH of 10.4 ± 0.1, and dilute with water to 100 mL. Proceed as directed for
the Standard solution beginning with “Filter, discarding the first 15 mL of the filtrate.”
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide
Bromine water: Bromine and water (1:5). Shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Capsules
Remove the contents of Capsules by cutting open the Capsules. Mix, and determine the
weight of the contents. Transfer a quantity of the contents, equivalent to 3 mg of
iodine, to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium
hydroxide solution, and 10 mL of alcohol, taking care that the entire specimen is
moistened. Heat the crucible on a steam bath to evaporate the alcohol, then dry the
crucible at 100 for 30 min to prevent spattering upon subsequent heating. Transfer the
crucible with its contents to a furnace heated to 500 , and heat the crucible for 15 min.
[Note—Heating at 500 is necessary to carbonize any organic matter present; a higher
temperature may be used, if necessary, to ensure complete carbonization of all organic
matter.] Cool the crucible, add 25 mL of water, cover the crucible with a watchglass,
and boil gently for 10 min. Filter the solution, and wash the crucible with boiling water,
collecting the filtrate and washings in a beaker. Add phosphoric acid until the solution is
neutral to methyl orange, then add 1 mL excess of phosphoric acid. Add excess of
Bromine water, and boil the solution gently until colorless, and then for 5 min longer.
Add a few crystals of salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric
acid and 0.5 g of potassium iodide, and titrate the liberated iodine with 0.005 N sodium
thiosulfate VS, adding starch TS when the liberated iodine color has nearly disappeared.
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Calculate the percentage of the labeled amount of iodine (I) in the portion of Capsules
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA= actual normality of the sodium thiosulfate solution used (meq/mL)
F = correction factor to convert mg to µg, 1000 µg/mg
Ime
= milliequivalent of I, 21.16 mg/meq
Aw= average weight of the Capsules' contents
W= weight of the sample of Capsules' contents taken
L = labeled amount of iodine (µg/Capsule)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 5 µg/mL of iron and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Iron emission line at 248.3 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
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Magnesium standard stock solution: 1000 µg/mL of magnesium from magnesium ribbon in
6 N hydrochloric acid and water (1:19)
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Magnesium emission line at 285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: 1000 µg/mL of manganese in 6 N hydrochloric acid
and nitric acid (49:1). [Note—Dissolve the manganese in nitric acid, and dilute with 6 N
hydrochloric acid to final volume.]
Standard stock solution: 50 µg/mL of manganese from Manganese standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with concentrations of 0.5, 0.75, 1.0, 1.5,
and 2.0 µg/mL of manganese.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 1 µg/mL of manganese and omit the use of
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the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Manganese emission line at 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
Change to read:
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from Molybdenum standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer
5.0, (ERR 1-Feb-2014)
10.0, and 25.0 mL of the Standard stock solution, and add 5.0 mL of perchloric acid to each
flask. Gently boil the solution in each flask for 15 min. Cool to room temperature, and dilute
each with Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of
molybdenum.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except take a number of Capsules
or a portion of Capsule contents nominally equivalent to 1000 µg of molybdenum and make
appropriate dilutions to obtain a final concentration of 10 µg/mL of molybdenum, omitting the
addition of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry

851 .)
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Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Molybdenum emission line at 313.3 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: 400 mg/mL of stannous chloride in 6.5 N hydrochloric
acid solution and water (1:4). [Note—Dissolve first in 6.5 N hydrochloric acid, and heat
the solution until the stannous chloride is dissolved. Then dilute with water to volume.]
Diluted stannous chloride solution: 20% Stannous chloride solution and water (1:24).
Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum from ammonium molybdate in water
Sample: Remove the contents of a counted number of Capsules by cutting open the
Capsules. Mix, and determine the weight of the contents. Transfer a quantity of the
Capsule contents, equivalent to a nominal amount of 40 mg of molybdenum, to a 200-mL
beaker.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 465 nm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample

851 .)

Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is complete,
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as indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in
the beakers to dryness. Rinse the sides of the beakers and the watchglasses with water,
and add more water to make 50 mL in each beaker. Gently boil the water solution for a
few min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding volumetric flasks, and dilute with water
to volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% Stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnel for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layers from each separatory funnel to a
centrifuge tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the
organic phases obtained from the Standard solution and the Sample, and correct with the
Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the Sample
AS= absorbance of the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5:100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, and then dilute with Sulfuric acid
solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to a nominal amount of 100 mg of phosphorus, to 25 mL of nitric acid, and
digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and continue the
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digestion to the cessation of brown fumes. Cool, and transfer the contents of the flask to
a 500-mL volumetric flask with the aid of small portions of water. Dilute with water to
volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and dilute with
water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 650 nm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution,
the Sample solution, and water to provide the blank. To each of the three flasks add 1.0
mL each of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite
solution, and swirl to mix. Dilute the contents of each flask with water to volume, and
allow the flasks to stand for 30 min. Determine the absorbances of the solutions against
the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Capsules taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from Potassium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal amount of 1 µg/mL of potassium and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Lamp: Potassium hollow-cathode
Flame: Air–acetylene

851 .)
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Analytical wavelength: Potassium emission line at 766.5 nm
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from Selenium standard solution diluted
with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions containing 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to a nominal amount of 1000 µg of selenium, to a suitable flask, and add 12 mL
of nitric acid. [Note—The volume of nitric acid may be varied to ensure that the powder is
uniformly dispersed.] Carefully swirl the flask to disperse the sample specimen. Sonicate
for 10 min or until the sample specimen is completely dissolved. Gently boil the solution for
15 min, and cool to room temperature. Carefully add 8 mL of perchloric acid to the flask,
heat the flask until perchloric acid fumes appear, and swirl the flask to dissipate the
fumes. Repeat the heating and swirling until the fumes appear again. Cool to room
temperature. Transfer the contents of the flask to a 50-mL volumetric flask with the aid
of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Lamp: Selenium hollow-cathode
Flame: Air–acetylene

851 .)
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Analytical wavelength: Selenium emission line at 196.0 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, add hydroxylamine
hydrochloride, then dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochoric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10.0 mL of Standard stock solution to a glass-stoppered flask.
Add 1 mL of perchloric acid, and 1 mL of Hydrochloric acid solution, and dilute with water
to 20 mL.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to a nominal amount of 20 µg of selenium, to a suitable flask. Add 10 mL of
nitric acid, and warm gently on a hot plate. Continue heating until the initial nitric acid
reaction has subsided, then add 3 mL of perchloric acid. [Caution—Exercise care at this
stage because perchloric acid reaction becomes vigorous.] Continue heating on the hot
plate until the appearance of white fumes of perchloric acid or until the digest begins to
darken. Add 0.5 mL of nitric acid, and resume heating, adding additional amounts of nitric
acid if further darkening occurs. Digest for 10 min after the first appearance of perchloric
acid fumes or until the digest becomes colorless. Cool the flask. Add 2.5 mL of
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Hydrochloric acid solution, and return the flask to the hot plate to expel residual nitric
acid. Heat the mixture for 3 min after it begins to boil. Cool the flask to room temperature,
and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Cell: 1 cm
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, Standard solution, and Blank as follows. Add 5 mL of Reagent A
to each flask, and swirl gently to mix. Adjust the solution in each flask with 50%
Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each flask,
and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and equilibrate
for 30 min, taking care that the flasks are covered to protect them from light. Cool to
room temperature, and transfer the contents of each flask to separate separatory
funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions obtained from the Samples against the
solution obtained from the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the cyclohexane layer from the Sample solution
AS= absorbance of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (mg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard solution: 1000 µg/mL of zinc from zinc oxide dissolved in 5 M hydrochloric
acid (3.89 mg/mL), and diluted with water to final volume. [Note—Dissolve in 5 M
hydrochloric acid by warming if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from Zinc standard solution diluted with 0.125
N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of Standard stock solution to
separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
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solution to contain a nominal concentration of 2 µg/mL of zinc and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Zinc emission line at 213.8 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding one
volume of Stock aqua regia solution to two volumes of water. Dilute with additional water
to volume, and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% (v/v) nitric
acid solution, and 1000 mg/L of scandium in 5% (v/v) nitric acid solution with Diluent
(1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is necessary to
include only the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% (v/v) nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% (v/v) nitric acid solution to obtain a solution with final concentrations of about 1000
mg/L of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L
of manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is necessary to include
only the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% (v/v) hydrochloric acid solution, pipet
the appropriate amount of element standard solution into a volumetric flask, and dilute
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with 20% (v/v) hydrochloric acid solution to obtain a solution with final concentrations of
about 200 mg/L of boron and 100 mg/L each of chromium, molybdenum, nickel, selenium,
tin, and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2 as required, in Diluent, to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution: Weigh, then transfer 5 Capsules to a 250-mL volumetric flask, and heat
gently on a hot plate until the contents begin to release. Cautiously add 25 mL of Stock
aqua regia solution in 5-mL increments, and swirl. Heat, continue to swirl until the
Capsules dissolve into the acid, immediately remove from the heat source, and add 150 mL
of water. Cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube,
using a 5-µm pore size nylon syringe filter. If necessary, make any further adjustments
using Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma emission spectrometry, using a spectrometer set to
measure the emission of each mineral of interest at about the corresponding
wavelength. [Note—The operating conditions may be developed and optimized on the
basis of the manufacturer's recommendation. The wavelengths selected should be
demonstrated experimentally to provide sufficient specificity, sensitivity, linearity,
accuracy, and precision.]
System suitability
Sample: System suitability solution
[Note—Analyze the System suitability solution and obtain the response as directed for
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution.
Calculate the percentage of the labeled amount for each mineral:
Result = C × (V/W) × F × (CW/L) × 100
C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
CW
= average Capsule weight (mg)
L = labeled amount of the relevant element/Capsule (mg/Capsule)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
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iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), potassium (K), and zinc
(Zn); and 90.0%–160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F),
iodine (I), molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements, Dissolution 2040 : Meet the
requirements for Dissolution
• Weight Variation of Dietary Supplements

2091 : Meet the requirements

SPECIFIC TESTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Water-Soluble Vitamins with Minerals
Capsules. The label also states the quantity of each vitamin and mineral in terms of metric
units per dosage unit and, where necessary, the chemical form in which a vitamin is
present, and also states the salt form of the mineral used as the source of each element.
Where more than one assay method is given for a particular vitamin or mineral, the labeling
states with which assay method the product complies only if Method 1 is not used.
• USP Reference Standards 11
USP Biotin RS
USP Calcium Pantothenate RS
USP Cyanocobalamin RS
USP Dexpanthenol RS
USP Folic Acid RS
USP Niacin RS
USP Niacinamide RS
USP Pyridoxine Hydrochloride RS
USP Riboflavin RS
USP Sodium Fluoride RS
USP Thiamine Hydrochloride RS
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbruekii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
3 ATC C No. 8042 is suitable.

BRIEFING
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Water-Soluble Vitamins with Minerals Oral Solution, USP 37 page 5779. Based on the
comments received, it is proposed to eliminate the requirements for absence of
Staphylococcus aureus in the test for Absence of Specified Microorganisms since this
testing is typically performed for topical and not for oral dosage forms.
(DS: N. Davydova.)
Correspondence Number—C147783

Comment deadline: November 30, 2014
Water-Soluble Vitamins with Minerals Oral Solution
DEFINITION
Water-Soluble Vitamins with Minerals Oral Solution contains one or more of the following watersoluble vitamins: Cyanocobalamin, Niacin or Niacinamide, Dexpanthenol or Panthenol,
Pantothenic Acid (as Calcium Pantothenate or Racemic Calcium Pantothenate), Pyridoxine
Hydrochloride, Riboflavin or Riboflavin-5¢-Phosphate Sodium, and Thiamine Hydrochloride or
Thiamine Mononitrate; and one or more minerals derived from substances generally recognized
as safe, furnishing one or more of the following elements in ionizable form: iodine, iron,
magnesium, manganese, and zinc. Oral Solution contains NLT 90.0% and NMT 250.0% of the
labeled amount of thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate;
NLT 90.0% and NMT 150.0% of the labeled amounts of calcium pantothenate (C18 H32 CaN2 O10 ),
dexpanthenol or panthenol (C9 H19 NO4 ), niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), pyridoxine
hydrochloride (C8 H11 NO3 ·HCl), and riboflavin (C17 H20 N4 O6 ) or riboflavin-5¢-phosphate sodium
(C17 H20 N4 NaO9 P); NLT 90.0% and NMT 450.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P); NLT 90.0% and NMT 160.0% of the labeled amount of iodine (I); and NLT
90.0% and NMT 125.0% of the labeled amounts of iron (Fe), magnesium (Mg), manganese
(Mn), and zinc (Zn).
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Cyanocobalamin
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL from USP Cyanocobalamin RS in 25% alcohol. Store in
a refrigerator.
Standard solution: Dilute a suitable volume of Standard stock solution with water to a
measured volume such that after the incubation period as described in Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 ng/mL and 0.04 ng/mL of Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Transfer an accurately measured volume of Oral Solution, assumed to
contain 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for each mL of the
Oral Solution taken, 25 mL of an aqueous extracting solution prepared just before use to
contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of anhydrous citric
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acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121 for 10 min. Allow
any undissolved particles of the extract to settle, and filter or centrifuge if necessary.
Dilute an aliquot of the clear solution with water to obtain a final solution containing
vitamin B12 activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of biotin,
and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene protected
from light in a refrigerator.
Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40 mg
of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1)
to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 1, carefully dissolving Cystine and
Tryptophan in the hydrochloric acid before adding the next eight solutions. To the
resulting solution add 100 mL of water, and dissolve Dextrose, Sodium acetate, and
Ascorbic acid. Filter if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of 5.5–6.0, and dilute with Purified Water to 250 mL.
Table 1
l-Cystine
l-Tryptophan

0.1 g
0.05 g
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1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and filter
with the aid of reduced pressure through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous Dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of the Basal medium stock solution with
an equal volume of water. Place 10-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed in Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of the Culture medium add 1.0–
1.5 g of agar, and heat the mixture on a steam bath, with stirring, until the agar
dissolves. Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize
at 121 for 15 min in an autoclave, and allow the tubes to cool in an upright position.
Inoculate three or more of the tubes by stab transfer of a pure culture of Lactobacillus
leichmannii.1 [Note—Before first using a fresh culture in this assay make NLT 10
successive transfers of the culture in a 2-week period.]
Incubate for 16–24 h at a temperature between 30 and 40 held constant to within ±0.5
. Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
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from the Stock culture of Lactobacillus leichmannii to two sterile tubes each containing 10
mL of the Culture medium. Incubate these cultures for 16–24 h at a temperature between
30 and 40 held constant to within ±0.5 . Under aseptic conditions centrifuge the
cultures, and decant the supernatant. Suspend the cells from the culture in 5 mL of sterile
Suspension medium, and combine. Using sterile Suspension medium, adjust the volume so
that a 1-in-20 dilution in saline TS produces 70% transmittance when read on a suitable
spectrophotometer that has been set at a wavelength of 530 nm, equipped with a 10-mm
cell, and read against saline TS set at 100% transmittance. Prepare a 1-in-400 dilution of
the adjusted suspension using sterile Basal medium stock solution. [Note—This dilution
may be altered, when necessary, to obtain the desired test response.] The cell
suspension so obtained is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically using a standard wavelength cell or other suitable device. Before reading any
tests calibrate the spectrophotometer for 0% and 100% transmittance using water and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minimum amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means
followed preferably by heating at 250 for 2 h using hard-glass 20-mm × 150-mm test
tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the
autoclave if necessary. Cool as rapidly as possible to avoid color formation resulting from
overheating the medium. Take precautions to maintain uniformity of sterilizing and
cooling conditions throughout the assay, because packing the tubes too closely in the
autoclave or overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of the Inoculum to each tube so prepared, except two of the
four containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating contents read the transmittance at 530 nm when a steady
state is reached. This steady state is observed a few seconds after agitation when the
reading remains constant for 30 s or more. Allow approximately the same time interval
for the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance
of the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
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With the transmittance set at 100% for the uninoculated blank, read the transmittance
of each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Oral Solution taken:
antilog M = antilog (M¢ + log R)
R= µg of cyanocobalamin assumed to be present in the portion of Oral Solution taken
Calculate the percentage of the labeled amount of cyanocobalamin in the portion of Oral
Solution taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of Oral Solution taken
Replication: Repeat the entire determination at least once using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency, Vitamin B12
Activity). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ
by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–450.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Calcium Pantothenate, Method 1
Mobile phase: Methanol and 0.2 M monobasic sodium phosphate (3:97). Adjust with 1.7 M
phosphoric acid to a pH of 3.2 ± 0.1.
Standard solution: 80 µg/mL of USP Calcium Pantothenate RS in Mobile phase
System suitability solution: 80 µg/mL of USP Racemic Panthenol RS in Mobile phase. Mix
the resulting solution and Standard solution (1:1).
Sample solution: Equivalent to 80 µg/mL of calcium pantothenate from Oral Solution in the
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Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm × 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between panthenol and calcium pantothenate, System suitability
solution
Tailing factor: NMT 2.0 for both the calcium pantothenate and the panthenol peaks,
System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for calcium pantothenate from the Sample solution
rS= peak area for calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of the Standard stock
solution with water to obtain a concentration of 0.01–0.04 µg/mL of calcium
pantothenate, the exact concentration being such that the responses obtained as
directed in Analysis, 2.0 and 4.0 mL of the Standard solution being used, are within the
linear portion of the log-concentration response curve.
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
50 mg of calcium pantothenate, to a 1000-mL volumetric flask containing 500 mL of
water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60),
dilute with water to volume, and filter. Dilute a measured volume of this solution
quantitatively, and stepwise if necessary, with water to obtain a solution with about the
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same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a refrigerator
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a refrigerator at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 2, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 2
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water; add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5

PF 40(5): Sep.-Oct. 2014

1163

g of agar; and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes using a pure culture of
Lactobacillus plantarum,2 incubating for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for the Inoculum if the culture is more than 1 week
old.
Culture medium: To each of a series of test tubes containing 5.0 mL of the Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
the Culture medium. Incubate this culture for 16–24 h at a temperature between 30 and
37 held constant to within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or
section of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, add 1 drop of the Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at
a temperature between 30 and 37 , held constant to within ±0.5 , following 16–24 h of
incubation, until there has been no substantial increase in turbidity in the tubes
containing the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached. This steady state is observed
a few seconds after agitation when the galvanometer reading remains constant for 30 s
or more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00

SS. Plot this response on the ordinate
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of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in mg, of USP Calcium Pantothenate RS corresponding to the
calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of Oral
Solution taken
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Oral Solution (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Dexpanthenol or Panthenol, Method 1
Mobile phase and Chromatographic system: Proceed as directed in Calcium
Pantothenate, Method 1.
Standard solution: 80 µg/mL of USP Dexpanthenol RS or USP Racemic Panthenol RS in the
Mobile phase. [Note—Use USP Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol, and use USP Racemic Panthenol RS to analyze Oral Solution that contains
panthenol.]
System suitability solution: 80 µg/mL of USP Calcium Pantothenate RS in the Mobile
phase. Mix the resulting solution and the Standard solution (1:1).
Sample solution: Equivalent to 80 µg/mL of dexpanthenol or panthenol from Oral Solution
in the Mobile phase
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of dexpanthenol or panthenol (C9 H19 NO4 )
in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of dexpanthenol or panthenol from the Sample solution
rS= peak area of dexpanthenol or panthenol from the Standard solution
C=
S concentration of USP Dexpanthenol RS or USP Racemic Panthenol RS in the Standard
solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
• Dexpanthenol or Panthenol, Method 2
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS or 1600 µg/mL of USP
Racemic Panthenol RS in water. Store in a refrigerator, protected from light, and use
within 30 days. [Note—Use USP Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol, and use USP Racemic Panthenol RS to analyze Oral Solution that contains
panthenol.]
Standard solution: On the day of the assay, prepare 1.2 µg/mL of dexpanthenol or 2.4
µg/mL of racemic panthenol from the Standard stock solution with water.
Sample solution: 1.2 µg/mL of dexpanthenol or 2.4 µg/mL of panthenol from Oral Solution
in water
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid (1 in 2), and reflux the mixture for 8–12 h. Remove the hydrochloric acid
from the mixture by distillation under reduced pressure until a thick paste remains.
Redissolve the resulting paste in about 500 mL of water, adjust the solution with 1 N
sodium hydroxide to a pH of 3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal.
Store under toluene in a refrigerator at a temperature NLT 10 . Filter the solution if a
precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add
6 M hydrochloric acid dropwise, with stirring, until the solids are dissolved. Cool, dilute
with water to 1000 mL, and mix. Store under toluene in a refrigerator at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, add
dilute with to 200 mL, and mix. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
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Riboflavin–thiamine hydrochloride–biotin solution: Prepare a solution of riboflavin,
thiamine hydrochloride, and biotin in 0.02 N acetic acid containing 20 µg/mL of riboflavin,
10 µg/mL of thiamine hydrochloride, and 0.04 µg/mL of biotin. Store under toluene
protected from light in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: Prepare a solution in
neutral 25% alcohol containing 10 µg/mL of p-aminobenzoic acid, 50 µg/mL of niacin, and
40 µg/mL of pyridoxine hydrochloride. Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid, and mix.
Store under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Pyridoxal–calcium pantothenate solution: Dissolve 40 mg of pyridoxal hydrochloride and
375 µg of calcium pantothenate in 10% alcohol to make 200 mL, and mix. Store in a
refrigerator, and use within 30 days.
Polysorbate 40–oleic acid solution: Dissolve 25 g of polysorbate 40 and 0.25 g of oleic
acid in 20% alcohol to make 500 mL, and mix. Store in a refrigerator, and use within 30
days.
Modified pantothenate medium: Dissolve anhydrous Dextrose and Sodium acetate in the
solutions previously mixed according to Table 3, and adjust with 1 N sodium hydroxide to a
pH of 6.8. Finally, dilute with water to 250 mL, and mix.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution 1
5 mL
Salt solution 2
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed in Modified
pantothenate medium, but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
Stock culture of Pediococcus acidilactici: Dissolve in 800 mL of water, with the aid of
heat, 6.0 g of peptone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g
of beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with 0.1 N sodium hydroxide
or 0.1 N hydrochloric acid to a pH between 6.5 and 6.6, dilute with water to 1000 mL, and
mix. Add 10-mL portions of the solution to culture tubes, place caps on the tubes, and
sterilize in an autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator.
Prepare a stock culture of Pediococcus acidilactici3 on a slant of this medium. Incubate at
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35 for 20–24 h, and store in a refrigerator. Maintain the stock culture by monthly transfer
onto fresh slants.
Inoculum: Inoculate three 250-mL portions of sterile Modified pantothenate medium from
a stock culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with the Modified pantothenate medium.
Resuspend the cells in sufficient sterile Modified pantothenate medium so that a 1-in-50
dilution, when tested in a 13-mm diameter test tube, gives 80% light transmission at 530
nm. Transfer 1.2-mL portions of this stock suspension to sterile glass ampuls, seal, freeze
in liquid nitrogen, and store in a freezer. On the day of the assay, allow the ampuls to
reach room temperature, mix the contents, and dilute 1 mL of thawed culture with sterile
saline TS to 150 mL. [Note—This dilution may be altered when necessary to obtain the
desired test response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes, and in the same order, add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes, and
in the same order, add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of Double-strength modified pantothenate medium to each tube, and mix.
Cover the tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to
room temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the
Inoculum. Allow to incubate at 37 for 16 h. Terminate growth by heating to a
temperature NLT 80 , such as by steaming at atmospheric pressure in a sterilizer for 5–10
min. Cool, and concomitantly determine the percentage transmittance of the suspensions,
in cells of equal pathlength, on a suitable spectrophotometer, at a wavelength of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percent transmittance, for each set of tubes of the standard curve
against the standard level concentrations. The curve is drawn by connecting each
adjacent pair of points with a straight line. From this standard curve, determine by
interpolation the potency, in terms of dexpanthenol, of each tube containing portions of
the Sample solution. Divide the potency of each tube by the amount of the Sample
solution added to it to obtain the individual responses. Calculate the mean response by
averaging the individual responses that vary from their mean by NMT 15%, using NLT
half the total number of tubes. Calculate the potency of the portion of the Oral Solution
taken for assay, by multiplying the mean response by the appropriate dilution factor.
Calculate the percentage of the labeled amount of dexpanthenol or panthenol in the
portion of Oral Solution taken:
Result = (P/N) × 100
P= calculated potency of dexpanthenol or panthenol in the portion of Oral Solution taken
(mg)
N= nominal amount of dexpanthenol or panthenol in the portion of Oral Solution taken
(mg)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
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(C9 H19 NO4 )
• Niacin or Niacinamide
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: 25 mg/mL of edetate disodium in water
Mobile phase: Methanol, glacial acetic acid, triethylamine, and 0.008 M sodium 1hexanesulfonate (350: 15: 0.4: 1634.6)
Standard solution: 0.10 mg/mL of USP Niacin RS or USP Niacinamide RS in the Diluent.
[Note—Use USP Niacin RS for Oral Solution that contains niacin, and use USP Niacinamide
RS for Oral Solution that contains niacinamide.]
Sample solution: Dilute an accurately measured volume of Oral Solution with Diluent to
obtain a solution with a concentration of 0.1 mg/mL of niacin or niacinamide.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: Equivalent to 24 µg/mL of USP Pyridoxine Hydrochloride RS in the
Diluent
Sample solution: Equivalent to 24 µg/mL of pyridoxine hydrochloride from Oral Solution in
the Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pyridoxine hydrochloride
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(C8 H11 NO3 ·HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for pyridoxine hydrochloride from the Sample solution
rS= peak area for pyridoxine hydrochloride from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin or Riboflavin-5¢ -phosphate Sodium, Method 1
[Note—Riboflavin-5¢-phosphate sodium is quantitated against USP Riboflavin RS in this
procedure. In the chromatogram of the Sample solution, the riboflavin-5¢-phosphate peak
is the only peak measured for calculation.]
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
[Note—The relative retention times for riboflavin-5¢-phosphate and riboflavin are about 0.18
and 1.0, respectively.]
Standard solution: Equivalent to 8 µg/mL of USP Riboflavin RS in the Diluent, by heating if
necessary
Sample solution: Equivalent to 8 µg/mL of riboflavin from Oral Solution in the Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of riboflavin (C17 H20 N4 O6 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of riboflavin-5¢-phosphate from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
F= factor for converting the response obtained for riboflavin-5¢-phosphate to riboflavin,
1.493. [Note—Riboflavin Phosphate Sodium is a mixture of isomeric monophosphates and
diphosphates containing an average amount of 67% of riboflavin-5¢-monophosphate,
which separates in this chromatographic system. The factor 1.493 assumes 67% of
riboflavin-5¢-monophosphate.]
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Riboflavin or Riboflavin-5¢ -phosphate Sodium, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent blank: 1 N hydrochloric acid, 2.5 M sodium acetate, and water (1:2:97)
Riboflavin stock solution: Transfer 0.16 mg/mL of USP Riboflavin RS in 1 N hydrochloric
acid, 2.5 M sodium acetate, and water (1:2:97). Mix the resulting solution and water
(1:9).
Standard solution: Riboflavin stock solution, 1 N hydrochloric acid, 2.5 M sodium acetate,
and water (1:1:2:96)
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Sample solution: Transfer the equivalent to 0.8 mg of riboflavin from the Oral Solution to
a 100-mL volumetric flask, and dilute with water to volume. Mix the resulting solution, 1 N
hydrochloric acid, 2.5 M sodium acetate, and water (2:1:2:95).
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 ).
Mode: Fluorescence
Analytical wavelengths
Excitation: 440 nm
Emission: 530 nm
Blank: Solvent blank
Analysis
Samples: Standard solution and Sample solution
Determine the maximum fluorescence intensities, IS and IU, of the Standard solution and
the Sample solution, respectively. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Oral Solution taken:
Result = (IU/IS) × (CS/CU) × 100
IU= fluorescence intensity from the Sample solution
IS= fluorescence intensity from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: Equivalent to 24 µg/mL of USP Thiamine Hydrochloride RS in the Diluent
Sample solution: Equivalent to 24 µg/mL of thiamine hydrochloride from Oral Solution in
the Diluent
Analysis
Samples: Standard solution and Sample solution
For products containing thiamine hydrochloride, calculate the percentage of the labeled
amount of thiamine hydrochloride (C12 H17 ClN4 OS·HCl) in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–250.0% of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl)
• Iodide
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Mobile phase: Dissolve 5.15 g of tetrabutylammonium bromide in 320 mL of acetonitrile.
Dilute with water to 2000 mL.
Standard stock solution: 1.3 mg/mL of potassium iodide in the Mobile phase. This solution
has a concentration of 1 mg/mL of iodide.
Standard solution: 2.5 µg/mL of iodide from the Standard stock solution in the Mobile
phase
System suitability solution: Transfer 0.13 g of potassium iodide and 0.5 g of potassium
iodate to a 100-mL volumetric flask. Dissolve in the Mobile phase, using sonication if
necessary, dilute with the Mobile phase to volume, and mix. Transfer 1.0 mL of this
solution to a 100-mL volumetric flask, dilute with the Mobile phase to volume, and mix.
Transfer 25.0 mL of this solution to a 100-mL volumetric flask, and dilute with the Mobile
phase to volume.
Sample solution: Dilute an accurately measured volume of Oral Solution to obtain a
solution with a concentration of 2.5 µg/mL of iodine in the Mobile phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 30 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for iodate and iodide are about 0.32 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.5 between iodate and iodide, System suitability solution
Relative standard deviation: NMT 2.0% for the iodide peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of iodine (I) in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of iodide from the Sample solution
rS= peak area of iodide from the Standard solution
C=
S concentration of iodide in the Standard solution (µg/mL)
C=
U nominal concentration of iodine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask, dissolve in 6 N hydrochloric acid, and dilute with water to volume.
Standard solutions: To separate 100-mL volumetric flasks, transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of the Iron standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL
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of iron.
Sample solution: 6 µg/mL of iron from Oral Solution in 0.125 N hydrochloric acid
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Analytical wavelength: 248.3 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of iron, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of iron in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium
Magnesium standard solution: Transfer 1.00 g of magnesium ribbon to a 1000-mL
volumetric flask. Dissolve in 50 mL of 6 N hydrochloric acid, and dilute with water to
volume.
Standard stock solution: 20 µg/mL of magnesium from the Magnesium standard solution in
0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks, transfer 5.0, 7.5, 10.0, 12.5,
and 15.0 mL of the Standard stock solution. Dilute with 0.125 N hydrochloric acid to
volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL of magnesium.
Sample solution: 2.5 µg/mL of magnesium from Oral Solution in 0.125 N hydrochloric acid
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: 285.2 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
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Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of magnesium in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese
Manganese standard stock solution: Transfer 1.0 g of manganese to a 1000-mL
volumetric flask. Dissolve in 20 mL of nitric acid, and dilute with 6 N hydrochloric acid to
volume.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution in 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Sample solution: Dilute an accurately measured volume of Oral Solution to obtain a
solution with a concentration of 1.5 µg/mL of manganese in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Analytical wavelength: 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of manganese in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% labeled amount of manganese (Mn)
• Zinc
Zinc standard solution: Transfer 311 mg of zinc oxide to a 250-mL volumetric flask, and
add 80 mL of 6 N hydrochloric acid, warming if necessary to dissolve. Cool, dilute with
water to volume, and mix to obtain a solution with a known concentration of 1000 µg/mL
of zinc.
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Standard stock solution: 50 µg/mL of zinc from the Zinc standard solution in 0.125 N
hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Dilute an accurately measured volume of Oral Solution to obtain a
solution with a concentration of 1 µg/mL of zinc in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Analytical wavelength: 213.8 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Oral Solution
taken:
Result = (C/CU) × 100
C= concentration of zinc in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
OTHER COMPONENTS
• Alcohol Determination, Method 1 611 (if present): 90.0%–120.0% of the labeled
amount of alcohol (C2 H5 OH)
CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/mL, and the combined molds and yeasts count does not exceed 3 × 102 cfu/mL.
Change to read:
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in tight, light-resistant containers, under an inert gas or
with a minimum of headspace.
• Labeling: The label states that the product is Water-Soluble Vitamins with Minerals Oral
Solution. The label states the quantity of each vitamin and mineral present in terms of
metric units in a given volume of the Oral Solution and, where necessary, the chemical
form in which a vitamin is present, and also states the salt form of the mineral used as the
source of each element. Where products are labeled to contain panthenol, the label states
the equivalent content of dexpanthenol. Where more than one assay method is given for a
particular vitamin or mineral, the labeling states with which assay method the product
complies only if Method 1 is not used.
• USP Reference Standards 11
USP Calcium Pantothenate RS
USP Cyanocobalamin RS
USP Dexpanthenol RS
USP Niacin RS
USP Niacinamide RS
USP Pyridoxine Hydrochloride RS
USP Racemic Panthenol RS
USP Riboflavin RS
USP Thiamine Hydrochloride RS
1 Pure cultures of Lactobacillus leichmanii (listed as Lactobacillus delbruekii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
2 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
3 ATC C No. 8042 is suitable.

BRIEFING
Water-Soluble Vitamins with Minerals Tablets, USP 37 page 5788. As part of the USP
monograph modernization efforts and based on the comments received, the following
changes are proposed:
1.
In the Strength for Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate,
a.
Add the cross-references to the new general chapter Vitamin C Assay

580 .

The new chapter 580 is proposed to serve as the focal point for all crossreferences related to vitamin C analysis in the USP official monographs for
multivitamin combinations with “Water-Soluble Vitamins” in the title. The
currently available titrimetric procedure is proposed to be migrated to this
general chapter. In addition, the new HPLC procedures for analysis of vitamin
C are provided. Chapter 580 is proposed elsewhere in this issue of PF.
b.
Remove the titrimetric procedure which is no longer necessary due to the
reference to chapter 580 to which this procedure had been migrated.
2.
In the test for Absence of Specified Microorganisms, eliminate the requirement for
absence of Staphylococcus aureus since this testing is typically performed for topical
and not for oral dosage forms.
(DS: N. Davydova.)
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Correspondence Number—C147784

Comment deadline: November 30, 2014
Water-Soluble Vitamins with Minerals Tablets
DEFINITION
Water-Soluble Vitamins with Minerals Tablets contain one or more of the following water-soluble
vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate, Biotin,
Cyanocobalamin, Folic Acid, Niacin or Niacinamide, Pantothenic Acid (as Calcium Pantothenate
or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin, and Thiamine
Hydrochloride or Thiamine Mononitrate; and one or more minerals derived from substances
generally recognized as safe, furnishing one or more of the following elements in ionizable form:
boron, calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum,
nickel, phosphorus, potassium, selenium, tin, vanadium, and zinc. Tablets contain NLT 90.0%
and NMT 150.0% of the labeled amounts of ascorbic acid (C6 H8 O6 ) or its salts as calcium
ascorbate (C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 ), biotin (C10 H16 N2 O3 S),
cyanocobalamin (C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), calcium pantothenate
(C18 H32 CaN2 O10 ), niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as thiamine
hydrochloride or thiamine mononitrate; NLT 90.0% and NMT 125.0% of the labeled amounts of
calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P),
potassium (K), and zinc (Zn); and NLT 90.0% and NMT 160.0% of the labeled amounts of boron
(B), chromium (Cr), fluorine (F), iodine (I), molybdenum (Mo), nickel (Ni), selenium (Se), tin
(Sn), and vanadium (V).
They do not contain any form of Beta Carotene or Vitamin A, D, E, or K. They may contain
other labeled added substances that are generally recognized as safe, in quantities that are
unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
Delete the following:
• Ascorbic Acid
[Note—Finely powder NLT 20 Tablets. ]
Sample solution: Transfer a portion of powdered Tablets, equivalent to a nominal amount
of 100 mg of ascorbic acid, to a 200-mL volumetric flask, and add 75 mL of
metaphosphoric–acetic acids TS. Insert a stopper into the flask, and shake by mechanical
means for 30 min. Dilute with water to volume. Transfer a portion of the solution to a
centrifuge tube, and centrifuge until a clear supernatant is obtained. Pipet 4.0 mL of this
solution into a 50-mL conical flask, and add 5 mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Tablet.
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Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP38)

Delete the following:
• Calcium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP38)

Delete the following:
• Sodium Ascorbate: Proceed as directed in Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP38)

Add the following:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
(See Vitamin C Assay 580 .)
[Note—For labeling purposes, consider Method I—Titrimetric Method as Method 1.]
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ),
calcium ascorbate (C12 H14 CaO12 ·2H2 O), or sodium ascorbate (C6 H7 NaO6 ) 2S (USP38)
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powder, equivalent
to a nominal amount of 1 mg of biotin, to a 200-mL volumetric flask. Add 3 mL of dimethyl
sulfoxide, and swirl to wet the contents. Place the flask in a water bath at 60 –70 for 5
min. Sonicate for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis

PF 40(5): Sep.-Oct. 2014

1178

Samples: Standard solution and Sample solution
Measure the responses for the biotin peaks. Calculate the percentage of the labeled
amount of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: On the day of the assay, dilute the Standard stock solution with water
to a concentration of 0.1 ng/mL of USP Biotin RS.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 100 µg of biotin, to a 200-mL volumetric flask. Add 3
mL of 50% alcohol, and swirl to wet the contents. Heat the flask in a water bath at 60 –
70 for 5 min. Sonicate for 5 min, dilute with diluted alcohol to volume, and filter. Dilute a
volume of the filtrate quantitatively, and stepwise if necessary, with water to obtain a
solution with a concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in 1.0 g of l-tryptophan (or 2.0
g of d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add dilute hydrochloric
acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute with
water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
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thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 , and allow the tubes to cool in an upright position. Prepare stab
cultures in three or more of the tubes, using a pure culture of Lactobacillus plantarum,1
incubating for 16–24 h at a temperature between 30 and 37 held constant to within
±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every week, and
do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121 , and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
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Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength of 540–660 nm, and read
the transmittance when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (S) as the difference, y = 2.00 S. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that fall within the range
of lowest and highest points plotted for the Standard. Subtract from each logarithm so
obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of three or more
dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
solution.
Determine the quantity, in µg, of USP Biotin RS corresponding to the biotin in each mg of
the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
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R= number of µg of biotin assumed to be present in each mg in the portion of Tablets
taken
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water
[Note—A portion of the Standard solution will be used to determine the percent recovery of
biotin from the Solid-phase extraction procedure.]
Sample solution: Finely powder NLT 20 Tablets. Transfer an amount of powdered Tablets
to a volumetric flask to obtain a nominal concentration of 0.6 µg/mL of biotin. Add water
up to 80% of the flask capacity, and sonicate for 30–40 min, with occasional mixing, to
dissolve. Dilute with water to volume, and filter. Adjust the pH of the solution with either
diluted acetic acid or 0.1 N sodium hydroxide to 6.0–7.0.
Solid-phase extraction: [Note—Condition the extraction column specified in this
procedure in the following manner. Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.] Separately pipet 5.0 mL of the Sample solution
and Standard solution into freshly conditioned solid-phase extraction columns consisting of
a mixed-mode packing with a sorbent mass of 60 mg. [Note—The mixed-mode packing
consists of anion-exchange and reversed-phase sorbents. The reverse-phase component
is a copolymer N-vinylpyrrolidone and divinylbenzene. The anion exchange moiety is a
trialkylamino group.2 ]
Wash the column with 10 mL of 30% (v/v) methanol in water. Apply an appropriate volume
(4.9 mL) of 30% (v/v) methanol in 0.1 N hydrochloric acid to the column. Collect the
eluate in a 5-mL volumetric flask, containing 100 µL of 40% (w/v) sodium acetate in
water, and dilute with 30% (v/v) methanol in 0.1 N hydrochloric acid to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and a portion of Standard solution that has undergone Solidphase extraction
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Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and Standard solution that
has undergone Solid-phase extraction
Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and Sample solution that have both undergone Solid-phase
extraction
Measure the responses for the biotin peak. Calculate the percentage of the labeled
amount of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from the Standard stock solution
diluted with water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 100 µg of cyanocobalamin, to a 250-mL flask.
Quantitatively add 100.0 mL of water, and carefully extract for 2 min. Filter 10 mL of the
extract, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100

PF 40(5): Sep.-Oct. 2014

Result = (rU/rS) × (CS/CU) × 100

1183

rU= peak response of cyanocobalamin from the Sample solution
rS= peak response of cyanocobalamin from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard cyanocobalamin stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25%
alcohol. Store in a refrigerator.
Standard solution: Dilute a suitable volume of Standard cyanocobalamin stock solution
with water to a measured volume such that after the incubation period as directed in the
Analysis, the difference in transmittance between the inoculated blank and the 5.0-mL
level of the Standard solution is NLT that which corresponds to a difference of 1.25 mg in
dried cell weight. This concentration usually falls between 0.01 and 0.04 ng/mL of
Standard solution. Prepare this solution fresh for each assay.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powdered
Tablets, equivalent to a nominal amount of 1.0 µg of cyanocobalamin, to an appropriate
vessel containing, for each g of powdered Tablets taken, 25 mL of an aqueous extracting
solution prepared just before use to contain, in each 100 mL, 1.29 g of dibasic sodium
phosphate, 1.1 g of anhydrous citric acid, and 1.0 g of sodium metabisulfite. Autoclave
the mixture at 121 for 10 min. Allow any undissolved particles of the extract to settle,
and filter or centrifuge if necessary. Dilute an aliquot of the clear solution with water to
obtain a final solution containing vitamin B12 activity equivalent to the nominal activity of
the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Calcium Pantothenate, Method
2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Calcium Pantothenate, Method
2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store
in a refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg
of biotin, and 20 mg of niacin in 0.02 N glacial acetic acid to make 400 mL. Store under
toluene, protected from light, in a refrigerator.
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Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium
pantothenate, 40 mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg
of pyridoxamine dihydrochloride, and 2 mg of folic acid in a mixture of water and
neutralized alcohol (3:1) to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed according to Table 2, carefully dissolving cystine
and tryptophan in the hydrochloric acid before adding the next eight solutions in the
resulting solution. Add 100 mL of water, and dissolve the dextrose, sodium acetate, and
ascorbic acid. Filter, if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of between 5.5 and 6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant and pass,
with the aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
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Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution into test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave (exhaust line temperature), and allow the tubes to cool in an
upright position. Inoculate three or more of the tubes by stab transfer of a pure culture of
Lactobacillus leichmannii.3 [Note—Before first using a fresh culture in this assay, make
NLT 10 successive transfers of the culture in a 2-week period.] Incubate for 16–24 h at a
temperature between 30 and 40 held constant to within ±0.5 . Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture, to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus leichmannii to two sterile tubes
each containing 10 mL of the Culture medium. Incubate these cultures for 16–24 h at a
temperature between 30 and 40 held constant to within ±0.5 . Under aseptic conditions
centrifuge the cultures, and decant the supernatant. Suspend the cells from the culture in
5 mL of sterile Suspension medium, and combine. Using sterile Suspension medium, adjust
the volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read
on a suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped
with a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in400 dilution of the adjusted suspension using Basal medium stock solution. [Note—This
dilution may be altered, when necessary, to obtain the desired test response.] The cell
suspension so obtained is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
followed preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150-mm test
tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
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for 5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave
if necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating contents, place the container in a spectrophotometer that
has been set at a wavelength of 530 nm, and read the transmittance when a steady
state is reached. This steady state is observed a few seconds after agitation when the
reading remains constant for 30 s or more. Allow approximately the same time interval for
the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5%, or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (S) as the difference, y = 2.00 S. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that falls within the range
of the lowest and highest points plotted for the Standard. Subtract from each logarithm
so obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of three or more
dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
solution.
Determine the quantity, in µg, of USP Cyanocobalamin RS corresponding to the
cyanocobalamin in each mg of the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in each mg in the portion of
Tablets taken
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays

111 , The Confidence Interval and Limits of Potency). If the two
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determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (between 1% and 3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 0.4 mg of folic acid, to a 50-mL amber-colored
centrifuge tube. Add 25.0 mL of Internal standard solution, shake by mechanical means
for 10 min, and centrifuge. Filter a portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and 1.0,
respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
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Result = (RU/RS) × (CS/CU) × 100
RU= peak area ratio of folic acid to methylparaben from the Sample solution
R=
S peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of Standard stock solution with 10.0 mL of methanol and
35.0 mL of Reagent, shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to a nominal
amount of 0.3 mg of folic acid, to a 125-mL stoppered flask. Add 10.0 mL of methanol and
35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
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C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 15 mg of calcium pantothenate, to a centrifuge tube.
Add 25.0 mL of the Internal standard solution, and shake vigorously for 10 min.
Centrifuge, filter, and use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for calcium pantothenate and the internal standard.
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
RS= peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
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and stored in the dark over phosphorus pentoxide while protected from absorption of
moisture during the weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL
of 0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with
water to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS.
Store under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in Analysis, 2.0–
4.0 mL of the Standard solution being used, are within the linear portion of the logconcentration response curve.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 50 mg of calcium pantothenate, to a 1000-mL
volumetric flask containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of
sodium acetate solution (16.66 mg/mL), dilute with water to volume, and filter. Dilute a
volume of this solution to obtain a solution with approximately the same concentration as
that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine and 1.0 g of l-tryptophan (or
2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add dilute
hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and
dilute with water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10
.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
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Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water; add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar; and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 , and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum1, incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 , and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
Culture medium. Incubate this culture for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution, including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24 h
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of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Place the container in a
spectrophotometer that has been set at a specific wavelength between 540 and 660 nm,
and read the transmittance when a steady state is reached. This steady state is
observed a few seconds after agitation when the galvanometer reading remains constant
for 30 s or more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (S) as the difference, y = 2.00 S. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that fall within the range
of the lowest and highest points plotted for the Standard. Subtract from each logarithm
so obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of three or more
dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
solution.
Determine the quantity, in mg, of USP Calcium Pantothenate RS corresponding to the
calcium pantothenate in each mg of the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in each mg in the
portion of Tablets taken
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 3
Buffer solution: 5.0 mg/mL of monobasic potassium phosphate in water. Adjust with
phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
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Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from Standard stock
solution diluted with water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 10 mg of calcium pantothenate, to a 250-mL volumetric
flask. Add 10 mL of methanol, and swirl the flask to disperse. Dilute with water to volume,
mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the
labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking, or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
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Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 10 mg of niacinamide and 2.5 mg each of pyridoxine
hydrochloride, riboflavin, and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0
mL of Diluent, and mix using a vortex mixer for 30 s to completely suspend the powder.
Immerse the centrifuge tube in a hot water bath maintained at 65 –70 , heat for 5 min,
and mix on a vortex mixer for 30 s. Return the tube to the hot water bath, heat for
another 5 min, and mix on a vortex mixer for 30 s. Filter a portion of the solution, cool to
room temperature, and use the clear filtrate. [Note—Use the filtrate within 3 h of
filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution.
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O),
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Finely powder
NLT 20 Tablets. Transfer a portion of the powder, equivalent to a nominal amount of 2 mg
of riboflavin, to a 200-mL volumetric flask. If riboflavin is not present in the formulation,
use a portion of the powder equivalent to a nominal amount of 2 mg of pyridoxine. If
pyridoxine is not present in the formulation, use a portion of the powder equivalent to a
nominal amount of 20 mg of niacin or niacinamide. Add 100.0 mL of Extraction solvent, and
mix for 20 min, using a wrist-action shaker. Immerse the flask in a water bath maintained
at 70 –75 , and heat for 20 min. Mix on a vortex mixer for 30 s, cool to room temperature,
and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, Standard stock solution, Standard solution,
Sample solution, and Chromatographic system: Using USP Niacinamide RS in place of
USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacinamide. Calculate the percentage of the labeled amount
of niaciniamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niaciniamide from the Sample solution
rS= peak area of niaciniamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niaciniamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
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and dilute with Extraction solvent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine from the Sample solution
rS= peak area of pyridoxine from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 g/L of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of Standard stock solution with Extraction solvent to
25.0 mL.
Sample solution: Prepare as directed in Niacin, Method 2.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
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System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of riboflavin from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the powdered
Tablets with a volume of 0.2 N hydrochloric acid to obtain a nominal concentration of 0.02
mg/mL of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30
min. Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to a nominal amount of 7.5 mg of niacin or niacinamide, 1.2 mg of
pyridoxine hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a
stoppered 125-mL flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid
(9:1) and 30.0 mL of a mixture of methanol and ethylene glycol (1:1). Insert the stopper,
shake for 15 min in a water bath maintained at 60 , and cool. Filter, discarding the first
few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
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Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the peaks. Calculate the percentage of the labeled amount of niacin
(C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
[Note—Commercially available atomic absorption standard solutions for the minerals, where
applicable, may be used where preparation of a Standard stock solution is described in the
following assays. Use deionized water where water is specified. Where atomic absorption
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spectrophotometry is specified in the assay, the Standard solutions and the Sample
solution may be diluted quantitatively with the solvent specified, if necessary, to yield
solutions of suitable concentrations adaptable to the linear or working range of the
instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5,
and 3.0 µg/mL of calcium.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550 for 6–12 h, and cool. Add 60 mL of hydrochloric acid, and boil gently
on a hot plate or steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask. Rinse the crucible with small portions of 6 N
hydrochloric acid, and add the rinsings to the flask. Dilute with water to volume, and filter,
discarding the first 5 mL of the filtrate. Dilute this solution, quantitatively, with 0.125 N
hydrochloric acid to obtain a nominal concentration of 2 µg/mL of calcium, adding 1 mL of
Lanthanum chloride solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line at 422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h, in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from Chromium standard solution diluted
with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Chromium emission line at 357.9 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
(v/v) solution of nitric acid, and dilute with a 1% (v/v) solution of nitric acid to 1000 mL.
This solution contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from Copper standard solution diluted with
0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
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solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water in a
1000-mL volumetric flask. Allow the solution to equilibrate to room temperature, and dilute
with water to volume. Adjust with a few drops of acetic acid to a pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator in water
Intermediate stock solution A: 100 µg/mL of fluoride from Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from Fluoride standard stock solution
diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Transfer a quantity of the finely powdered Tablets, equivalent to a
nominal amount of 200 µg of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1 N
hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and 25.0 mL of Sodium citrate
solution, and dilute with water to 100 mL.
Analysis
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Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ionindicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer with an
insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
the potential, in mV. From the standard response curve and the measured potential of the
Sample solution, determine the concentration, C, in µg/mL, of fluoride in the Sample
solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with 1 column volume of
methanol followed by 1 column volume of pH 10.0 buffer. Do not allow the column top to
dry. If the top of the column becomes dry, recondition the column.] Transfer 10.0 mL of
the Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and adjust
with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to volume. Filter,
discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that is connected through an adaptor
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powdered Tablets,
equivalent to a nominal amount of 1 mg of fluorine, to 15 mL of water, and shake
vigorously. Rinse the sides of the flask with 15 mL of water to a 100-mL volumetric flask.
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Add 15 mL of water, and allow to stand for 10 min. Dilute with water to 85 mL, adjust with
1 N sodium hydroxide to a pH of 10.4 ± 0.1, and dilute with water to 100 mL. Proceed as
directed for the Standard solution, beginning with “Filter, discarding the first 15 mL of the
filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of fluorine from the Sample solution
rS= peak area of fluorine from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide
Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Tablets
Transfer a portion of finely powdered Tablets, equivalent to a nominal amount of 3 mg of
iodide, to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium
hydroxide solution, and 10 mL of alcohol, taking care that the entire specimen is
moistened. Heat the crucible on a steam bath to evaporate the alcohol, then dry the
crucible at 100 for 30 min to prevent spattering upon subsequent heating. Transfer the
crucible with its contents to a furnace heated to 500 , and heat the crucible for 15 min.
[Note—Heating at 500 is necessary to carbonize any organic matter present; a higher
temperature may be used, if necessary, to ensure complete carbonization of all organic
matter.] Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and

PF 40(5): Sep.-Oct. 2014

1206

boil gently for 10 min. Filter the solution, and wash the crucible with boiling water,
collecting the filtrate and washings in a beaker. Add phosphoric acid until the solution is
neutral to methyl orange, then add 1 mL excess of phosphoric acid. Add excess of
Bromine water, and boil the solution gently until colorless and then for 5 min longer. Add a
few crystals of salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid
and 0.5 g of potassium iodide, and titrate the liberated iodine with 0.005 N sodium
thiosulfate VS, adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Tablets
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA= actual normality of the sodium thiosulfate solution used (meq/mL)
F = correction factor to convert mg to µg, 1000 µg/mg
Ime
= milliequivalent of I, 21 mg/meq
Aw= average weight of the Tablets
W= weight of the portion of Tablets taken
L = labeled amount of iodine (µg/Tablet)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 5 µg/mL of iron and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Iron emission line at 248.3 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Tablets
taken:
Result = (C/CU) × 100
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C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Magnesium emission line at 285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer a weighed amount of 1.00 g of manganese
to a 1000-mL volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric
acid to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
manganese.
Standard stock solution: 50 µg/mL of manganese from Manganese standard stock solution
diluted with 0.125 N hydrochloric acid
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Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with concentrations of 0.5, 0.75, 1.0, 1.5,
and 2.0 µg/mL of manganese.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 1 µg/mL of manganese and omit the use of
the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Manganese emission line at 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese (Mn) in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from Molybdenum standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min, cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Sample solution: Transfer a portion of the powder, equivalent to a nominal amount of
1000 µg of molybdenum, to a suitable flask, and add 12 mL of nitric acid. [Note—The
volume of nitric acid may be varied to ensure that the powder is uniformly dispersed.]
Carefully swirl the flask to disperse the test specimen. Sonicate for 10 min, or until the
test specimen is completely dissolved. Gently boil the solution for 15 min, and cool to room
temperature. Carefully add 8 mL of perchloric acid, heat until perchloric acid fumes
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appear, and swirl the flask to dissipate the fumes. Repeat the heating and swirling until no
fumes are present. Cool to room temperature. Quantitatively transfer the contents of the
flask to a 100-mL volumetric flask with the aid of Diluent, and dilute with Diluent to
volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Molybdenum emission line at 313.3 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 g of stannous chloride to a beaker, add 20
mL 6.5 N hydrochloric acid, and heat the solution until the stannous chloride is dissolved.
Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: A portion of finely powdered Tablets, equivalent to a nominal amount of 40 µg of
molybdenum
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 465 nm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample

851 .)
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Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is complete,
as indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in
the beakers to dryness. Rinse the sides of the beakers and the watchglasses with water,
and add more water to make 50 mL in each beaker. Gently boil the water solution for a
few min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding volumetric flasks, and dilute with water
to volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% Stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnels for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layers from each separatory funnel to a
centrifuge tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the
organic phases from the Standard solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the solution from the Tablets
AS= absorbance of the solution from the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, then dilute with Sulfuric acid
solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
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Sample solution: [Note—Finely powder and weigh a counted number of Tablets.] Transfer
a portion of the powder, equivalent to a nominal amount of 100 mg of phosphorus, to 25
mL of nitric acid, and digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and
continue the digestion to the cessation of brown fumes. Cool, and transfer the contents
of the flask to a 500-mL volumetric flask with the aid of small portions of water. Dilute
with water to volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and
dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 650 nm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution,
the Sample solution, and water to provide the blank. To each of the three flasks add 1.0
mL each of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite
solution, and swirl to mix. Dilute the contents of each flask with water to volume, and
allow the flasks to stand for 30 min. Determine the absorbances of the solutions against
the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90%–125% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from Potassium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal amount of 1 µg/mL of potassium and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry

851 .)
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Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Potassium emission line at 766.5 nm
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from Selenium standard solution diluted
with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Transfer a portion of powder, equivalent to a nominal amount of 1000 µg
of selenium, to a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric
acid may be varied to ensure that the powder is uniformly dispersed.] Carefully swirl the
flask to disperse the test specimen. Sonicate for 10 min or until the test specimen is
completely dissolved. Gently boil the solution for 15 min, and cool to room temperature.
Carefully add 8 mL of perchloric acid to the flask, heat the flask until perchloric acid fumes
appear, and swirl the flask to dissipate the fumes. Repeat the heating and swirling until
the fumes appear again. Cool to room temperature. Transfer the contents of the flask to a
50-mL volumetric flask with the aid of Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Lamp: Selenium hollow-cathode
Flame: Air–acetylene

851 .)
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Analytical wavelength: Selenium emission line at 196.0 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, add hydroxylamine
hydrochloride, then dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochoric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10.0 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to a nominal
amount of 20 µg of selenium, to a suitable flask. Add 10 mL of nitric acid, and warm gently
on a hot plate. Continue heating until the initial nitric acid reaction has subsided, then add
3 mL of perchloric acid. [Caution—Exercise care at this stage, because the perchloric
acid reaction becomes vigorous.] Continue heating on the hot plate until the appearance
of white fumes of perchloric acid or until the digest begins to darken. Add 0.5 mL of nitric
acid, and resume heating, adding additional amounts of nitric acid if further darkening
occurs. Digest for 10 min after the first appearance of perchloric acid fumes or until the
digest becomes colorless. Cool the flask. Add 2.5 mL of Hydrochloric acid solution, and
return the flask to the hot plate to expel residual nitric acid. Heat the mixture for 3 min
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after it begins to boil. Cool the flask to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Cell: 1 cm
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, Standard solution, and Blank as follows. Add 5 mL of Reagent A
to each flask, and swirl gently to mix. Adjust the solution in each flask with 50%
Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each flask,
and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and equilibrate
for 30 min, taking care that the flasks are covered to protect them from light. Cool to
room temperature, and transfer the contents of each flask to separate separatory
funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions from the Samples against the solution from
the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the cyclohexane layer from the Sample solution
AS= absorbance of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard stock solution: 1000 µg/mL of zinc from zinc oxide dissolved in 5 M
hydrochloric acid (3.89 mg/mL) and diluted with water to final volume. [Note—Dissolve in 5
M hydrochloric acid by warming if necessary, cool, then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from Zinc standard stock solution diluted with
0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 2 µg/mL of zinc and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
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(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Zinc emission line at 213.8 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding one
volume of Stock aqua regia solution to two volumes of water. Dilute with additional water
to volume, and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% (v/v) nitric
acid solution and 1000 mg/L of scandium in 5% (v/v) nitric acid solution with Diluent
(1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is necessary to
include only the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% (v/v) nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% (v/v) nitric acid solution to obtain a solution with final concentrations of about 1000
mg/L of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L
of manganese, 800 mg/L of phosphorus, and 250 mg/mL of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is necessary to include
only the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% (v/v) hydrochloric acid solution, pipet
the appropriate amount of element standard solution into a volumetric flask, and dilute
with 20% (v/v) hydrochloric acid solution to obtain a solution with final concentrations of
about 200 mg/L of boron and 100 mg/L each of chromium, molybdenum, nickel, selenium,
tin, and vanadium.
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Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2 as required, in Diluent, to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution 1 (for Tablets containing minerals found in Standard stock solution 1 and
Standard stock solution 2): Weigh and finely powder NLT than 20 Tablets. Transfer a
portion, equal to 3.5 times the average Tablet weight, to a 250-mL volumetric flask.
Slowly add 25 mL of Stock aqua regia solution in 5-mL increments, followed by mixing.
[Note—If the sample contains a carbonate, bubbling will occur. Wait until bubbling ends to
proceed.] Bring the solution to a boil on a hot plate. Continue to heat gently until fumes
cease (about 1 h). [Note—If the sample contains selenium, digest for NMT 15 min.]
Remove from heat, cool, and dilute with water to volume. Filter about 30 mL into a
centrifuge tube, using a nylon syringe filter of 5-µm pore size. If necessary, make any
further dilutions using Diluent.
Sample solution 2 (for Tablets containing minerals found only in Standard stock solution
2): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua
regia solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). [Note—If the
sample contains selenium, digest for NMT 15 min.] Remove from heat, cool, and dilute with
water to volume. Filter about 30 mL into a centrifuge tube using a nylon syringe filter of
5-µm pore size. If necessary, make any further dilutions using Diluent.
Sample solution 3 (for Tablets containing minerals found only in Standard stock solution
1): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to the average
Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua regia
solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently (about 1 h) until fumes cease. Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube,
using a nylon syringe filter of 5-µm pore size. If necessary, make any further dilutions
using Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma emission spectrometry, using a spectrometer set to
measure the emission of each mineral of interest at about the corresponding
wavelength. [Note—The operating conditions may be developed and optimized on the
basis of the manufacturer's recommendation. The wavelengths selected should be
demonstrated experimentally to provide sufficient specificity, sensitivity, linearity,
accuracy, and precision.]
System suitability
Sample: System suitability solution
[Note—Analyze the System suitability solution, and obtain the response as directed in
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution.
Calculate the percentage of the labeled amount for each mineral:
Result = C × (V/W) × F × (CW/L) × 100
C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
CW
= average Tablet weight (mg)
L = labeled amount/Tablet (mg)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amount of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V).
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

SPECIFIC TESTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species Escherichia coli and Staphylococcus aureus
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Water-Soluble Vitamins with Minerals Tablets.
The label also states the quantity of each vitamin and mineral in terms of metric units per
dosage unit and, where necessary, the chemical form in which a vitamin is present, and
also states the salt form of the mineral used as the source of each element. Where more
than one assay method is given for a particular vitamin or mineral, the labeling states with
which assay method the product complies only if Method 1 is not used.
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• USP Reference Standards 11
USP Biotin RS
USP Calcium Pantothenate RS
USP Cyanocobalamin RS
USP Folic Acid RS
USP Niacin RS
USP Niacinamide RS
USP Pyridoxine Hydrochloride RS
USP Riboflavin RS
USP Sodium Fluoride RS
USP Thiamine Hydrochloride RS
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters Oasis MAX Vac RC cartridge, particle size 30 µm, part 186000371.
3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbruekii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).

BRIEFING
Low-Substituted Carboxymethylcellulose Sodium, NF 32 page 5909. It is proposed to
replace the reference to the Test preparation in Identification test D with the procedure
which is currently described in the section Heavy Metals, which is proposed to be omitted.
The implementation of general chapters Elemental Impurities—Limits
Contaminants in Dietary Supplements

2232

232

and Elemental

will include removal of all references to

general chapter Heavy Metals 231 from monographs and general chapters in the USP–NF.
For further details, see Key Issues on www.usp.org.
(EXC: J. Liu.)
Correspondence Number—C149265

Comment deadline: November 30, 2014
Low-Substituted Carboxymethylcellulose Sodium
Cellulose, carboxymethyl ether, sodium salt, low-substituted;
Carmellose sodium, low-substituted
[9004-32-4].
DEFINITION
Low-Substituted Carboxymethylcellulose Sodium is the sodium salt of a partly O(carboxymethylated) cellulose. It contains NLT 2.0% and NMT 4.5% of sodium (Na), calculated
on the dried basis.
IDENTIFICATION
• A.
Solution A: 100 mg/mL of sodium hydroxide
Sample: 1 g
Analysis: Shake the Sample with 100 mL of Solution A.
Acceptance criteria: A suspension is produced.
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• B.
Sample: 1 g
Analysis: Shake the Sample with 50 mL of water. Transfer 1 mL to a test tube, and add 1
mL of water and 1 mL of 1-naphthol TS. Incline the test tube, and add carefully 2 mL of
sulfuric acid down the side so that it forms a lower layer.
Acceptance criteria: A reddish-purple color develops at the interface.
• C. It meets the requirements in Impurities for Residue on Ignition

281 .

Change to read:
• D. Identification Tests—General, Sodium 191 The Test preparation from the
Impurities, Heavy Metals test meets the requirements for the pyroantimonate precipitate
test.
Sample solution: To the residue obtained in the test for Residue on Ignition add 1 mL of
hydrochloric acid, evaporate on a water bath, and dissolve in 20 mL of water.
Acceptance criteria: Meets the requirements for the pyroantimonate precipitate test
2S (NF33)

ASSAY
• Content of Sodium
Analysis: Calculate the percentage of sodium in the Low-Substituted
Carboxymethylcellulose Sodium taken:
Result = A × (M × Mr1/Mr2)
A = percentage obtained from the test for Residue on Ignition, determined separately
M = number of moles of sodium per mole of sodium sulfate, 2
Mr1
= atomic weight of sodium, 22.99
Mr2
= molecular weight of sodium sulfate, 142.04
Acceptance criteria: 2.0%–4.5%
IMPURITIES
• Residue on Ignition 281
Sample: 1.0 g
Analysis: Determine using a mixture of sulfuric acid and water (1:1) and an ignition
temperature of 600 ± 50 .
Acceptance criteria: 6.5%–13.5%
Delete the following:
• Heavy Metals, Method II 231
Test preparation: To the residue obtained in the test for Residue on Ignition, add 1 mL of
hydrochloric acid, evaporate on a water bath, and dissolve in 20 mL of water. [Note—Use
this solution in Identification test D. ]
Acceptance criteria: NMT 20 µg/g 2S (NF33)
• Limit of Sodium Chloride and Sodium Glycolate
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Sodium Chloride
Sample: 5 g
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Electrode: Silver electrode and a mercurous sulfate electrode with a potassium sulfate
bridge
Titrant: 0.05 N silver nitrate VS
Endpoint detection: Potentiometric
Analysis: Transfer the Sample to a 250-mL conical flask. Add 50 mL of water and 5 mL of
30% hydrogen peroxide, and heat on a water bath for 20 min, stirring occasionally to
ensure hydration. Cool, add 100 mL of water and 10 mL of nitric acid. Titrate with
Titrant.
Calculate the percentage of sodium chloride in the sample taken:
Result = {[(V × N × F)/W] × [100/(100

b)]} × 100

V= volume of silver nitrate (mL)
N= normality of the silver nitrate (mEq/mL)
F= equivalency factor for sodium chloride, 0.05844 g/mEq
b= percentage obtained from the test for Loss on Drying, determined separately
W
= weight of the sample (g)
Sodium Glycolate
Standard stock solution: Transfer 100 mg of glycolic acid, previously dried overnight in
a vacuum desiccator over phosphorus pentoxide, to a 100-mL volumetric flask, and
dissolve in and dilute with water to volume.
Standard solution A: Transfer 0.5 mL of the Standard stock solution to a 100-mL
volumetric flask. Add water to make 5 mL, add 5 mL of glacial acetic acid, then dilute
with acetone to volume.
Standard solution B: Transfer 1.0 mL of the Standard stock solution to a 100-mL
volumetric flask. Add water to make 5 mL, add 5 mL of glacial acetic acid, then dilute
with acetone to volume.
Standard solution C: Transfer 1.5 mL of the Standard stock solution to a 100-mL
volumetric flask. Add water to make 5 mL, add 5 mL of glacial acetic acid, then dilute
with acetone to volume.
Standard solution D: Transfer 2.0 mL of the Standard stock solution to a 100-mL
volumetric flask. Add water to make 5 mL, add 5 mL of glacial acetic acid, then dilute
with acetone to volume.
Sample solution: Transfer 500 mg of Low-Substituted Carboxymethylcellulose Sodium to
a beaker, moisten thoroughly with 5 mL of glacial acetic acid, add 5 mL of water, and
stir with a glass rod to ensure proper hydration (about 30 min). Add 80 mL of acetone
while stirring, add 2 g of sodium chloride, and stir for several min to ensure the complete
precipitation of carboxymethylcellulose. Pass through a fast filter paper, previously
wetted with a small amount of acetone, and collect the filtrate in a 100-mL volumetric
flask. Rinse the beaker and filter with acetone, and add the washings to the flask. Dilute
the filtrate with acetone to volume, and mix. Allow to stand for 24 h without shaking,
and use the clear supernatant.
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Instrumental conditions
Mode: Vis
Analytical wavelength: 540 nm
Blank: Use acetone solution containing 5% of glacial acetic acid and 5% of water.
Analysis: Transfer 2.0 mL of the Sample solution and 2.0 mL of each Standard solution
to separate 25-mL volumetric flasks. Place the uncovered flasks in a boiling water bath
for 20 min, accurately timed, to remove the acetone, remove from the bath, and cool.
Add to each flask 5.0 mL of 2,7-dihydroxynaphthalene TS, mix, add an additional 15 mL,
and again mix. Cover the mouth of each flask with a small piece of aluminum foil. Place
the flasks upright in a boiling water bath for 20 min, then remove from the bath, cool,
and dilute with sulfuric acid to volume.
Determine the absorbances of the solutions against the Blank, and prepare a standard
curve using the absorbances obtained from the solutions prepared from the Standard
solutions. From the standard curve and the absorbance of the Sample solution,
determine the concentration, in mg/mL, of glycolic acid in the Sample solution, and
calculate the percentage of sodium glycolate in the sample taken:
Result = {[(C × V)/(W × F)] × (Mr1/Mr2) × [100/(100

b)]} × 100

C = concentration of glycolic acid in the sample, determined from the standard curve
(mg/mL)
V = volume of Sample solution (mL)
W= weight of sample (g)
F = unit conversion factor, 1000 mg/g
Mr1
= molecular weight of sodium glycolate, 98.03
Mr2
= molecular weight of glycolic acid, 76.05
b = percentage obtained from the test for Loss on Drying, determined separately
Acceptance criteria: The sum of the percentages from the tests for Sodium Chloride and
Sodium Glycolate is NMT 0.5%.
SPECIFIC TESTS
• pH 791
Sample: 1 g
Analysis: Shake the Sample with 100 mL of carbon dioxide-free water, centrifuge, and test
the suspension.
Acceptance criteria: 6.0–8.5
• Loss on Drying 731
Sample: 1.0 g
Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: NMT 10.0%
• Water-Soluble Substances
Sample: 5.0 g
Analysis: Disperse the Sample in 400 mL of water, and during the first 30 min, stir for 1
min every 10 min. Allow to stand for 1 h, and centrifuge, if necessary. Decant 100.0 mL of
the supernatant onto a fast filter paper in a vacuum filtration funnel, apply a vacuum, and
collect 75.0 mL of the filtrate. Evaporate in a tared platinum or porcelain dish, and dry at
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105 for 4 h.
Acceptance criteria: NMT 70%
• Settling Volume
[Note—The following test, which can relate to excipient function, may be carried out,
depending on the intended use in the formulation. In cases where there are no concerns
regarding the settling volume of this article, this test may be omitted. Where the labeling
states the settling volume, determine the settling volume as follows.]
Sample: 5.0 g
Analysis: In a 100-mL graduated cylinder, transfer 20 mL of isopropyl alcohol, add the
Sample, and shake vigorously. Dilute with isopropyl alcohol to 30 mL, then with water to
50 mL, and shake vigorously. Within 15 min, repeat the shaking three times. Allow to
stand for 4 h, and determine the volume of the settled mass.
Acceptance criteria: 15.0–35.0 mL
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. No storage requirements specified.
• Labeling: When the settling volume is determined, label it to indicate the settling volume
value.
BRIEFING
Pharmaceutical Glaze, NF 32 page 5998. As part of the USP monograph modernization effort,
the following revisions are proposed:
1.
Change the text in Identification test A for clarity.
2.
Add an additional Identification test that identifies aleuritic acid and shellolic acid by
hydrolyzing shellac and running the hydrolysate on a TLC plate and comparing with
USP Aleuritic Acid RS.
3.
Clarify the Assay procedure: add detailed calculations, and correct the acceptance
criteria, which should be consistent with the Definition.
4.
Change the name of “dewaxed orange shellac” to “refined orange shellac” based on the
revised Shellac monograph proposal that was published in PF 40(4) [Jul.–Aug. 2014].
5.
Update the test for Acid Value.
6.
Update the Labeling requirements based on the revised Shellac monograph Definition in
the proposal that was published in PF 40(4).
7.
Add a USP Reference Standards section containing USP Aleuritic Acid RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: H. Wang.)
Correspondence Number—C146236

Comment deadline: November 30, 2014
Pharmaceutical Glaze
DEFINITION
Pharmaceutical Glaze is a specially denatured alcoholic solution of Shellac containing between
20.0% and 57.0% of anhydrous shellac and is made with either dehydrated alcohol or alcohol
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containing 5% water by volume. The solvent is a specially denatured alcohol approved for glaze
manufacturing by the Internal Revenue Service. It contains NLT 90.0% and NMT 110.0% of the
labeled amount of shellac. It may contain waxes and titanium dioxide as an opaquing agent.
IDENTIFICATION
Change to read:
• A.
Sample: Remaining sample solution retained from the Assay
Analysis: Pour the remainder of the solution
Sample 2S (NF33)
from a volumetric flask retained from the Assay,
2S (NF33)

onto a clean glass plate, and place the plate in a nearly vertical position. After drainage is
complete, allow the resulting film to dry in a well-ventilated place at 20 for 1 h, then place the
plate in an oven at a temperature of 43 for 16–24 h. Cool, and scrape the film from the plate
with a sharp blade, discarding the thick edges. To 50 mg of the Sample
solid shellac from the film 2S (NF33)
add a few drops of a mixture of 1 g of ammonium molybdate and 3 mL of sulfuric acid. Retain
the remaining film for the tests for
Identification of Aleuritic Acid and Shellolic Acid by Thin-Layer Chromatography, 2S (NF33)
Heavy Metals, and Rosin.
Acceptance criteria: A green color is produced, and it becomes lilac on standing for 5 min.
Add the following:
• B. Identification of Aleuritic Acid and Shellolic Acid by Thin-Layer Chromatography
Standard solution: 6 mg/mL of USP Aleuritic Acid RS in methanol, heating slightly if
necessary
Solid shellac sample: 500 mg of solid shellac from the film prepared in Identification test A
Sample solution: Weigh and finely powder the Solid shellac sample. Transfer 500 mg of
the finely powdered shellac to a test tube and heat with 4 mL of 85-mg/mL sodium
hydroxide solution in a vigorously boiling water bath for 5 min. Cool, add 10 mL of ethyl
acetate, and transfer the content to a separatory funnel. With stirring, add slowly 4 mL of
a 120-mg/mL solution of glacial acetic acid to the funnel. Shake the solution thoroughly
and withdraw the lower layer. Transfer the upper layer to a small flask, add anhydrous
sodium sulfate, and pass the content through a 0.45-µm syringe filter.1 Collect the filtrate
and use it as the sample.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Plate: 10-cm × 20-cm, or 20-cm × 20-cm, silica gel 60 F 254
Application volume: 10 µL, as 8-mm bands. [Note—An automated apparatus may be
used.]
Developing solvent system: Ethyl acetate, methylene chloride, methyl alcohol, and
acetic acid (60:32:8:1)
Spray reagent: Prepare the anisaldehyde solution by mixing in the following order. In 0.5
mL of anisaldehyde add 10 mL of glacial acetic acid, 85 mL of methyl alcohol, and 5 mL
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of sulfuric acid.
Analysis
Samples: Standard solution and Sample solution
Development: Apply the Samples in different bands to the previously marked starting
point on a TLC plate, and develop the plate two times over a path of 15 cm. Dry the
plate in air.
Detection: Spray with Spray reagent. Heat the plate at 100 –105 for 10 min, and
examine in daylight (or white light).
[Note—The principal band of aleuritic acid shows strong intensity and purple color. The
retardation factor (RF) for the principal band of aleuritic acid is 0.41. A blue-gray band
with medium intensity at RF 0.22 could be assigned to shellolic acid.]
Acceptance criteria: The chromatogram from the Sample solution shows several colored
bands. One of the colored bands is similar in position and color to the band in the
chromatogram from the Standard solution, and it is assigned to aleuritic acid. Below the
aleuritic acid band, a blue-gray band is assigned to shellolic acid. 2S (NF33)

ASSAY
Change to read:
• Procedure
Sample solution A: When testing Glaze that does not contain titanium dioxide, transfer a
quantity of Glaze containing 17 g of shellac to a 100-mL volumetric flask, and add alcohol
to volume. Pipet 3 mL into a tared dish containing 10 g of washed sand and a small glass
rod. Retain the remaining solution in the volumetric flask for Identification test A. The tare
weight includes the combined weights of the dish, the washed sand, and the glass rod.
Stir until a uniform mixture is obtained, allow the glass rod to remain in the dish, dry at
105 for 1 h in an explosion-proof oven, cool, and weigh.
Sample solution B: When testing Glaze that contains titanium dioxide, transfer a quantity
containing 10 g of solids to a beaker, and add 10 mL of alcohol. Filter off the pigment with
the aid of a vacuum. Wash the filter with alcohol; transfer the combined filtrate and
washing, with the aid of alcohol, to a 200-mL volumetric flask; add alcohol to volume; and
mix. Pipet 6 mL into a tared dish containing 10 g of washed sand and a small glass rod.
Proceed as directed in Sample solution A, beginning with “The tare weight...”
Analysis: The weight of shellac,
WF, in g, 2S (NF33)
in the quantity of Glaze taken is obtained by subtracting the tare weight from the final weight
of the dried dish and contents.
For Glaze not containing titanium dioxide calculate the percentage of shellac in the quantity of
Glaze taken:
Result = [(WF/VF) × VI ]/W × 100
VF
= final volume used, 3 mL
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VI
= initial volume prepared, 100 mL
W
= weight of Glaze (g) for preparation of 100-mL solution
For Glaze containing titanium dioxide calculate the percentage of shellac in the quantity of
Glaze taken:
Result = [(WF/VF) × VI ]/W × 100
VF
= final volume used, 6 mL
VI
= initial volume prepared, 200 mL
W
= weight of Glaze (g) for preparation of 200-mL solution
2S (NF33)

Acceptance criteria: 90.0%–110.0%
of the labeled amount of shellac 2S (NF33)

OTHER COMPONENTS
Change to read:
• Wax
Sample: Weigh, by difference, a quantity of Glaze containing 10 g of shellac into a 200-mL
tall-form beaker.
Analysis: To the Sample add with stirring 150 mL of hot water containing 2.5 g of sodium
carbonate, immerse the beaker in a boiling water bath, and stir until the solid is dissolved.
Cover the beaker with a watch glass, and maintain the heat for 3 h more without
agitation. Remove the beaker to a cold water bath. When the wax has floated to the
surface, pass the solution through medium-speed quantitative ashless filter paper,
transferring the wax to the paper, and wash the filter with water. Pour 5–10 mL of alcohol
onto the filter to facilitate drying. Wrap the paper loosely in a larger piece of filter paper,
bind with a piece of fine wire, and dry with the aid of gentle heat. Extract with chloroform
in a suitable continuous extraction apparatus for 2 h, using a weighed flask to receive the
extracted wax and solvent. Evaporate the solvent, and dry the wax at 105 to constant
weight.
Acceptance criteria: It meets the requirements shown in Table 1.
Table 1
Type of Shellac
Wax
Orange shellac
NMT 5.5%
Dewaxed
Refined 2S (NF33) orange shellac
NMT 0.2%
Regular bleached shellac
NMT 5.5%
Refined bleached shellac
NMT 0.2%
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IMPURITIES
• Heavy Metals, Method II 231
Test preparation: The film prepared in Identification test A
Acceptance criteria: NMT 10 µg/g
Change to read:
• Rosin
Sample: 2 g of
the solid shellac from

2S (NF33)

the film prepared in Identification test A
Analysis: Dissolve the Sample by shaking with 10 mL of dehydrated alcohol. Add slowly, with
shaking, 50 mL of solvent hexane, wash with two successive 50-mL portions of water, filter
the washed alcohol–solvent hexane solution, and evaporate to dryness. To the residue add 2
mL of a mixture of liquefied phenol, dehydrated alcohol, and solvent hexane (1: 0.5: 2). Stir,
and transfer a portion of the solution to the cavity of a color-reaction plate. Fill an adjacent
cavity with a mixture of bromine and solvent hexane (1:4), and cover both cavities with an
inverted watch glass.
Acceptance criteria: No purple or deep indigo-blue color is produced in or above the liquid
containing the residue.
SPECIFIC TESTS
Change to read:
• Acid Value
Sample: Weigh, by difference, a quantity of Glaze containing 2 g of shellac.
Analysis: Dissolve the Sample in 50 mL of alcohol that has been neutralized to
phenolphthalein with 0.1 N sodium hydroxide, add additional phenolphthalein TS if
necessary, and titrate with 0.1 N sodium hydroxide VS to a pink endpoint,
or determine the endpoint potentiometrically (see Titrimetry

541 ).

2S (NF33)

[Note—For Glaze containing orange shellac, titrate slowly, stirring vigorously, until a glass rod
dipped into the titrated solution produces a color change when touched to a drop of thymol
blue TS on a spot plate.]
Express the acid value in terms of the number of mg of potassium hydroxide required per g of
dried shellac.
Calculate the acid value as directed in Fats and Fixed Oils
Acids). 2S (NF33)

401 , Acid Value (Free Fatty

Acceptance criteria: It meets the requirements in Table 2.
Table 2
Acid Value
(on Dried Basis)
68–76
71
Dewaxed
68
2S
(NF33)
Refined 2S (NF33) orange shellac
–79
Regular bleached shellac
73–89
Type of Shellac
Orange shellac
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Refined bleached shellac

75–91

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, lined metal or plastic containers, protected from
excessive heat, preferably at a temperature below 25 .
Change to read:
• Labeling: Label it to indicate whether the shellac type is bleached or orange and whether it
is dewaxed or wax-containing
Label it to indicate the type of shellac. 2S (NF33)
Label it also to indicate the shellac concentration, the composition of the solvent, and the
quantity of titanium dioxide, if present. Where titanium dioxide or waxes are present, the label
must state that the Glaze requires mixing before use.
Add the following:
• USP Reference Standards
USP Aleuritic Acid RS

11

2S (NF33)

1 A 0.45-µm GHP membrane syringe filter is suitable.

BRIEFING
Trehalose, NF 32 page 6247. On the basis of comments and data received, and to align the
test for Nitrogen Determination in the monograph with that in the corresponding monograph
in the Japanese Pharmacopoeia, it is proposed to replace Method I with a slightly modified
Method II. The modification in the test includes the increase of the amount of sulfuric acid
and sodium hydroxide to 30 mL and 45 mL, respectively. The proposed changes should
improve sensitivity and reproducibility of the test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: G. Holloway.)
Correspondence Number—C148240

Comment deadline: November 30, 2014
Trehalose
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C12 H22 O11
342.30
C12 H22 O11 ·2H2 O
378.33
-d-Glucopyranosyl -d-glucopyranoside.
Anhydrous
[99-20-7].
Dihydrate
[6138-23-4].
DEFINITION
Trehalose is a stable, nonreducing disaccharide with two glucose molecules linked in an , 1,1 configuration. It is obtained through enzymatic conversion of food-grade starch. It contains
NLT 97.0% and NMT 102.0% of trehalose (C12 H22 O11 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B.
Sample solution: 400 mg/mL of Trehalose
Analysis: Add 0.4 mL of a solution containing 1-naphthol in 95% alcohol (1 in 20) to 1 mL
of the Sample solution. Gently add 2 mL of sulfuric acid to the solution.
Acceptance criteria: A violet color develops at the interface between the two solutions.
• C.
Glycine solution: 40 mg/mL of glycine
Sample solution: 40 mg/mL of Trehalose
Analysis: Add 1 mL of diluted hydrochloric acid to 2 mL of the Sample solution. Allow to
stand for 20 min at room temperature. Add 4 mL of sodium hydroxide TS and 2 mL of
Glycine solution to the Sample solution. Heat the solution for 10 min in boiling water.
Acceptance criteria: A brown color does not develop.
ASSAY
• Procedure
Mobile phase: Water
Standard solution: 10 mg/mL of USP Trehalose RS, calculated on the anhydrous basis
Sample solution: 10 mg/mL of Trehalose, calculated on the anhydrous basis
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 8-mm × 30-cm; packing L58
Temperatures
Detector: 40
Column: 80
Flow rate: Adjust so that the retention time of trehalose is about 15 min.
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
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Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of trehalose (C12 H22 O11 ) in the portion of Trehalose taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Trehalose RS in the Standard solution (mg/mL)
C=
U concentration of Trehalose in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%, determined on 2.0 g of Trehalose
• Heavy Metals, Method I 231
Sample: 4.0 g
Monitor preparation: Prepare with 2.5 mL of Standard Lead Solution.
Acceptance criteria: NMT 5 ppm
• Related Substances
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Sample solution: 10 mg/mL of Trehalose
System suitability solution: Transfer 2.5 mL of the Sample solution, 25 mg of maltotriose,
and 25 mg of glucose to a 10-mL volumetric flask, and dilute with water to volume.
Standard solution: 0.1 mg/mL of the Sample solution
System suitability
Sample: System suitability solution
[Note—The relative retention times for maltotriose, trehalose, and glucose are about 0.9,
1.0, and 1.2, respectively.]
Suitability requirements
Resolution: NLT 1.5 between trehalose and maltotriose
Relative standard deviation: NMT 2.0% for the trehalose peak
Analysis
Samples: Sample solution and Standard solution
Determine the peak areas for all peaks.
Acceptance criteria: For the Sample solution, the areas of any peaks corresponding to
maltotriose and other polysaccharrides and eluting before trehalose are NMT half of the
area of the peak corresponding to trehalose in the chromatogram of the Standard solution
(0.5%). The areas of any peaks corresponding to glucose and eluting after trehalose are
NMT half of the area of the peak corresponding to trehalose in the chromatogram of the
Standard solution (0.5%).
SPECIFIC TESTS
• Color and Clarity of Solution
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Sample solution: 33 g of Trehalose in 67 g of recently boiled water
Analysis: Using a suitable spectrophotometer (see Spectrophotometry and LightScattering 851 ), measure the absorbances of the Sample solution at 420 and 720 nm
in a 10-cm cuvette. The absorbance of the Sample solution at 720 nm is NMT 0.050.
Determine the absorbance difference:
Result = A420

A720

A420
= absorbance of the Sample solution at 420 nm
A720
= absorbance of the Sample solution at 720 nm
Acceptance criteria: The absorbance difference is NMT 0.100.
• Optical Rotation, Specific Rotation
Sample solution: 100 mg/mL

781S

Acceptance criteria: +197 to +201 at 20
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 100 cfu/g, and the total combined molds and yeasts
count is NMT 100 cfu/g. It meets the requirements of the tests for absence of Salmonella
species and Escherichia coli.
• pH 791
Sample solution: 100 mg/mL
Acceptance criteria: 4.5–6.5
• Water Determination, Method I
Sample: 0.1 g
Acceptance criteria
Anhydrous: NMT 1.0%
Dihydrate: 9.0%–11.0%

921

• Bacterial Endotoxins Test 85 : If labeled for use in preparing parenteral dosage forms, it
also meets the following requirements. The level of bacterial endotoxins is such that the
requirement in the relevant dosage form monograph(s) in which Trehalose is used can be
met. Where the label states that Trehalose must be subjected to further processing during
the preparation of injectable dosage forms, the level of bacterial endotoxins is such that
the requirement in the relevant dosage form monograph(s) in which Trehalose is used can
be met.
• Chloride and Sulfate, Chloride 221
Sample: 2.0 g
Acceptance criteria: No more chloride than corresponds to 0.70 mL of 0.01 M hydrochloric
acid (NMT 0.0125%)
• Chloride and Sulfate, Sulfate 221
Sample: 2.0 g
Acceptance criteria: No more sulfate than corresponds to 0.83 mL of 0.005 M sulfuric acid
(NMT 0.0200%)
Change to read:
• Nitrogen Determination, Method I
Method II 2S (NF33)
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461
Sample: 5.0 g
Analysis: Proceed as directed fo rMethod I, increasing the sulfuric acid used for digestion to 30
mL and reducing the sodium hydroxide solution (2 in 5) to 45 mL.
Proceed as directed in Method II, except increase the volume of sulfuric acid for digestion to
30 mL and the volume of the sodium hydroxide solution (2 in 5) to 45 mL. 2S (NF33)
Acceptance criteria: NMT 0.005%
• Soluble Starch
Sample solution: 10% Trehalose (w/v)
Analysis: Add several drops of iodine TS to the Sample solution.
Acceptance criteria: No blue color develops.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. No storage requirements specified.
• Labeling: Where Trehalose is intended for use in the manufacture of injectable dosage
forms, it is so labeled. Where Trehalose must be subjected to further processing during the
preparation of injectable dosage forms to ensure acceptable levels of bacterial endotoxins,
it is so labeled.
• USP Reference Standards
USP Endotoxin RS
USP Trehalose RS

11

BRIEFING
Zein, NF 32 page 6261. As part of the USP monograph modernization effort, it is proposed to
making the following revisions.
1.
Revise Identification test C to provide a specific title. In Identification test C, add an
independent standard

-lactoglobulin A to help identify the critical area of the gel as

-lactoglobulin A, with a molecular weight of about 18 KDa. The addition of an
independent standard -lactoglobulin A in the test procedure, together with protein
standard mixes, helps improve determination of molecular weights of the two -zein
bands. Additionally, it is proposed to reduce the zein sample loading quantities on the
gel and to add a note to indicate that if the 5-µg loading amount is inadequate for
this test, the 10-µg loading amount may be used. Loading a lesser quantity on the
gel results in an overall higher molecular weight determination due to sharper bands.
2.
In Identification test C, change the molecular weight range in the Acceptance criteria
of the monograph for the two -zein bands from “19–26 KDa” to “15–26 KDa” which
should be reflective of compendial products in commerce.
3.
The Expert Committee is planning a liquid chromatographic study for zein, which will help
in the development of an Assay test for the content of -zein, and will continue to
update the monograph once supporting data are available.
Additionally, minor editorial changes have been made to update the monograph to the current
USP style.
(EXC: H. Wang.)
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Correspondence Number—C140556; C148133

Comment deadline: November 30, 2014
Zein
[9010-66-6].
DEFINITION
Zein is a prolamine derived from corn [Zea mays Linné (Fam. Gramineae)].
IDENTIFICATION
• A.
Sample solution: Dissolve 0.1 g in 10 mL of 0.1 N sodium hydroxide.
Analysis: To the Sample solution add a few drops of cupric sulfate TS. Warm in a water
bath.
Acceptance criteria: A purple color develops.
• B.
Sample solution: In a test tube add 1 mL of nitric acid to 25 mg of Zein.
Analysis: Agitate the Sample solution vigorously.
Acceptance criteria: The solution becomes light yellow. Further addition of about 10 mL of
6 N ammonium hydroxide produces an orange color.
Change to read:
• C.
Identification of alpha-Zein by 2S (NF33)
SDS-Polyacrylamide Gel Electrophoresis
Solvent: 55% Isopropyl alcohol with 2% beta mercaptoethanol
Sample loading buffer:1 0.5 M Tris hydrochloride pH 6.8, 20% glycerin, 4% sodium dodecyl
sulfate (SDS), and 0.005% bromophenol blue
Gel running buffer stock solution:2 0.25 M Tris base pH 8.6, 1.92 M glycine, and 1.0% SDS
Gel running buffer: Gel running buffer stock solution and water (1:9)
Gel staining solution: A suitable Coomassie blue-based solution3
Molecular weight marker: Use a suitable molecular weight marker4 containing protein bands at
10–190 kDa. [Note—A molecular weight marker with protein bands at 10–100 KDa can also be
used.]
Molecular weight standard solution: Dilute the Molecular weight marker with the Sample
loading buffer (1:1). Incubate the mixture in a closed microcentrifuge tube at 95 for 10 min.
After incubation, allow the tube to flash-cool on ice. Place the tube in a microcentrifuge, spin
at a top speed for a few seconds, and allow to stop on its own to collect any condensation on
the sides and top of the tube.
Independent standard stock solution: 10 mg/mL of

-lactoglobulin A in water

Independent standard working solution: 1 mg/mL of -lactoglobulin A in water
Independent standard running solution: To the final 1 volume of Independent standard
running solution, add 0.1 volume of Independent standard working solution, 0.5 volume of
Sample loading buffer, 0.1 volume of
mg/mL of

-mercaptoethanol, and sufficient water to obtain 0.1

-lactoglobulin A and 10% of

-mercaptoethanol.

2S (NF33)
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Sample stock solution: 10 mg/mL of Zein in Solvent. Mix on a vortex mixer until the sample is
fully dissolved. Centrifuge at 10,000–12,000 rpm in a microcentrifuge with a fixed rotor for 10
min to pellet any undissolved material.
Sample solution: Dilute the Sample stock solution with the Sample loading buffer (1:1).
Incubate the mixture in a closed microcentrifuge tube for 10 min at 95 . After incubation, allow
the tube to flash-cool on ice. Place the tube in a microcentrifuge, spin at a top speed for a
few seconds, and allow to stop on its own to collect any condensation on the sides and top of
the tube.
Dilute the solution so obtained with a mixed solution of Sample loading buffer and water (1:1)
to 5 folds. 2S (NF33)
Electrophoretic system
(See Electrophoresis 726 .)
SDS-PAGE gel and apparatus setup: Following the manufacturer's instructions, assemble
and fill a precast 16% Tris-Glycine gel5 in an appropriate electrophoresis module.
Running buffer: Gel running buffer
Voltage: 100 V
Run time: 2.5 h or until the upper dye front is at the bottom of the gel. [Note—The total run
time may need to be altered, depending on the molecular weight standards as well on as
laboratory equipment variability, because the dye front may co-migrate with or close to the
lowest bands of the set.]
Analysis
Samples: Molecular weight standard solution,
Independent standard running solution, 2S (NF33)
and Sample solution
Gel loading: Load 25 µL of the Molecular weight standard solution.
Load a volume of the Independent standard running solution, equal to 2 µg of
A. 2S (NF33)

-lactoglobulin

Load a volume of the Sample solution, equal to approximately 25
5 2S (NF33)
µg of calculated Zein. [Note—
If the 5 µg loading amount is inadequate for the test, the 10 µg loading amount may be used.
Loading a lesser quantity on the gel results in an overall higher molecular weight determination
due to sharper bands. 2S (NF33)
The actual amount of Zein extracted from the starting material cannot be quantified.
Therefore, an estimated amount is derived.]
Gel staining: After electrophoresis, carefully remove the gel from the plates. Rinse the gel
three times with water. Stain the gel by following the manufacturer’s directions for the stain
used.
Destaining: After staining as directed by the manufacturer, destain as directed by the
manufacturer.
Gel scan procedure: Set up a gel scanner according to the manufacturer’s instructions. Place
the gel in the detector, and obtain a single image of all loaded lines of the gel.
Acceptance criteria: Zein has two major bands for -zein at 19
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1234

2S (NF33)

–26 kDa.
IMPURITIES
• Residue on Ignition 281 : NMT 2.0%, using an ignition temperature of 800 ± 25
• Heavy Metals, Method II 231 : NMT 20 µg/g
• Limit of Hexane-Soluble Matter
Sample: 15 g of Zein
Solvent: Alcohol and water (17:3, w/w)
Analysis: Dissolve the Sample in 150 mL of Solvent. Stir the mixture, using a magnetic
stirrer, and heat the solution to 30 . Once the Sample is dissolved, transfer the solution
to a 500-mL separatory funnel.
Add 60 mL of n-hexane. Shake the mixture, and allow the phases to separate. Discharge
the bottom layer (alcohol) to a beaker, and transfer the top layer (hexane) to a first 500mL flask. Weigh the first 500-mL flask, and record the weight. Pour the bottom layer of
alcohol back into the separatory funnel. Repeat this step four more times.
After the five 60-mL hexane solutions have been added to the first 500-mL flask, attach it
to a rotary evaporator to distill the hexane. Collect the hexane in a second 500-mL flask.
The first 500-mL flask contains a yellow to reddish oil. Record the weight of the flask
containing this oil.
Calculate the percentage of hexane-soluble matter in the portion of Zein taken:
Result = [(WT

WF)/W] × 100

W=
T weight of the flask (g)
W=
F weight of the first 500-mL flask (g)
W= weight of the Sample (g)
Acceptance criteria
For Zein from normal dent corn: NMT 12.5% for hexane-soluble matter
For Zein from waxy corn: NMT 16.0% for hexane-soluble matter
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 8.0%
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total bacterial count does not exceed 103 cfu/g, and the tests for Salmonella species and
Escherichia coli are negative.
• Protein Content
Analysis: Proceed as directed in Nitrogen Determination 461 , Method I. Calculate the
weight percentage of the protein content in Zein by multiplying the percentage of
nitrogen found by 6.25.
Acceptance criteria: 81.9%–100.0% on the dried basis
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at room temperature.
• Labeling: Label it to indicate the corn source from which it is derived.
1 Available from Invitrogen
(Life Technologies) 2S (NF33)

as Tris-Glycine SDS Sample Buffer (2X), catalog number LC2676.
2 Available from Invitrogen as Tris-Glycine SDS Running Buffer (10X), catalog number LC2675.
3 Available from Invitrogen as SimplyBlue Stain, catalog number LC6065.
4 Available from Invitrogen as BenchMark Prestained Protein Ladder, catalog number 1074810.
5 Available from Invitrogen, catalog number EC6495. However, these are readily available from
several other manufacturers.
BRIEFING
Capsules Containing at Least Three of the Following—Acetaminophen and Salts of
Chlorpheniramine, Dextromethorphan, and Phenylpropanolamine, USP 37 page 1574. The
products containing phenylpropanolamine are no longer considered safe for use in humans, and
FDA withdrew the approval of the related products for use in humans. The drug products
excluding phenylpropanolamine —capsules containing acetaminophen, salts of chlorpheniramine
and dextromethorphan—are defined by the USP monograph Capsules Containing at Least Three
of the Following—Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Pseudoephedrine; therefore, it is proposed to omit this monograph.
(SM2: H. Cai.)

Correspondence Number—C145019

Comment deadline: November 30, 2014
Delete the following:
Capsules Containing at Least Three of the Following—Acetaminophen and Salts of
Chlorpheniramine, Dextromethorphan, and Phenylpropanolamine

» Capsules Containing at Least Three of the Following—Acetaminophen and
Salts of Chlorpheniramine, Dextromethorphan, and Phenylpropanolamine
contain not less than 90.0 percent and not more than 110.0 percent of the
labeled amounts of acetaminophen (C 8 H 9 NO 2 ), chlorpheniramine maleate
(C 16 H 19 ClN 2 ·C 4 H 4 O 4 ), dextromethorphan hydrobromide (C 18 H 25 NO·HBr·H 2 O),
and phenylpropanolamine hydrochloride (C 9 H 13 NO·HCl).
Note—The heading of this monograph does not constitute the official title. It
is not intended that the name described herein be recognized as the official
title or the common or usual name. The name for each article encompassed
by this monograph shall be composed of the names of the active ingredients
contained therein, as well as the quantitative amount of each active
ingredient, and a statement of the function (or purpose) of the ingredient in
the article.
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Packaging and storage—Preserve in tight containers.
USP Reference standards 11 —
USP Acetaminophen RS
USP Chlorpheniramine Maleate RS
USP Dextromethorphan Hydrobromide RS
USP Phenylpropanolamine Hydrochloride RS
Labeling—The label for each article encompassed by this monograph bears a name composed
of the active ingredients. The label states the name and quantity of each active ingredient and
indicates its function (or purpose) in the article.
Identification—
A: If phenylpropanolamine hydrochloride is claimed in the labeling to be present, the
chromatogram of the Assay preparation, obtained as directed in the Assay for
phenylpropanolamine hydrochloride, exhibits a major peak for phenylpropanolamine, the
retention time of which corresponds to that exhibited by the Standard preparation.
B: If acetaminophen is claimed in the labeling to be present, the chromatogram of the Assay
preparation, obtained as directed in the Assay for acetaminophen, exhibits a major peak for
acetaminophen, the retention time of which corresponds to that exhibited by the Standard
preparation.
C: If chlorpheniramine maleate is claimed in the labeling to be present, the chromatogram of the
Assay preparation, obtained as directed in the Assay for chlorpheniramine maleate, exhibits a
major peak for chlorpheniramine, the retention time of which corresponds to that exhibited by
the Standard preparation.
D: If dextromethorphan hydrobromide is claimed in the labeling to be present, the chromatogram
of the Assay preparation, obtained as directed in the Assay for dextromethorphan
hydrobromide, exhibits a major peak for dextromethorphan, the retention time of which
corresponds to that exhibited by the Standard preparation.
Dissolution, Procedure for a Pooled Sample

711 —

Medium: water; 900 mL.
Apparatus 1: 50 rpm.
Time: 45 minutes.
Test solution— Mix 9.0 mL of a filtered portion of the solution under test with 1.0 mL of 1%
phosphoric acid solution.
Procedure— Determine the amounts of phenylpropanolamine hydrochloride, acetaminophen,
chlorpheniramine maleate, and dextromethorphan hydrobromide dissolved, employing the
procedures set forth in the Assay for phenylpropanolamine hydrochloride, Assay for
acetaminophen, Assay for chlorpheniramine maleate, and Assay for dextromethorphan
hydrobromide, respectively, making any necessary volumetric adjustments.
Tolerances— Not less than 75% (Q) of the labeled amounts of phenylpropanolamine
hydrochloride (C9 H13 NO·HCl), acetaminophen (C8 H9 NO2 ), chlorpheniramine maleate
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(C16 H19 ClN2 ·C4 H4 O4 ), and dextromethorphan hydrobromide (C18 H25 NO·HBr·H2 O) are dissolved in
45 minutes.
Uniformity of dosage units

905 : meet the requirements.

Assay for phenylpropanolamine hydrochloride (if present)—
Mobile phase, Standard preparation, and Chromatographic system— Proceed as directed in the
Assay for phenylpropanolamine hydrochloride under Oral Solution Containing at Least Three of
the Following—Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Phenylpropanolamine.
Chlorpheniramine standard preparation— Prepare as directed for Standard preparation in the
Assay for chlorpheniramine maleate.
Dextromethorphan standard preparation— Prepare as directed for Standard preparation in the
Assay for dextromethorphan hydrobromide.
System suitability solution 1 (for Capsules that contain either all four ingredients or a
combination of three including chlorpheniramine salt)—Mix equal volumes of the Standard
preparation and the Chlorpheniramine standard preparation.
System suitability solution 2 (for Capsules that contain no chlorpheniramine salt)—Mix equal
volumes of the Standard preparation and the Dextromethorphan standard preparation.
Assay preparation— Transfer not less than 10 Capsules, accurately counted, to a 500-mL
volumetric flask. Add about 100 mL of water and 10 mL of 5% phosphoric acid, and gently heat
until the Capsules are fully dispersed. Cool the solution to room temperature, dilute with water
to volume, mix, and filter. Quantitatively dilute a portion of this solution, if necessary, with
water to obtain a solution having a concentration of about 0.05 mg of phenylpropanolamine
hydrochloride per mL.
Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the phenylpropanolamine peaks. Calculate the quantity, in mg, of
phenylpropanolamine hydrochloride (C9 H13 NO·HCl) in the Capsules taken by the formula:
(CL/D)(rU / rS)
in which C is the concentration, in mg per mL, of USP Phenylpropanolamine Hydrochloride RS in
the Standard preparation; L is the labeled quantity, in mg, of phenylpropanolamine
hydrochloride in each Capsule; D is the concentration, in mg per mL, of phenylpropanolamine
hydrochloride in the Assay preparation, based on the number of Capsules taken, the labeled
quantity, in mg, of phenylpropanolamine hydrochloride in each Capsule, and the extent of
dilution; and rU and rS are the phenylpropanolamine peak responses obtained from the Assay
preparation and the Standard preparation, respectively.
Assay for acetaminophen (if present)—
Mobile phase— Prepare a filtered and degassed mixture of water, methanol, and glacial acetic
acid (79:20:1). Make adjustments, if necessary (see System Suitability under Chromatography
621 ).
Standard preparation— Transfer about 25 mg of USP Acetaminophen RS, accurately weighed,
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to a 100-mL volumetric flask. Add 4 mL of methanol, and mix until solution is complete. Add 0.2
mL of phosphoric acid, dilute with water to volume, and mix to obtain a solution having a known
concentration of about 0.25 mg per mL.
Assay preparation— Transfer not fewer than 10 Capsules, accurately counted, to a 500-mL
volumetric flask. Add about 100 mL of water and 10 mL of 5% phosphoric acid, and gently heat
until the Capsules are fully dispersed. Cool the solution to room temperature, dilute with water
to volume, and mix. Quantitatively dilute a portion of this solution, if necessary, with 0.1%
phosphoric acid to obtain a solution having a concentration of about 0.25 mg of acetaminophen
per mL.
Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a 280-nm detector and a 4.6-mm × 15-cm column that contains packing L7. The
flow rate is about 1 mL per minute. Chromatograph the Standard preparation, and record the
peak responses as directed for Procedure: the tailing factor for the acetaminophen peak is not
greater than 2.0, and the relative standard deviation for replicate injections is not more than
2.0%.
Procedure— Separately inject equal volumes (about 5 µL) of the Standard preparation and the
Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the acetaminophen peaks. Calculate the quantity, in mg, of acetaminophen
(C8 H9 NO2 ) in each Capsule taken by the formula:
(CL/D)(rU / rS)
in which C is the concentration, in mg per mL, of USP Acetaminophen RS in the Standard
preparation; L is the labeled quantity, in mg, of acetaminophen in each Capsule; D is the
concentration, in mg per mL, of acetaminophen in each mL of the Assay preparation, based on
the number of Capsules taken, the labeled quantity, in mg, of acetaminophen in each Capsule,
and the extent of dilution; and rU and rS are the acetaminophen peak responses obtained from
the Assay preparation and the Standard preparation, respectively.
Assay for chlorpheniramine maleate (if present)—
Mobile phase and Chromatographic system— Proceed as directed in the Assay for
phenylpropanolamine hydrochloride under Oral Solution Containing at Least Three of the
Following—Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Phenylpropanolamine.
Standard preparation— Dissolve an accurately weighed quantity of USP Chlorpheniramine
Maleate RS in water to obtain a solution having a known concentration of about 0.8 mg per mL.
Quantitatively dilute a portion of this solution with 0.1% phosphoric acid to obtain a solution
having a known concentration of about 8 µg per mL.
Assay preparation— Transfer not fewer than 10 Capsules, accurately counted, to a 500-mL
volumetric flask. Add about 100 mL of water and 10 mL of 5% phosphoric acid, and gently heat
until the Capsules are fully dispersed. Cool the solution to room temperature, dilute with water
to volume, mix, and filter. Quantitatively dilute a portion of this solution, if necessary, with
0.1% phosphoric acid to obtain a solution having a concentration of about 8 µg of
chlorpheniramine maleate per mL.
Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparation and
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the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the chlorpheniramine peaks. Calculate the quantity, in mg, of chlorpheniramine
maleate (C16 H19 ClN2 ·C4 H4 O4 ) in each Capsule taken by the formula:
(CL/D)(rU / rS)
in which C is the concentration, in mg per mL, of USP Chlorpheniramine Maleate RS in the
Standard preparation; L is the labeled quantity, in mg, of chlorpheniramine maleate in each
Capsule; D is the concentration, in mg per mL, of chlorpheniramine maleate in each mL of the
Assay preparation, based on the number of Capsules taken, the labeled quantity, in mg, of
chlorpheniramine maleate in each Capsule, and the extent of dilution; and rU and rS are the
chlorpheniramine peak responses obtained from the Assay preparation and the Standard
preparation, respectively.
Assay for dextromethorphan hydrobromide (if present)—
Mobile phase and Chromatographic system— Proceed as directed in the Assay for
phenylpropanolamine hydrochloride under Oral Solution Containing at Least Three of the
Following—Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and
Phenylpropanolamine.
Standard preparation— Dissolve an accurately weighed quantity of USP Dextromethorphan
Hydrobromide RS in water to obtain a solution having a known concentration of about 0.6 mg
per mL. Quantitatively dilute a portion of this solution with 0.1% phosphoric acid to obtain a
solution having a known concentration of about 0.06 mg per mL.
Assay preparation— Transfer not fewer than 10 Capsules, accurately counted, to a 500-mL
volumetric flask. Add about 100 mL of water and 10 mL of 5% phosphoric acid, and gently heat
until the Capsules are fully dispersed. Cool the solution to room temperature, dilute with water
to volume, mix, and filter. Quantitatively dilute a portion of this solution, if necessary, with
0.1% phosphoric acid to obtain a solution having a concentration of about 0.06 mg of
dextromethorphan hydrobromide per mL.
Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the dextromethorphan peaks. Calculate the quantity, in mg, of dextromethorphan
hydrobromide (C18 H25 NO·HBr·H2 O) in each Capsule taken by the formula:
(370.33/352.32)(CL/D)(rU / rS)
in which 370.33 and 352.32 are the molecular weights of dextromethorphan hydrobromide
monohydrate and anhydrous dextromethorphan hydrobromide, respectively; C is the
concentration, in mg per mL, of USP Dextromethorphan Hydrobromide RS in the Standard
preparation; L is the labeled quantity, in mg, of dextromethorphan hydrobromide in each
Capsule; D is the concentration, in mg per mL, of dextromethorphan hydrobromide in each mL of
the Assay preparation, based on the number of Capsules taken, the labeled quantity, in mg, of
dextromethorphan hydrobromide in each Capsule, and the extent of dilution; and rU and rS are
the dextromethorphan peak responses obtained from the Assay preparation and the Standard
preparation, respectively. 2S (USP38)
BRIEFING
Oral Solution Containing at Least Three of the Following—Acetaminophen and Salts of
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Chlorpheniramine, Dextromethorphan, and Phenylpropanolamine, USP 37 page 1576. The
products containing phenylpropanolamine are no longer considered safe for use in humans, and
FDA withdrew the approval of the related products for use in humans. The drug products
excluding phenylpropanolamine—oral solution containing acetaminophen, salts of
chlorpheniramine and dextromethorphan—are defined by the USP monograph Oral Solution
Containing at Least Three of the Following—Acetaminophen and Salts of Chlorpheniramine,
Dextromethorphan, and Pseudoephedrine; therefore, it is proposed to omit this monograph.
(SM2: H. Cai.)

Correspondence Number—C145020

Comment deadline: November 30, 2014
Delete the following:
Oral Solution Containing at Least Three of the Following—Acetaminophen and Salts of
Chlorpheniramine, Dextromethorphan, and Phenylpropanolamine

» Oral Solution Containing at Least Three of the Following—Acetaminophen
and Salts of Chlorpheniramine, Dextromethorphan, and Phenylpropanolamine
contains not less than 90.0 percent and not more than 110.0 percent of the
labeled amounts of acetaminophen (C 8 H 9 NO 2 ), chlorpheniramine maleate
(C 16 H 19 ClN 2 ·C 4 H 4 O 4 ), dextromethorphan hydrobromide (C 18 H 25 NO·HBr·H 2 O),
and phenylpropanolamine hydrochloride (C 9 H 13 NO·HCl).
Note—The heading of this monograph does not constitute the official title. It
is not intended that the name described herein be recognized as the official
title or the common or usual name. The name for each article encompassed
by this monograph shall be composed of the names of the active ingredients
contained therein, as well as the quantitative amount of each active
ingredient, and a statement of the function (or purpose) of the ingredient in
the article.
Packaging and storage—Preserve in tight containers.
USP Reference standards 11 —
USP Acetaminophen RS
USP Chlorpheniramine Maleate RS
USP Dextromethorphan Hydrobromide RS
USP Phenylpropanolamine Hydrochloride RS
Labeling—The label for each article encompassed by this monograph bears a name composed
of the active ingredients. The label states the name and quantity of each active ingredient and
indicates its function (or purpose) in the article.
Identification—
A: If phenylpropanolamine hydrochloride is claimed in the labeling to be present, the
chromatogram of the Assay preparation, obtained as directed in the Assay for
phenylpropanolamine hydrochloride, exhibits a major peak for phenylpropanolamine, the
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retention time of which corresponds to that exhibited by the Standard preparation.
B: If acetaminophen is claimed in the labeling to be present, the chromatogram of the Assay
preparation, obtained as directed in the Assay for acetaminophen, exhibits a major peak for
acetaminophen, the retention time of which corresponds to that exhibited by the Standard
preparation.
C: If chlorpheniramine maleate is claimed in the labeling to be present, the chromatogram of the
Assay preparation, obtained as directed in the Assay for chlorpheniramine maleate, exhibits a
major peak for chlorpheniramine, the retention time of which corresponds to that exhibited by
the Standard preparation.
D: If dextromethorphan hydrobromide is claimed in the labeling to be present, the chromatogram
of the Assay preparation, obtained as directed in the Assay for dextromethorphan
hydrobromide, exhibits a major peak for dextromethorphan, the retention time of which
corresponds to that exhibited by the Standard preparation.
Microbial enumeration tests 61 and Tests for specified microorganisms 62 —It meets
the requirements of the tests for absence of Salmonella species and Escherichia coli. The total
aerobic microbial count does not exceed 100 cfu per g, and the total combined molds and yeast
count does not exceed 10 cfu per g.
pH

791 : between 2.6 and 7.5.

Alcohol content (if present), Method II
amount of C2 H5 OH.

611 : between 90.0% and 110.0% of the labeled

Assay for phenylpropanolamine hydrochloride—
Mobile phase— Prepare a filtered and degassed mixture of methanol and water (60:40)
containing 0.34 g of monobasic potassium phosphate, 0.15 g of triethylamine hydrochloride,
0.25 g of sodium lauryl sulfate, and 0.1 mL of phosphoric acid in each 100 mL of solution. Make
adjustments if necessary (see System Suitability under Chromatography

621 ).

Standard preparation— Dissolve an accurately weighed quantity of USP Phenylpropanolamine
Hydrochloride RS in water to obtain a solution having a known concentration of about 0.5 mg
per mL. Transfer 1.0 mL of this solution to a 10-mL volumetric flask, add 8.0 mL of Mobile
phase, dilute with water to volume, and mix.
Chlorpheniramine standard preparation— Prepare as directed for Standard preparation in the
Assay for chlorpheniramine maleate.
Dextromethorphan standard preparation— Prepare as directed for Standard preparation in the
Assay for dextromethorphan hydrobromide.
System suitability solution 1 (for Oral Solution that contains either all the four ingredients or a
combination of three containing chlorpheniramine salt)—Mix equal volumes of the Standard
preparation and the Chlorpheniramine standard preparation.
System suitability solution 2 (for Oral Solution that contains no chlorpheniramine salt)—Mix
equal volumes of the Standard preparation and the Dextromethorphan standard preparation.
Assay preparation— Transfer an accurately measured volume of the Oral Solution, equivalent to

PF 40(5): Sep.-Oct. 2014

1242

2.5 mg of phenylpropanolamine hydrochloride, to a 50-mL volumetric flask, add about 40 mL of
Mobile phase, dilute with water to volume, and mix.
Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a 214-nm detector and a 4.6-mm × 15-cm column that contains packing L11.
The flow rate is about 1.5 mL per minute. Chromatograph the Standard preparation, and record
the peak responses as directed for Procedure: the tailing factor for the phenylpropanolamine
peak is not greater than 2.0; and the relative standard deviation for replicate injections is not
more than 2.0%. Separately inject about 10 µL of System suitability solution 1 or System
suitability solution 2, as appropriate. The resolution, R, between phenylpropanolamine and
chlorpheniramine or between phenylpropanolamine and dextromethorphan is not less than 2.0.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the phenylpropanolamine peaks. Calculate the quantity, in mg per mL, of
phenylpropanolamine hydrochloride (C9 H13 NO·HCl), in the volume of Oral Solution taken by the
formula:
50(C/V)(rU / rS)
in which C is the concentration, in mg per mL, of USP Phenylpropanolamine Hydrochloride RS in
the Standard preparation; V is the volume, in mL, of the Oral Solution taken; and rU and rS are
the phenylpropanolamine peak responses obtained from the Assay preparation and the
Standard preparation, respectively.
Assay for acetaminophen (if present)—
Mobile phase— Prepare a suitable degassed and filtered mixture of water, methanol, and glacial
acetic acid (79:20:1). Make any necessary adjustments (see System Suitability under
Chromatography

621 ).

Standard preparation— Transfer about 16.5 mg of USP Acetaminophen RS, accurately weighed,
to a 100-mL volumetric flask. Add 2.5 mL of methanol, and mix until solution is complete. Dilute
with water to volume, and mix to obtain a solution having a known concentration of about
0.165 mg per mL.
Assay preparation— Transfer an accurately measured volume of Oral Solution, equivalent to
about 33 mg of acetaminophen, to a 200-mL volumetric flask, add 5 mL of methanol, and mix.
Dilute with water to volume, and mix.
Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a 280-nm detector and a 4.6-mm × 15-cm column that contains packing L7. The
flow rate is about 1 mL per minute. Chromatograph the Standard preparation, and record the
peak responses as directed for Procedure: the tailing factor for the acetaminophen peak is not
greater than 2.0, and the relative standard deviation for replicate injections is not more than
2.0%.
Procedure— Separately inject equal volumes (about 5 µL) of the Standard preparation and the
Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the acetaminophen peaks. Calculate the quantity, in mg per mL, of
acetaminophen (C8 H9 NO2 ) in the volume of Oral Solution taken by the formula:
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200(C/V)(rU / rS)
in which C is the concentration, in mg per mL, of USP Acetaminophen RS in the Standard
preparation; V is the volume, in mL, of the Oral Solution taken; and rU and rS are the
acetaminophen peak responses obtained from the Assay preparation and the Standard
preparation, respectively.
Assay for chlorpheniramine maleate (if present)—
Mobile phase and Chromatographic system—Proceed as directed in the Assay for
phenylpropanolamine hydrochloride.
Standard preparation— Dissolve an accurately weighed quantity of USP Chlorpheniramine
Maleate RS in water to obtain a solution having a known concentration of about 0.08 mg per
mL. Transfer 1.0 mL of this solution to a 10-mL volumetric flask, add 8 mL of Mobile phase,
dilute with water to volume, and mix.
Assay preparation— Transfer an accurately measured volume of Oral Solution, equivalent to
about 0.4 mg of chlorpheniramine maleate, to a 50-mL volumetric flask. Add 40 mL of Mobile
phase, dilute with water to volume, and mix.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the chlorpheniramine peaks. Calculate the quantity, in mg per mL, of
chlorpheniramine maleate (C16 H19 ClN2 ·C4 H4 O4 ) in the volume of Oral Solution taken by the
formula:
50(C/V)(rU / rS)
in which C is the concentration, in mg per mL, of USP Chlorpheniramine Maleate RS in the
Standard preparation; V is the volume, in mL, of the Oral Solution taken; and rU and rS are the
chlorpheniramine peak responses obtained from the Assay preparation and the Standard
preparation, respectively.
Assay for dextromethorphan hydrobromide (if present)—
Mobile phase and Chromatographic system— Proceed as directed in the Assay for
phenylpropanolamine hydrochloride.
Standard preparation— Dissolve an accurately weighed quantity of USP Dextromethorphan
Hydrobromide RS in water to obtain a solution having a known concentration of about 0.4 mg
per mL. Transfer 1.0 mL of this solution to a 10-mL volumetric flask, add 8 mL of Mobile phase,
dilute with water to volume, and mix.
Assay preparation— Transfer an accurately measured volume of Oral Solution, equivalent to
about 2 mg of dextromethorphan hydrobromide, to a 50-mL volumetric flask, add 40 mL of
Mobile phase, dilute with water to volume, and mix.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the dextromethorphan peaks. Calculate the quantity, in mg per mL, of
dextromethorphan hydrobromide (C18 H25 NO·HBr·H2 O) in the volume of Oral Solution taken by
the formula:
(370.33/352.32)50(C/V)(rU / rS)
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in which 370.33 and 352.32 are the molecular weights of dextromethorphan hydrobromide
monohydrate and anhydrous dextromethorphan hydrobromide, respectively; C is the
concentration, in mg per mL, of USP Dextromethorphan Hydrobromide RS in the Standard
preparation; V is the volume, in mL, of Oral Solution taken; and rU and rS are the
dextromethorphan peak responses obtained from the Assay preparation and the Standard
preparation, respectively. 2S (USP38)
BRIEFING
Tablets Containing at Least Three of the Following—Acetaminophen and Salts of
Chlorpheniramine, Dextromethorphan, and Phenylpropanolamine, USP 37 page 1577. The
products containing phenylpropanolamine are no longer considered safe for use in humans, and
FDA withdrew the approval of the related products for use in humans. The drug products
excluding phenylpropanolamine—tablets containing acetaminophen, salts of chlorpheniramine
and dextromethorphan are defined by the USP monograph Acetaminophen, Chlorpheniramine
Maleate, and Dextromethorphan Hydrobromide Tablets; therefore, it is proposed to omit this
monograph.
(SM2: H. Cai.)

Correspondence Number—C145018

Comment deadline: November 30, 2014
Delete the following:
Tablets Containing at Least Three of the Following—Acetaminophen and Salts of
Chlorpheniramine, Dextromethorphan, and Phenylpropanolamine

» Tablets Containing at Least Three of the Following—Acetaminophen and
Salts of Chlorpheniramine, Dextromethorphan, and Phenylpropanolamine
contain not less than 90.0 percent and not more than 110.0 percent of the
labeled amounts of acetaminophen (C 8 H 9 NO 2 ), chlorpheniramine maleate
(C 16 H 19 ClN 2 ·C 4 H 4 O 4 ), dextromethorphan hydrobromide (C 18 H 25 NO·HBr·H 2 O),
and phenylpropanolamine hydrochloride (C 9 H 13 NO·HCl).
Note—The heading of this monograph does not constitute the official title. It
is not intended that the name described herein be recognized as the official
title or the common or usual name. The name for each article encompassed
by this monograph shall be composed of the names of the active ingredients
contained therein as well as the quantitative amount of each active
ingredient, and a statement of the function (or purpose) of the ingredient in
the article.
Packaging and storage—Preserve in tight containers.
USP Reference standards 11 —
USP Acetaminophen RS
USP Chlorpheniramine Maleate RS
USP Dextromethorphan Hydrobromide RS
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USP Phenylpropanolamine Hydrochloride RS
Labeling—The label for each article encompassed by this monograph bears a name composed
of the active ingredients. The label states the name and quantity of each active ingredient and
indicates its function (or purpose) in the article.
Identification—
A: If phenylpropanolamine hydrochloride is claimed in the labeling to be present, the retention
time of the major peak for phenylpropanolamine in the chromatogram of the
Phenylpropanolamine assay preparation corresponds to that in the chromatogram of the
Phenylpropanolamine standard preparation, as obtained in the Assay for phenylpropanolamine
hydrochloride.
B: If acetaminophen is claimed in the labeling to be present, the retention time of the major
peak for acetaminophen in the chromatogram of the Assay preparation corresponds to that in
the chromatogram of the Standard preparation, as obtained in the Assay for acetaminophen.
C: If chlorpheniramine maleate is claimed in the labeling to be present, the retention time of the
major peak for chlorpheniramine in the chromatogram of the Chlorpheniramine assay
preparation corresponds to that in the chromatogram of the Chlorpheniramine standard
preparation, as obtained in the Assay for chlorpheniramine maleate.
D: If dextromethorphan hydrobromide is claimed in the labeling to be present, the retention time
of the major peak for dextromethorphan in the chromatogram of the Dextromethorphan assay
preparation corresponds to that in the chromatogram of the Dextromethorphan standard
preparation, as obtained in the Assay for dextromethorphan hydrobromide.
Dissolution, Procedure for a Pooled Sample

711 —

Medium: 0.1 M hydrochloric acid; 900 mL.
Apparatus 2: 50 rpm.
Time: 45 minutes.
Test solution— Mix 9.0 mL of a filtered portion of the solution under test with 1.0 mL of 1%
phosphoric acid solution.
Procedure— Determine the amounts of phenylpropanolamine hydrochloride, acetaminophen,
chlorpheniramine maleate, and dextromethorphan hydrobromide dissolved, employing the
procedures set forth in the Assay for phenylpropanolamine hydrochloride, Assay for
acetaminophen, Assay for chlorpheniramine maleate, and Assay for dextromethorphan
hydrobromide, respectively, making any necessary volumetric adjustments.
Tolerances— Not less than 75% (Q) of the labeled amounts of phenylpropanolamine
hydrochloride (C9 H13 NO·HCl), acetaminophen (C8 H9 NO2 ), chlorpheniramine maleate
(C16 H19 ClN2 ·C4 H4 O4 ), and dextromethorphan hydrobromide (C18 H25 NO·HBr·H2 O) is dissolved in
45 minutes.
Uniformity of dosage units

905 : meet the requirements.

Assay for phenylpropanolamine hydrochloride—
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Mobile phase— Prepare a filtered and degassed mixture of methanol and water (60:40)
containing 0.34 g of monobasic potassium phosphate, 0.05 g of triethylamine hydrochloride,
0.25 g of sodium lauryl sulfate, and 0.1 mL of phosphoric acid in each 100 mL of solution. Make
adjustments if necessary (see System Suitability under Chromatography

621 ).

Phenylpropanolamine standard preparation— Dissolve an accurately weighed quantity of USP
Phenylpropanolamine Hydrochloride RS in water to obtain a solution having a known
concentration of about 2.5 mg per mL. Transfer 1.0 mL of this solution to a 50-mL volumetric
flask, add 5 mL of methanol, dilute with 0.1% phosphoric acid to volume, and mix.
Chlorpheniramine standard preparation— Prepare as directed in the Assay for chlorpheniramine
maleate.
Dextromethorphan standard preparation— Prepare as directed in the Assay for
dextromethorphan hydrobromide.
System suitability solution 1 (for Tablets that contain either all the four ingredients or a
combination of three containing chlorpheniramine salt)—Mix equal volumes of the
Phenylpropanolamine standard preparation and the Chlorpheniramine standard preparation.
System suitability solution 2 (for Tablets that contain no chlorpheniramine salt)—Mix equal
volumes of the Phenylpropanolamine standard preparation and the Dextromethorphan standard
preparation.
Phenylpropanolamine assay preparation— Weigh and finely powder not fewer than 20 Tablets.
Transfer an accurately weighed quantity of the powder, equivalent to about 2.5 mg of
phenylpropanolamine hydrochloride, to a 50-mL volumetric flask. Add 5 mL of methanol, and
sonicate to disperse the powder. Dilute with 0.1% phosphoric acid to volume, mix, and filter.
Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a 214-nm detector and a 4.6-mm × 15-cm column that contains packing L11.
The flow rate is about 2 mL per minute. Chromatograph the Phenylpropanolamine standard
preparation, and record the peak responses as directed for Procedure: the tailing factor for the
phenylpropanolamine peak is not more than 2.0; and the relative standard deviation for
replicate injections is not more than 2.0%. Separately inject about 20 µL of System suitability
solution 1 or System suitability solution 2, as appropriate: the resolution, R, between
phenylpropanolamine and chlorpheniramine or between phenylpropanolamine and
dextromethorphan is not less than 2.0.
Procedure— Separately inject equal volumes (about 20 µL) of the Phenylpropanolamine
standard preparation and the Phenylpropanolamine assay preparation into the chromatograph,
record the chromatograms, and measure the responses for the phenylpropanolamine peaks.
Calculate the quantity, in mg, of phenylpropanolamine hydrochloride (C9 H13 NO·HCl) in the
portion of Tablets taken by the formula:
50C(rU / rS)
in which C is the concentration, in mg per mL, of USP Phenylpropanolamine Hydrochloride RS in
the Phenylpropanolamine standard preparation; and rU and rS are the peak responses obtained
from the Phenylpropanolamine assay preparation and the Phenylpropanolamine standard
preparation, respectively.
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Assay for acetaminophen (if present)—
Mobile phase— Prepare a filtered and degassed mixture of water, methanol, and glacial acetic
acid (79:20:1). Make adjustments, if necessary (see System Suitability under Chromatography
621 ).
Standard preparation— Transfer about 50 mg of USP Acetaminophen RS, accurately weighed,
to a 100-mL volumetric flask. Add 4 mL of methanol, and mix until dissolved. Dilute with 0.1%
phosphoric acid to volume, and mix.
Assay preparation— Weigh and powder not fewer than 20 Tablets. Transfer an accurately
weighed portion of the powder, equivalent to about 100 mg of acetaminophen, to a 50-mL
volumetric flask. Add about 7.5 mL of methanol, and sonicate to disperse the powder. Add 0.5
mL of phosphoric acid, dilute with water to volume, mix, and filter. Transfer 25.0 mL of the
filtered solution to a 100-mL volumetric flask, dilute with water to volume, and mix.
Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a 280-nm detector and a 4.6-mm × 15-cm column that contains packing L7. The
flow rate is about 1 mL per minute. Chromatograph the Standard preparation, and record the
peak responses as directed for Procedure: the tailing factor for the acetaminophen peak is not
more than 2.0; and the relative standard deviation for replicate injections is not more than
2.0%.
Procedure— Separately inject equal volumes (about 5 µL) of the Standard preparation and the
Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the acetaminophen peaks. Calculate the quantity, in mg, of acetaminophen
(C8 H9 NO2 ) in the portion of Tablets taken by the formula:
200C(rU / rS)
in which C is the concentration, in mg per mL, of USP Acetaminophen RS in the Standard
preparation; and rU and rS are the peak responses obtained from the Assay preparation and
the Standard preparation, respectively.
Assay for chlorpheniramine maleate (if present)—
Mobile phase, Phenylpropanolamine standard preparation, System suitability solution 1, and
Chromatographic system— Proceed as directed in the Assay for phenylpropanolamine
hydrochloride.
Chlorpheniramine standard preparation— Dissolve an accurately weighed quantity of USP
Chlorpheniramine Maleate RS in water to obtain a solution having a known concentration of
about 0.8 mg per mL. Quantitatively dilute a portion of this solution with 0.1% phosphoric acid
to obtain a solution having a known concentration of about 8 µg per mL.
Chlorpheniramine assay preparation— Weigh and finely powder not fewer than 20 Tablets.
Transfer an accurately weighed portion of the powder, equivalent to about 0.4 mg of
chlorpheniramine maleate, to a 50-mL volumetric flask. Add 5 mL of methanol, and sonicate to
disperse the powder. Add 0.2 mL of phosphoric acid, dilute with water to volume, mix, and
filter.
Procedure— Separately inject equal volumes (about 20 µL) of the Chlorpheniramine standard
preparation and the Chlorpheniramine assay preparation into the chromatograph, record the
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chromatograms, and measure the responses for the chlorpheniramine peaks. Calculate the
quantity, in mg, of chlorpheniramine maleate (C16 H19 ClN2 ·C4 H4 O4 ) in the portion of Tablets
taken by the formula:
50C(rU / rS)
in which C is the concentration, in mg per mL, of USP Chlorpheniramine Maleate RS in the
Chlorpheniramine standard preparation; and rU and rS are the peak responses obtained from
the Chlorpheniramine assay preparation and the Chlorpheniramine standard preparation,
respectively.
Assay for dextromethorphan hydrobromide (if present)—
Mobile phase, Phenylpropanolamine standard preparation, and Chromatographic system—
Proceed as directed in the Assay for phenylpropanolamine hydrochloride.
System suitability solution 1 or System suitability solution 2 (as appropriate)— Proceed as
directed in the Assay for phenylpropanolamine hydrochloride.
Dextromethorphan standard preparation— Dissolve an accurately weighed quantity of USP
Dextromethorphan Hydrobromide RS in water to obtain a solution having a known
concentration of about 0.6 mg per mL. Quantitatively dilute a portion of this solution with 0.1%
phosphoric acid to obtain a solution having a known concentration of about 0.06 mg per mL.
Dextromethorphan assay preparation— Weigh and finely powder not fewer than 20 Tablets.
Transfer an accurately weighed portion of the powder, equivalent to about 3 mg of
dextromethorphan hydrobromide, to a 50-mL volumetric flask. Add 5 mL of methanol, and
sonicate to disperse the powder. Add 0.2 mL of phosphoric acid, dilute with water to volume,
mix, and filter.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the dextromethorphan peaks. Calculate the quantity, in mg, of dextromethorphan
hydrobromide (C18 H25 NO·HBr·H2 O) in the portion of Tablets taken by the formula:
(370.33/352.32)50C(rU / rS)
in which 370.33 and 352.32 are the molecular weights of dextromethorphan hydrobromide
monohydrate and anhydrous dextromethorphan hydrobromide, respectively; C is the
concentration, in mg per mL, of USP Dextromethorphan Hydrobromide RS in the Standard
preparation; and rU and rS are the dextromethorphan peak responses obtained from the Assay
preparation and the Standard preparation, respectively. 2S (USP38)
BRIEFING
Acetazolamide Compounded Oral Suspension, USP 37 page 1601. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 proposed in PF 39(6). A list of all compounding monograph
titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Acetazolamide
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Acetazolamide
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of acetazolamide
(C4 H6 N4 O3 S2 ).
Prepare Acetazolamide
Compounded 2S (USP38)
Oral Suspension, 25 mg/mL, as follows (see Pharmaceutical Compounding—Nonsterile
Preparations

795 ; see also Acetazolamide Oral Solution

2S (USP38)

).
Acetazolamide

2.5
g
Vehicle: a 1:1 mixture of Vehicle for Oral Solution, NF (regular or sugar-free), and Vehicle 100
for Oral Suspension, NF, or Cherry Syrup, NF, a sufficient quantity to make
mL
[Note—If tablets are used instead of bulk powder, the preparation becomes a suspension and
should be labeled as such.]
2S (USP38)

If using tablets, place in a mortar and comminute to a fine powder, or add Acetazolamide
powder. Add about 20 mL of the Vehicle, and mix to a uniform paste. Add the Vehicle in small
portions almost to volume, and mix thoroughly after each addition. Transfer the contents of the
mortar, stepwise and quantitatively, to a calibrated bottle. Add enough liquid Vehicle to bring
to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Dissolve 4.1 g of anhydrous sodium acetate in 950 mL of water, and add 20
mL of methanol and 30 mL of acetonitrile. Adjust with glacial acetic acid to a pH of 4.0.
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Standard stock solution: Transfer about 25 mg of USP Acetazolamide RS, accurately
weighed, to a 50-mL volumetric flask, add 5.0 mL of 0.5 N sodium hydroxide, and mix to
dissolve. Dilute with water to volume, and mix.
Standard solution: 250 µg/mL from the Standard stock solution in water
Sample solution: 250 µg/mL of acetazolamide from Oral Suspension in Mobile phase.
Agitate the container of Oral Suspension for 30 min on a rotating mixer, remove a 5-mL
sample, and store in a clear glass vial at 70 until analyzed. At the time of analysis,
remove the sample from the freezer, allow to reach room temperature, and mix with a
vortex mixer for 30 s. Pipet 1.0 mL of this solution to a 100-mL volumetric flask, and dilute
with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for the acetazolamide peak is about 3 min.]
Suitability requirements
Relative standard deviation: NMT 1.1% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of acetazolamide (C4 H6 N4 O3 S2 ) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of acetazolamide in the Standard solution (µg/mL)
C=
U nominal concentration of acetazolamide in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 791 : 4.0–5.0 (Vehicle for Oral Solution and Vehicle for Oral Suspension), 3.1–3.9
(Cherry Syrup)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature, or in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the day on which it was compounded
when stored at controlled room temperature, or in a cold place 2S (USP38)
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• Labeling: Label it to state that it is to be well shaken before use, and to state the BeyondUse Date.
• USP Reference Standards
USP Acetazolamide RS

11
BRIEFING

Allopurinol Compounded Oral Suspension, USP 37 page 1651. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 proposed in PF 39(6). A list of all compounding monograph
titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Allopurinol
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Allopurinol
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of allopurinol
(C5 H4 N4 O).
Prepare Allopurinol
Compounded 2S (USP38)
Oral Suspension 20 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations

795 ).
Allopurinol Tablets
2g
Glycerin
5 mL
Vehicle for Oral Suspension, NF
45 mL
Vehicle for Oral Solution, NF, a sufficient quantity to make 100 mL
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Select the number of tablets that contain the specified amount of allopurinol, and calculate the
quantity of each ingredient required for the total amount to be prepared. Count, weigh, or
measure each ingredient. Thoroughly pulverize the tablets. Mix the powdered Allopurinol Tablets
and Glycerin to form a smooth paste. Incorporate the Vehicle for Oral Suspension. Add
sufficient Vehicle for Oral Solution to volume, and mix well. Adjust the pH, if necessary.
Package and label.
SPECIFIC TESTS
• pH

791 : 6.5–7.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in a tight container, and store at controlled room
temperature.
Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded
when stored at controlled room temperature 2S (USP38)

Change to read:
• Labeling: Label it to state that it is to be shaken well before use, and that it is to be
discarded after 60 days
to state the Beyond-Use Date. 2S (USP38)
Label it to state that it is to be kept out of the reach of children. Label it to indicate the
nominal content of allopurinol in the Oral Suspension.
BRIEFING
Alprazolam Compounded Oral Suspension, USP 37 page 1655. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 proposed in PF 39(6). A list of all compounding monograph
titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Alprazolam
Compounded 2S (USP38)

PF 40(5): Sep.-Oct. 2014

1253

Oral Suspension
DEFINITION
Change to read:
Alprazolam
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of alprazolam
(C17 H13 ClN4 ).
Prepare Alprazolam
Compounded 2S (USP38)
Oral Suspension 1 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile Solutions
795 ).
Alprazolam

100
mg
Vehicle: a 1:1 mixture of Vehicle for Oral Solution (regular or sugar-free), NF, and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL

Comminute tablets in a suitable mortar to a fine powder, or add Alprazolam powder. Add about
20 mL of the Vehicle, and mix to a uniform paste. Add the Vehicle in small portions almost to
volume, and mix thoroughly after each addition. Transfer the contents of the mortar, stepwise
and quantitatively, to a calibrated bottle. Add sufficient Vehicle to bring to final volume, and
mix well.
ASSAY
• Procedure
Buffer: 0.04 M sodium acetate solution. Adjust with glacial acetic acid to a pH of 2.4.
Mobile phase: Methanol, acetonitrile, and Buffer (45:8:47)
Standard solution: 20 µg/mL of USP Alprazolam RS in Mobile phase
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Dilute a suitable volume of the Oral Suspension in Mobile
phase to obtain a nominal concentration of 20 µg/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time of alprazolam is about 10 min.]
Suitability requirements
Relative standard deviation: NMT 1.4% for replicate injections
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alprazolam (C17 H13 ClN4 ) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of alprazolam in the Standard solution (µg/mL)
C=
U nominal concentration of alprazolam in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature, or under refrigeration
in a refrigerator. 2S (USP38)

Change to read:
• Beyond-Use Date: NMT 60 days after the day on which it was compounded
when stored at controlled room temperature or in a refrigerator 2S (USP38)
• Labeling: Label it to state that it is to be well-shaken before use, and to state the BeyondUse Date.
• USP Reference Standards
USP Alprazolam RS

11
BRIEFING

Amantadine Hydrochloride, USP 37 page 1713. The revision proposal for this monograph,
which appeared in PF 39(5), is being canceled and replaced with a new proposal based on
the comments received. The proposal changes are the following:
1.
Replace the titration procedure in the Assay with a validated gas chromatographic
method. The GC procedure used in the Assay is based on analyses performed with
the base deactivated fused-silica column coated with the 1.0-µm stationary phase
Restek Rtx-5 Amine brand of G27 column. In the Assay the typical retention times for
adamantane and amantadine are about 5.3 min and 7.6 min, respectively.
2.
Revise the acceptance criteria in the Definition and Assay from "NLT 98.5% and 101.0%"
to "NLT 98.0% and NMT 102.0%", which are typical for chromatographic procedures.
3.
Replace the current GC procedure in the test for Organic Impurities with a GC
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procedure similar to the Assay to be operationally efficient.
4.
Replace Identification test A to eliminate the use of toxic solvent (methylene chloride)
with Infrared Absorption 197K .
5.
Add Identification test B with the retention time agreement in the Assay.
6.
Add Identification test C to identify the counter–ion.
7.
Add USP Amantadine Related Compound A RS and USP Amantadine Related Compound B
RS in the USP Reference Standards section to support the proposed revision in the
test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: R.S. Prasad.)
Correspondence Number—C140669

Comment deadline: November 30, 2014
Amantadine Hydrochloride

C10 H17 N·HCl

187.71

Tricyclo[3.3.1.13,7]decan-1-amine, hydrochloride;
1-Adamantanamine hydrochloride
[665-66-7].
DEFINITION
Change to read:
Amantadine Hydrochloride contains NLT 98.5% and NMT 101.5%
NLT 98.0% and NMT 102.0% 2S (USP38)
of amantadine hydrochloride (C10 H17 N·HCl).
IDENTIFICATION
Delete the following:
• A. Infrared Absorption 197S
Cell: 1 mm
Sample solution: 50 mg in 10 mL of 0.1 N hydrochloric acid, and filter. Transfer the filtrate
to a suitable separator, add 1 mL of 5 N sodium hydroxide, and extract with 5 mL of
methylene chloride.
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Acceptance criteria: Meets the requirements

2S (USP38)

Add the following:
• A. Infrared Absorption 197K

2S (USP38)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
Add the following:
• C. Identification Tests—General, Chloride

191

2S (USP38)

ASSAY
Change to read:
• Procedure
Sample: Dissolve 120 mg of Amantadine Hydrochloride in a mixture of 30 mL of glacial
acetic acid and 10 mL of mercuric acetate TS.
Titrimetric system
(See Titrimetry

541 .)

Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Titrate the Sample with Titrant, determining the endpoint potentiometrically,
using suitable electrodes. Perform a blank determination, and make any necessary
correction. Each mL of Titrant is equivalent to 18.77 mg of amantadine hydrochloride
(C10 H17 N·HCl).
Acceptance criteria: 98.5%–101.5%
Internal standard solution: 0.3 mg/mL of adamantane in n-heptane
Standard stock solution: 1.0 mg/mL of USP Amantadine Hydrochloride RS in water
Standard solution: Transfer 10 mL of Standard stock solution and 10 mL of 5 N sodium
hydroxide solution to a separatory funnel. Add 25 mL of Internal standard solution and
shake for 10 min. Collect the upper layer of n-heptane and swirl with anhydrous sodium
sulfate to remove traces of water.
Sample stock solution: 1.0 mg/mL of Amantadine Hydrochloride in water
Sample solution: Transfer 10 mL of Sample stock solution and 10 mL of 5 N sodium
hydroxide solution to a separatory funnel. Add 25 mL of Internal standard solution and
shake for 10 min. Collect the upper layer of n-heptane and swirl with anhydrous sodium
sulfate to remove traces of water.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
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Column: 0.53-mm × 30-m base deactivated fused-silica; coated with 1.0-µm G27
stationary phase
Temperatures
Injection port: 220
Detector: 300
Column: See Table 1.
Table 1
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
120
0
120
3
120
8
250
10
Carrier gas: Helium
Flow rate: 4 mL/min
Injection volume: 2 µL
Injection type: Split ratio, 5:1 (Use a split liner, deactivated with glass wool.)
System suitability
Sample: Standard solution
[Note—The relative retention times for adamantane and amantadine are about 0.7 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 0.73%, determined from the peak response
ratios of adamantane to amantadine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amantadine hydrochloride (C10 H17 N·HCl) in the portion of
Amantadine Hydrochloride taken:
Result = (RU/RS) × (CS/CU) × 100
RU
= peak response ratio of amantadine to adamantane from the Sample solution
RS
= peak response ratio of amantadine to adamantane from the Standard solution
CS
= concentration of USP Amantadine Hydrochloride RS in the Standard stock solution (mg/mL)
CU
= concentration of Amantadine Hydrochloride in the Sample stock solution (mg/mL)
Acceptance criteria: 98.0%–102.0%

2S (USP38)
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IMPURITIES
• Heavy Metals, Method I 231
Test preparation: Use 1 mL of 1 N acetic acid.
Acceptance criteria: NMT 10 ppm
Change to read:
• Organic Impurities
Internal standard solution: 50 mg/mL of adamantane in dichloromethane
Standard solution: Transfer 10 mg of USP Amantadine Hydrochloride RS to a separator.
Add 20 mL of 5.0 N sodium hydroxide and 18 mL of dichloromethane, and shake for 10
min. Remove the water layer, dry the organic layer by swirling with anhydrous sodium
sulfate, and allow to stand for a few min to ensure that all remaining water has been
removed. Filter, collect the filtrate in a 20-mL volumetric flask, add 0.2 mL of Internal
standard solution, and dilute with dichloromethane to volume.
Sample solution: Transfer 1.0 g of Amantadine Hydrochloride to a separator. Add 20 mL
of 5.0 N sodium hydroxide and 18 mL of dichloromethane, and shake for 10 min. Remove
the water layer, dry the organic layer by swirling with anhydrous sodium sulfate, and
allow to stand for a few min to ensure that all remaining water has been removed. Filter,
collect the filtrate in a 20-mL volumetric flask, add 0.2 mL of Internal standard solution,
and dilute with dichloromethane to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m fused-silica column coated with 1.0-µm G27 stationary phase
Temperatures
Injection port: 220
Detector: 300
Column: See Table 1.
Table 1
Initial
TemperatureFinal
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
(min)
( )
( /min)
( )
70
0
70
5
70
10
250
At least 17
Carrier gas: Helium
Flow rate: 4 mL/min
Injection volume: 2 µL
Injection type:
Split flow: 200 mL/min
Split flow ratio: 50:1
System suitability
Sample: Standard solution
[Note—The relative retention times for adamantane and amantadine are about 0.7 and
1.0, respectively.]
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Suitability requirements
Resolution: NLT 20 between adamantane and amantadine
Relative standard deviation: NMT 5.0% determined from the peak response ratios of
amantadine to adamantane
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of amantadine hydrochloride
(C10 H17 N·HCl) taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of each impurity to adamantane from the Sample solution
RS= peak response ratio of amantadine to adamantane from the Standard solution
C=
S concentration of USP Amantadine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 0.3%
Total impurities: NMT 1.0%
Internal standard solution: 0.1 mg/mL of adamantane in n-heptane
Impurity solution: 0.03 mg/mL each of USP Amantadine Related Compound A RS and
USP Amantadine Related Compound B RS in Internal standard solution prepared as
follows. Transfer USP Amantadine Related Compound A RS and USP Amantadine Related
Compound B RS to a suitable volumetric flask. Add dichloromethane (5% of total
volume) to dissolve and dilute with Internal standard solution to volume.
Standard stock solution: 0.03 mg/mL of USP Amantadine Hydrochloride RS in water
Standard solution: Transfer 25 mL of Standard stock solution, 10 mL of 5 N sodium
hydroxide solution, and 25 mL of Impurity solution to a separatory funnel and shake for
10 min. Collect the upper layer of n-heptane and swirl with anhydrous sodium sulfate to
remove traces of water.
Sample stock solution: 10 mg/mL of Amantadine Hydrochloride in water
Sample solution: Transfer 25 mL of Sample stock solution and 10 mL of 5 N sodium
hydroxide solution to a separatory funnel. Add 25 mL of Internal standard solution and
shake for 10 min. Collect the upper layer of n-heptane and swirl with anhydrous sodium
sulfate to remove traces of water.
Chromatographic system: Proceed as directed in the Assay.
System suitability
Sample: Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Relative standard deviation: NMT 2.8%, determined from all the peak response
ratios of amantadine, amantadine related compound A, and amantadine related
compound B to adamantane
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amantadine related compound A and amantadine related
compound B in the portion of Amantadine Hydrochloride taken:
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Result = (RU/RS) × (CS/CU) × 100
RU
= peak response ratio of amantadine related compound A or amantadine related compound
B to adamantane from the Sample solution
RS
= peak response ratio of amantadine related compound A or amantadine related compound B to
adamantane from the Standard solution
CS
= concentration of USP Amantadine Related Compound A RS or USP Amantadine Related
Compound B RS in the Impurity solution (mg/mL)
CU
= concentration of Amantadine Hydrochloride in the Sample stock solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Amantadine
Hydrochloride taken:
Result = (RU/RS) × (CS/CU) × 100
RU
= peak response ratio of any individual unspecified impurity to adamantane from the Sample
solution
RS
= peak response ratio of amantadine to adamantane from the Standard solution
CS
= concentration of USP Amantadine Hydrochloride RS in the Standard stock solution (mg/mL)
CU
= concentration of Amantadine Hydrochloride in the Sample stock solution (mg/mL)
Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.
Table 2

Name
Amantadine hydrochloride
Amantadine related compound A
Amantadine related compound B

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
1.0
—
1.2
0.3
1.9
0.3
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Any individual unspecified impurity
Total impurities

—
—

0.10
1.0

2S (USP38)

SPECIFIC TESTS
• pH 791
Sample: 0.2 g/mL in water
Acceptance criteria: 3.0–5.5
• Clarity and Color of Solution
Sample: Dissolve 2 g in 10 mL of water.
Acceptance criteria: Solution is clear and nearly colorless
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Amantadine Hydrochloride RS
USP Amantadine Related Compound A RS
1-Chloroadamantane.
C10 H15 Cl
170.68
USP Amantadine Related Compound B RS
N-(Adamantan-1-yl)acetamide.
C12 H19 NO
193.29
2S (USP38)

BRIEFING
Amiodarone Hydrochloride Compounded Oral Suspension, USP 37 page 1752. The
Compounding Expert Committee and the Nomenclature, Safety, and Labeling Expert
Committee propose to revise the title of this and other compounded monographs to identify
that it is a compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 proposed in PF 39(6). A list of all
compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
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Amiodarone Hydrochloride
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Amiodarone Hydrochloride
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of amiodarone
hydrochloride (C25 H29 I2 NO3 ·HCl).
Prepare Amiodarone Hydrochloride
Compounded 2S (USP38)
Oral Suspension 5 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Amiodarone Hydrochloride tabletsa
equivalent to
Vehicle: a 1:1 mixture of Ora-Sweet b (regular or sugar-free) and Ora-Plusb, a sufficient
quantity to make
a Cordarone 200-mg tablets, Wyeth-Ayerst Laboratories, Philadelphia, PA.
b Paddock Laboratories, Minneapolis, MN.

600
mg
120
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. Place
the required number of tablets in a suitable mortar and comminute to a fine powder with a
pestle. Adjust the pH of the Vehicle to 6.5 ± 0.5 with a sodium bicarbonate 50-mg/mL solution
prepared in Purified Water. Add the Vehicle in small portions and triturate to make a smooth
paste. Add increasing volumes of the Vehicle to make an amiodarone hydrochloride liquid that is
pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated
bottle. Add enough of the Vehicle to bring to final volume and mix well.
ASSAY
• Procedure
Mobile phase: Methanol, water, and 50 mM monobasic ammonium phosphate (0.5: 0.5: 99)
Standard solution: 2.5 mg/mL of USP Amiodarone Hydrochloride RS in Mobile phase
Sample solution: Shake thoroughly by hand each bottle of the Oral Suspension. Prepare
2.5 mg/mL of amiodarone hydrochloride from Oral Suspension and Mobile phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 10-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
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[Note—The retention time for amiodarone is about 3.6 min.]
Suitability requirements
Relative standard deviation: NMT 2.1% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amiodarone hydrochloride
(C25 H29 I2 NO3 ·HCl) in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of amiodarone hydrochloride in the Standard solution (mg/mL)
C=
U nominal concentration of amiodarone hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 5.8–6.8

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature
2 –8

2S (USP38)

or controlled room temperature.
Change to read:
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at controlled cold temperature
2 –8 ;

2S (USP38)

NMT 30 days when stored at controlled room temperature
• Labeling: Label it to state that it is to be well shaken before use and to state the BeyondUse Date.
• USP Reference Standards 11
USP Amiodarone Hydrochloride RS
BRIEFING
Amlodipine Compounded Oral Suspension, USP 37 page 1757. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling

7

proposed in PF 39(6). A list of all compounding monograph
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titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Amlodipine
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Amlodipine
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of amlodipine
(C20 H25 ClN2 O5 ).
Prepare Amlodipine
Compounded 2S (USP38)
Oral Suspension 1 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations

795 ).

Amlodipine besylate tabletsa equivalent to
100 mg
Vehicle: a 1:1 mixture of Ora-Sweet b and Ora-Plusb, a sufficient quantity to make 100 mL
a Norvasc 5-mg tablets, Pfizer, Inc., Groton, CT.
b Paddock Laboratories, Minneapolis, MN.
Calculate the required quantity of each ingredient for the total amount to be prepared. Place
the required number of tablets in a suitable mortar and comminute to a fine powder. Add the
Vehicle in small portions, and triturate to make a smooth paste. Add increasing volumes of the
Vehicle to make an amlodipine liquid that is pourable. Transfer the contents of the mortar,
stepwise and quantitatively, to a calibrated bottle. Add enough of the Vehicle to bring to final
volume, and mix well. [Note—To ensure component uniformity, homogenization is
recommended.]
ASSAY
• Procedure
Mobile phase: Acetonitrile, methanol, and 40 mM ammonium acetate, (50:15:35). Filter
through a nylon 66 filter of 0.45-µm pore size, and degas.
Standard stock solution: Dissolve an appropriately weighed amount of USP Amlodipine
Besylate RS in methanol, equivalent to 1.0 mg/mL of amlodipine (approximately equal to
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1.4 mg/mL of amlodipine besylate).
Standard solution: Transfer 1.0 mL of the Standard stock solution into a 50-mL volumetric
flask, and dilute with Mobile phase to volume to obtain a solution with a nominal
concentration of about 20 µg/mL of amlodipine. Centrifuge.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 1.0 mL
of Oral Suspension into a 50-mL volumetric flask, rinse the pipet three times with Mobile
phase, and dilute with Mobile phase to volume to obtain a solution with a nominal
concentration of about 20 µg/mL of amlodipine. Centrifuge.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 3.0-mm × 15-cm; 5-µm packing L10
Flow rate: 0.4 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for amlodipine is about 10.1 min.]
Suitability requirements
Column efficiency: NLT 4000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of amlodipine from the Sample solution
rS= peak response of amlodipine from the Standard solution
C=
S concentration of amlodipine in the Standard solution (µg/mL)
C=
U nominal concentration of amlodipine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or controlled cold temperature.
2 –8 or at controlled room temperature.

2S (USP38)
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Change to read:
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at controlled cold temperature
2 –8 ;

2S (USP38)

NMT 60 days when stored at controlled room temperature
• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards 11
USP Amlodipine Besylate RS
BRIEFING
Atenolol Compounded Oral Solution, USP 37 page 1858. The Compounding Expert Committee
and the Nomenclature, Safety, and Labeling Expert Committee propose to revise the title of
this and other compounded monographs to identify that it is a compounded preparation,
consistent with the Nomenclature Guidelines (http://www.usp.org/usp-nf/developmentprocess/compendial-nomenclature). See also Compounded Preparations in general chapter
Labeling 7 proposed in PF 39(6). A list of all compounding monograph titles that will be
revised is posted online at http://www.usp.org/usp-nf/notices/compounding-monographtitles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Atenolol
Compounded 2S (USP38)
Oral Solution
DEFINITION
Change to read:
Atenolol
Compounded 2S (USP38)
Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of atenolol
(C14 H22 N2 O3 ).
Prepare Atenolol
Compounded 2S (USP38)
Oral Solution at a 2 mg/mL (0.2%) concentration, for example, as follows (see Pharmaceutical
Compounding—Nonsterile Preparations
Atenolol

795 ).
200 mg
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Glycerin
5 mL
Vehicle for Oral Suspension
45 mL
Vehicle for Oral Solution, Sugar Free, a sufficient quantity to make 100 mL
Calculate the quantity of each ingredient required for the total volume and atenolol strength to
be prepared. Mix the Atenolol, previously pulverized, and Glycerin to form a smooth paste.
Incorporate the Vehicle for Oral Suspension or an equal volume of Vehicle for Oral Solution,
Sugar Free. [Note—The Vehicle for Oral Suspension may be omitted.] Incorporate sufficient
Vehicle for Oral Solution, Sugar Free in increments to bring to volume, and mix well. [Note—Do
not use a sucrose-containing vehicle for oral solution.] Package, and label.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in amber, tight containers, and store at controlled room
temperature.
Change to read:
• Beyond-Use Date: NMT 60 days after the day on which it was compounded
when stored at controlled room temperature 2S (USP38)

Change to read:
• Labeling: Label it to state that it is to be shaken well before use, and discarded after 60
days
to state the Beyond-Use Date. 2S (USP38)
Label it to state that it is to be kept out of reach of children. Label it to indicate the nominal
atenolol concentration.
BRIEFING
Azathioprine Compounded Oral Suspension, USP 37 page 1884. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 proposed in PF 39(6). A list of all compounding monograph
titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Azathioprine
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2S (USP38)

DEFINITION
Change to read:
Azathioprine
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of azathioprine
(C9 H7 N7 O2 S).
Prepare Azathioprine
Compounded 2S (USP38)
Oral Suspension of 50 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Azathioprine
5g
Vehicle: a 1:1 mixture of Vehicle for Oral Solution, (regular or sugar-free), NF and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL
If using tablets, comminute them to a fine powder in a suitable mortar, or add Azathioprine
powder to the mortar. Add about 10 mL of the Vehicle, and mix to a uniform paste. Add the
Vehicle in small portions almost to volume, and mix thoroughly after each addition. Transfer the
contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add sufficient
Vehicle to bring to final volume, and mix well.
[Caution—Avoid skin contact or inhalation of azathioprine by using protective gloves and a
fume hood or surgical mask.]
ASSAY
Change to read:
• Procedure
Mobile phase: Dissolve 1.1 g of sodium-1-heptanesulfonate in 700 mL of water, and add
300 mL of methanol. Adjust with 1 N hydrochloric acid to a pH of 3.5.
Standard solution: Transfer 25 mg of USP Azathioprine RS to a 50-mL volumetric flask.
Add 15 mL of methanol and 0.5 mL of ammonium hydroxide to the flask, swirl, and sonicate
for 2 min. Dilute with methanol to volume. Transfer 10 mL of this solution to a 50-mL
volumetric flask, and dilute with water to volume.
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Pipet 1.0 mL of the Sample into a 100-mL volumetric
flask, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
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Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for the azathioprine peak is about 4 min.]
Suitability requirements
Relative standard deviation: NMT 1.3% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of azathioprine (C9 H7 N7 O2 S) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of azathioprine in the Standard solution (µg
(mg 2S (USP38)
/mL) CU= nominal concentration of azathioprine in the Sample solution (µg
(mg 2S (USP38)
/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at room
temperature, or in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the day on which it was compounded
when stored at room temperature, or in a cold place 2S (USP38)
• Labeling: Label it to state that it is to be well shaken before use, and to state the BeyondUse Date.
• USP Reference Standards
USP Azathioprine RS

11
BRIEFING

Baclofen Compounded Oral Suspension, USP 37 page 1909. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling

7

proposed in PF 39(6). A list of all compounding monograph
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titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Baclofen
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Baclofen
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of baclofen
(C10 H12 ClNO2 ).
Prepare Baclofen
Compounded 2S (USP38)
Oral Suspension 5 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations
Baclofen

795 ).

500
mg
Vehicle: a 1:1 mixture of Vehicle for Oral Solution (regular or sugar-free), NF, and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL

If using Baclofen Tablets, place the Tablets in a suitable mortar and comminute to a fine
powder, or add Baclofen powder. Add 5 mL of the Vehicle to wet the powder, and triturate the
powder to form a fine paste. Add the Vehicle in small portions almost to volume, and mix
thoroughly after each addition. Transfer, stepwise and quantitatively, the contents of the
mortar to a calibrated bottle. Add sufficient Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Acetonitrile and 0.05 M monobasic sodium phosphate (20:80). Adjust with
phosphoric acid to a pH of 3.5.
Standard solution: 5 µg/mL of USP Baclofen RS in water
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 0.5 mL
of Oral Suspension from each bottle to a 500-mL volumetric flask, dilute with water to
volume to obtain a concentration of 5 µg/mL, and pass through a 0.22-µm
polyvinylidenefluoride (PVDF) filter.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The retention time of baclofen is about 5.5 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of baclofen (C10 H12 ClNO2 ) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of baclofen in the Standard solution (µg/mL)
C=
U nominal concentration of baclofen in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.2–5.2

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store in a cold place.
Change to read:
• Beyond-Use Date: NMT 35 days after the day on which it was compounded
when stored in a cold place 2S (USP38)
• Labeling: Label it to state that it is to be well shaken, and to state the Beyond-Use Date.
• USP Reference Standards
USP Baclofen RS

11
BRIEFING

Beclomethasone Dipropionate Compounded Oral Solution. Because there is currently no
existing USP monograph for this dosage form, a new compounded preparation monograph is
proposed based on a validated stability-indicating method used to assess stability. The liquid
chromatographic procedure in the Assay is based on analyses validated using the Luna
C18(2) brand of L1 column. The typical retention time for beclomethasone dipropionate is
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about 3.2 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C147526

Comment deadline: November 30, 2014
Add the following:
Beclomethasone Dipropionate Compounded Oral Solution
DEFINITION
Beclomethasone Dipropionate Compounded Oral Solution contains NLT 90.0% and NMT 110.0%
of the labeled amount of beclomethasone dipropionate (C28 H37 ClO7 ).
Prepare Beclomethasone Dipropionate Compounded Oral Solution 0.5 mg/mL as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 795 ).
Beclomethasone Dipropionate powder
50 mg
Corn Oil, NF, a sufficient quantity to make 100 mL
Pour the Beclomethasone Dipropionate powder into a suitable container. Wet the powder with
a small amount of Corn Oil and triturate to make a smooth paste. Add the Corn Oil to make the
contents pourable. Transfer contents stepwise and quantitatively to a calibrated container
using the Corn Oil. Add sufficient Corn Oil to bring to final volume. Place on a shaker until
dissolved. [Note—May take up to 24 h to dissolve.]
ASSAY
Procedure
Mobile phase: Acetonitrile and water (65:35)
Standard stock solution: 0.5 mg/mL of beclomethasone dipropionate prepared from USP
Beclomethasone Dipropionate RS in ethanol. Sonicate and mix well.
Standard solution: 0.02 mg/mL of beclomethasone diproprionate prepared from Standard
stock solution and ethanol
Sample solution: Transfer 1.0 mL of Oral Solution to a 25-mL volumetric flask, add
approximately 20 mL of ethanol, vortex for 30 s, and warm under running water until
dissolved. Dilute with ethanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 2.0-mm × 10-cm; 2.5-µm packing L1
Column temperature: 35
Flow rate: 0.35 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
[Note—The retention time for beclomethasone dipropionate is about 3.2 min.]
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Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of beclomethasone dipropionate
(C28 H37 ClO7 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of beclomethasone dipropionate from the Sample solution
rS= peak response of beclomethasone dipropionate from the Standard solution
C=
S concentration of beclomethasone dipropionate in the Standard solution (mg/mL)
C=
U nominal concentration of beclomethasone dipropionate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant, plastic containers. Store at
controlled room temperature.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled room temperature.
• Labeling: Label it to be well-shaken before use, and to state the Beyond-Use Date.
• USP Reference Standards 11
USP Beclomethasone Dipropionate RS
2S (USP38)

BRIEFING
Benzocaine Otic Solution, USP 37 page 1935. As a part of USP monograph modernization
efforts, the following revisions are proposed:
1.
Replace the wet chemistry-based Identification test A with a retention time agreement
from the proposed HPLC procedures in the Assay.
2.
Add an orthogonal Identification test B with a UV spectrum matching the main peak
from the proposed HPLC procedure in the Assay.
3.
Replace the titration procedure in the Assay with a stability-indicating HPLC procedure.
The liquid chromatographic procedures are based on analyses performed with the
Waters Symmetry Shield RP8, 5-µm brand of L7 column. The typical retention time of
benzocaine is about 15 min.
4.
Add an HPLC procedure in the test for Organic Impurities using the same
chromatographic system as that in the Assay.
5.
Add three Reference Standards in the USP Reference Standards section to support the
proposed revisions.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R.-H. Yeh.)
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Correspondence Number—C136870

Comment deadline: November 30, 2014
Benzocaine Otic Solution
DEFINITION
Benzocaine Otic Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
benzocaine (C9 H11 NO2 ).
IDENTIFICATION
Change to read:
• A.
Sample: A volume of Otic Solution equivalent to 2.5 mg of benzocaine
Analysis: Place the Sample in 10 mL of water, and dissolve with the aid of a few drops of
3 N hydrochloric acid. Add 5 drops of a solution of sodium nitrite (1 in 10), then add 2 mL
of a solution of 100 mg of 2-naphthol in 5 mL of 1 N sodium hydroxide.
Acceptance criteria: An orange-red precipitate is formed.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)

Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: To a volume of Otic Solution, nominally equivalent to 400 mg of
benzocaine, add 150 mL of cold 1.6 N hydrochloric acid, and stir until a fine dispersion is
obtained. Cool the solution in an ice bath to 10 .
Titrimetric system
Mode: Direct titration
Titrant: 0.1 M sodium nitrite VS
Electrode system: Calomel–platinum
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution slowly with Titrant. Perform a blank determination,
and make any necessary correction. Each mL of 0.1 M sodium nitrite is equivalent to
16.52 mg of benzocaine (C9 H11 NO2 ).
Solution A: 0.1% Trifluoroacetic acid, prepared by diluting 1.0 mL of trifluoroacetic acid
with water to 1 L
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
34
50
50
35
90
10
38
90
10
Diluent: Solution A and Solution B (1:1)
System suitability solution: 1 µg/mL each of USP Benzocaine RS, USP Aminobenzoic
Acid RS, and USP Ethyl 4-Nitrobenzoate RS in Diluent. Sonicate to dissolve, if
necessary.
Standard solution: 0.1 mg/mL of USP Benzocaine RS in Diluent. Sonicate to dissolve, if
necessary.
Sample solution: Nominally 0.1 mg/mL of benzocaine in Diluent prepared as follows.
Transfer a portion of Otic Solution, equivalent to 10 mg of benzocaine, into a 100-mL
volumetric flask and dissolve it in Diluent.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm. For Identification test B, use a diode array detector in the
range of 200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 6 between aminobenzoic acid and benzocaine, and between
benzocaine and ethyl 4-nitrobenzoate, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzocaine (C9 H11 NO2 ) in the portion
of Otic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of benzocaine from the Sample solution
rS
= peak response of benzocaine from the Standard solution
CS
= concentration of USP Benzocaine RS in the Standard solution (mg/mL)
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CU
= nominal concentration of benzocaine in the Sample solution (mg/mL)
2S (USP38)

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system: Proceed
as directed in the Assay.
Standard solution: 1 µg/mL each of USP Benzocaine RS, USP Aminobenzoic Acid RS, and
USP Ethyl 4-Nitrobenzoate RS in Diluent. Sonicate to dissolve, if necessary.
Sample solution: Nominally 0.5 mg/mL of benzocaine in Diluent prepared as follows.
Transfer a portion of Otic Solution, equivalent to 50 mg of benzocaine, into a 100-mL
volumetric flask, dissolve and dilute with Diluent to volume.
System suitability
Sample: Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 6 between aminobenzoic acid and benzocaine, and between
benzocaine and ethyl 4-nitrobenzoate
Relative standard deviation: NMT 3.0% for each peak corresponding to benzocaine,
aminobenzoic acid, and ethyl 4-nitrobenzoate
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aminobenzoic acid and ethyl 4-nitrobenzoate in the portion of
Otic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of aminobenzoic acid or ethyl 4-nitrobenzoate from the Sample solution
rS= peak response of the corresponding Reference Standard from the Standard solution
C=
S concentration of USP Aminobenzoic Acid RS or USP Ethyl 4-Nitrobenzoate RS in the
Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified degradation product in the portion
of Otic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unspecified degradation product from the Sample
solution
rS= peak response of benzocaine from the Standard solution
C=
S concentration of USP Benzocaine RS in the Standard solution (mg/mL)
C=
U nominal concentration of benzocaine in the Sample solution (mg/mL)
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Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.
Table 2

Name
Aminobenzoic acid
Benzocaine
Ethyl 4-nitrobenzoate
Any individual unspecified degradation product
Total impurities

Relative
Retention
Time
0.3
1.0
2.1
—
—

Acceptance
Criteria,
NMT (%)
0.20
—
0.20
0.20
1.0

2S (USP38)

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : It
meets the requirements of the tests for absence of Salmonella species and Escherichia coli
and for absence of Staphylococcus aureus and Pseudomonas aeruginosa. The total aerobic
microbial count is less than 102 cfu/mL.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Add the following:
• USP Reference Standards 11
USP Aminobenzoic Acid RS
Benzoic acid, 4-amino.
C7 H7 NO2
137.14
USP Benzocaine RS
USP Ethyl 4-Nitrobenzoate RS
Benzoic acid, 4-nitro-, ethyl ester.
C9 H9 NO4
195.17
2S (USP38)

BRIEFING
Bethanechol Chloride Compounded Oral Solution, USP 37 page 1974. The Compounding
Expert Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to
revise the title of this and other compounded monographs to identify that it is a
compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 proposed in PF 39(6). A list of all
compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Bethanechol Chloride
Compounded 2S (USP38)
Oral Solution
DEFINITION
Change to read:
Bethanechol Chloride
Compounded 2S (USP38)
Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of bethanechol
chloride (C7 H17 ClN2 O2 ).
Prepare Bethanechol Chloride
Compounded 2S (USP38)
Oral Solution 5 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile Preparations
795 ).
Bethanechol Chloride
500 mg
Vehicle for Oral Solution (regular or sugar-free), NF, a sufficient quantity to make 100 mL
Add Bethanechol Chloride powder and about 20 mL of Vehicle to a mortar, and mix. Add the
Vehicle in small portions almost to volume, and mix thoroughly after each addition. Transfer the
contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough Vehicle
to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Acetonitrile and water (33:67)
Standard solution: 500 µg/mL of USP Bethanechol Chloride RS in Mobile phase
Sample solution: Agitate the container of Oral Solution for 30 min on a rotating mixer,
remove a 10-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Dilute a suitable volume of Oral Solution with Mobile
phase to obtain a nominal concentration of 500 µg/mL of bethanechol chloride.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 5-µm packing L11
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Flow rate: 0.7 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time of bethanechol chloride is about 3 min.]
Suitability requirements
Relative standard deviation: NMT 3.1% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of bethanechol chloride (C7 H17 ClN2 O2 ) in
the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of bethanechol chloride in the Standard solution (µg/mL)
C=
U nominal concentration of bethanechol chloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.9–4.9

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at room
temperature or in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the day on which it was compounded
when stored at room temperature or in a cold place 2S (USP38)
• Labeling: Label it to state the Beyond-Use Date.
• USP Reference Standards 11
USP Bethanechol Chloride RS
BRIEFING
Bethanechol Chloride Compounded Oral Suspension, USP 37 page 1975. The Compounding
Expert Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to
revise the title of this and other compounded monographs to identify that it is a
compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 proposed in PF 39(6). A list of all
compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Bethanechol Chloride
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Bethanechol Chloride
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of bethanechol
chloride (C7 H17 ClN2 O2 ).
Prepare Bethanechol Chloride
Compounded 2S (USP38)
Oral Suspension 5 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Bethanechol Chloride

500
mg
Vehicle: a 1:1 mixture of Vehicle for Oral Solution, (regular or sugar-free), NF and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL

If using Bethanechol Chloride tablets, add to a suitable mortar and comminute to a fine powder,
or add the Bethanechol Chloride powder to the mortar. Add about 20 mL of the Vehicle, and mix
to a uniform paste. Add the Vehicle in small portions almost to volume, and mix thoroughly after
each addition. Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated
bottle. Add sufficient Vehicle to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Acetonitrile and water (33:67)
Standard solution: 500 µg/mL of USP Bethanechol Chloride RS in Mobile phase
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 10-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Dilute a suitable volume of Oral Suspension with Mobile
phase to obtain a nominal concentration of 500 µg/mL of bethanechol chloride.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 5-µm packing L11
Flow rate: 0.7 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for bethanechol chloride is about 3 min.]
Suitability requirements
Relative standard deviation: NMT 3.1% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of bethanechol chloride (C7 H17 ClN2 O2 ) in
the volume of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of bethanechol chloride in the Standard solution (µg/mL)
C=
U nominal concentration of bethanechol chloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.9–4.9

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at room
temperature, or in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the day on which it was compounded
when stored at room temperature, or in a cold place 2S (USP38)
• Labeling: Label it to state that it is to be well shaken, and to state the Beyond-Use Date.
• USP Reference Standards 11
USP Bethanechol Chloride RS
BRIEFING
Cabergoline, page 6598 of the First Supplement to USP 37. On the basis of a request from the
FDA, it is proposed to revise the monograph by adding a test to identify whether the drug
substance is amorphous or crystalline and reordering the Identification tests accordingly.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: H. Joyce.)
Correspondence Number—C131188
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Comment deadline: November 30, 2014
Cabergoline

C26 H37 N5 O2

451.60

Ergoline-8 -carboxamide, N-[3-(dimethylamino)propyl]-N-[(ethylamino)carbonyl]-6-(2propenyl)-;
1-[(6-Allylergolin-8 -yl)carbonyl]-1-[3-(dimethylamino)propyl]-3-ethylurea

[81409-90-7].

DEFINITION
Change to read:
Cabergoline contains NLT 98.0% and NMT 102.0%
(RB 1-Aug-2013)

of cabergoline (C26 H37 N5 O2 ), calculated on the anhydrous basis
for the crystalline form and on the anhydrous and solvent-free basis for the amorphous form.
(RB 1-Aug-2013)

IDENTIFICATION
• A. Infrared Absorption 197K
Add the following:
• B.
Proceed as directed for Procedure 1 or Procedure 2. The criteria for Procedure 1 or
Procedure 2 must be met.
Procedure 1: Crystallinity 695
Acceptance criteria
For the crystalline form: Meets the requirements
For the amorphous form: Does not meet the requirements
Procedure 2: X-Ray Diffraction 941
Acceptance criteria
For the crystalline form: A diffraction pattern is present.
For the amorphous form: No diffraction pattern is present.
2S (USP38)
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Change to read:
• B.
C. 2S (USP38)
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Prepare solutions immediately before use, and protect from light.
Buffer: Dissolve 6.8 g of monobasic potassium phosphate in 900 mL of water, adjust with
phosphoric acid to a pH of 2.0, and dilute to 1 L. Add 0.2 mL of triethylamine to the
resulting solution and mix.
Mobile phase: Acetonitrile and Buffer (4:21)
Standard solution: 0.25 mg/mL of USP Cabergoline RS in Mobile phase. Sonicate if needed.
Sample solution: 0.25 mg/mL of Cabergoline in Mobile phase. Sonicate if needed.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.0-mm × 25-cm; 10-µm packing L1
Flow rate: 1.3 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1000 theoretical plates
Relative standard deviation: NMT 2.0% for five replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cabergoline (C26 H37 N5 O2 ) in the portion of Cabergoline taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cabergoline RS in the Standard solution (mg/mL)
C=
U concentration of Cabergoline in the Sample solution (mg/mL)
Acceptance criteria
For the crystalline form:

(RB 1-Aug-2013)

98.0%–102.0% on the anhydrous basis
For the amorphous form: 98.0%–102.0% on the anhydrous and solvent-free basis
(RB 1-Aug-2013)
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IMPURITIES
• Heavy Metals, Method II

231 : 20 ppm

• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Prepare solutions immediately before use, and protect from light.
Buffer and Mobile phase: Proceed as directed in the Assay.
System suitability solution: To 10 mL of 0.1 M sodium hydroxide add 50 mg of
Cabergoline and stir for about 15 min. To 1 mL of the suspension add 1 mL of 0.1 M
hydrochloric acid, and dilute with Mobile phase to 10.0 mL. Sonicate until dissolution is
complete. [Note—The main degradation product obtained is cabergoline related compound
A.]
Sample solution: 0.25 mg/mL of Cabergoline in Mobile phase. Sonicate if needed.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.0-mm × 25-cm; 10-µm packing L1
Flow rate: 1.3 mL/min
Injection volume: 100 µL
System suitability
Sample: System suitability solution
[
Note—See Table 1 for relative retention times.] (RB 1-Aug-2013)
Suitability requirements
Resolution: NLT 3.0 between cabergoline and cabergoline related compound A
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Cabergoline taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
Acceptance criteria: See Table 1.
Table 1

Name
Cabergoline related compound Da
Cabergoline related compound Bb
Cabergoline related compound Ac
Cabergoline

Relative
Retention
Time
0.3
0.6
0.8
1.0

Acceptance
Criteria,
NMT (%)
0.1
0.1
0.3
—
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Cabergoline related compound Cd
2.9
0.3
Any other individual unidentified impurity
—
0.10
Total impurities
—
0.8
a (6aR,9R,10aR)-N-[3-(Dimethylamino)propyl]-7-(prop-2-enyl)-4,6,6a,7,8,9,10,10aoctahydroindolo[4,3-fg]quinoline-9-carboxamide.
b (6aR,9R,10aR)-N9-[3-(Dimethylamino)propyl]-N4-ethyl-7-(prop-2-enyl)6a,7,8,9,10,10ahexahydroindolo[4,3-fg]quinoline-4,9(6H)-dicarboxamide.
c (6aR,9R,10aR)-7-(Prop-2-enyl)-4,6,6a,7,8,9,10,10a-octahydroindolo[4,3-fg]quinoline-9carboxylic acid.
d (6aR,9R,10aR)-N9-[3-(Dimethylamino)propyl]-N4-ethyl-N9-(ethylcarbamoyl)-7-(prop-2-enyl)6a,7,8,9,10,10a-hexahydroindolo[4,3-fg]quinoline-4,9(6H)-dicarboxamide.
SPECIFIC TESTS
Change to read:
• Optical Rotation, Specific Rotation 781S
Sample solution: 1 mg/mL in alcohol
Acceptance criteria
For the crystalline form: (RB 1-Aug-2013)
77 to

83 on the anhydrous basis

For the amorphous form:

77 to

83 on the anhydrous and solvent-free basis

(RB 1-Aug-2013)

Change to read:
• Water Determination, Method I 921
Acceptance criteria
For the crystalline form: (RB 1-Aug-2013)
NMT 0.5%
For the amorphous form: NMT 1.5%

(RB 1-Aug-2013)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, protected from light.
If it is labeled as amorphous, preserve under nitrogen in tight containers, store cold, and
protect from light. (RB 1-Aug-2013)

Add the following:
• Labeling: Where it is the amorphous form, the label so indicates.
• USP Reference Standards
USP Cabergoline RS

11

(RB 1-Aug-2013)
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BRIEFING
Captopril Compounded Oral Solution, USP 37 page 2115. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 proposed in PF 39(6). A list of all compounding monograph
titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Captopril
Compounded 2S (USP38)
Oral Solution
DEFINITION
Change to read:
Captopril
Compounded 2S (USP38)
Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of captopril
(C9 H15 NO3 S).
Prepare Captopril
Compounded 2S (USP38)
Oral Solution 0.75 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Captopril powder
75 mg
Vehicle for Oral Solution (regular or sugar-free), NF, a sufficient quantity to make 100 mL
Add Captopril powder and 10 mL of Vehicle to a mortar, and mix. Add the Vehicle in small
portions almost to volume, and mix thoroughly after each addition. Transfer the contents of the
mortar, stepwise and quantitatively, to a calibrated bottle. Add enough Vehicle to bring to final
volume, and mix well.
ASSAY
• Procedure
Mobile phase: Methanol and water (55:45) containing 0.5 mL/L of phosphoric acid. Filter,
and degas.
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Standard solution: 7.5 µg/mL of USP Captopril RS
Sample solution: Agitate the container of Oral Solution for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Pipet 1.0 mL of the sample into a 100-mL volumetric
flask, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for captopril is about 5.0 min.]
Suitability requirements
Relative standard deviation: NMT 0.9% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of captopril (C9 H15 NO3 S) in the portion of
Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of captopril in the Standard solution (µg/mL)
C=
U nominal concentration of captopril in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.3

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store in a cold place.
Change to read:
• Beyond-Use Date: NMT 7 days after the date on which it was compounded
when stored in a cold place 2S (USP38)
• Labeling: Label it to state the Beyond-Use Date.
• USP Reference Standards
USP Captopril RS

11
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BRIEFING
Captopril Compounded Oral Suspension, USP 37 page 2116. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 proposed in PF 39(6). A list of all compounding monograph
titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Captopril
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Captopril
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of captopril
(C9 H15 NO3 S).
Prepare Captopril
Compounded 2S (USP38)
Oral Suspension 0.75 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations
Captopril

795 ).

75
mg
Vehicle: a 1:1 mixture of Vehicle for Oral Solution (regular or sugar-free), NF, and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL

Place the required number of tablets in a suitable mortar and comminute to a fine powder, or
use Captopril powder. Add 10 mL of Vehicle, and mix to form a uniform paste. Add the Vehicle
in small portions, and mix thoroughly after each addition. Transfer the contents of the mortar,
stepwise and quantitatively, to a calibrated bottle. Add sufficient Vehicle to bring to final
volume, and mix well.
ASSAY
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• Procedure
Mobile phase: Methanol and water (55:45) containing 0.5 mL/L of phosphoric acid. Filter,
and degas.
Standard solution: 7.5 µg/mL of USP Captopril RS
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Pipet 1.0 mL of the sample into a 100-mL volumetric
flask, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for captopril is about 5.0 min.]
Suitability requirements
Relative standard deviation: NMT 0.9% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of captopril (C9 H15 NO3 S) in the portion of
Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of captopril in the Standard solution (µg/mL)
C=
U nominal concentration of captopril in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.3

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store in a cold place.
Change to read:
• Beyond-Use Date: NMT 7 days after the date on which it was compounded
when stored in a cold place 2S (USP38)
• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
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Beyond-Use Date.
• USP Reference Standards
USP Captopril RS

11
BRIEFING

Carbachol, USP 37 page 2119. On the basis of comments received, it is proposed to revise the
monograph as follows:
1.
Replace the titration procedure in the Assay with the procedure from the corresponding
monograph in European Pharmacopoeia, 8th ed. to eliminate the use of mercuric
acetate, which is a safety hazard.
2.
Specify the type of chromatographic plate needed to conduct the test for Ordinary
Impurities. Replace the visualization using a solution containing chloroform with
visualization using an iodine chamber to eliminate the use of chloroform, which is a
safety hazard.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Interested parties are encouraged to submit specific and validated procedures for the Assay
and the test for Ordinary Impurities along with supporting data to further improve this
monograph and other monographs containing carbachol.
(SM4: H. Joyce.)
Correspondence Number—C127817

Comment deadline: November 30, 2014
Carbachol

C6 H15 ClN2 O2

182.65

Ethanaminium, 2-[(aminocarbonyl)oxy]-N,N,N-trimethyl-, chloride;
Choline chloride, carbamate
[51-83-2].
DEFINITION
Carbachol contains NLT 99.0% and NMT 101.0% of carbachol (C6 H15 ClN2 O2 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
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• B. Identification Tests—General 191 , Chloride
Sample solution: Carbachol in water (1 in 20)
Acceptance criteria: Meets the requirements of the silver nitrate precipitate test
ASSAY
Change to read:
• Procedure
Sample: 400 mg of Carbachol
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in a mixture of 10 mL of glacial acetic acid and 10 mL of
mercuric acetate TS. Add 2 drops of crystal violet TS, and titrate with Titrant. Perform a
blank determination, and make any necessary correction. Each mL of 0.1 N perchloric
acid is equivalent to 18.27 mg of carbachol (C6 H15 ClN2 O2 ).
Sample: 150 mg of Carbachol
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Blank: 10 mL of glacial acetic acid TS and 40 mL of acetic anhydride
Analysis: Dissolve the Sample in a mixture of 10 mL of glacial acetic acid TS and 40 mL
of acetic anhydride. Titrate with Titrant. Perform a blank determination, and make any
necessary correction (see Titrimetry 541 ). Each mL of 0.1 N perchloric acid is
equivalent to 18.27 mg of carbachol (C6 H15 ClN2 O2 ). 2S (USP38)
Acceptance criteria: 99.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Ordinary Impurities 466
Test solution: Methanol and water (80:20)
Standard solution: Methanol and water (80:20)
Solvent: Methanol and water (80:20) 2S (USP38)
Eluant: Alcohol
Visualization: 16
17
Analysis
Samples: Standard solutions and Test Solution
Proceed as directed in the chapter except use a thin-layer chromatographic plate coated
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with aluminum oxide.
2S (USP38)

Acceptance criteria: Meets the requirements
SPECIFIC TESTS
• Melting Range or Temperature

741 : 200 –204 , with some decomposition

• Loss on Drying 731
Sample: 1 g of Carbachol
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Carbachol RS

11
BRIEFING

Cefazolin Compounded Ophthalmic Solution, USP 37 page 2191. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 proposed in PF 39(6). A list of all compounding monograph
titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Cefazolin
Compounded 2S (USP38)
Ophthalmic Solution
DEFINITION
Change to read:
Cefazolin
Compounded 2S (USP38)
Ophthalmic Solution contains an amount of cefazolin sodium equivalent to NLT 29.7 mg and
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NMT 36.3 mg of cefazolin (C14 H14 N8 O4 S3 ) in 10.0 mL of Ophthalmic Solution.
Use Cefazolin Sodium or Cefazolin for Injection that contains the designated amount of
cefazolin, and prepare the Ophthalmic Solution as follows (see Pharmaceutical Compounding—
Nonsterile Preparations

795

Pharmaceutical Compounding—Sterile Preparations 797 ).

2S (USP38)

Cefazolin Sodium
35 mg
Thimerosal
0.2 mg
Sodium Chloride Injection (0.9%), a sufficient quantity to make 10.0 mL
Dissolve Cefazolin Sodium and Thimerosal in Sodium Chloride Injection (0.9%), and dilute
quantitatively, and stepwise if necessary, with Sodium Chloride Injection (0.9%) to obtain a
solution containing 3.5 mg/mL of Cefazolin Sodium and 0.02 mg/mL of Thimerosal. Filter a 10.0mL portion of the resulting solution to produce a clear and sterile Ophthalmic Solution. If
Cefazolin for Injection is used, prepare the Ophthalmic Solution as follows. Dissolve Thimerosal
in Sodium Chloride Injection (0.9%), and dilute quantitatively, and stepwise if necessary, with
Sodium Chloride Injection (0.9%) to obtain a solution containing 0.3 mg/mL of Thimerosal. Add
9.8 mL of the resulting solution to a vial of Cefazolin for Injection, containing 500 mg of
cefazolin, and mix to obtain a stock solution. Transfer 3.3 mL of the stock solution to a 50-mL
volumetric flask, dilute with Sodium Chloride Injection (0.9%) to volume, and mix. Filter a 10.0mL portion of the resulting solution to produce a clear and sterile Ophthalmic Solution.
ASSAY
• Procedure
Buffer A: 0.900 g/L of anhydrous dibasic sodium phosphate and 1.298 g/L of citric acid
monohydrate; this solution should have a pH of 3.6.
Buffer B: 5.68 g/L of anhydrous dibasic sodium phosphate and 3.63 g/L monobasic
potassium phosphate; this solution should have a pH of 7.0.
Solution A: Acetonitrile and Buffer A (10:90). Pass through a filter having a pore size of 5µm or finer, and degas.
Solution B: Acetonitrile and Buffer A (80:20). Pass through a filter having a pore size of 5µm or finer, and degas.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
15
0
100
25
100
0
Standard solution: 0.32 mg/mL of USP Cefazolin RS in Buffer B. Maintain at 4 before
injection. Use low-actinic volumetric glassware.
Sample solution: Transfer 1.0 mL of Ophthalmic Solution to a 10-mL low-actinic volumetric
flask, dilute with Buffer B to volume, and mix. Maintain at 4 before injection.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 273 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Column temperature: 25
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1500 theoretical plates
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in mg, of cefazolin (C14 H14 N8 O4 S3 ) in 10 mL of Ophthalmic
Solution:
Result = (rU/rS) × CS × D × V
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cefazolin RS in the Standard solution (mg/mL)
D= dilution factor, 10
V= final volume of Ophthalmic Solution, 10 mL
Acceptance criteria: 29.7–36.3 mg
SPECIFIC TESTS
Change to read:
• Sterility
Sterility Tests

71 :Meets the requirements

2S (USP38)

(See Pharmaceutical Compounding—Nonsterile Preparations
Assigning Beyond-Use Dates.)

795 , General Guidelines for

Acceptance criteria: Meets the requirements
2S (USP38)

• pH

791 : 4.5–6.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, sterile ophthalmic containers. Store in a
refrigerator.
Change to read:
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• Beyond-Use Date: NMT 5 days after the date on which it was compounded
when stored in a refrigerator 2S (USP38)
• Labeling: Label it to state that it is intended for use in the eye, and is not to be used if a
precipitate is present.
• USP Reference Standards
USP Cefazolin RS

11
BRIEFING

Chloroquine Phosphate Compounded Oral Suspension, USP 37 page 2304. The
Compounding Expert Committee and the Nomenclature, Safety, and Labeling Expert
Committee propose to revise the title of this and other compounded monographs to identify
that it is a compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 proposed in PF 39(6). A list of all
compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Chloroquine Phosphate
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Chloroquine Phosphate
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of chloroquine
phosphate (C18 H26 ClN3 ·2H3 PO4 ).
Prepare Chloroquine Phosphate
Compounded 2S (USP38)
Oral Suspension 15 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Chloroquine Phosphate tabletsa

1.5 g

Vehicle: a 1:1 mixture of Ora-Sweet b and Ora-Plusb, a sufficient quantity to make 100 mL
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a Aralen 500-mg tablets, Sanofi-Winthrop, NY.
b Paddock Laboratories, Minneapolis, MN.
Calculate the required quantity of each ingredient for the total amount to be prepared. Place
the required number of tablets in a suitable mortar, and comminute to a fine powder. Add the
Vehicle in small portions, and triturate to make a smooth paste. Add increasing volumes of the
Vehicle to make a chloroquine phosphate liquid that is pourable. Transfer the contents of the
mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the Vehicle to bring
to final volume, and mix well.
ASSAY
• Procedure
Buffer solution: 20 mM 1-heptanesulfonic acid adjusted to a pH of 3.4
Mobile phase: Acetonitrile and Buffer solution (34:66). Filter and degas.
Standard solution: 150 µg/mL of USP Chloroquine Phosphate RS in Mobile phase
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 1.0 mL
of the Oral Suspension into a 100-mL volumetric flask, and dilute with Mobile phase to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 340 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for chloroquine phosphate is about 9.4 min.]
Suitability requirements
Relative standard deviation: NMT 2% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of chloroquine phosphate
(C18 H26 ClN3 ·2H3 PO4 ) in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of chloroquine phosphate in the Standard solution (µg/mL)
C=
U nominal concentration of chloroquine phosphate in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS

PF 40(5): Sep.-Oct. 2014

• pH

1297

791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or at controlled cold temperature
2 –8 .

2S (USP38)

Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded when stored
at controlled cold temperature
2 –8

2S (USP38)

or controlled room temperature
• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards 11
USP Chloroquine Phosphate RS
BRIEFING
Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride ExtendedRelease Capsules, USP 37 page 2312. It is proposed to omit the monograph because the
products containing phenylpropanolamine are no longer considered safe for use in humans and
the FDA withdrew the approval of the related products for use in humans. No drug products
formulated as defined in Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride
Extended-Release Capsules are currently marketed as human or veterinary medicine in the
United States.
(SM2: H. Cai.)

Correspondence Number—C143889

Comment deadline: November 30, 2014
Delete the following:
Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride Extended-Release
Capsules

» Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride
Extended-Release Capsules contain not less than 90.0 percent and not more
than 110.0 percent of the labeled amounts of chlorpheniramine maleate
(C 16 H 19 ClN 2 ·C 4 H 4 O 4 ) and phenylpropanolamine hydrochloride (C 9 H 13 NO·HCl).
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 11 —
USP Chlorpheniramine Maleate RS
USP Phenylpropanolamine Hydrochloride RS
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Identification—
A: The retention time of the major peak for chlorpheniramine maleate in the chromatogram of
the Assay preparation corresponds to that in the chromatogram of the Standard preparation,
as obtained in the Assay for chlorpheniramine maleate.
B: The retention time of the major peak for phenylpropanolamine hydrochloride in the
chromatogram of the Assay preparation corresponds to that in the chromatogram of the
Standard preparation, as obtained in the Assay for phenylpropanolamine hydrochloride.
Dissolution

711 —

Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Times: 3, 6, and 12 hours.
Procedure— Determine the amounts of C16 H19 ClN2 ·C4 H4 O4 and C9 H13 NO·HCl dissolved by
employing the methods set forth in the Assay for chlorpheniramine maleate and the Assay for
phenylpropanolamine hydrochloride.
Tolerances— The percentages of the labeled amounts of C16 H19 ClN2 ·C4 H4 O4 and C9 H13 NO·HCl
dissolved at the specified times conform to Acceptance Table 2.
Time (hours)
Amount dissolved
3
between 20% and 50%
6
between 45% and 75%
12
not less than 75%
Uniformity of dosage units

905 : meet the requirements.

Assay for chlorpheniramine maleate—
Mobile phase— Prepare a filtered and degassed mixture of methanol and water (60:40)
containing 0.34 g of monobasic potassium phosphate, 0.05 g of triethylamine hydrochloride,
0.025 g of sodium lauryl sulfate, and 0.1 mL of phosphoric acid in each 100 mL of solution.
Make adjustments if necessary (see System Suitability under Chromatography

621 ).

Standard preparation— Dissolve an accurately weighed quantity of USP Chlorpheniramine
Maleate RS in water to obtain a solution having a known concentration of about 0.8 mg per mL.
Quantitatively dilute a portion of this solution with phosphoric acid solution (1 in 1000) to
obtain a solution having a known concentration of about 8 µg per mL.
Assay preparation— Transfer not fewer than 10 Capsules to a suitable container, add 100 mL
of water and 10 mL of phosphoric acid solution (1 in 20), and heat gently until the Capsules are
fully dispersed. Cool to room temperature, and transfer an accurately measured volume of the
solution, equivalent to about 0.8 mg of chlorpheniramine maleate, to a 100-mL volumetric flask.
Dilute with water to volume, mix, and filter.
System suitability solution— Mix 1 part of the Standard preparation prepared above with 1 part
of the Standard preparation prepared as directed in the Assay for phenylpropanolamine
hydrochloride.
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Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a 214-nm detector and a 4.6-mm × 15-cm column that contains packing L11.
The flow rate is about 2 mL per minute. Separately inject about 20 µL of the System suitability
solution, and record the peak responses as directed for Procedure: the resolution, R, between
phenylpropanolamine and chlorpheniramine is not less than 2.0. Chromatograph the Standard
preparation, and record the peak responses as directed for Procedure: the tailing factor for the
phenylpropanolamine peak is not greater than 2.0; and the relative standard deviation for
replicate injections is not more than 2.0%.
Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the chlorpheniramine peaks. Calculate the quantity, in mg, of chlorpheniramine
maleate (C16 H19 ClN2 ·C4 H4 O4 ) in the portion of Capsules taken by the formula:
100C(rU / rS)
in which C is the concentration, in µg per mL, of USP Chlorpheniramine Maleate RS in the
Standard preparation; and rU and rS are the chlorpheniramine peak responses obtained from the
Assay preparation and the Standard preparation, respectively.
Assay for phenylpropanolamine hydrochloride—
Mobile phase and Chromatographic system—Proceed as directed in the Assay for
chlorpheniramine maleate.
Standard preparation— Dissolve an accurately weighed quantity of USP Phenylpropanolamine
Hydrochloride RS in water to obtain a solution having a known concentration of about 2.5 mg
per mL. Transfer 1.0 mL of this solution to a 50-mL volumetric flask, add 5 mL of methanol,
dilute with phosphoric acid solution (1 in 1000) to volume, and mix.
System suitability solution— Mix 1 part of the Standard preparation prepared above with 1 part
of the Standard preparation prepared as directed in the Assay for chlorpheniramine maleate.
Assay preparation— Transfer not fewer than 10 Capsules to a suitable container, add 100 mL
of water and 10 mL of phosphoric acid solution (1 in 20), and heat gently until the Capsules are
fully dispersed. Cool to room temperature, and transfer an accurately measured volume of the
solution, equivalent to about 5 mg of phenylpropanolamine hydrochloride, to a 100-mL
volumetric flask. Dilute with water to volume, mix, and filter.
Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the phenylpropanolamine peaks. Calculate the quantity, in mg, of
phenylpropanolamine hydrochloride (C9 H13 NO·HCl) in the portion of Capsules taken by the
formula:
100C(rU / rS)
in which C is the concentration, in mg per mL, of USP Phenylpropanolamine Hydrochloride RS in
the Standard preparation; and rU and rS are the phenylpropanolamine peak responses obtained
from the Assay preparation and the Standard preparation, respectively. 2S (USP38)
BRIEFING
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Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride ExtendedRelease Tablets, USP 37 page 2313. It is proposed to omit the monograph because the
products containing phenylpropanolamine are no longer considered safe for use in humans and
the FDA withdrew the approval of the related products for use in humans. No drug products
formulated as defined in Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride
Extended-Release Tablets are currently marketed as human or veterinary medicine in the United
States.
(SM2: H. Cai.)

Correspondence Number—C143888

Comment deadline: November 30, 2014
Delete the following:
Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride Extended-Release
Tablets

» Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride
Extended-Release Tablets contain not less than 90.0 percent and not more
than 110.0 percent of the labeled amounts of chlorpheniramine maleate
(C 16 H 19 ClN 2 ·C 4 H 4 O 4 ) and phenylpropanolamine hydrochloride (C 9 H 13 NO·HCl).
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 11 —
USP Chlorpheniramine Maleate RS
USP Phenylpropanolamine Hydrochloride RS
Identification—
A: The retention time of the major peak for chlorpheniramine maleate in the chromatogram of
the Assay preparation corresponds to that in the chromatogram of the Standard preparation,
as obtained in the Assay for chlorpheniramine maleate.
B: The retention time of the major peak for phenylpropanolamine hydrochloride in the
chromatogram of the Assay preparation corresponds to that in the chromatogram of the
Standard preparation, as obtained in the Assay for phenylpropanolamine hydrochloride.
Dissolution

711 —

Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Times: 3, 6, and 12 hours.
Procedure— Determine the amounts of C16 H19 ClN2 ·C4 H4 O4 and C9 H13 NO·HCl dissolved by
employing the methods set forth in the Assay for chlorpheniramine maleate and the Assay for
phenylpropanolamine hydrochloride.
Tolerances— The percentages of the labeled amounts of C16 H19 ClN2 ·C4 H4 O4 and C9 H13 NO·HCl
dissolved at the specified times conform to Acceptance Table 2.
Time (hours)

Amount dissolved
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3
6
12
Uniformity of dosage units

between 20% and 50%
between 45% and 75%
not less than 75%

905 : meet the requirements.

Assay for chlorpheniramine maleate—
Mobile phase, Standard preparation, System suitability solution, and Chromatographic system
— Proceed as directed in the Assay for chlorpheniramine maleate under Chlorpheniramine
Maleate and Phenylpropanolamine Hydrochloride Extended-Release Capsules.
Assay preparation— Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 40 mg of chlorpheniramine
maleate, to a suitable container, add 100 mL of water and 10 mL of phosphoric acid solution (1
in 20), and heat gently until the powder is fully dispersed. Cool to room temperature, and
transfer an accurately measured volume of this solution, equivalent to about 0.8 mg of
chlorpheniramine maleate, to a 100-mL volumetric flask. Dilute with water to volume, mix, and
filter. Quantitatively dilute a portion of this solution, if necessary, with phosphoric acid solution
(1 in 1000) to obtain a solution having a concentration of about 8 µg of chlorpheniramine
maleate per mL.
Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the chlorpheniramine peaks. Calculate the quantity, in mg, of chlorpheniramine
maleate (C16 H19 ClN2 ·C4 H4 O4 ) in the portion of Tablets taken by the formula:
100C(rU / rS)
in which C is the concentration, in µg per mL, of USP Chlorpheniramine Maleate RS in the
Standard preparation; and rU and rS are the chlorpheniramine peak responses obtained from the
Assay preparation and the Standard preparation, respectively.
Assay for phenylpropanolamine hydrochloride—
Mobile phase and Chromatographic system— Proceed as directed in the Assay for
chlorpheniramine maleate under Chlorpheniramine Maleate and Phenylpropanolamine
Hydrochloride Extended-Release Capsules.
Standard preparation— Dissolve an accurately weighed quantity of USP Phenylpropanolamine
Hydrochloride RS in water to obtain a solution having a known concentration of about 2.5 mg
per mL. Transfer 1.0 mL of this solution to a 50-mL volumetric flask, add 5 mL of methanol,
dilute with phosphoric acid solution (1 in 1000) to volume, and mix.
System suitability solution— Proceed as directed in the Assay for phenylpropanolamine
hydrochloride under Chlorpheniramine Maleate and Phenylpropanolamine Hydrochloride
Extended-Release Capsules.
Assay preparation— Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed quantity of the powder, equivalent to about 500 mg of
phenylpropanolamine hydrochloride, to a suitable container, add 100 mL of water and 10 mL of
phosphoric acid solution (1 in 20), and heat gently until the powder is fully dispersed. Cool to
room temperature, and transfer an accurately measured volume of the solution, equivalent to
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about 5 mg of phenylpropanolamine hydrochloride, to a 100-mL volumetric flask. Dilute with
water to volume, mix, and filter.
Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the phenylpropanolamine peaks. Calculate the quantity, in mg, of
phenylpropanolamine hydrochloride (C9 H13 NO·HCl) in the portion of Tablets taken by the
formula:
100C(rU / rS)
in which C is the concentration, in mg per mL, of USP Phenylpropanolamine Hydrochloride RS in
the Standard preparation; and rU and rS are the phenylpropanolamine peak responses obtained
from the Assay preparation and the Standard preparation, respectively. 2S (USP38)
BRIEFING
Cisapride Compounded Injection, Veterinary. Because there is currently no USP monograph
for this dosage form, a new compounded preparation monograph is proposed based on a
validated stability-indicating method used to assess stability. The liquid chromatographic
procedure in the Assay is based on analyses validated using the Xterra RP18 brand of L1
column. The typical retention time for cisapride is about 2.0 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C147526

Comment deadline: November 30, 2014
Add the following:
Cisapride Compounded Injection, Veterinary
DEFINITION
Cisapride Compounded Injection, Veterinary contains NLT 90.0% and NMT 110.0% of the
labeled amount of cisapride (C23 H29 ClFN3 O4 ), calculated on the anhydrous basis.
Prepare Cisapride Compounded Injection, Veterinary 3 mg/mL as follows (see Pharmaceutical
Compounding—Sterile Preparations 797 ).
Cisapride (as cisapride monohydrate) powder
30 mg (31.2 mg)
Tartaric acid 10% solution
0.75 mL
Sterile Water for Injection, a sufficient amount to make
10 mL
Dissolve the Cisapride monohydrate powder in 9 mL of Sterile Water for Injection. Add the
tartaric acid 10% solution. Add sufficient Sterile Water for Injection to bring to final volume,
and mix well. Pass through a sterile filter of 0.22-µm pore size into a sterile single-dose
container. [Note—Tartaric acid is added to aid in solubility.]
ASSAY
• Procedure
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Solution A: Add 0.2 mL of triethylamine to 1000 mL of water.
Mobile phase: Acetonitrile and Solution A (65:35)
Standard solution: 0.2 mg/mL of cisapride prepared from USP Cisapride RS in methanol
Sample solution: Transfer 0.67 mL of Injection, Veterinary to a 10-mL volumetric flask,
dilute with methanol to volume, and sonicate to mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 308 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for cisapride is about 2.0 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cisapride (C23 H29 ClFN3 O4 ) in the
portion of Injection, Veterinary taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cisapride from the Sample solution
rS= peak response of cisapride from the Standard solution
C=
S concentration of cisapride in the Standard solution (mg/mL)
C=
U nominal concentration of cisapride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% on the anhydrous basis
SPECIFIC TESTS
• pH

791 : 2.1–3.1

• Sterility Tests 71 : It meets the requirements when tested as directed in Test for
Sterility of the Product to be Examined, Membrane Filtration.
• Bacterial Endotoxins Test

85 : NMT 5.0 EU/mg

• Particulate Matter in Injections

788 : It meets the requirements.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in single-dose sterile glass containers and store at 2 –8 .
• Labeling: Label it to indicate that it is for veterinary use only and to state the Beyond-Use
Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at 2 –8 . In the absence of passing a sterility and endotoxins test, the storage conditions

PF 40(5): Sep.-Oct. 2014

1304

at cold temperature for high-risk CSPs apply. (See Pharmaceutical Compounding—Sterile
Preparations

797 , CSP Microbial Contamination Risk Levels.)

• USP Reference Standard 11
USP Cisapride RS
USP Endotoxin RS
2S (USP38)

BRIEFING
Cisapride Compounded Oral Suspension, Veterinary. Because there is currently no existing
USP monograph for this dosage form, a new compounded preparation monograph is proposed
based on a validated stability-indicating method used to assess stability. The liquid
chromatographic procedure in the Assay is based on analyses validated using the Xterra
RP18 brand of L1 column. The typical retention time for cisapride is about 2.0 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C147526

Comment deadline: November 30, 2014
Add the following:
Cisapride Compounded Oral Suspension, Veterinary
DEFINITION
Cisapride Compounded Oral Suspension, Veterinary contains NLT 90.0% and NMT 110.0% of the
labeled amount of cisapride (C23 H29 ClFN3 O4 ), calculated on the anhydrous basis.
Prepare Cisapride Compounded Oral Suspension, Veterinary 10 mg/mL as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 795 ).
Cisapride (as cisapride monohydrate) powder
1 g (1.04 g)
a
a
Vehicle: A 1:1 mixture of Ora-Plus and Ora-Sweet, a sufficient quantity to make 100 mL
a Perrigo Laboratories, Allegan, MI.
Pour the Cisapride monohydrate powder into a suitable container. Wet the powder with a small
amount of Vehicle and triturate to make a smooth paste. Add the Vehicle to make the mortar
contents pourable. Transfer contents stepwise and quantitatively to a calibrated container
using the Vehicle. Add sufficient Vehicle to bring to final volume. Shake to mix well.
ASSAY
• Procedure
Solution A: Add 0.2 mL of triethylamine to 1000 mL of water.
Mobile phase: Acetonitrile and Solution A (65:35)
Standard solution: 0.2 mg/mL of cisapride prepared from USP Cisapride RS in methanol
Sample solution: Transfer 1.0 mL of Oral Suspension, Veterinary to a 50-mL volumetric
flask, dilute with methanol to volume, and sonicate to mix. Filter into an HPLC vial.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 308 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for cisapride is about 2.0 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cisapride (C23 H29 ClFN3 O4 ) in the
portion of Oral Suspension, Veterinary taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cisapride from the Sample solution
rS= peak response of cisapride from the Standard solution
C=
S concentration of cisapride in the Standard solution (mg/mL)
C=
U nominal concentration of cisapride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% on the anhydrous basis
SPECIFIC TESTS
• pH

791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant plastic containers. Store at 2 –8
or at controlled room temperature.
• Labeling: Label it to indicate that it is for veterinary use only. Label it to indicate that it is
to be well shaken before use, and to state the Beyond-Use Date.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at 2 –8 or at controlled room temperature.
• USP Reference Standards
USP Cisapride RS

11

2S (USP38)

BRIEFING
Clemastine Fumarate, USP 37 page 2382. As part of the USP modernization initiative, it is
proposed to revise the monograph as follows:
1.
In the test for Organic Impurities, replace the chromatographic purity procedure that
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uses thin-layer chromatography (TLC) with a validated HPLC procedure. The method
was validated with the Zorbax Eclipse XDB C8 brand of L7 column manufactured by
Agilent Technologies. The typical retention time for clemastine is about 0.9 min. The
impurities Acceptance criteria were revised to incorporate the values from an
approved manufacturer.
2.
Replace the Assay by titration with an HPLC method. The procedure uses the same
HPLC parameters used in the proposed test for Organic Impurities, except the
Injection volume reduction and the use of isocratic Mobile phase.
3.
Replace the current Identification test B, using thin-layer chromatography, with HPLC
retention time agreement from the proposed Assay.
4.
Delete the non-value added test for Clarity and Color of Solution.
5.
Add USP 4-Chlorobenzophenone RS, used in the test for Organic Impurities, to the USP
Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Min, D. Vicchio.)
Correspondence Number—C104087

Comment deadline: November 30, 2014
Clemastine Fumarate

C21 H26 ClNO·C4 H4 O4

459.96

Pyrrolidine, 2-[2-[1-(4-chlorophenyl)-1-phenylethoxy]ethyl]-1-methyl-, [R-(R*,R*)]-, (E)-2butenedioate (1:1);
(+)-(2R)-2-[2-[[[(R)-p-Chloro- -methyl- -phenylbenzyl]-oxy]ethyl]-1-methylpyrrolidine
fumarate (1:1)
[14976-57-9].
DEFINITION
Clemastine Fumarate contains NLT 98.0% and NMT 102.0% of clemastine fumarate
(C21 H26 ClNO·C4 H4 O4 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
Delete the following:
• B. Thin Layer Chromatography
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Diluent: Dilute alcohol (8 in 10)
Standard solution: 5 mg/mL of fumaric acid in Diluent
Sample solution: 20 mg/mL of Clemastine Fumarate in Diluent with slight warming
Chromatographic system
Chromatography 621 , Thin-Layer Chromatography
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Diisopropyl ether, formic acid, and water (70:25:5)
Spray reagent: 0.1 M potassium permanganate
Analysis
Samples: Standard solution and Sample solution
Separately apply the Standard solution and Sample solution to the chromatographic plate
and dry the spots with the aid of a current of air. Develop the chromatogram until the
solvent front has moved about three-fourths of the length of the plate. Remove the plate
from the developing chamber, mark the solvent front, dry at 100 for 30 min, cool, and
spray the plate with Spray reagent. Dry briefly with the aid of a current of warm air, and
examine the chromatogram.
Acceptance criteria: The principal spot of the Sample solution corresponds in RF value,
color, and intensity to that of the Standard solution. 2S (USP38)

Add the following:
• B. The retention times of the fumarate and clemastine peaks of the Sample solution
correspond to those of the Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Sample: 350 mg of Clemastine Fumarate
Blank: 60 mL of glacial acetic acid
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 60 mL of glacial acetic acid in a small conical flask and
titrate with Titrant. Perform a blank determination, and make any necessary correction.
Each mL of 0.1 N perchloric acid is equivalent to 46.00 mg of clemastine fumarate
(C21 H26 ClNO·C4 H4 O4 ).
Buffer: 4.1 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 4.0.
Mobile phase: Methanol, acetonitrile, and Buffer (35:35:30)
Standard solution: 0.28 mg/mL of USP Clemastine Fumarate RS in Mobile phase
Sample solution: 0.28 mg/mL of Clemastine Fumarate in Mobile phase
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 5-cm; 1.8-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 5 µL
Run time: 3 min
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.8 for clemastine
Relative standard deviation: NMT 0.73% for clemastine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clemastine fumarate (C21 H26 ClNO·C4 H4 O4 ) in the portion of
Clemastine Fumarate taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of clemastine from the Sample solution
rS
= peak response of clemastine from the Standard solution
CS
= concentration of USP Clemastine Fumarate RS in the Standard solution (mg/mL)
CU
= concentration of Clemastine Fumarate in the Sample solution (mg/mL)
2S (USP38)

Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Diluent: Chloroform and methanol (1:1)
Standard solution: 20 mg/mL of USP Clemastine Fumarate RS in Diluent
Comparison solutions: Dilute portions of the Standard solution with the Diluent to
prepare five Comparison solutions having known concentrations of 0.10, 0.08, 0.06,
0.04, and 0.02 mg/mL, respectively (0.5%, 0.4%, 0.3%, 0.2%, and 0.1% of the Standard
solution, respectively).
Sample solution: 20 mg/mL of Clemastine Fumarate in Diluent
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Chromatographic system
Chromatography

621 , Thin-Layer Chromatography

Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Solution A: 17 mg/mL of bismuth subnitrate in glacial acetic acid and water (1:4)
Solution B: 400 mg/mL of potassium iodide in water
Spray reagent: Mix 5.0 mL of Solution A, 5.0 mL of Solution B, and 20 mL of glacial acetic
acid in a 100-mL volumetric flask, and dilute with water to volume.
Developing solvent system: Chloroform, methanol, and ammonium hydroxide (90:10:1)
Analysis
Samples: Standard solution, Comparison solutions, and Sample solution
Separately apply the Standard solution, the Comparison solutions and Sample solution to
the chromatographic plate. Allow the spots to dry, and develop the chromatogram in
Developing solvent system until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the developing chamber, mark the solvent
front, and dry the plate at room temperature with the aid of a current of air. Locate the
spots on the plate by spraying first with Spray reagent, then with 3% hydrogen peroxide.
Acceptance criteria: The principal spot of the Sample solution corresponds in RF value,
color, and intensity to that of the Standard solution; the sum of the intensities of any
secondary spots, if present in the chromatogram from the Sample solution, corresponds
to NMT 1.0%; and the intensities of any secondary spots are NMT 0.5% of that of the
principal spot in the chromatogram from the Standard solution on the basis of comparison
with spots obtained from the Comparison solutions.
Buffer: 4.1 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 4.0.
Solution A: Methanol, acetonitrile, and Buffer (35:35:30)
Solution B: Methanol, acetonitrile, and Buffer (40: 37.5: 22.5)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
3
100
0
3.1
0
100
18
0
100
18.1
100
0
25
100
0
Standard stock solution 1: 0.14 mg/mL of USP Clemastine Fumarate RS in Solution A.
Sonication may be needed to aid dissolution.
Standard stock solution 2: 0.14 mg/mL of USP 4-Chlorobenzophenone RS in methanol.
Sonication may be needed to aid dissolution.
Sensitivity solution: 0.14 µg/mL of USP Clemastine Fumarate RS in Solution A from
Standard stock solution 1
Standard solution: 0.28 µg/mL of USP Clemastine Fumarate RS and 0.36 µg/mL of USP
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4-Chlorobenzophenone RS in Solution A from Standard stock solution 1 and Standard
stock solution 2, respectively
Sample solution: 0.28 mg/mL of Clemastine Fumarate in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 5-cm; 1.8-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 50 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between clemastine and 4-chlorobenzophenone, Standard
solution
Relative standard deviation: NMT 2.0% for clemastine, Standard solution
Signal-to-noise ratio: NLT 50 for clemastine, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 4-chlorobenzophenone in the portion of Clemastine Fumarate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of 4-chlorobenzophenone from the Sample solution
rS
= peak response of 4-chlorobenzophenone from the Standard solution
CS
= concentration of USP 4-Chlorobenzophenone RS in the Standard solution (µg/mL)
CU
= concentration of Clemastine Fumarate in the Sample solution (µg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Clemastine
Fumarate taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of each individual unspecified impurity from the Sample solution
rS
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= peak response of clemastine from the Standard solution
CS
= concentration of USP Clemastine Fumarate RS in the Standard solution (mg/mL)
CU
= concentration of Clemastine Fumarate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard peaks having areas less than 0.05% of
clemastine.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)
—
—
0.15
0.10
1.0

Fumaric acida
0.5
Clemastine
1.0
4-Chlorobenzophenone
1.7
Any individual unspecified impurity
—
Total impurities
—
a Salt counter ion is included in this table for identification purposes only.
2S (USP38)

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in methanol
Acceptance criteria: +15.0 to +18.0 (T = 20 )
• pH 791
Sample solution: 100 mg/mL suspension
Acceptance criteria: 3.2–4.2
• Loss on Drying 731
Analysis: Dry at 105 to constant weight.
Acceptance criteria: NMT 0.5%
Delete the following:
• Clarity and Color of Solution
Sample solution: 100 mg of Clemastine Fumarate in 10 mL of methanol
Comparison solution: Mix 2.5 mL of 0.02 mM sodium chloride, 2.5 mL of water, 5.0 mL of
2.5 N nitric acid, and 1.0 mL of 0.1 N silver nitrate. Use this solution within 5 min.
Color matching fluid: 10 mL of Matching Fluid C (see Color and Achromicity 631 ) and
water (1:3)
Analysis 1: Transfer the Sample solution and the Comparison solution to separate test
tubes having the same nominal diameter (about 12 mm). View the Sample solution and the
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Comparison solution horizontally against a dull black background.
Acceptance criteria 1: The Sample solution is clear or not more opalescent than the
Comparison solution.
Analysis 2: Transfer the Sample solution and the Color matching fluid to separate test
tubes having the same nominal diameter (about 12 mm). View the Sample solution and the
Color matching fluid horizontally against a dull white background.
Acceptance criteria 2: The Sample solution is colorless or not more intensely colored than
the Color matching fluid. 2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers at a temperature not
exceeding 25 .
Change to read:
• USP Reference Standards 11
USP 4-Chlorobenzophenone RS
4-Chlorobenzophenone.
C13 H9 ClO
216.66 2S (USP38)
USP Clemastine Fumarate RS
BRIEFING
Clofazimine, USP 37 page 2404. This monograph modernization replaces that which appeared
in PF 39(6) [Nov.–Dec. 2013] but was subsequently canceled. On the basis of additional
supporting information and comments received, a new version is being proposed to correct
the components and concentrations of the Standard solution in the Organic Impurities test,
to provide a wider Acceptance criteria in the Assay, and an article Definition based on the
HPLC test. In addition, it is proposed to make the following changes:
1.
Replace the titration Assay and thin-layer chromatographic Organic Impurities test with
an HPLC-based Assay and Organic Impurities procedure. The HPLC procedure is
adopted from the Clofazimine monograph in the European Pharmacopoeia, 7th
edition, Related Substances. The HPLC procedures in the Assay and the test for
Organic Impurities are based on analyses performed with the Merck KGaA
Lichrospher 100 RP-8e brand of L7 column. The typical retention times for the
clofazimine peak in the Assay and the Organic Impurities test is 14 min.
2.
Replace the current Identification test A for Infrared Absorption

197S , which uses

the toxic solvent methylene chloride, with 197A or 197K , which use a neat
sample or pellet preparation, respectively.
3.
Identification test B is changed with retention time agreement in the proposed Assay
method.
4.
The USP Reference Standards section is revised to add the necessary standards for
preparation of the System suitability solution in the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(SM1: A. Potts.)
Correspondence Number—C142916

Comment deadline: November 30, 2014
Clofazimine

C27 H22 Cl2 N4

473.40

2-Phenazinamine, N,5-bis(4-chlorophenyl)-3,5-dihydro-3-[(1-methylethyl)imino]-;
3-(p-Chloroanilino)-10-(p-chlorophenyl)-2,10-dihydro-2-(isopropylimino)phenazine
9].

[2030-63-

DEFINITION
Change to read:
Clofazimine contains NLT 98.5% and NMT 101.5%
NLT 98.0% and NMT 102.0% 2S (USP38)
of clofazimine (C27 H22 Cl2 N4 ), calculated on the dried basis.
IDENTIFICATION
Delete the following:
• A. Infrared Absorption 197S
Sample solution: 5% solution in methylene chloride
Acceptance criteria: Meets the requirements 2S (USP38)

Add the following:
• A. Infrared Absorption 197 : Use

197A

or

197K .

2S (USP38)

Change to read:
• B. The RF value of the principal spot of the Sample solution corresponds to that of Standard
solution A, as obtained in Organic Impurities.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
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ASSAY
Change to read:
• Procedure
Sample: 300 mg of Clofazimine
Analysis: Dissolve the Sample in 5 mL of chloroform, with the aid of heat if necessary.
Add 20 mL of acetone and 5 mL of glacial acetic acid, and titrate with 0.1 N perchloric
acid VS in glacial acetic acid, using a glass electrode and a calomel electrode with a
saturated solution of potassium chloride as the bridge fluid and agar gel as the bridge.
Perform a blank determination, and make any necessary correction. Each mL of 0.1 N
perchloric acid is equivalent to 47.34 mg of clofazimine (C27 H22 Cl2 N4 ).
Acceptance criteria: 98.5%–101.5% on the dried basis
Buffer: 4.5 mg/mL of sodium dodecyl sulfate, 1.7 mg/mL of tetra butyl ammonium
hydrogen sulfate, and 1.8 mg/mL of disodium hydrogen phosphate in water. Adjust with
dilute phosphoric acid (about 8.5%) to a pH of 3.0 in 90% of the volume before diluting
with water to volume.
Mobile phase: Acetonitrile and Buffer (65:35)
Standard solution: 0.05 mg/mL of USP Clofazimine RS in Mobile phase
Sample solution: 0.05 mg/mL of Clofazimine in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for the clofazimine peak, Standard solution
Relative standard deviation: NMT 0.73% for the clofazimine peak, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clofazimine (C27 H22 Cl2 N4 ) in the portion of Clofazimine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
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= concentration of USP Clofazimine RS in the Standard solution (mg/mL)
CU
= concentration of Clofazimine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

2S (USP38)

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities • Solution A: Ammonium hydroxide and water (1 in 100). Prepare this
solution fresh daily.
Standard solution A: 0.5 mg/mL of USP Clofazimine RS in methylene chloride
Standard solution B: 0.25 mg/mL of USP Clofazimine RS from Standard solution A in
methylene chloride
Standard solution C: 0.1 mg/mL of USP Clofazimine RS from Standard solution A in
methylene chloride
Sample solution: 50 mg/mL of Clofazimine in methylene chloride
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Methylene chloride and n-propyl alcohol (10:1)
Chromatographic plate: Immediately before use, expose the plate to ammonia vapors
for 30 min by suspending the plate in a tank containing a shallow layer of approximately
25 mL of Solution A. Prevent the plate from coming into contact with the liquid.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent front has moved three-fourths of the length of the plate. Remove the
plate from the developing chamber, mark the solvent front, and air-dry. Examine the
plate under short-wavelength UV light, and compare the intensities of any secondary
spots of the Sample solution with those of the principal spots of the Standard
solutions.
Acceptance criteria
Individual impurities: NMT 1.0%; no secondary spot from the Sample solution is larger
or more intense than the principal spot from Standard solution A.
Total impurities: NMT 2.0%; the sum of the intensities of the secondary spots from the
Sample solution
Buffer, Mobile phase, and Chromatographic system: Proceed as directed in the
Assay.
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System suitability solution: 0.5 mg/mL of USP Clofazimine RS and 1.5 µg/mL of USP
Clofazimine Related Compound B RS in Mobile phase
Standard solution: 0.5 µg/mL of USP Clofazimine RS and 5.0 µg/mL of USP Clofazimine
Related Compound B in Mobile phase
Sample solution: 0.5 mg/mL of Clofazimine in Mobile phase
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between the clofazimine and clofazimine related compound B
peaks, System suitability solution
Relative standard deviation: NMT 2.8% for the clofazimine peak and NMT 2.0% for
the clofazimine related compound B peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clofazimine related compound B in the portion of Clofazimine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of clofazimine related compound B from the Sample solution
rS
= peak response of clofazimine related compound B from the Standard solution
CS
= concentration of USP Clofazimine Related Compound B RS in the Standard solution (mg/mL)
CU
= concentration of Clofazimine in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Clofazimine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of any individual unspecified impurity from the Sample solution
rS
= peak response of clofazimine from the Standard solution
CS
= concentration of USP Clofazimine RS in the Standard solution (mg/mL)
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CU
= concentration of Clofazimine in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any impurity peaks less than 0.05%.
Table 1
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

Clofazimine related compound Ba
0.81
1.0
Clofazimine
1.00
—
Any individual unspecified impurity
—
0.10
Total impurities
—
2.0
a 5-(4-Chlorophenyl)-3-(isopropylimino)-N-phenyl-3,5-dihydrophenazin-2-amine.
2S (USP38)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample at 105 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers at room temperature.
Change to read:
• USP Reference Standards 11
USP Clofazimine RS
USP Clofazimine Related Compound B RS
5-(4-Chlorophenyl)-3-(isopropylimino)-N-phenyl-3,5-dihydrophenazin-2-amine.
C27 H23 ClN4
438.95
2S (USP38)

BRIEFING
Clofazimine Capsules, USP 37 page 2405. As part of the USP monograph modernization effort,
it is proposed to make the following changes:
1.
Replace the UV-Vis Assay and the thin-layer chromatography Organic Impurities test
with a stability-indicating HPLC-based procedure. The HPLC procedure is adopted
from the Clofazimine monograph in the European Pharmacopoeia, 7th edition, Related
Substances. The HPLC procedures in the Assay and the Organic Impurities test are
based on analyses performed with the Merck KGaA Lichrospher 100 RP 8-e brand of
L7 column. The typical retention times for the clofazimine and clofazimine related
compound B peaks in the Assay and the Organic Impurities test are 15 min and 12
min, respectively. The procedure may be dependent on the specific matrix
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(formulation). Manufacturers are encouraged to comment on the proposed revisions
for the Assay and for the Organic Impurities test and provide supporting data for the
analysis of their product-specific formulation.
2.
Replace the current Identification test A from TLC to HPLC relative retention time for
the Assay to strengthen the monograph requirements. Replace the current
Identification test B, which uses toxic solvents for sample preparation, with a PDA
match from the Assay to have orthogonal testing.
3.
Revise the USP Reference Standards section to add the necessary standards for
preparation of the System suitability solution in the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Potts.)
Correspondence Number—C127327

Comment deadline: November 30, 2014
Clofazimine Capsules
DEFINITION
Clofazimine Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of clofazimine
(C27 H22 Cl2 N4 ).
IDENTIFICATION
Change to read:
• A. The RF value of the principal spot of the Sample solution corresponds to that of the
Standard solution, as obtained in Organic Impurities.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)

Change to read:
• B. The UV absorption spectrum of the Sample solution, prepared as directed in the Assay,
exhibits maxima and minima at the same wavelengths as that of a similar solution of USP
Clofazimine RS, concomitantly measured.
The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)

ASSAY
Change to read:
• Procedure
Solution A: 0.1 N hydrochloric acid and methanol prepared as follows. Pipet 10 mL of
hydrochloric acid into a 1000-mL volumetric flask containing about 500 mL of methanol,
mix, and dilute with methanol to volume.
Reference solution: Methylene chloride and Solution A (1 in 10)
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Standard stock solution: 0.075 mg/mL of USP Clofazimine RS in methylene chloride
Standard solution: 7.5 µg/mL of clofazimine in Solution A from Standard stock solution
Sample stock solution: Nominally 0.075 mg/mL of clofazimine in methylene chloride from
Capsules prepared as follows. Remove as completely as possible the contents of NLT 20
Capsules with the aid of methylene chloride. Dissolve in methylene chloride, filter the
solution through a pledget of cotton, and prepare the solution with methylene chloride.
Sample solution: 7.5 µg/mL in Solution A from Sample stock solution
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: Vis
Analytical wavelength: 491 nm
Blank: Reference solution
Analysis: Determine the absorbances of the Standard solution and the Sample solution at
the wavelength of maximum absorbance.
Calculate the percentage of the labeled amount of clofazimine (C27 H22 Cl2 N4 ) in the portion
of Capsules taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Clofazimine RS in the Standard solution (µg/mL)
C=
U nominal concentration of clofazimine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
Buffer: 4.5 mg/mL of sodium dodecyl sulfate, 1.7 mg/mL of tetra butyl ammonium
hydrogen sulfate, and 1.8 mg/mL of disodium hydrogen phosphate in water. Adjust with
dilute phosphoric acid (about 8.5%) to a pH of 3.0 in 90% of the volume before diluting
with water to volume.
Mobile phase: Acetonitrile and Buffer (65:35)
System suitability solution: 0.5 mg/mL of USP Clofazimine RS and 1.5 µg/mL USP
Clofazimine Related Compound B RS in Mobile phase
Standard solution: 0.05 mg/mL of USP Clofazimine RS in Mobile phase
Sample stock solution: Nominally 0.5 mg/mL of clofazimine in Mobile phase prepared as
follows. Remove as completely as possible the contents of NLT 20 Capsules, and mix.
Transfer the weighed portion of the combined contents of the Capsules, equivalent to
about 500 mg of clofazimine, into a 250-mL conical flask. Add 50 mL of Mobile phase in
increments, shake well, and quantitatively transfer into a 1000-mL volumetric flask.
Repeat this process until transfer of all the Capsule content is complete and make up
the volume of the flask with Mobile phase. Stir at a high speed to make the solution
homogenous.
Sample solution Prepare nominally 0.05 mg/mL of clofazimine from the Sample stock
solution in Mobile phase as follows. Filter 20 mL of the Sample stock solution into a
beaker. Transfer 1.0 mL of the filtered solution into 10-mL volumetric flask, and dilute
to volume with Mobile phase.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm. For Identification test B, use a diode array detector in the
range of 190 nm–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between clofazimine and clofazimine related compound B peaks,
System suitability solution
Tailing factor: NMT 1.5 for clofazimine peak, Standard solution
Relative standard deviation: NMT 1.0% for clofazimine peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clofazimine (C27 H22 Cl2 N4 ) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of clofazimine from the Sample solution
rS
= peak response of clofazimine from the Standard solution
CS
= concentration of USP Clofazimine RS in the Standard solution (mg/mL)
CU
= nominal concentration of clofazimine in the Sample solution (mg/mL)
Acceptance criteria: NLT 90.0% and NMT 110.0%

2S (USP38)

PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 500 mL
Apparatus 2: 50 rpm
Time: 15 min
Analysis: Place 1 Capsule in each vessel, and allow the Capsule to sink to the bottom of
the vessel before starting the rotation of the blade. Observe the Capsules, and record the
time taken for each capsule shell to rupture.
Tolerances: The requirements are met if all of the Capsules tested rupture in NMT 15 min.
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If 1 or 2 of the Capsules rupture in more than 15 but NMT 30 min, repeat the test on 12
additional Capsules. NMT 2 of the total of 18 Capsules tested rupture in more than 15 min
but NMT 30 min.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Solution A: Ammonium hydroxide and water (1 in 100). Prepare this solution fresh daily.
Standard solution A: 0.5 mg/mL of USP Clofazimine RS in methylene chloride
Standard solution B: 0.1 mg/mL of USP Clofazimine RS from Standard solution A in
methylene chloride
Standard solution C: 0.04 mg/mL of USP Clofazimine RS from Standard solution A in
methylene chloride
Sample solution: To a portion of Capsule contents, equivalent to 500 mg of clofazimine,
add 25 mL of methylene chloride and 25 mL of 0.1 N sodium hydroxide, and sonicate for
30 min. Withdraw the methylene chloride layer, and filter through anhydrous sodium
sulfate.
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Methylene chloride and n-propyl alcohol (10:1)
Chromatographic plate: Immediately before use, expose the plate to ammonia vapors
for 30 min by suspending the plate in a tank containing a shallow layer of approximately
25 mL of Solution A. Prevent the plate from coming into contact with the liquid.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent front has moved three-fourths of the length of the plate. Remove the
plate from the developing chamber, mark the solvent front, and air-dry. Examine the
plate under short-wavelength UV light, and compare the intensities of any secondary
spots from the Sample solution with those of the principal spots from the Standard
solutions.
Acceptance criteria
Individual impurities: NMT 1.0%; no secondary spot from the Sample solution is larger
or more intense than the principal spot from Standard solution A.
Total impurities: NMT 2.0%; the sum of the intensities of the secondary spots from the
Sample solution
Buffer, Mobile phase, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay except for the following solutions and conditions.
Standard solution: 0.5 µg/mL of USP Clofazimine RS and 5 µg/mL USP Clofazimine
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Related Compound B RS in Mobile phase
Sample solution: Nominally 0.5 mg/mL of clofazimine in Mobile phase prepared as
follows. Remove as completely as possible the contents of NLT 20 Capsules, and mix.
Transfer the weighed portion of the combined contents of the Capsules, equivalent to
about 500 mg of clofazimine, into a 250-mL conical flask. Add 50 mL of Mobile phase in
increments, shake well, and quantitatively transfer into a 1000-mL volumetric flask.
Repeat this process until transfer of all the Capsule contents is complete and make up
the flask volume with Mobile phase. Stir at a high speed to make the solution
homogenous and filter.
Suitability requirements
Resolution: NLT 2.0 between clofazimine and clofazimine related compound B peaks,
System suitability solution
Relative standard deviation: NMT 2.8% for clofazimine peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clofazimine related compound B in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of clofazimine related compound B from the Sample solution
rS
= peak response of clofazimine related compound B from the Standard solution
CS
= concentration of USP Clofazimine Related Compound B RS in the Standard solution (mg/mL)
CU
= nominal concentration of clofazimine in the Sample solution (mg/mL)
Calculate the percentage of unspecified impurities in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of impurities from the Sample solution
rS
= peak response of clofazimine from the Standard solution
CS
= concentration of USP Clofazimine RS in the Standard solution (mg/mL)
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CU
= nominal concentration of clofazimine in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any impurity peaks less than 0.05%.
Table 1
Relative Retention Time Acceptance Criteria, NMT (%)
0.81
1.0

Name
Clofazimine related compound
Ba
Clofazimine
1.00
—
Any unspecified impurity
—
0.10
Total impurities
—
2.0
a 5-(4-Chlorophenyl)-3-(isopropylimino)-N-phenyl-3,5-dihydrophenazin-2-amine.
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Clofazimine RS
USP Clofazimine Related Compound B RS
5-(4-Chlorophenyl)-3-(isopropylimino)-N-phenyl-3,5-dihydrophenazin-2-amine.
C27 H23 ClN4
438.95
2S (USP38)

BRIEFING
Clomiphene Citrate, USP 37 page 2407. On the basis of comments received, the following
revisions are proposed.
1.
Replace the test for Organic Impurities with an HPLC method that was validated using
the Phenomenex Kinetex C8 100A brand of L7 column. The retention time of
clomiphene is about 10 min. The proposed method is more accurate and sensitive
and can detect two impurities that do not elute from the column using the current
procedure.
2.
Revise the impurity limits to match the sponsor’s approved limits.
3.
Replace the Identification—Organic Nitrogenous Bases test, which uses carbon disulfide
and requires extensive sample preparation, with the Infrared Absorption test.
4.
Revise the Packaging and Storage section to include storage conditions.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Vicchio.)
Correspondence Number—C134866
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Comment deadline: November 30, 2014
Clomiphene Citrate

C26 H28 ClNO·C6 H8 O7

598.08

Ethanamine, 2-[4-(2-chloro-1,2-diphenylethenyl)phenoxy]-N,N-diethyl-, 2-hydroxy-1,2,3propanetricarboxylate (1:1);
2-[p-(2-Chloro-1,2-diphenylvinyl)phenoxy]triethylamine citrate (1:1)
[50-41-9].
DEFINITION
Clomiphene Citrate contains NLT 98.0% and NMT 102.0% of a mixture of the (E)- and (Z)geometric isomers of clomiphene citrate (C26 H28 ClNO·C6 H8 O7 ), calculated on the anhydrous
basis. It contains NLT 30.0% and NMT 50.0% of the Z-isomer, [(Z)-2-[4-(2-chloro-1,2diphenylethenyl)phenoxy]-N,N-diethylethanamine 2-hydroxy-1,2,3-propanetricarboxylate (1:1).
IDENTIFICATION
Change to read:
• A. Identification—Organic Nitrogenous Bases
Infrared Absorption 197K

181

2S (USP38)

• B. Ultraviolet Absorption 197U
Medium: 0.1 N hydrochloric acid
Sample solution: 20 µg/mL
Acceptance criteria: Meets the requirements
• C. Identification Tests—General, Citrate

191

ASSAY
• Procedure
Use low-actinic glassware for all solutions.
Mobile phase: Methanol, water, and triethylamine (55: 45: 0.3). Adjust with phosphoric
acid to a pH of 2.5.
System suitability solution: 2 µg/mL of USP Clomiphene Related Compound A RS and 50
µg/mL of USP Clomiphene Citrate RS, in Mobile phase
Standard solution: 50 µg/mL of USP Clomiphene Citrate RS, in Mobile phase
Sample stock solution: 0.5 mg/mL of Clomiphene Citrate, in Mobile phase, filtered
Sample solution: 50 µg/mL of Clomiphene Citrate, in Mobile phase, from Sample stock
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solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 233 nm
Column: 4.6-mm × 25-cm; packing L26
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for clomiphene related compound A, (Z)-isomer, and
(E)-isomer are about 0.9, 1.0, and 1.2, respectively.]
Suitability requirements
Resolution: NLT 1.0 between clomiphene related compound A and (Z)-isomer; NLT 1.5
between (Z)-isomer and (E)-isomer, System suitability solution
Column efficiency: NLT 2000 theoretical plates for the (E)-isomer, Standard solution
Tailing factor: NMT 3.0 for the (E)-isomer, Standard solution
Relative standard deviation: NMT 2.0% for both (E)- and (Z)-isomers, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clomiphene citrate (C26 H28 ClNO·C6 H8 O7 ) in the portion of
Clomiphene Citrate taken:
Result = [(rUE + rUZ)/(rSE + rSZ)] × (CS/CU) × 100
rUE
= peak response of the (E)-isomer from the Sample solution
rUZ
= peak response of the (Z)-isomer from the Sample solution
rSE= peak response of the (E)-isomer from the Standard solution
rSZ= peak response of the (Z)-isomer from the Standard solution
CS= concentration of USP Clomiphene Citrate RS in the Standard solution (µg/mL)
CU= concentration of Clomiphene Citrate in the Sample solution (µg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
OTHER COMPONENTS
• Content of (Z)-isomer
Mobile phase, System suitability solution, Standard solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of (Z)-isomer in the portion of Clomiphene Citrate taken:
Result = (rZ/rT) × 100
r=
Z peak response of the (Z)-isomer from the Sample solution
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r=
T sum of all the peak responses of the Sample solution
Acceptance criteria: 30.0%–50.0%
IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Mobile phase, Sample solution, and System suitability solution: Proceed as directed
in the Assay.
Standard solution: 1.0 µg/mL of USP Clomiphene Citrate RS, in Mobile phase
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 25-cm; packing L26
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for clomiphene related compound A, (Z)-isomer, and
(E)-isomer are about 0.9, 1.0, and 1.2, respectively.]
Suitability requirements
Resolution: NLT 1.0 between clomiphene related compound A and the (Z)-isomer, and
NLT 1.5 between the (Z)-isomer and the (E)-isomer, System suitability solution
Column efficiency: NLT 2000 theoretical plates for the (E)-isomer, Standard solution
Tailing factor: NMT 3.0 for the (E)-isomer, Standard solution
Relative standard deviation: NMT 2.0% from both the (E)- and (Z)-isomers,
Standard solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Clomiphene Citrate taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of all the peak responses
Acceptance criteria
Clomiphene related compound A: NMT 2.0%
Any other individual impurity: NMT 0.5%
Total impurities: NMT 2.0%
Use low-actinic glassware for all solutions.
Buffer: Acetonitrile, diethylamine, and water (40: 0.8: 60). Adjust with phosphoric acid to
a pH of 6.2.
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Solution A: Buffer and water (90:10)
Solution B: Buffer
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
3.0
100
0
23.0
0
100
33.0
0
100
33.5
100
0
40.0
100
0
System suitability stock solution: 0.28 mg/mL of USP Clomiphene Related Compound A
RS in Buffer
System suitability solution: 1.25 mg/mL of USP Clomiphene Citrate RS and 0.028 mg/mL
of USP Clomiphene Related Compound A RS, prepared as follows. Transfer 12.5 mg of USP
Clomiphene Citrate RS into a 10-mL volumetric flask, add 1.0 mL of System suitability
stock solution, and dilute with Buffer to volume.
Standard solution: 0.025 mg/mL of USP Clomiphene Citrate RS in Buffer
Sample solution: 1.25 mg/mL of Clomiphene Citrate in Buffer
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 233 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L7
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Relative standard deviation: NMT 5.0% from the sum of the peak areas of the (E)and (Z)-isomers, Standard solution
Peak-to-valley ratio: The ratio of the height of the clomiphene related compound A
peak to the height of the valley between clomiphene related compound A and
clomiphene peaks is NLT 15, System suitability solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Clomiphene Citrate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU
= peak response of each impurity from the Sample solution
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rS
= sum of the peak responses of (E)- and (Z)-isomers of clomiphene from the Standard solution
CS
= concentration of USP Clomiphene Citrate RS in the Standard solution (mg/mL)
CU
= concentration of Clomiphene Citrate in the Sample solution (mg/mL)
F
= relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.

Name

Table 2
Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

Clomiphene benzophenone analoga
0.10
b
Clomiphene tritylphenone analog
0.13
c
Clomiphene keto analog
0.33
Clomiphene related compound A
0.92
Clomiphene Z-isomer
0.98
Clomiphene E-isomer
1.00
2-Chloroclomiphened
1.57
2-Chloroclomiphened
1.63
f
4-Chloroclomiphene
1.70
f
4-Chloroclomiphene
1.77
Deschloroclomiphene chlorophenyl analogg
2.36
g
Deschloroclomiphene chlorophenyl analog
2.48
h
Benzyl clomiphene
2.67
Benzyl clomipheneh
2.76
Any other unspecified impurity
—
Total impurities
—
a {4-[2-(Diethylamino)ethoxy]phenyl}(phenyl)methanone.

0.51
1.0
1.0
1.0
—
—
1.0
1.0
1.0
1.0
0.77
0.77
0.74
0.81
1.0
—

1.0
1.0
1.0
2.0
—
—
1.0e
1.0e
1.0e
0.15
0.15
0.10
2.5

b 2,2-Bis{4-[2-(diethylamino)ethoxy]phenyl}-1,2-diphenylethanone.
c 2-{4-[2-(Diethylamino)ethoxy]phenyl}-1,2-diphenylethan-1-one.
d (E,Z)-2-[2-Chloro-4-(2-chloro-1,2-diphenylvinyl)phenoxy]-N,N-diethylethan-1-amine.
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e The sum of these geometric isomers is NMT 1.0%.
f (E,Z)-2-{4-[2-Chloro-2-(4-chlorophenyl)-1-phenylvinyl]phenoxy}-N,N-diethylethan-1-amine.
g (E,Z)-2-{4-[1,2-Bis(4-chlorophenyl)vinyl]phenoxy}-N,N-diethylethan-1-amine.
h (E,Z)-2-{4-[1-(4-Benzylphenyl)-2-chloro-2-phenylvinyl]phenoxy}-N,N-diethylethan-1amine.
2S (USP38)

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. 2S (USP38)

• USP Reference Standards 11
USP Clomiphene Citrate RS
USP Clomiphene Related Compound A RS
(E,Z)-2-[4-(1,2-Diphenylethyl)phenoxy]-N,N-diethylethanamine hydrochloride.
C26 H29 NO·HCl
407.98
BRIEFING
Clonazepam Compounded Oral Suspension, USP 37 page 2412. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 proposed in PF 39(6). A list of all compounding monograph
titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
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Oral Suspension
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2S (USP38)

DEFINITION
Change to read:
Clonazepam
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of clonazepam
(C15 H10 ClN3 O3 ).
Prepare Clonazepam
Compounded 2S (USP38)
Oral Suspension 0.1 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations
Clonazepam

795 ).

10
mg
Vehicle: a 1:1 mixture of Vehicle for Oral Solution (regular or sugar-free), NF, and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL

If using tablets, comminute the tablets into a fine powder in a suitable mortar, or add
Clonazepam powder to the mortar. Add approximately 10 mL of the Vehicle, and mix to a
uniform paste. Add the Vehicle in small portions almost to volume, and mix thoroughly after
each addition. Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated
bottle. Add enough Vehicle to bring to final volume, and mix well.
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, acetonitrile, and water (30:30:40). Filter and degas.
Standard solution: 25 µg/mL of USP Clonazepam RS in acetonitrile
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s.
Pipet 2.5 mL of the sample (ERR 1-Apr-2013)
into a 10-mL volumetric flask, and dilute with acetonitrile to volume to obtain a solution having
a nominal concentration of 25 µg/mL of clonazepam.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
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System suitability
Sample: Standard solution
[Note—The retention time for clonazepam is about 7 min.]
Suitability requirements
Relative standard deviation: NMT 1.8% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clonazepam (C15 H10 ClN3 O3 ) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of clonazepam in the Standard solution (µg/mL)
C=
U nominal concentration of clonazepam in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.6–4.6

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded
when stored at controlled room temperature or in a cold place 2S (USP38)
• Labeling: Label it to state that it is to be well shaken before use, and to state the BeyondUse Date.
• USP Reference Standards
USP Clonazepam RS

11
BRIEFING

Clotrimazole Vaginal Inserts, USP 37 page 2434. As part of the USP monograph
modernization initiative, it is proposed to make the following changes:
1.
Add Identification test B for clotrimazole based on the UV spectrum of the clotrimazole
peak in the chromatogram of the sample and standard in the Assay.
2.
Add the test for Organic Impurities to the monograph. The proposed HPLC procedure is
based on analyses performed with the Thermo-Scientific Acclaim Mixed-Mode WCX-1
brand of L85 column. The typical retention time for the clotrimazole peak is 8 min.
3.
Replace the HPLC procedure in the Assay with a validated stability-indicating HPLC
procedure, which uses the same chromatographic system as the test for Organic
Impurities to be operationally efficient.
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4.
Add acceptance criteria for specified or unspecified impurities. Clotrimazole related
compound A and imidazole are potential degradation products of clotrimazole. The
acceptance criteria of clotrimazole related compound A and imidazole in Clotrimazole
(NMT 0.5%) are proposed for Clotrimazole Vaginal Inserts. For unspecified impurities,
acceptance criteria of NMT 0.1% based on ICH guidelines is proposed as a starting
point. Manufacturers are strongly encouraged to submit their approved specifications
to USP if they are different from those proposed in this revision.
5.
Add USP Imidazole RS to the USP Reference Standards section to support the proposed
revision for the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: G. Hsu.)
Correspondence Number—C118192

Comment deadline: November 30, 2014
Clotrimazole Vaginal Inserts
DEFINITION
Clotrimazole Vaginal Inserts contain NLT 90.0% and NMT 110.0% of the labeled amount of
clotrimazole (C22 H17 ClN2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Buffer: 4.35 g/L of dibasic potassium phosphate
Mobile phase: Methanol and Buffer (3:1). Pass through a filter of 0.2-µm or finer pore
size. The ratio of volumes may be changed to obtain the required resolution.
Internal standard solution: Transfer 66 mg of testosterone propionate to a 100-mL
volumetric flask, dissolve in 75 mL of methanol, and dilute with Buffer to volume.
Standard solution: 1 mg/mL of USP Clotrimazole RS prepared as follows. Transfer 50 mg
of USP Clotrimazole RS to a 50-mL volumetric flask, add 5.0 mL of the Internal standard
solution, and dilute with Mobile phase to volume.
System suitability stock solution: 0.2 mg/mL of USP Clotrimazole Related Compound A
RS in methanol
System suitability solution: Transfer 12.0 mL of the System suitability stock solution to
a 25-mL volumetric flask, add 4 mL of Buffer and 3 mL of the Standard solution, and
dilute with Mobile phase to volume.
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Sample solution: Nominally 1 mg/mL of clotrimazole prepared as follows. Transfer an
equivalent to 100 mg of clotrimazole from finely powdered Vaginal Inserts (NLT 10) to a
50-mL screw-capped centrifuge tube. Add 10.0 mL of the Internal standard solution and
15 mL of Mobile phase, rotate for 15 min, and centrifuge for 10 min. Using a suitable
syringe, transfer the supernatant to a 100-mL volumetric flask. Rinse the syringe with 25
mL of Mobile phase, adding the rinsings to the centrifuge tube. Rotate the centrifuge
tube for 15 min, and centrifuge for 10 min. Using a suitable syringe, transfer the
supernatant to the 100-mL volumetric flask. Rinse the syringe with 25 mL of Mobile
phase, and add the washings to the volumetric flask. Dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Columns
Guard: 2.1-mm × 6-cm; 10-µm packing L7
Analytical: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for clotrimazole related compound A, clotrimazole, and
testosterone propionate are about 0.9, 1.0, and 1.5, respectively.]
Suitability requirements
Resolution: NLT 1.2 between clotrimazole related compound A and clotrimazole,
System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clotrimazole (C22 H17 ClN2 ) in the portion
of Vaginal Inserts taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of clotrimazole to testosterone propionate from the Sample
solution
R=
S peak response ratio of clotrimazole to testosterone propionate from the Standard
solution
C=
S concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
Buffer: 0.3 g/L of anhydrous monobasic sodium phosphate and 0.35 g/L of anhydrous
dibasic sodium phosphate in water. The resulting solution has a pH of 6.6–7.0.
Mobile phase: Acetonitrile and Buffer (1:1)
Diluent: Acetonitrile and water (1:1)
Standard solution: 0.2 mg/mL of USP Clotrimazole RS in Diluent
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Sample solution: Nominally 0.2 mg/mL of clotrimazole in Diluent prepared as follows.
Transfer a portion of powdered Vaginal Inserts (from NLT 20 Vaginal Inserts) equivalent
to 5 mg of clotrimazole to a 25-mL volumetric flask. Dilute with Diluent to volume.
Sonicate for about 10 min, and centrifuge at 3500 rpm for about 15 min at ambient
temperature to obtain a clear supernatant. Use the clear supernatant for injection.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 206 nm. For Identification test B use a diode array detector in the range
of 200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L85
Flow rate: 1 mL/min
Injection volume: 8 µL
Run time: 1.25 times the retention time of clotrimazole
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clotrimazole (C22 H17 ClN2 ) in the
portion of Vaginal Inserts taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of clotrimazole from the Sample solution
rS
= peak response of clotrimazole from the Standard solution
CS
= concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
CU
= nominal concentration of clotrimazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

2S (USP38)

PERFORMANCE TESTS
• Disintegration 701
Time: 20 min
Acceptance criteria: Meet the requirements
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905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Buffer, Mobile phase, Diluent, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 1 µg/mL each of USP Clotrimazole RS, USP Clotrimazole Related
Compound A RS, and USP Imidazole RS in Diluent
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 4.0 between clotrimazole related compound A and imidazole peaks;
NLT 4.0 between clotrimazole and clotrimazole related compound A peaks
Relative standard deviation: NMT 2.0% for clotrimazole, clotrimazole related
compound A, and imidazole
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity in the portion of Vaginal Inserts
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the corresponding specified impurity from the Sample solution
rS= peak response of the corresponding specified impurity from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of Vaginal Inserts
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of clotrimazole from the Standard solution
C=
S concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any impurity peak less than 0.05%.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Imidazole
0.5
0.5
Clotrimazole related compound A
0.7
0.5
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Clotrimazole
Any unspecified impurity
Total impurities

1.0
—
—

—
0.1
2.0

2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Clotrimazole RS
USP Clotrimazole Related Compound A RS
(o-Chlorophenyl)diphenylmethanol.
C19 H15 ClO
294.78
USP Imidazole RS
2S (USP38)

BRIEFING
Clotrimazole Lozenges, USP 37 page 2433. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1.
Delete the text “both relative to the internal standard” in Identification test A. The
proposed Assay procedure does not use internal standards.
2.
Add Identification test B for clotrimazole based on the UV spectrum of the clotrimazole
peak in the chromatogram of the sample and standard in the Assay.
3.
Add the test for Organic Impurities to the monograph. The proposed HPLC procedure is
based on analyses performed with the Thermo-Scientific Acclaim Mixed-Mode WCX-1
brand of L85 column. The typical retention time for the clotrimazole peak is 8 min.
4.
Replace the HPLC procedure in the Assay with a validated stability-indicating HPLC
procedure, which uses the same chromatographic system as the test for Organic
Impurities to be operationally efficient.
5.
Add acceptance criteria for specified or unspecified impurities. Clotrimazole related
compound A and imidazole are potential degradation products of clotrimazole. The
acceptance criteria of clotrimazole related compound A and imidazole in Clotrimazole
(NMT 0.5%) are proposed for Clotrimazole Lozenges. For unspecified impurities,
acceptance criteria of NMT 0.1% based on ICH guidelines is proposed as a starting
point. Manufacturers are strongly encouraged to submit their approved specifications
to USP if they are different from those proposed in this revision.
6.
Add USP Clotrimazole Related Compound A RS and USP Imidazole RS to the USP
Reference Standards section to support the proposed addition of the test for
Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: G. Hsu.)
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Correspondence Number—C135700

Comment deadline: November 30, 2014
Clotrimazole Lozenges
DEFINITION
Clotrimazole Lozenges contain NLT 90.0% and NMT 110.0% of the labeled amount of
clotrimazole (C22 H17 ClN2 ) in a suitable molded base.
IDENTIFICATION
Change to read:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution,both relative to the internal standard
2S (USP38)

as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Buffer: 1 g/L of ammonium carbonate in water. Adjust with 10% sulfuric acid solution to a
pH of 6.0.
Mobile phase: Methanol and Buffer (75:25)
Internal standard stock solution: 5 mg/mL of triphenylmethane in methanol
Internal standard solution: 0.2 mg/mL of triphenylmethane in Mobile phase from Internal
standard stock solution
Standard solution: 0.2 mg/mL of USP Clotrimazole RS prepared as follows. Transfer about
20 mg of USP Clotrimazole RS to a 100-mL volumetric flask. Add 4.0 mL of Internal
standard stock solution, and dissolve in and dilute with Mobile phase to volume.
Sample solution: Nominally 0.1 mg/mL of clotrimazole prepared as follows. Transfer an
equivalent to 5 mg of clotrimazole, from weighed and pulverized Lozenges (NLT 10), to a
50-mL screw-capped centrifuge tube. Pipet 25 mL of Internal standard solution into the
tube. Sonicate for 10 min, then shake for 10 min. Centrifuge at 2500 rpm for 30 min. Use
the clear supernatant layer.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 215 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
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Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for clotrimazole and triphenylmethane are about 1.0
and 1.4, respectively.]
Suitability requirements
Resolution: NLT 1.5 between clotrimazole and triphenylmethane
Column efficiency: NLT 1500 theoretical plates
Tailing factor: NMT 2
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clotrimazole (C22 H17 ClN2 ) in the portion
of Lozenges taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of clotrimazole to triphenylmethane from the Sample solution
R=
S peak response ratio of clotrimazole to triphenylmethane from the Standard solution
C=
S concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
Buffer: 0.3 g/L of anhydrous monobasic sodium phosphate and 0.35 g/L of anhydrous
dibasic sodium phosphate in water. The resulting solution has a pH of 6.6–7.0.
Mobile phase: Acetonitrile and Buffer (1:1)
Diluent: Acetonitrile and water (1:1)
Standard solution: 0.2 mg/mL of USP Clotrimazole RS in Diluent
Sample solution: Nominally 0.2 mg/mL of clotrimazole in Diluent prepared as follows.
Transfer a portion of powdered Lozenges (from NLT 20 Lozenges) equivalent to 5 mg of
clotrimazole to a 25-mL volumetric flask. Dilute with Diluent to volume. Sonicate for
about 10 min, and centrifuge at 3500 rpm for about 15 min at ambient temperature to
obtain a clear supernatant. Use the clear supernatant for injection.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 206 nm. For Identification test B use a diode array detector in the range
of 200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L85
Flow rate: 1 mL/min
Injection volume: 8 µL
Run time: 1.25 times the retention time of clotrimazole
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
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Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clotrimazole (C22 H17 ClN2 ) in the
portion of Lozenges taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of clotrimazole from the Sample solution
rS
= peak response of clotrimazole from the Standard solution
CS
= concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
CU
= nominal concentration of clotrimazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

2S (USP38)

PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 500 mL, deaerated
Apparatus 2: 50 rpm
Time: 45 min
Determine the amount of clotrimazole (C22 H17 ClN2 ) dissolved by using the following
method.
Buffer A: 4.4 mg/mL of dibasic potassium phosphate in water
Buffer B: 17.4 mg/mL of dibasic potassium phosphate in water
Mobile phase: Methanol and Buffer A (4:1)
Diluent: Methanol and Buffer B (60:40)
Standard stock solution: 0.02 mg/mL of USP Clotrimazole RS in Medium
Standard solution: 4 µg/mL from the Standard stock solution in Diluent
Sample solution: Withdraw 25 mL of the solution under test from the vessel. Pass through
a polyvinylidene difluoride filter of 0.45-µm pore size, and discard the first 10 mL of the
filtrate. Transfer 5.0 mL of filtrate to a 25-mL volumetric flask, and dilute with Diluent to
volume.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 215 nm

621 , System Suitability.)
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Column: 3.9-mm × 7.5-cm; packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clotrimazole (C22 H17 ClN2 ) dissolved:
Result = (rU/rS) × (CS/L) × D × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim of clotrimazole (mg/Lozenge)
D= dilution factor for the Sample solution, 5
V= volume of Medium, 500 mL
Tolerances: NLT 80% (Q) of the labeled amount of clotrimazole (C22 H17 ClN2 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Buffer, Mobile phase, Diluent, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 1 µg/mL each of USP Clotrimazole RS, USP Clotrimazole Related
Compound A RS, and USP Imidazole RS in Diluent
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 4.0 between clotrimazole related compound A and imidazole peaks;
NLT 4.0 between clotrimazole and clotrimazole related compound A peaks
Relative standard deviation: NMT 2.0% for clotrimazole, clotrimazole related
compound A, and imidazole
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity in the portion of Lozenges taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the corresponding specified impurity from the Sample solution
rS= peak response of the corresponding specified impurity from the Standard solution
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C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of Lozenges taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of clotrimazole from the Standard solution
C=
S concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any impurity peak less than 0.05%.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Imidazole
0.5
0.5
Clotrimazole related compound A
0.7
0.5
Clotrimazole
1.0
—
Any unspecified impurity
—
0.1
Total impurities
—
2.0
2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Clotrimazole RS
USP Clotrimazole Related Compound A RS
(o-Chlorophenyl)diphenylmethanol.
C19 H15 ClO
294.78
USP Imidazole RS
2S (USP38)

BRIEFING
Cocaine and Tetracaine Hydrochlorides and Epinephrine Compounded Topical Solution,
USP 37 page 2446. The Compounding Expert Committee and the Nomenclature, Safety, and
Labeling Expert Committee propose to revise the title of this and other compounded
monographs to identify that it is a compounded preparation, consistent with the
Nomenclature Guidelines (http://www.usp.org/usp-nf/development-process/compendialnomenclature). See also Compounded Preparations in general chapter Labeling

7
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proposed in PF 39(6). A list of all compounding monograph titles that will be revised is posted
online at http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Cocaine and Tetracaine Hydrochlorides and Epinephrine
Compounded 2S (USP38)
Topical Solution
DEFINITION
Change to read:
Cocaine and Tetracaine Hydrochlorides and Epinephrine
Compounded 2S (USP38)
Topical Solution contains NLT 3.6 g and NMT 4.4 g of cocaine hydrochloride (C17 H21 NO4 ·HCl),
NLT 0.90 g and NMT 1.10 g of tetracaine hydrochloride (C15 H24 N2 O2 ·HCl), and NLT 20 mg and
NMT 30 mg of epinephrine (C9 H13 NO3 ) in each 100 mL of Topical Solution.
Prepare Cocaine and Tetracaine Hydrochlorides and Epinephrine
Compounded 2S (USP38)
Topical Solution as follows (see Pharmaceutical Compounding—Nonsterile Preparations
).
Cocaine Hydrochloride
4.0 g
Tetracaine Hydrochloride
1.0 g
Epinephrine Injection (1:1000)
25.0 mL
Benzalkonium Chloride
10 mg
Edetate Disodium
6.4 mg
Sodium Chloride Injection (0.9%)
35 mL
Purified Water, a sufficient quantity to make 100 mL

795

Dissolve the Cocaine Hydrochloride and Tetracaine Hydrochloride in 25 mL of Purified Water,
and add the Epinephrine Injection (1:1000). Separately dissolve Edetate Disodium in Sodium
Chloride Injection (0.9%), and dilute quantitatively and stepwise, if necessary, with Sodium
Chloride Injection (0.9%) to obtain 35 mL of a solution containing 6.4 mg of Edetate Disodium.
Similarly, and separately, dissolve Benzalkonium Chloride in Purified Water (or use Benzalkonium
Chloride Solution), and dilute quantitatively and stepwise, if necessary, with Purified Water to
obtain 10 mL of a solution containing 10 mg of Benzalkonium Chloride. Combine the three
solutions, add sufficient Purified Water to bring to final volume, and mix well.
ASSAY
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• Tetracaine Hydrochloride
Solution A: 6.3 g/L of monobasic potassium phosphate containing 0.55 g/L of sodium 1octanesulfonate. Adjust with phosphoric acid to a pH of 2.5.
Solution B: Acetonitrile and Solution A (10:90). Pass through a suitable filter of 0.5-µm or
finer pore size, and degas.
Solution C: Acetonitrile and Solution A (30:70). Pass through a suitable filter of 0.5-µm or
finer pore size, and degas.
Mobile phase: See Table 1.
Table 1
Time
Solution B Solution C
(min)
(%)
(%)
0
100
0
5
100
0
10
0
100
24
0
100
25
100
0
75
100
0
Standard solution: 0.5 mg/mL of USP Tetracaine Hydrochloride RS
Sample solution: Transfer 0.5 mL of Topical Solution to a 10-mL volumetric flask, dilute
with water to volume, and mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for the analyte peak
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in g, of tetracaine hydrochloride (C15 H24 N2 O2 ·HCl) in 100 mL of
the Topical Solution:
Result = (rU/rS) × CS × D × V × F
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of tetracaine hydrochloride in the Standard solution (mg/mL)
D= dilution factor, 20
V= final volume of Topical Solution, 100 mL
F= conversion factor, 10 3 g/mg
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Acceptance criteria: 0.90–1.10 g
• Cocaine Hydrochloride
Solution A, Solution B, Solution C, Mobile phase, Sample solution, and
Chromatographic system: Proceed as directed in the Assay for Tetracaine
Hydrochloride.
Standard solution: 2 mg/mL of USP Cocaine Hydrochloride RS
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in g, of cocaine hydrochloride (C17 H21 NO4 ·HCl) in 100 mL of the
Topical Solution:
Result = (rU/rS) × CS × D × V × F
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of cocaine hydrochloride in the Standard solution (mg/mL)
D= dilution factor, 20
V= final volume of Topical Solution, 100 mL
F= conversion factor, 10 3 g/mg
Acceptance criteria: 3.6–4.4 g
• Epinephrine
Solution A, Solution B, Solution C, Mobile phase, Sample solution, and
Chromatographic system: Proceed as directed in the Assay for Tetracaine
Hydrochloride.
Standard solution: Transfer 3 mg of USP Epinephrine Bitartrate RS to a 25-mL volumetric
flask, and dilute with water to volume. Transfer 4.0 mL of the resultant solution to a 25mL volumetric flask, and dilute with water to volume.
Analysis
Samples: Sample solution and Standard solution
Calculate the quantity, in mg, of epinephrine (C9 H13 NO3 ) in 100 mL of the Topical
Solution:
Result = (rU/rS) × CS × (Mr1/Mr2) × D × V
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of epinephrine bitartrate in the Standard solution (mg/mL)
Mr1
= molecular weight of epinephrine, 183.20
Mr2
= molecular weight of epinephrine bitartrate, 333.29
D = dilution factor, 20
V = final volume of Topical Solution, 100 mL
Acceptance criteria: 20–30 mg
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SPECIFIC TESTS
• pH

791 : 4.0–6.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in sterile, tight, light-resistant containers. Store in a
refrigerator.
Change to read:
• Beyond-Use Date: NMT 30 days after the date on which it was compounded
when stored in a refrigerator 2S (USP38)
• Labeling: Label it to indicate that it is intended for external use only and that it is not to be
used if a precipitate is present. The label states that it is to be protected from light.
• USP Reference Standards 11
USP Cocaine Hydrochloride RS
USP Epinephrine Bitartrate RS
USP Tetracaine Hydrochloride RS
BRIEFING
Codeine Phosphate Compounded Oral Solution, USP 37 page 2451. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 proposed in PF 39(6). A list of all compounding monograph
titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Codeine Phosphate
Compounded 2S (USP38)
Oral Solution
DEFINITION
Change to read:
Codeine Phosphate
Compounded 2S (USP38)
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Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of codeine
phosphate (C18 H21 NO3 ·H3 PO4 ·½H2 O).
Prepare Codeine Phosphate
Compounded 2S (USP38)
Oral Solution 3 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile Preparations
795 ).
Codeine Phosphate
300 mg
Purified Water
1.3 mL
Vehicle: Ora-Sweet a, a sufficient quantity to make 100 mL
a Paddock Laboratories, Minneapolis, MN.
Calculate the required quantity of each ingredient for the total amount to be prepared. Place
Codeine Phosphate powder in a suitable calibrated container. Add Purified Water and mix to
dissolve. Add the Ora-Sweet to bring to final volume, and mix well.
ASSAY
Change to read:
• Procedure
Buffer: 25 mM monobasic potassium phosphate adjusted with phosphoric acid to a pH of
2.5
Mobile phase: Methanol and Buffer (30:70). Filter and degas.
Internal standard solution: 0.5 mg/mL of theophylline
Standard stock solution: 1.0 mg/mL of USP Codeine Phosphate RS
Standard solution: Pipet 0.5 mL of the Standard stock solution into a 100-mL volumetric
flask, add 0.6 mL of the Internal standard solution, dilute with water to volume, and pass
through a membrane filter of 0.2-µm pore size to a obtain a solution with nominal
concentrations of 5 µg/mL of codeine phosphate and 3 µg/mL of theophylline.
Sample solution: Shake the Oral Solution thoroughly by hand. Transfer 2 mL of Oral
Solution from each bottle into a 50-mL volumetric flask, and dilute with water to volume.
Transfer 4.17 mL of the diluted sample to a 100-mL volumetric flask, add 0.6 mL of
Internal standard solution, dilute with water to volume, and filter to obtain a solution with
nominal concentrations of 5 µg/mL of codeine phosphate and 3 µg/mL of theophylline.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention times for codeine phosphate and theophylline are about 1.9 and 3.8
min, respectively.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of codeine phosphate
(C18 H21 NO3 ·H3 PO4 ·½H2 O) in the portion of Oral Solution taken:
Result = (RU/RS) × (CS/CU) × (Mr1/Mr2) × 100

(ERR 1-Jun-2014)

RU = peak response ratio of codeine phosphate to the internal standard from the Sample
solution
RS = peak response ratio of codeine phosphate to the internal standard from the Standard
solution
CS = concentration of codeine phosphate in the Standard solution (µg/mL)
CU = nominal concentration of codeine phosphate in the Sample solution (µg/mL)
= molecular weight of codeine phosphate hemihydrate, 406.37
Mr1
Mr2 = molecular weight of anhydrous codeine phosphate, 397.37
(ERR 1-Jun-2014)

Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.7–4.7

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled room temperature
Change to read:
• Labeling: Label it to indicate the Beyond-Use Date., and that it is to be well shaken before
use.
2S (USP38)

• USP Reference Standards 11
USP Codeine Phosphate RS
BRIEFING
Graftskin, USP 37 page 3184. The proposed revisions are:
1.
Change the previous title, Graftskin, to Construct Human Keratinocytes and Fibroblasts
in Bovine Collagen Scaffold to align with the current naming scheme for tissue-based
product monographs.
2.
Remove the first footnote explaining each test because it is not current USP style and
the information is not necessary to perform each procedure.

PF 40(5): Sep.-Oct. 2014

3.
Remove the reference to Radioactivity
perform the test.
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821

because the reference is not needed to

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO2: R. Potts.)
Correspondence Number—C143304

Comment deadline: November 30, 2014
Graftskin
New title: Construct Human Keratinocytes and Fibroblasts in Bovine Collagen Scaffold
New title to become official December 1, 2015
DEFINITION
Change to read:
Graftskin1
2S (USP38)

is a living, bilayered skin substitute derived from neonatal foreskins manufactured under Class
100 sterile conditions. The upper, epidermal layer is formed by human keratinocytes and has a
well-differentiated stratum corneum. The inner, dermal layer is composed of human fibroblasts
in a bovine Type I collagen lattice. Graftskin does not contain Langerhans cells, melanocytes,
macrophages, lymphocytes, blood vessels, hair follicles, or any other epidermally derived
components. The fibroblast and keratinocyte cell banks from which Graftskin is derived test
negative for human and animal viruses, retroviruses, bacteria, fungi, yeast, mycoplasma, and
tumorigenicity. The cell banks are also tested for normal human karyology and isoenzymes. The
final product is tested for morphology, cell viability, and physical container integrity. Used
tissue culture media are tested for mycoplasma and sterility. All materials derived from bovine
sources originate from countries free of bovine spongiform encephalopathy.
SPECIFIC TESTS
• Histological Characterization
2.0 M Monobasic potassium phosphate: Dissolve 13.61 g of anhydrous monobasic
potassium phosphate in 50 mL of water.
2.0 M Dibasic potassium phosphate: Dissolve 17.42 g of anhydrous dibasic potassium
phosphate in 50 mL of water.
Phosphate-buffered saline solution (pH 7.1–7.5): Combine 3.6 mL of 2.0 M Monobasic
potassium phosphate, 16.4 mL of 2.0 M Dibasic potassium phosphate, 8 g of sodium
chloride, and 1 L of water. Mix thoroughly.
0.3% Acid alcohol: To 100 mL of 70% alcohol, add 0.3 mL of hydrochloric acid and mix.
Hematoxylin–alcohol solution: Dissolve 2.5 g of hematoxylin in 25.0 mL of dehydrated
alcohol, with heating.
Potassium alum solution: Dissolve 50.0 g of potassium alum in 500 mL of water, with
heating.
Hematoxylin staining solution: Mix the Hematoxylin–alcohol solution and the Potassium
alum solution, and heat to boiling as rapidly as possible with constant stirring. Do not heat
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for more than 1 min. Slowly add 0.185 g of sodium iodate, and reheat to a simmer until the
solution becomes a deep purple. Remove from the heat, and quickly cool. Filter daily
before use.
Bluing agent: Dissolve 200 mg of sodium bicarbonate and 40 mg of lithium carbonate in 63
mL of water and 37 mL of methanol and mix.
Eosin solution: Dissolve 1 g of eosin Y in 100 mL of alcohol. Filter daily before use.
Analysis: Remove three 2-cm diameter circular tissues from every 30-cm2 section of
Graftskin (NLT 30% of the total unit area), using the appropriate size biopsy punch. Cut
with a circular rocking motion to prevent crushing the tissue. Immerse the sections in
3.7% dimethoxymethane for 30 min, using a gentle rocking motion. Remove the sections,
and lay on a cutting surface, dermal side (glossy side) down. Cut an approximately 3-mmwide strip through the center of the specimen, using a new, single-edged razor blade.
Place the strips in a histological microwave cassette, using suitable biopsy pads
premoistened with Phosphate-buffered saline solution (pH 7.1–7.5) to hold the strips in
place. Insert the cassette into a histological microwave processing rack, place the rack
inside a suitable microwave container, and add sufficient Phosphate-buffered saline
solution (pH 7.1–7.5) to completely cover the rack. Place the container in a microwave
oven suitable for histological work,1 and heat for 4 min at 55 .
Remove the Phosphate-buffered saline solution (pH 7.1–7.5), and add enough dehydrated
alcohol to completely cover the rack. Return the container to the microwave oven, and
heat for 4 min at 67 . Remove the alcohol, and add enough dehydrated isopropyl alcohol
to completely cover the rack. Return the container to the microwave oven, and heat for 4
min at 74 .
Remove the isopropyl alcohol, and add enough suitable grade paraffin2 that has been
melted and held at 84 prior to use, to completely cover the rack. Return the container to
the microwave oven, and heat for 7 min at 84 . Remove the histological microwave
cassette from the container and rack while the paraffin is still melted, and disassemble,
discarding the biopsy pads. Fill preheated embedding molds with molten paraffin3 heated
to 60 , and place on top of a preheated warming platform that is designed for histological
work. Using forceps, remove the Graftskin specimens from the cassette, and place the
specimens in individual molds. Orient the specimens in the molds to enable cutting of a
cross-or longitudinal section. Cool the paraffin by sliding the mold down the platform to its
cool side until the paraffin has solidified. Maintain the specimen orientation with forceps
during cooling, removing the forceps when the paraffin becomes translucent. Slide the
paraffin block onto a histological cold plate to rapidly cool the block. Trim the paraffin
block with a new single-edged razor blade to form a rectangle or slight trapezoid to within
5 mm of the tissue mass, if necessary. Cool the block at 4 for 15 to 30 min, and clamp
the paraffin block into the block holder of the microtome. Fill a histological tissue-flotation
water bath with fresh water, add an appropriate amount of a suitable histological
adhesive,4 and heat to a temperature 5 lower than the melting point of the paraffin.
Properly mount the paraffin block into a microtome, adjusting as necessary. Set the
microtome to make 5-µm thick cuts with a blade angle of 5 ± 2 . Insert into the knife
holder a sharp stainless steel microtome knife that has been properly honed or a new
disposable microtome knife, and cut a ribbon that contains 6–10 sections of Graftskin. Pick
up the ribbon with forceps, and stretch it across the tissue-flotation water bath.
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Separate 2 to 3 adjacent sections from the ribbon on the water bath. The selected
sections should not be compressed, wrinkled, or scratched. Pick up the selected sections
by dipping a microscope slide into the water bath under the floating sections, and gently
lift the slide out of the water. Allow the mounted sections to air-dry completely, or dry
the slide in a 60 oven for 1 h. The microscope slide with affixed tissue is sequentially
immersed in 3 changes of a suitable histological, aliphatic ×ylene substitute,5 5 min/step,
followed by two changes of dehydrated alcohol, 3 min/step. Sequentially immerse the slide
in alcohol (for 3 min), running water rinse (3 min), Hematoxylin staining solution (6 min),
running water rinse (7 min), 0.3% Acid alcohol (6 s), running water rinse (5 min), Bluing
agent (1 s), running water rinse (5 min), Eosin solution (2 min), two changes of alcohol (3
min each step), four changes of dehydrated alcohol (3 min each step), and four changes
of a suitable histological xylene substitute (3 min each step). Adjust the above immersion
times as needed to suitably stain the tissue. Remove the slide from the last histological
xylene substitute wash, and blot dry the back of the slide. Do not allow the tissue to dry.
Affix a coverslip over the tissue, using a suitable coverslip mountant.
Microscopic specifications: A light microscope with 4×, 10×, 20×, and 40× objectives
installed in a revolving nosepiece; a 10× widefield ocular with 10 to 19 mm per 100
microdisk reticle installed; and a 10× widefield ocular with grid reticle installed
Microscopic and morphological characteristics: Score the three Graftskin sections for
epidermal and dermal aspects, using the light microscope. Evaluate the slides from each
of the sections taken. Average the aspect values for each section (n = 3) to determine
the overall aspect score for the Graftskin unit. When examined microscopically, Graftskin
shows a bilayered construct resembling the epidermal and dermal layers of human skin.
Using USP Graftskin Reference Photomicrographs of passing and failing articles for
comparison, Graftskin meets the requirements for epidermal aspects, including epidermal
coverage, epidermal development, and keratinocyte aspect, and meets the requirements
for dermal aspects, including dermal matrix thickness, fibroblast density, and matrix
aspect, as described below.
Epidermal aspects
[Note—See USP Graftskin Reference Photomicrograph 1 for an example of a passing unit.]
Acceptance criteria for Epidermal coverage: NLT 95% of the dermal matrix present on
the slide is covered with epidermal keratinocytes.
Acceptance criteria for Epidermal development: NLT 70% of the Graftskin epithelium
is composed of three distinct cell layers.
[Note—See USP Graftskin Reference Photomicrograph 2 for an example of a failing unit.]
The basal cell layer of the epithelium is at least 1 cell thick, consisting of keratinocytes
with a cuboidal-columnar shape.
[Note—See USP Graftskin Reference Photomicrograph 3 for an example of a failing unit.]
The suprabasal layer is composed of stratified cells and is at least 5 cells thick.
Suprabasal cells closest to the basal layer are cuboidal in shape; cells become
progressively stratified the closer they are to the uppermost, squamous cell layer. The
squamous cell layer on the apical surface is cornified and at least 1 cell thick.
[Note—See USP Graftskin Reference Photomicrograph 4 for an example of a failing unit.]
The uppermost cell layer of the epithelium is analogous to the stratum corneum of
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human skin and is composed of one or more rows of flat, scaly cells that are nonliving
and keratinized.
[Note—See USP Graftskin Reference Photomicrograph 5 for an example of a failing unit.]
Acceptance criteria for Keratinocyte aspects: NLT 95% of the basal keratinocytes have
basophilic cytoplasm that neither has distinct vacuoles nor is necrotic. See USP Graftskin
Reference Photomicrograph 6 for an example of a failing unit. NLT 80% of suprabasal cells
(excluding those in the upper 20% of the cell layer closest to the squamous layer) have
basophilic cytoplasm. Furthermore, these basophilic suprabasal cells do not have distinct
vacuoles and are neither necrotic nor keratinized.
[Note—See USP Graftskin Reference Photomicrographs 7 and 8 for examples of failing units.]
Dermal aspects
Five randomly selected fields/slide will be evaluated for dermal matrix thickness and
fibroblast density. The five fields will be averaged to obtain the final value for each
section.
[Note—See USP Graftskin Reference Photomicrograph 1 for an example of a passing unit.]
Acceptance criteria for Dermal aspects:
Dermal matrix thickness: The Graftskin dermal layer is NLT 40 µm thick and is
composed of several rows of flat dermal cells.
Fibroblast density: The dermal matrix contains an average of at least four nonpyknotic
nuclei present per microscopic field (field = 20 grid squares of reticle when using the
10× widefield ocular and 40× objective).
Matrix aspect: NLT 95% of the dermal matrix collagen stains uniformly with no large
holes or inclusions present.
[Note—See USP Graftskin Reference Photomicrographs 9 and 10 for examples of failing
units.]
Change to read:
• Gene Expression Profile
RNA extraction solution: Use an aqueous phenol and guanidine isothiocyanate solution
suitable for RNA extraction.6
DEPC-treated water: Add 0.2 mL of diethylpyrocarbonate (DEPC) to 100 mL of sterile
Purified Water, shake vigorously, and allow to stand for at least 12 h. Autoclave the
resulting solution for 15 min, using the liquid cycle, to inactivate residual DEPC. Prepare
fresh as needed.
5X Reaction buffer: Prepare a solution of 375 mM potassium chloride, 15 mM magnesium
chloride, and 250 mM tris(hydroxymethyl) aminomethane hydrochloride. Adjust to a pH of
8.3.
10X Reaction buffer: Prepare a solution of 500 mM potassium chloride and 100 mM
tris(hydroxymethyl) aminomethane hydrochloride. Adjust to a pH of 8.3.
Oligo-deoxythymidine solution: Prepare a 20-mM oligo-deoxythymidine (primer length:
18) solution, using a suitable buffer.7
dNTP solution I: Using a suitable buffer,7 prepare a solution of deoxyadenosine
triphosphate, deoxyguanosine triphosphate, deoxycytidine triphosphate, and
deoxythymidine triphosphate in which the concentration of each component is 10 mM.
dNTP solution II: Prepare a solution, in water, of deoxyadenosine triphosphate,
deoxyguanosine triphosphate, deoxycytidine triphosphate, and deoxythymidine
triphosphate, in which the concentration of each component is 10 mM.
Ribonuclease inhibitor solution: Prepare a solution containing 40 units of ribonuclease
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inhibitor/mL of a suitable buffer.7
Reverse transcriptase buffer: Prepare a solution of 0.1 M sodium chloride, 0.1 M
mM 2S (USP38)
edetate disodium, 1.0 M
mM 2S (USP38)
dithiothreitol, 0.01% nonylphenol polyoxyethylene ether, 50% glycerin, and 200 mM
tris(hydroxymethyl) aminomethane hydrochloride. Adjust to a pH of 7.5.
Reverse transcriptase solution: Prepare a solution containing 200 units of
Moloney-Murine Leukemia Virus 2S (USP38)
reverse transcriptase/µL in Reverse transcriptase solution.
DNA primer pairs: Prepare individual 20-µM solutions of the following DNA primer pairs,

8

2S (USP38)

using deoxyribonuclease- and ribonuclease-free water.
Table 1
Transforming growth factor
TGF

1-3¢

TGF 1-5¢
Interleukin-1 (IL1 ):
IL1 -3¢

1 (TGF

1):
agg ctc caa atg tag ggg cag g
gcc ctg gac acc aac tat tgc t
tag tgc cgt gag ttt ccc aga aga aga gga gg
caa gga gag cat ggt ggt agt agc aac caa
cg

IL1 -5¢
Interleukin-4 (IL4):
IL4-3¢
acg tac tct ggt tgg ctt cct tca cag gac ag
IL4-5¢
cgg caa ctt tga cca cgg aca caa gtg cga ta
Platelet-derived growth factor A:
PDGF-A-3¢
ctg ctt cac cga gtg cta caa tac ttg ct
PDGF-A-5¢
aga agt cca ggt gag gtt aga gga gcat
Glyceraldehyde-3-phosphate
dehydrogenase:
G3PDH-3¢
cat gtg ggc cat gag gtc cac cac
G3PDH-5¢
tga agg tcg gag tca acg gat ttg gt
DNA polymerase solution: Prepare a solution containing five units of deoxyribonucleic acid
polymerase/mL of a solution of 100 mM potassium chloride, 0.1 mM edetate disodium, 1 mM
dithiothreitol, 0.5% polyoxyethylene (20) sorbitan monolaurate, 0.5% nonylphenol
polyoxyethylene ether, 50% glycerin, and 20 mM tris(hydroxymethyl) aminomethane
hydrochloride. Adjust to a pH of 8.0.
Analysis
RNA extraction: Remove three 2-cm diameter circular sections from every 30 cm2 of
Graftskin (NLT 30% of the total unit area), using the appropriate size biopsy punch. Transfer
each piece of tissue to individual polypropylene microcentrifuge tubes. Add 1.0 mL of RNA
extraction solution to each tube, homogenize by repetitive pipetting, and incubate the
samples for 5 min at room temperature. To each tube, add 0.2 mL of chloroform, mix on a
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vortex mixer, and centrifuge at 12,000 x g for 15 min at 2 –8 . Transfer the upper, aqueous
phase to a second tube, add 0.5 mL of isopropanol, and incubate for 30 min to overnight at
20 . Centrifuge at 12,000 x g for 15 min, discard the supernatants by aspiration, and add
75% alcohol to each pellet. Mix the sample on a vortex mixer, centrifuge at 12,000 x g for 2
min, and discard the supernatants by aspiration without disturbing the RNA pellets.
Recentrifuge at 12,000 x g for 2 min, and remove the remaining supernatants with a smallvolume (20 µL or smaller capacity) micropipet. Air-dry the pellets for 5 min at room
temperature by keeping the microcentrifuge cap off, and resuspend each pellet in 50 µL of
DEPC-treated water. Bring absorbance into linear range by diluting 5 µL of each suspension
with 195 µL of DEPC-treated water. Transfer the samples to suitable quartz microplates or
cuvettes and determine the absorbance of the RNA solution at wavelengths of 260 and 280
nm, using a spectrophotometer and DEPC-treated water as the blank. The ratio of the
absorbance at 260 versus 280 nm should be NLT 1.65. If this ratio is less than 1.65, mix the
resuspended pellet by repetitive pipetting, and repeat the dilution step and absorbance
measurement. If this fails to raise the absorbance ratio, repeat the RNA extraction for that
sample by adding 1 mL of RNA extraction solution, and proceed as above, beginning with
“incubate the sample for 5 min at room temperature”.
Determine the concentration of RNA, in µg/mL:
Result = F × A × D
F= Conversion Factor, 40
A= absorbance at 260 nm
D= dilution factor
Adjust the volume of the RNA solutions with additional DEPC-treated water to bring the
concentration of RNA to about 80 µg/mL. If the absorbance at 260 nm is less than 0.05,
discard the sample, and repeat the RNA extraction on a fresh sample.
Synthesis of cDNA: To separate, individual thin-walled polymerase chain reaction (PCR) tubes,
add 12.5 µL of the RNA solution from samples 1, 2, and 3 (3 reaction tubes total). Add 1 µL of
Oligo-deoxythymidine solution to each tube, and incubate at 72 for 2 min to anneal the oligodeoxythymidine to the mRNA. Place the tubes in an ice bath, and to each tube, add 4 µL of 5X
Reaction buffer, 1 µL of dNTP solution I, 0.5 µL of Ribonuclease inhibitor solution, and 1 µL of
Reverse transcriptase solution. Incubate at 42 for 1 h to synthesize cDNA, and then incubate
at 94 for 5 min to inactivate the reverse transcriptase. To each tube, add 80 µL of DEPCtreated water and mix.
cDNA positive control8
Polymerase chain reaction amplification of cDNA: For each of the five DNA primer pairs,
label five individual centrifuge tubes (5 tubes total). Add the following to each centrifuge tube:
135.8 µL of DEPC-treated water; 10.5 µL of dNTP solution II; 21 µL of 10X Reaction buffer; 3.5
µL of the appropriate 5' primer; 3.5 µL of the appropriate 3' primer; and 12.6 µL of 25 mM
magnesium chloride. Close, mix on a vortex mixer, and pulse spin in a microcentrifuge. Add 2.1
µL of DNA polymerase solution to each centrifuge tube, and mix by repetitive pipetting. For
each primer pair, transfer 27 µL of the resulting solution to five thin-walled PCR tubes. There
should be a total of 25 PCR tubes. Add the following to the PCR tubes of each primer set:
Table 2
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PCR tube number
Sample
1
3 µL Graftskin sample 1 cDNA
2
3 µL Graftskin sample 2 cDNA
3
3 µL Graftskin sample 3 cDNA
4
3 µL cDNA positive control
5 Negative control 3 µL DEPC-treated water
Repeat for the remaining primer pairs. The positive control contains authentic cDNA of
Transforming growth factor , Interleukin-1 , Interleukin-4, Platelet-derived growth factor A,
and Glyceraldehyde-3-phosphate dehydrogenase, as appropriate for each primer set. Pulse
spin the PCR tubes in a microcentrifuge to mix, and place the tubes in a single PCR thermal
cycler. Cycling conditions are as follows.
Table 3
Melting temperature
Melting time

94
45 s

Anneal temperature
Anneal time

58
45 s

Elongation temperature
Elongation time
Number of cycles

72
2 min
30

Final elongation temperature72
Final elongation time
2 min
Terminate the PCR amplification by heating each tube to 72 for 7 min.
Electrophoresis identification
Tris-boric acid buffer: 89 mM of tris(hydroxymethyl) aminomethane, 89 mM of boric acid, and
2 mM of edetate disodium/L
2S (USP38)

6X Loading buffer: A solution containing 15% of a branched polymeric sucrose (400 kDa),
0.25% bromophenol blue, and 0.25% xylene cyanole FF
Ethidium bromide solution: 10 mg/mL Ethidium bromide in Tris-boric acid buffer.
Agarose gel: A horizontal 2% agarose9 gel in Tris-boric acid buffer
Once the gel is set, remove the comb, and place the gel into the electrophoresis chamber
with the comb end of the gel situated closest to the cathode terminal. Fill the electrophoresis
chamber with Tris-boric acid buffer until the buffer reaches 3–5 mm over the surface of the
gel.
100-bp DNA ladder markers: A solution containing 10 DNA fragments covering the range of
100–1000 base pairs (bp) in 100-bp increments, with a total DNA content of approximately
100 ng/µL (15–20 ng of DNA per band) in an appropriate buffer10
Analysis: Dilute the 25 PCR samples prepared in the Polymerase chain reaction amplification of
cDNA with 6X Loading buffer so that the final concentration of the buffer is one-sixth of its
original concentration. Load 5 µL of the 100-bp DNA ladder markers in the first lane of the
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agarose gel. Load 10 µL of each PCR sample into each gel well, and attach the cathode to the
terminal close to the loaded wells. Attach the anode to the terminal farthest from the loaded
wells, and apply 120 V to the gel. Run the gel until the bromophenol blue is two-thirds the
length of the gel. Remove the gel from the electrophoresis apparatus, and place it in a tray
containing enough Ethidium bromide solution to cover the gel. Slowly agitate the gel on a
shaker table for 30 min. Completely remove the Ethidium bromide solution from the tray, add
an equal amount of Tris-boric acid buffer, and slowly agitate the gel on a shaker table for 60
min. Place the gel on a 312-nm UV light source, photograph the gel, and inspect the image for
bands that have migrated from each individual well. If a band appears, it is verified for size in
base pairs by comparing it to the lane for the 100-bp DNA ladder markers.
System suitability: If a band appears and it is of the appropriate size, it is considered positive.
The analysis is considered valid if the positive controls show the appropriately sized cDNA–PCR
products, no PCR product bands appear in the negative controls, and all bands are observed to
be visually discrete.
Acceptance criteria The lanes of the agarose gel that correspond to Graftskin show cDNA
bands for Interleukin-1 (expected PCR product band size of 491 base pairs, limit of detection
NLT 9.6 ×10 21 moles); Platelet-derived growth factor A (expected PCR product band size of
304 base pairs, limit of detection NLT 1.5 ×10 20 moles); Transforming growth factor

1

(expected PCR product band size of 161 base pairs, limit of detection NLT 1.5 × 10 20) moles;
and Glyceraldehyde-3-phosphate dehydrogenase (expected PCR product band size of 983 base
pairs); but not Interleukin-4 (expected PCR product band size of 344 base pairs, limit of
detection NLT 1.5 × 10 22 moles). If one of the replicates tested yields results discordant
with the other two replicates, repeat the test, and accept only if all three replicates are
concordant.
Change to read:
• Barrier Integrity Assessment
Ham's F-12 tissue culture medium: Prepare a solution that contains the following:
Table 4
Component

mg/mL
l-Alanine
8.91
l-Arginine hydrochloride
210.7
l-Asparagine monohydrate
15.01
l-Aspartic acid
13.30
l-Cysteine hydrochloride monohydrate 35.12
l-Glutamic acid
14.70
l-Glutamine
146.2
Aminoacetic acid
7.51
l-Histidine hydrochloride monohydrate 20.96
l-Isoleucine
3.94
l-Leucine
13.12
l-Lysine hydrochloride
36.54
l-Methionine
4.48
l-Phenylalanine
4.96
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l-Proline
l-Serine
l-Threonine
l-Tryptophan
l-Tyrosine disodium
l-Valine
Calcium chloride
Cupric sulfate, pentahydrate
Ferric sulfate, heptahydrate
Potassium chloride
Magnesium chloride
Sodium chloride
Sodium phosphate, dibasic
Zinc sulfate, heptahydrate
d-Biotin
d-Calcium pantothenate
Choline chloride
Folic acid
Hypoxanthine
Inositol
Niacinamide
Pyridoxine hydrochloride
Riboflavin
Thiamine hydrochloride
Thymidine
Cyanocobalamin
-Lipoic acid
Linoleic acid
Dextrose
Phenol red, sodium
Sodium pyruvate
Putrescine dihydrochloride
Sodium bicarbonate
Tritiated water: 2.0 µCi/mL
(See Radioactivity

34.53
10.51
11.91
2.04
6.71
11.71
44.00
0.0025
0.834
223.7
57.22
7599.0
142.0
0.863
0.0073
0.238
13.96
1.30
4.04
18.02
0.0366
0.0617
0.0376
0.337
0.727
1.36
0.206
0.0841
1801.6
1.30
110.0
0.161
1176.0

821 .)

2S (USP38)

Percutaneous absorption apparatus: Prepare the apparatus as described below.11
Six-well cell culture plate: The dimensions are inner diameter, 35 mm; depth, 18 mm.
Cell culture well insert: Each well is a plastic cylinder with inner length, 15 mm; inner
diameter, 24 mm; outer diameter, 27 mm, with a flanged end extending 4 mm from the outer
diameter. The inner diameter opposite the flanged end is covered by a taut polycarbonate
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membrane having a porosity of 3 µm. The flange should allow the Cell culture well insert to be
suspended in the well of a Six-well cell culture plate, leaving a 3-mm space between the
bottom of the Cell culture well insert and the inner bottom surface of the Six-well cell culture
plate.
Percutaneous absorption insert: Use a polytetrafluoroethylene cylinder having the following
dimensions: length, 20 mm; inner diameter, 20 mm; outer diameter, 23 mm with a flanged
end extending 3 mm from the outer diameter. Ten mm from the flanged end of the cylinder,
the inner diameter begins to funnel so that the inner diameter at 10 mm from the flanged end
is 20 mm, and the inner diameter at 15 mm from the flanged end is 8 mm. From 15–20 mm
from the flanged end, the inner diameter remains at 8 mm. The outer diameter of the cylinder
remains constant at 23 mm. The flanged end is considered to be the top of the component.
Silicon grease: Use high-vacuum silicon grease suitable for glass.12
Analysis: Fill each well of the Six-well cell culture plate with 1.5 mL of Ham's F-12 tissue
culture medium. Remove two 2-cm circular sections from every 30 cm2 of Graftskin (NLT 20%
of the total unit area), using the appropriate size biopsy punch. Transfer each excised section
to a separate Cell culture well insert, dermal side down on the polycarbonate membrane. Using
forceps, gently smooth out the section to remove any wrinkles. Apply a narrow ring of Silicon
grease to the underside of the Percutaneous absorption insert, and place the insert into the
Cell culture well insert, grease side down, onto the epidermal surface of the Graftskin biopsy,
with slight pressure to form a tight seal. Do not allow any grease to enter the 8-mm diameter
exposed area of the Graftskin surface. Place the Cell culture well insert containing the
Percutaneous absorption insert into one of the wells of the Six-well cell culture plate
containing 1.5 mL of Ham's F-12 tissue culture medium. Apply 1.0 mL of Tritiated water to the
exposed surface of the Graftskin unit in the Percutaneous absorption insert, and incubate at
ambient temperature for 6 h. At the end of each h, transfer the Cell culture well insert
containing the Percutaneous absorption insert to a new well within the Six-well cell culture
plate containing 1.5 mL of fresh Ham's F-12 tissue culture medium. After the 6-h incubation,
remove the Cell culture well insert. Remove a 0.5-mL aliquot of Ham's F-12 tissue culture
medium from each well of the Six-well cell culture plate, and transfer into individual
scintillation vials. Dispense 0.5 mL of Tritiated water to a separate scintillation vial as a
control. Add 4.5 mL of a suitable scintillation cocktail13 to each scintillation vial and gently mix.
Place the scintillation vials into a liquid scintillation counter, and count the emissions in the
tritium spectrum for 60 s. Average the counts for each of the six time points (punch average)
and duplicate sections (unit average).
Determine the percent penetration per h:
Result = F × (CS/CC )
F= Conversion Factor, 150
C=
S counts/min of the 0.5-mL aliquot of the Ham's F-12 tissue culture medium taken at the end
of the incubation period
C=
C counts/min in the 0.5-mL aliquot of Tritiated water
Acceptance criteria: NMT 1.97% penetration is found.
• Metabolic Activity Assessment
Dulbecco's modified Eagle's tissue culture medium: Prepare a solution that contains
the following:
Table 5
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Component

mg/L
Calcium chloride
264.9
Ferric nitrate, nonahydrate
0.10
Potassium chloride
400.0
Magnesium sulfate, heptahydrate
200.0
Sodium chloride
6,400.0
Sodium bicarbonate
3,700.0
Sodium phosphate, monobasic (monohydrate) 125.0
Dextrose
4,500.0
Phenol red
15.0
Sodium pyruvate
110.0
l-Arginine hydrochloride
84.0
l-Cystine
48.0
Aminoacetic acid
30.0
l-Histidine hydrochloride monohydrate
42.0
l-Isoleucine
104.8
l-Leucine
104.8
l-Lysine hydrochloride
146.2
l-Methionine
30.0
l-Phenylalanine
66.0
l-Serine
42.0
l-Threonine
95.2
l-Tryptophan
16.0
l-Tyrosine
72.0
l-Valine
93.6
d-Calcium pantothenate
4.0
Choline chloride
4.0
Folic acid
4.0
Inositol
7.0
Nicotinamide
4.0
Pyridoxine hydrochloride
4.0
Riboflavin
0.40
Thiamine hydrochloride
4.0
MTT solution: Dissolve 0.33 g of (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium
bromide in 1 L of Dulbecco's modified Eagle's tissue culture medium, with constant
stirring. Pass the solution through a suitable size filter having a 0.2-µm porosity.
0.04 N Acidified isopropyl alcohol: Add 3.45 mL of hydrochloric acid to 1 L of isopropyl
alcohol, and mix thoroughly. Store at room temperature no longer than 6 months.
Analysis: Immerse the Graftskin in separate 40.0-mL portions of MTT solution, making sure
that about 20 mL of MTT solution is under the sample article, and 20 mL of MTT solution is
on the surface. Take care not to produce any bubbles. Incubate for 3 h at 37 , in an
environment of air enriched with 10% carbon dioxide. After incubation, remove from the 37
, 10% carbon dioxide-enriched air environment. Transfer the Graftskin to a suitable
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cutting surface, and, using an appropriate biopsy punch, remove three 8-mm diameter
circular sections from every 30 cm2 of Graftskin (5% of unit area). Transfer each punch to
individual snap-top test tubes. Add 0.9 mL of 0.04 N Acidified isopropyl alcohol to each
tube, making sure that the tissue is completely submerged. If not submerged, use forceps
to place the sample into the 0.04 N Acidified isopropyl alcohol. Cap each tube tightly,
place on an orbital shaker, and shake for 1 h at a moderate setting. After 1 h, remove the
tubes from the orbital shaker, and mix each tube on a vortex mixer. Inspect the tubes to
make sure that the tissue samples continue to be submerged. If not, use forceps or
another device to resubmerge the tissues. Return the tubes to the orbital shaker, and
continue to shake for an additional 1 h. Remove the tubes from the orbital shaker, mix the
tubes on a vortex mixer, and transfer a 0.2-mL aliquot to a suitable 96-well flat-bottom
plate. Read the absorbance of each sample at 570 nm, using 0.2 mL of 0.04 N Acidified
isopropyl alcohol as the blank.
Acceptance criteria: The average absorbance value is NLT 0.237.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Graftskin is aseptically packaged in a Class 100 environment in
single-use containers that preserve cell viability and product integrity. Store at controlled
room temperature for NMT 5 days, and do not subject to freezing temperatures. The
atmosphere within the package contains air enriched with 10% carbon dioxide. The device
is translucent and off-white in color. The upper, epidermal surface is dull with small
irregularities resulting from the cornification of keratinocytes, while the bottom surface is
smooth and shiny in appearance. The device is packaged so that the dermal layer (glossy
layer) is closest to the agarose-based nutrient medium. The packaging permits easy
observation of the medium and provides ready access to the Graftskin when needed. The
medium contains all of the required nutrients for the living cell components of Graftskin plus
an appropriate, nontoxic, pH-sensitive dye to indicate package breaches or microbial
contamination. The medium should appear pink (pH 6.8–7.7) when compared to the
enclosed pH color chart.
• Labeling: Label it to indicate the dimensions of the enclosed Graftskin, the expiry date, the
required storage conditions, and the lot number. The label indicates that the enclosed
Graftskin and surrounding medium are to be examined for signs of contamination or
deterioration. The label also contains a pH color code to be used for determination of the
acceptability of the pH of the Graftskin medium. The label cautions that Graftskin is not to
be used if the package shows signs of damage or microbial contamination. Label it to
indicate that sterile techniques are to be used in handling Graftskin and that cytotoxic
agents are not to be used. Label it to indicate the time frame for use after package
opening.
• USP Reference Standards, Authentic Visual References 11
USP Graftskin Reference Photomicrographs
[Note—These 10 photomicrographs represent examples of both passing and failing Graftskin
units. They are specified to assist in ascertaining histological quality.]
1 Four tests for Graftskin are specified: Histological Characterization, Gene Expression Profile, Barrier Integrity
Assessment, and Metabolic Activity Assessment. The histological examination of the 3-dimensional organotypic
structure demonstrates control of the Graftskin manufacturing process and shows a bilayered construct with a
dermal matrix, differentiated epidermis, and developed stratum corneum. Reference photomicrographs,
representing examples of both passing and failing Graftskin units, are specified to assist in ascertaining quality.
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PC R analysis of the Gene Expression Profile of a finished Graftskinunit demonstrates that its keratinocytes and
fibroblasts are producing cytokines that have been documented to influence wound healing. The test also
demonstrates cell purity. Graftskin is positive for the gene expression of Interleukin-1 , Platelet-derived
growth factor, and Transforming growth factor- 1. Graftskin is negative for the gene expression of
Interleukin-4, which is produced neither by fibroblasts nor by keratinocytes. Glyceraldehyde-3-phosphate
dehydrogenase is run with this assay as a housekeeping gene, and Graftskin is positive for the expression of
this gene. The Barrier Integrity Assessment demonstrates the presence of a stratum corneum and the
functionality of the epithelium in Graftskin . The purpose of the Metabolic Activity Assessment is to demonstrate
cellular viability of the article.
1 A microwave oven suitable for histological preparation can be obtained from Energy Beam Sciences, Inc., 11
Bowles Road, P.O. Box 14508, Agawam, MA or equivalent.
2 A suitable paraffin for use is Accumate™ Tissue Embedding/Infiltration Medium, which can be obtained from
Sigma Diagnostics, 545 S. Ewing Ave.,
P.O. Box 468, 2S (USP38)

St. Louis, MO 63178 or equivalent.
3 A suitable paraffin for use is Paraplast® X-Tra Tissue Embedding Medium ASTM, melting
point 50 to 54 , which can be obtained from Fisher Scientific, 200 Park Ln.
300 Industry Drive, 2S (USP38)
Pittsburgh, PA 15275 or equivalent.
4 A suitable histological adhesive for use is Histoslide® Adhesive, which can be obtained from
Poly Scientific R & D Corp., 70 Cleveland Ave., Bay Shore, NY 11706-1282 or equivalent.
5 A suitable histological xylene substitute can be obtained from Shandon, Inc., 171 Industry
Drive, Pittsburgh, PA 15275
is Shandon Xylene Substitute from Thermo Scientific http://www.thermoscientific.com or
equivalent. 2S (USP38)
.
6 A suitable RNA extraction solution is Trizol® reagent, which can be obtained from Invitrogen
Corp., 1600 Faraday Ave., P.O. Box 6482, Carlsbad, CA 92008
Life Technologies, https:www.lifetechnologies.com or equivalent. 2S (USP38)
7 A suitable buffer can be obtained from the RT-for-PCR Kit, BD Biosciences
2S (USP38)

Clontech, 1020 East Meadow Circle, Palo Alto, CA 94303-4230.
1290 Terra Bella Ave., Mountain View, CA 94043 or equivalent.

2S (USP38)

8 Suitable DNA primer pairs can be obtained from BD Biosciences Clontech, 1020 East Meadow
Circle, Palo Alto, CA 94303-4230.
8 A suitable cDNA positive control can be obtained from BD Biosciences
2S (USP38)

Clontech, 1020 East Meadow Circle, Palo Alto, CA 94303-4230.
1290 Terra Bella Ave., Mountain View, CA 94043. 2S (USP38)
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9 An agarose suitable for electrophoresis analysis of Graftskin cytokine PCR product is
SeaKem® GTG agarose and can be obtained from BioWhittaker Molecular Applications, Inc., 191
Thomaston St., Rockland, ME 04841
Lonza Inc., 90 Boroline Road, Allendale, NJ 07401 or equivalent. 2S (USP38)
10 A suitable buffered solution of 100-bp DNA ladder markers can be obtained from
BioWhittaker Molecular Applications, Inc., 191 Thomaston St., Rockland, ME 04841
Lonza Inc., 90 Boroline Road, Allendale, NJ 07401 or equivalent. 2S (USP38)
11 A suitable Percutaneous absorption apparatus, not including the Percutaneous absorption
insert, is a Costar® 6-well culture cluster, flat bottom with lid, and a Costar® Transwell®, 24
mm in a 6-well cluster plate with lid and can be obtained from Corning Life Sciences, 45 Nagog
Park, Acton, MA 01720
836 North Street, Building 300, Suite 3401, Tewksbury, MA 01876 or equivalent. 2S (USP38)
12 A suitable Silicon grease is High Vacuum Silicon Lubricant for Glass and can be obtained
from Dow Corning Corporation, P.O. Box 0994, Midland, MI 48686-0994.
13 A suitable scintillation cocktail is OptiPhase Supermix Perkin-Elmer Life Sciences, Inc., 549
Albany St., Boston, MA 02118 or equivalent.
BRIEFING
Copper Gluconate, USP 37 page 2464. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to replace the reference to Lead Nitrate Stock Solution, as currently described
in 231 , with the reference to Lead Nitrate Stock Solution TS, which was proposed in PF
40(1) to be added to the Reagents, Indicators and Solutions section.
(DS: H. Dinh.)
Correspondence Number—C149427

Comment deadline: November 30, 2014
Copper Gluconate

C12 H22 CuO14

453.84
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Copper, bis(d-gluconato-O1,O2)-;
Copper d-gluconate (1:2)
[527-09-3].
DEFINITION
Copper Gluconate contains NLT 98.0% and NMT 102.0% of copper gluconate (C12 H22 CuO14 ).
IDENTIFICATION
• A. Identification Tests—General, Copper 191 : A 50-mg/mL solution meets the
requirements.
• B. Thin-Layer Chromatographic Identification Test
Standard solution: 10 mg/mL of USP Potassium Gluconate RS
Sample solution: 10 mg/mL of Copper Gluconate, heating in a water bath at 60 , if
necessary, to dissolve
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Alcohol, ethyl acetate, ammonium hydroxide, and water
(50:10:10:30)
Spray reagent: Dissolve 2.5 g of ammonium molybdate in 50 mL of 2 N sulfuric acid in a
100-mL volumetric flask, add 1.0 g of ceric sulfate, swirl to dissolve, and dilute with 2 N
sulfuric acid to volume.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the chamber, and dry at 110 for 20 min. Allow
to cool, and spray with the Spray reagent. Heat the plate at 110 for about 10 min.
Acceptance criteria: The principal spot of the Sample solution corresponds in color, size,
and RF value to that of the Standard solution.
ASSAY
• Procedure
Sample: 1.5 g of Copper Gluconate
Blank: 100 mL of water
Titrimetric system
(See Titrimetry 541 .)
Mode: Indirect titration
Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 100 mL of water. Add 2 mL of glacial acetic acid and 5 g
potassium iodide, mix, and titrate with Titrant to a light yellow color. Add 2 g of
ammonium thiocyanate, and mix. Add 3 mL of starch TS, and continue titrating to a milk-
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white endpoint. Perform the Blank determination.
Calculate the percentage of copper gluconate (C12 H22 CuO14 ) in the Sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=S Titrant volume consumed by the Sample (mL)
V=B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 453.8 mg/mEq
W
= Sample weight (mg)
Acceptance criteria: 98.0%–102.0%
IMPURITIES
• Chloride and Sulfate, Chloride 221
Standard solution: 1.0 mL of 0.020 N hydrochloric acid
Sample: 1.0 g
Acceptance criteria: NMT 0.07%
• Chloride and Sulfate, Sulfate 221
Standard solution: 1.0 mL of 0.020 N sulfuric acid
Sample: 2.0 g
Acceptance criteria: NMT 0.05%
• Arsenic, Method I 211
Test preparation: 1.0 g in 35 mL of water
Acceptance criteria: NMT 3 ppm
Change to read:
• Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glassware before use,
use water that has been passed through a strong-acid, strong-base, mixed-bed ionexchange resin. Select all reagents to have as low a content of lead as practicable, and
store all reagent solutions in containers of borosilicate glass. Cleanse glassware before use
by soaking in warm 8 N nitric acid for 30 min and by rinsing with deionized water.]
Standard stock solution: Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as
directed in Heavy Metals 231
lead nitrate stock solution TS 2S (USP38)
to a 100-mL volumetric flask. Add 40 mL of water and 5 mL of nitric acid, and dilute with water
to volume.
Standard solution: Transfer 0.40 mL of Standard stock solution to a 100-mL volumetric flask.
Add 50 mL of water and 1 mL of nitric acid, and dilute with water to volume. This solution
contains 0.04 µg/mL of lead.
Sample stock solution: Transfer 4 g of Copper Gluconate to a 100-mL volumetric flask. Add 50
mL of water and 5 mL of nitric acid, and sonicate to dissolve the specimen. Dilute with water
to volume. Transfer 4.0 mL of this solution to a second 100-mL volumetric flask. Add 50 mL of
water and 1 mL of nitric acid, dilute with water to volume, and mix.
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Blank: Transfer 1.2 mL of nitric acid to a 100-mL volumetric flask and dilute with water to
volume.
Sample solution A: Mix 10.0 mL of the Sample stock solution with 10.0 mL of Blank. This
solution contains 0.00 µg/mL of added lead from the Standard solution.
Sample solution B: Mix 10.0 mL of the Sample stock solution with 4.0 mL of the Standard
solution and 6.0 mL of Blank. This solution contains 0.008 µg/mL of added lead from the
Standard solution.
Sample solution C: Mix 10.0 mL of the Sample stock solution with 7.0 mL of the Standard
solution and 3.0 mL of Blank. This solution contains 0.014 µg/mL of added lead from the
Standard solution.
Sample solution D: Mix 10.0 mL of the Sample stock solution with 10.0 mL of the Standard
solution. This solution contains 0.020 µg/mL of added lead from the Standard solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Graphite furnace atomic absorption spectrophotometry
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Argon flow rate: 3 L/min, or as noted
Graphite tube temperature: See Table 1.
Table 1
Temperature Time
( )
(s)
70
10
90
60
120
15
250 (no gas flow)5
250
10
250 (no gas flow)2
2000
3.2
Injection volume: 20 µL
Analysis
Samples: Blank and Sample solutions A, B, C, and D
The graphite tube is temperature-programmed to reach 2000 in about 2 min, as shown in
Table 1. When the temperature reaches 2000 , determine the absorbance at 283.3 nm,
corrected for background absorption. Inject the Sample solutions and Blank, and determine
the absorbances. Correct the absorbance values from the Sample solutions by subtracting
from each the absorbance value from the Blank. Plot the corrected absorbances of the
Sample solutions versus their added lead concentrations, in µg/mL. Draw the straight line
best fitting the four points, and extrapolate the line until it intercepts the concentration axis.
From the intercept, determine the concentration, C, in µg/mL, of lead in Sample solution A.
Calculate the content of lead in the portion of Copper Gluconate taken:
Result = (C × V)/W
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C= concentration of lead in the Sample solution A (µg/mL), determined from the intercept of the
linear regression line
V= volume of solvent taken to prepare the Sample solution A (mL)
W
= weight of Calcium Gluconate taken to prepare the Sample solution A (g)
Acceptance criteria: NMT 25 µg/g
• Reducing Substances
Sample: 1.0 g of Copper Gluconate
Blank: 10 mL of water
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
Titrant: 0.1 N iodine VS
Back-titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 250-mL conical flask, add 10 mL of water to dissolve
the Sample, then add 25 mL of alkaline cupric citrate TS. Cover the flask, boil gently for 5
min, accurately timed, and cool rapidly to room temperature. Add 25 mL of 0.6 N acetic
acid, 10.0 mL of Titrant, and 10 mL of 3 N hydrochloric acid, and titrate with Back-titrant,
adding 3 mL of starch TS as the endpoint is approached. Perform the Blank determination.
Calculate the percentage of reducing substances (as dextrose) in the Sample taken:
Result = {[(VB

VS) × N × F]/W} × 100

V=B Back-titrant volume consumed by the Blank (mL)
V=S Back-titrant volume consumed by the Sample (mL)
N= actual normality of the Back-titrant (mEq/mL)
F= equivalency factor, 27 mg/mEq
W
= Sample weight (mg)
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP Potassium Gluconate RS
BRIEFING
Corticotropin Injection, USP 37 page 2466. As part of USP monograph modernization efforts,
it is proposed to make the following changes.
1.
A new Identification test A is added, using HPLC to verify that the retention time of the
main peak of corticotropin in Corticotropin Injection matches the USP Corticotropin
RS. This method was validated with the chromatographic column Phenomenex Luna
C18 brand of L1 column yielding an average retention time of 16.4 min. Other suitable
L1 columns were Grace Altima with an average retention time of 21.2 min, and Dionex
Polar Advantage II with an average retention time of 19.3 min.
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2.
A new Identification test B requires that Corticotropin Injection meets the Assay
requirements.
3.
The Calculation section in the Assay was also revised due to a proposed revision of
Design and Analysis of Biological Assays 111 .
4.
The CAS number was removed since this is normally only present in drug substance
monographs.
Additionally, minor editorial changes have been made to update the monograph to
current USP style.
(BIO1: M. Kibbey.)
Correspondence Number—C141978

Comment deadline: November 30, 2014
Corticotropin Injection
Delete the following:
Corticotropin

[9002-60-2].

2S (USP38)

DEFINITION
Corticotropin Injection is a sterile solution, in a suitable diluent, of the material containing the
polypeptide hormone having the property of increasing the rate of secretion of adrenal
corticosteroids, which is obtained from the anterior lobe of the pituitary of mammals used for
food by man. Its potency is NLT 80.0% and NMT 125.0% of the potency stated on the label in
USP Corticotropin Units. It may contain a suitable antimicrobial agent.
IDENTIFICATION
Add the following:
• A. HPLC
Solution A: 0.1% Trifluoroacetic acid
Solution B: 0.1% Trifluoroacetic acid in acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
1
75
25
17
70
30
27
70
30
27.5
20
80
32
20
80
32.5
75
25
35
75
25
Standard solution: 18.7 USP Units/mL of USP Corticotropin RS
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Sample solution: 22 USP Units/mL of Corticotropin Injection
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorescence; excitation 295 nm, emission 355 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Sample tray: 35
Column: 35
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation of the retention time: NMT 2%
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: The retention time of the corticotropin peak of the Sample solution
corresponds to that of the Standard solution.
2S (USP38)

Add the following:
• B. Meets the requirements of the Assay

2S (USP38)

ASSAY
Change to read:
• Procedure
Standard solution: Pipet 2.5 mL of gelatin TS into an opened container of USP
Corticotropin RS, and mix to obtain a solution having a concentration of 2.0 USP
Corticotropin Units/mL. Using gelatin TS as a diluent, prepare three diluted Standard
solutions such that the respective concentrations of corticotropin constitute a geometric
series such as 1:2:4 or 1:3:9 and such that the quantity of corticotropin in each 0.5 mL
lies within the range of 10–300 milliunits.
Sample solution: In the same manner, using the same diluent, dilute the Injection to give
three Sample solutions corresponding in concentration to those of the Standard solutions.
The animals: Select healthy rats, of the same but either sex, that have been raised on a
diet fully adequate with respect to vitamin and mineral content. Anesthetize the rats with
ether, and remove the hypophysis from each by application of gentle suction through a
fine-tipped tube. Between 16 h and 48 h after the operation, select those rats weighing
80–180 g, but restrict the selection so that no rat is more than 30% heavier than the
lightest, and the number of rats is an exact multiple of 6. Separate the selected rats into
6 groups, equal in size, of NLT 6 rats each, and assign at random one of the three diluted
Standard solutions or one of the three Sample solutions to each group.
Analysis: Inject all rats of each group subcutaneously with the assigned test doses. Three
h after the injection, anesthetize the rats, and remove both adrenal glands from each rat,
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free them from adhering tissue, and promptly weigh each pair on a suitable balance to the
nearest 0.2 mg. Place the weighed glands from each rat in suitable vessels each
containing 8.0 mL of metaphosphoric acid solution (1 in 40), and pulverize the glands by
grinding with a small quantity of washed sand. Cover each vessel, and proceed similarly
until all glands have been extracted.
Ascorbic acid determination: Filter the metaphosphoric acid extracts, and pipet 4 mL of
each filtrate into suitable vessels each containing 4.0 mL of indophenol-acetate TS. Mix
by shaking, and read the absorbance at 520 nm, with a suitable spectrophotometer. From
the observed absorbance and the standard curve prepared as directed below, calculate
the amount of ascorbic acid in mg of ascorbic acid per 100 g of adrenal gland tissue.
Prepare a standard concentration–absorbance curve, using three ascorbic acid solutions
containing, respectively, 6.0, 8.0, and 10.0 µg/mL of USP Ascorbic Acid RS in
metaphosphoric acid solution (1 in 40). Pipet into each of 3 suitable vessels, preferably
spectrophotometer cells, 4 mL of indophenol-acetate TS. Add 4.0 mL of one of the three
standard ascorbic acid solutions to one of the cells, mix, and promptly read the
absorbance in the same instrument and under the same conditions as for the adrenal
gland extracts. Repeat the process for the other two standard ascorbic acid solutions,
plot the concentration–absorbance values, and draw the straight line best fitting the
three plotted points.
Calculation: Tabulate the observed concentration of ascorbic acid in the adrenal glands
of each rat, designated by the symbol y, for each dosage group of f rats. If the data from
one or more rats are missing, adjust to groups of equal size by suitable means (see Design
and Analysis of Biological Assays 111 , Replacement of Missing Values). Total the
values of y in each group, and designate each total as T, subscripts 1–3 for the three
successive dosage levels and subscripts S and U for the Standard and the Injection,
respectively. Test both the agreement in slope of the dosage-response lines for the
Standard and for the Injection, and the lack of curvature, as directed for a 3-dose
balanced assay (see Design and Analysis of Biological Assays 111 , Tests of Assay
Validity). If the combined discrepancy as measured by F 3 exceeds its tabular value in
Table 9 (see Design and Analysis of Biological Assays 111 , Combination of Independent
Assays), regard these data as preliminary and repeat the assay.
Determine the logarithm of potency of the Injection taken:
M = (4iT a/3T b) + log R
i = interval between successive log doses of both the Standard solution and the Sample
solution
T=
a S(T
T )
U

S

T=
b S(T
T1)
3
R= vS/vU , the ratio of the high dose of the Standard in USP Units (vS) to the high dose of
the Injection in mL (vU )
Compute the log confidence interval L (see Design and Analysis of Biological Assays
Confidence Intervals for Individual Assays).

111 ,

If there are no missing data; i.e., all groups of rats are the same size, f, then the following
may be used. [Note—If there are missing values, then suitable software can be used and
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standard procedures followed for parallel line bioassays, including assessment of parallelism
and linearity.] Tabulate the observed concentration of ascorbic acid in the adrenal glands
of each rat, designated by the symbol yjkl, where j = S (Standard) or U (Injection), k = 1,
2, or 3 for the three doses, and l = 1, . . ., f rats. Total the values of the yjkl's in each
group as

Then determine the following quantities:
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If V 0.75 and V 1.33 then the data satisfy parallelism. If F F .05,2,n, where F .05,2,n is
the upper 0.05 percentage point of an F distribution with 2 and n degrees of freedom,
then the data satisfy linearity. If both conditions are satisfied, determine the logarithm of
potency of the Injection, M, taken as:
M = M¢ + log R,
where M¢ = 4iT a/(3T b)
i
= interval between successive log doses of both the Standard solution and the Sample
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solution
R
= vS/vU, the ratio of the high dose of the Standard solution in USP Units (vS) to the high dose
of the Injection in mL (vU)
Determine the width, L, of the log confidence interval as

and t .025,n is the upper one-sided 0.025 percentage point (or two-sided 0.05 percentage point)
of a t-distribution with n degrees of freedom.
2S (USP38)

Replication: Repeat the entire determination at least once. Test the agreement among the two
or more independent determinations, and compute the weight for each (see Design and
Analysis of Biological Assays

111 , Combination of Independent Assays). Calculate the

weighted mean log-potency M and its confidence interval, Lc (see 111 , Confidence
Intervals for Individual Assays). The potency, P* , is satisfactory if P* = antilog M is 80%–125%
of the labeled potency and if the confidence interval does not exceed 0.40.
Acceptance criteria: 80.0%–125.0%
IMPURITIES
• Vasopressin Activity
Solution A: Dissolve 6.6 g of dibasic ammonium phosphate in about 950 mL of water, and
adjust with concentrated phosphoric acid to a pH of 3.0. Dilute with water to 1 L.
Mobile phase: Acetonitrile and Solution A (13:87). Filter and degas.
[Note—The retention time of the vasopressin peak is very sensitive to small changes in the
acetonitrile concentration.]
Standard solution: Dissolve the entire contents of a vial of USP Vasopressin RS in a known
volume of Solution A, and dilute with Solution A to obtain a final solution containing 0.1
USP Vasopressin Unit/mL.
Sample solution: Dissolve the entire contents of a vial of the Injection in a known volume
of Solution A, and dilute with Solution A to obtain a final solution containing 2.0 USP
Corticotropin Units/mL.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: About 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the vasopressin activity in USP Vasopressin Unit per USP Corticotropin Unit:
Result = CS × [(rU/rS)/2]
C=
S concentration of Standard solution (USP Vasopressin Units/mL)
rU= peak response from the Sample solution
rS= peak response from the Standard solution
Acceptance criteria: NMT 0.05 USP Vasopressin Units/USP Corticotropin Unit
SPECIFIC TESTS
• pH

791 : 3.0–7.0

• Particulate Matter in Injections
injections
• Bacterial Endotoxins Test
• Injections

788 : Meets the requirements for small-volume

85 : NMT 3.1 USP Endotoxin Units/USP Corticotropin Unit

1 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass. Store in a cold place.
• Labeling: If the labeling of Injection recommends intravenous administration, include specific
information on dosage.
• USP Reference Standards
USP Ascorbic Acid RS
USP Corticotropin RS
USP Endotoxin RS
USP Vasopressin RS

11

BRIEFING
Corticotropin for Injection, USP37 page 2467. As part of USP monograph modernization
efforts, it is proposed to make the following changes:
1.
A new Identification test A was added using HPLC to verify that the retention time of

PF 40(5): Sep.-Oct. 2014

1373

the main peak of corticotropin in Corticotropin for Injection matches the USP
Corticotropin RS. This method was validated with the chromatographic column
Phenomenex Luna C18 brand of L1 column yielding an average retention time of 16.4
min. Other suitable L1 columns were Grace Altima with an average retention time of
21.2 min, and Dionex Polar Advantage II with an average retention time of 19.3 min.
2.
A new Identification test B requires that Corticotropin for Injection meets the Assay
requirements.
3.
The Calculation section of the Assay was also revised due to a proposed revision of
Design and Analysis of Biological Assays 111 .
4.
The CAS number was removed since this is normally only present in drug substance
monographs.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: M. Kibbey.)
Correspondence Number—C141978

Comment deadline: November 30, 2014
Corticotropin for Injection
Delete the following:
Corticotropin

[9002-60-2].

2S (USP38)

DEFINITION
Corticotropin for Injection is the sterile, dry material containing the polypeptide hormone having
the property of increasing the rate of secretion of adrenal corticosteroids, which is obtained
from the anterior lobe of the pituitary of mammals used for food by man. Its potency is NLT
80.0% and NMT 125.0% of the potency stated on the label in USP Corticotropin Units. It may
contain a suitable antimicrobial agent and suitable diluents and buffers.
IDENTIFICATION
Add the following:
• A. HPLC
Solution A: 0.1% Trifluoroacetic acid
Solution B: 0.1% Trifluoroacetic acid in acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
1
75
25
17
70
30
27
70
30
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27.5
20
80
32
20
80
32.5
75
25
35
75
25
Standard solution: 18.7 USP Units/mL of USP Corticotropin RS
Sample solution: 22 USP Units/mL of Corticotropin for Injection
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorescence; excitation 295 nm, emission 355 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Sample tray: 35
Column: 35
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation of the retention time: NMT 2%
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: The retention time of the corticotropin peak of the Sample solution
corresponds to that of the Standard solution.
2S (USP38)

Add the following:
• B. Meets the requirements of the Assay

2S (USP38)

ASSAY
Change to read:
• Procedure
Standard solution: Pipet 2.5 mL of gelatin TS into an opened container of USP
Corticotropin RS, and mix to obtain a solution having a concentration of 2.0 USP
Corticotropin Units/mL. Using gelatin TS as a diluent, prepare three diluted Standard
solutions such that the respective concentrations of corticotropin constitute a geometric
series such as 1:2:4 or 1:3:9 and such that the quantity of corticotropin in each 0.5 mL
lies within the range of 10–300 milliunits.
Sample solutions: Constitute the Corticotropin for Injection as directed in the labeling. In
the same manner as the Standard solutions preparation, using the same diluent, dilute the
reconstituted Corticotropin for Injection to give three Sample solutions corresponding in
concentration to those of the Standard solutions.
The animals: Select healthy rats, of the same but either sex, that have been raised on a
diet fully adequate with respect to vitamin and mineral content. Anesthetize the rats with
ether, and remove the hypophysis from each by application of gentle suction through a
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fine-tipped tube. Between 16 h and 48 h after the operation, select those rats weighing
80–180 g, but restrict the selection so that no rat is more than 30% heavier than the
lightest, and the number of rats is an exact multiple of 6. Separate the selected rats into
6 groups, equal in size, of NLT 6 rats each, and assign at random one of the three diluted
Standard solutions or one of the three Sample solutions to each group.
Analysis: Inject all rats of each group subcutaneously with the assigned test doses. Three
h after the injection, anesthetize the rats, and remove both adrenal glands from each rat,
free them from adhering tissue, and promptly weigh each pair on a suitable balance to the
nearest 0.2 mg. Place the weighed glands from each rat in suitable vessels each
containing 8.0 mL of metaphosphoric acid solution (1 in 40), and pulverize the glands by
grinding with a small quantity of washed sand. Cover each vessel, and proceed similarly
until all glands have been extracted.
Ascorbic acid determination: Filter the metaphosphoric acid extracts, and pipet 4 mL of
each filtrate into suitable vessels each containing 4.0 mL of indophenol-acetate TS. Mix
by shaking, and read the absorbance at 520 nm, with a suitable spectrophotometer. From
the observed absorbance and the standard curve prepared as directed below, calculate
the amount of ascorbic acid in mg of ascorbic acid per 100 g of adrenal gland tissue.
Prepare a standard concentration–absorbance curve, using 3 ascorbic acid solutions
containing, respectively, 6.0, 8.0, and 10.0 µg/mL of USP Ascorbic Acid RS in
metaphosphoric acid solution (1 in 40). Pipet into each of three suitable vessels,
preferably spectrophotometer cells, 4 mL of indophenol-acetate TS. Add 4.0 mL of one of
the three standard ascorbic acid solutions to one of the cells, mix, and promptly read the
absorbance in the same instrument and under the same conditions as for the adrenal
gland extracts. Repeat the process for the other two standard ascorbic acid solutions,
plot the concentration–absorbance values, and draw the straight line best fitting the
three plotted points.
Calculation: Tabulate the observed concentration of ascorbic acid in the adrenal glands
of each rat, designated by the symbol y, for each dosage group of f rats. If the data from
one or more rats are missing, adjust to groups of equal size by suitable means (see Design
and Analysis of Biological Assays 111 , Replacement of Missing Values). Total the
values of y in each group, and designate each total as T, subscripts 1–3 for the three
successive dosage levels and subscripts S and U for the Standard and the Injection,
respectively. Test both the agreement in slope of the dosage-response lines for the
Standard and for the Injection, and the lack of curvature, as directed for a 3-dose
balanced assay (see Design and Analysis of Biological Assays 111 , Tests of Assay
Validity). If the combined discrepancy as measured by F 3 exceeds its tabular value in
Table 9 (see Design and Analysis of Biological Assays 111 , Combination of Independent
Assays), regard these data as preliminary and repeat the assay.
Determine the logarithm of potency of the Injection taken:
M = (4iT a/3T b) + log R
i = interval between successive log doses of both the Standard solution and the Sample
solution
T=
a S(T
T )
U

T=
b S(T
3

S

T 1)

PF 40(5): Sep.-Oct. 2014

1376

R= vS/vU, the ratio of the high dose of the Standard in USP Units (vS) to the high dose of
the Injection in mL (vU)
Compute the log confidence interval L (see Design and Analysis of Biological Assays
Confidence Intervals for Individual Assays).

111 ,

If there are no missing data; i.e., all groups of rats are the same size, f, then the following
may be used. [Note—If there are missing values, then suitable software can be used and
standard procedures followed for parallel line bioassays, including assessment of parallelism
and linearity.] Tabulate the observed concentration of ascorbic acid in the adrenal glands
of each rat, designated by the symbol yjkl, where j = S (Standard) or U (Injection), k = 1,
2, or 3 for the 3 doses, and l = 1, . . ., f rats. Total the values of the yjkl's in each group
as

Then determine the following quantities:
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If V 0.75 and V 1.33 then the data satisfy parallelism. If F F .05,2,n, where F .05,2,n is
the upper 0.05 percentage point of an F distribution with 2 and n degrees of freedom,
then the data satisfy linearity. If both conditions are satisfied, determine the logarithm of
potency of the Injection, M, taken as:
M = M¢ + log R,
where M¢ = 4iT a/(3T b)
i
= interval between successive log doses of both the Standard solution and the Sample
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solution
R
= vS/vU, the ratio of the high dose of the Standard solution in USP Units (vS) to the high dose
of the Injection in mL (vU)
Determine the width, L, of the log confidence interval as

and t .025,n is the upper one-sided 0.025 percentage point (or two-sided 0.05 percentage point)
of a t-distribution with n degrees of freedom.
2S (USP38)

Replication: Repeat the entire determination at least once. Test the agreement among the two
or more independent determinations, and compute the weight for each (see Design and
Analysis of Biological Assays

111 , Combination of Independent Assays). Calculate the

weighted mean log-potency M and its confidence interval, Lc (see 111 , Confidence
Intervals for Individual Assays). The potency, P* , is satisfactory if P* = antilog M is 80%–125%
of the labeled potency and if the confidence interval does not exceed 0.40.
Acceptance criteria: 80.0%–125.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
• Vasopressin Activity
Solution A: Dissolve 6.6 g of dibasic ammonium phosphate in 950 mL of water, and adjust
with concentrated phosphoric acid to a pH of 3.0. Dilute with water to 1 L.
Mobile phase: Acetonitrile and Solution A (13:87)
[Note—The retention time of the vasopressin peak is very sensitive to small changes in the
acetonitrile concentration.]
Standard solution: Dissolve the entire contents of a vial of USP Vasopressin RS in a known
volume of Solution A, and dilute with Solution A to obtain a final solution containing 0.1
USP Vasopressin Unit/mL.
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Sample solution: Dissolve the entire contents of a vial of Corticotropin for Injection in a
known volume of Solution A, and dilute with Solution A to obtain a final solution containing
2.0 USP Corticotropin Units/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the vasopressin activity in USP Vasopressin Unit per USP Corticotropin Unit:
Result = CS × [(rU/rS)/2]
C=
S concentration of the Standard solution (USP Vasopressin Units/mL)
rU= peak response from the Sample solution
rS= peak response from the Standard solution
Acceptance criteria: NMT 0.05 USP Vasopressin Units/USP Corticotropin Unit
SPECIFIC TESTS
• pH 791 : 2.5–6.0, in a solution constituted as directed in the labeling supplied by the
manufacturer
• Particulate Matter in Injections
injections
• Sterility Tests

788 : Meets the requirements for small-volume

71 : Meets the requirements

• Bacterial Endotoxins Test

85 : NMT 3.1 USP Endotoxin Units/USP Corticotropin Unit

• Injections, Constituted Solutions and Labels and Labeling

1 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described under Injections 1 , Containers for Sterile
Solids.
• Labeling: If the labeling of Corticotropin for Injection recommends intravenous
administration, include specific information on dosage.
• USP Reference Standards
USP Ascorbic Acid RS
USP Corticotropin RS
USP Endotoxin RS
USP Vasopressin RS

11

PF 40(5): Sep.-Oct. 2014

1380

BRIEFING
Repository Corticotropin Injection, USP 37 page 2468. As part of USP monograph
modernization efforts, it is proposed to make the following changes:
1.
A new Identification test requires that the Repository Corticotropin Injection meets the
Assay requirements.
2.
The Calculation of the Assay was also revised due to a proposed revision of Design and
Analysis of Biological Assays 111 .
3.
The CAS number was removed since this is normally only present in drug substance
monographs.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: M. Kibbey.)
Correspondence Number—C141978

Comment deadline: November 30, 2014
Repository Corticotropin Injection
Delete the following:
Corticotropin

[9002-60-2].

2S (USP38)

DEFINITION
Repository Corticotropin Injection is corticotropin in a solution of partially hydrolyzed gelatin. Its
potency is NLT 80.0% and NMT 125.0% of the potency stated on the label in USP Corticotropin
Units. It may contain a suitable antimicrobial agent.
IDENTIFICATION
Add the following:
• A. Meets the requirements of the Assay

2S (USP38)

ASSAY
Change to read:
• Procedure
Standard solution: Pipet 2.5 mL of gelatin TS into an opened container of USP
Corticotropin RS, and mix to obtain a solution having a concentration of 2.0 USP
Corticotropin Units/mL. Using gelatin TS as a diluent, prepare three diluted Standard
solutions such that the respective concentrations of corticotropin constitute a geometric
series such as 1:2:4 or 1:3:9 and such that the quantity of corticotropin in each 0.5 mL
lies within the range of 10–300 milliunits.
Sample solution: In the same manner, using the same diluent, dilute the Injection to give
three Sample solutions corresponding in concentration to those of the Standard solutions.
The animals: Select healthy rats, of the same but either sex, that have been raised on a
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diet fully adequate with respect to vitamin and mineral content. Anesthetize the rats with
ether, and remove the hypophysis from each by application of gentle suction through a
fine-tipped tube. Between 16 h and 48 h after the operation, select those rats weighing
80–180 g, but restrict the selection so that no rat is more than 30% heavier than the
lightest, and the number of rats is an exact multiple of 6. Separate the selected rats into
6 groups, equal in size, of NLT 6 rats each, and assign at random one of the three diluted
Standard solutions or one of the three Sample solutions to each group.
Analysis: Inject all rats of each group subcutaneously with the assigned test doses. Three
h after the injection, anesthetize the rats, and remove both adrenal glands from each rat,
free them from adhering tissue, and promptly weigh each pair on a suitable balance to the
nearest 0.2 mg. Place the weighed glands from each rat in suitable vessels each
containing 8.0 mL of metaphosphoric acid solution (1 in 40), and pulverize the glands by
grinding with a small quantity of washed sand. Cover each vessel, and proceed similarly
until all glands have been extracted.
Ascorbic acid determination: Filter the metaphosphoric acid extracts, and pipet 4 mL of
each filtrate into suitable vessels each containing 4.0 mL of indophenol-acetate TS. Mix
by shaking, and read the absorbance at 520 nm, with a suitable spectrophotometer. From
the observed absorbance and the standard curve prepared as directed below, calculate
the amount of ascorbic acid in mg of ascorbic acid per 100 g of adrenal gland tissue.
Prepare a standard concentration–absorbance curve, using three ascorbic acid solutions
containing, respectively, 6.0, 8.0, and 10.0 µg/mL of USP Ascorbic Acid RS in
metaphosphoric acid solution (1 in 40). Pipet into each of three suitable vessels,
preferably spectrophotometer cells, 4 mL of indophenol-acetate TS. Add 4.0 mL of one of
the three standard ascorbic acid solutions to one of the cells, mix, and promptly read the
absorbance in the same instrument and under the same conditions as for the adrenal
gland extracts. Repeat the process for the other two standard ascorbic acid solutions,
plot the concentration–absorbance values, and draw the straight line best fitting the
three plotted points.
Calculation: Tabulate the observed concentration of ascorbic acid in the adrenal glands
of each rat, designated by the symbol y, for each dosage group of f rats. If the data from
one or more rats are missing, adjust to groups of equal size by suitable means (see Design
and Analysis of Biological Assays 111 , Replacement of Missing Values). Total the
values of y in each group, and designate each total as T, subscripts 1–3 for the three
successive dosage levels and subscripts S and U for the Standard and the Injection,
respectively. Test both the agreement in slope of the dosage-response lines for the
Standard and for the Injection, and the lack of curvature, as directed for a 3-dose
balanced assay (see Design and Analysis of Biological Assays 111 , Tests of Assay
Validity). If the combined discrepancy as measured by F 3 exceeds its tabular value in
Table 9 (see Design and Analysis of Biological Assays 111 , Combination of Independent
Assays), regard these data as preliminary and repeat the assay.
Determine the logarithm of potency of the Injection taken:
M = (4iT a/3T b) + log R
i

= interval between successive log doses of both the Standard solution and the Sample
solution
T=
a S(T
T )
U

S
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T=
b S(T
T 1)
3
R= vS/vU, the ratio of the high dose of the Standard in USP Units (vS) to the high dose of
the Injection in mL (vU)
Compute the log confidence interval L (see Design and Analysis of Biological Assays
Confidence Intervals for Individual Assays).

111 ,

If there are no missing data; i.e., all groups of rats are the same size, f, then the following
may be used. [Note—If there are missing values, then suitable software can be used and
standard procedures followed for parallel line bioassays, including assessment of parallelism
and linearity.] Tabulate the observed concentration of ascorbic acid in the adrenal glands
of each rat, designated by the symbol yjkl, where j = S (Standard) or U (Injection), k = 1,
2, or 3 for the 3 doses, and l = 1, . . ., f rats. Total the values of the yjkl's in each group
as

Then determine the following quantities:
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If V 0.75 and V 1.33 then the data satisfy parallelism. If F F .05,2,n, where F .05,2,n is
the upper 0.05 percentage point of an F distribution with 2 and n degrees of freedom,
then the data satisfy linearity. If both conditions are satisfied, determine the logarithm of
potency of the Injection, M, taken as:
M = M¢ + log R,
where M¢ = 4iT a/(3T b)
i
= interval between successive log doses of both the Standard solution and the Sample
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solution
R
= vS/vU, the ratio of the high dose of the Standard solution in USP Units (vS) to the high dose
of the Injection in mL (vU)
Determine the width, L, of the log confidence interval as

and t .025,n is the upper one-sided 0.025 percentage point (or two-sided 0.05 percentage point)
of a t-distribution with n degrees of freedom.
2S (USP38)

Replication: Repeat the entire determination at least once. Test the agreement among the two
or more independent determinations, and compute the weight for each (see Design and
Analysis of Biological Assays

111 , Combination of Independent Assays). Calculate the

weighted mean log-potency M and its confidence interval, Lc (see 111 , Confidence
Intervals for Individual Assays). The potency, P* , is satisfactory if P* = antilog M is 80%–125%
of the labeled potency and if the confidence interval does not exceed 0.40.
Acceptance criteria: 80.0%–125.0%
IMPURITIES
• Vasopressin Activity
Solution A: Dissolve 6.6 g of dibasic ammonium phosphate in about 950 mL of water, and
adjust with concentrated phosphoric acid to a pH of 3.0. Dilute with water to 1 L.
Mobile phase: Acetonitrile and Solution A (13:87). Filter and degas.
[Note—The retention time of the vasopressin peak is very sensitive to small changes in the
acetonitrile concentration.]
Standard solution: Dissolve the entire contents of a vial of USP Vasopressin RS in a known
volume of Solution A, and dilute with Solution A to obtain a final solution containing 0.1
USP Vasopressin Units/mL.
Sample solution: Dissolve the entire contents of a vial of Injection in a known volume of
Solution A, and dilute with Solution A to obtain a final solution containing 2.0 USP
Corticotropin Units/mL.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: About 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the vasopressin activity in USP Vasopressin Units per USP Corticotropin Unit:
Result = CS × [(rU/rS)/2]
C=
S concentration of the Standard solution (USP Vasopressin Units/mL)
rU= peak response from the Sample solution
rS= peak response from the Standard solution
Acceptance criteria: NMT 0.05 USP Vasopressin Units/USP Corticotropin Unit
SPECIFIC TESTS
• pH

791 : 3.0–7.0

• Bacterial Endotoxins Test
• Injections

85 : NMT 3.1 USP Endotoxin Units/USP Corticotropin Unit

1 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass.
• USP Reference Standards
USP Ascorbic Acid RS
USP Corticotropin RS
USP Endotoxin RS
USP Vasopressin RS

11

BRIEFING
Cyclosporine Compounded Ophthalmic Solution, Veterinary. Because there is currently no
existing USP monograph for this dosage form, a new compounded preparation monograph is
proposed based on a validated stability-indicating method used to assess stability. The liquid
chromatographic procedure in the Assay is based on analyses validated using the Kinetex
C18 brand of L1 column. The typical retention time for cyclosporine is about 34.0 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
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Correspondence Number—C147525

Comment deadline: November 30, 2014
Add the following:
Cyclosporine Compounded Ophthalmic Solution, Veterinary
DEFINITION
Cyclosporine Compounded Ophthalmic Solution, Veterinary contains NLT 90.0% and NMT
110.0% of the labeled amount of cyclosporine (C62 H111 N11 O12 ).
Prepare Cyclosporine Compounded Ophthalmic Solution, Veterinary 10 mg/mL as follows (see
Pharmaceutical Compounding—Sterile Preparations

797 ).

Cyclosporine Oral Solutiona equivalent to
100 mg
Corn Oil, NF, a sufficient quantity to make
10 mL
a Sandimmune Oral Solution 100 mg/mL, Novartis Pharmaceuticals Corporation, East Hanover,
NJ.
Mix the Cyclosporine Oral Solution with sufficient Corn Oil to bring to final volume and mix
thoroughly. Pass the solution through a compatible sterile membrane filter of 0.22-µm pore size
into a sterile ophthalmic container. Replace the tip and cap, and mix well. [Note—Cyclosporine
Oral Solution Modified is not interchangeable and should not be used.]
ASSAY
• Procedure
Mobile phase: See Table 1.
Table 1
Time
Acetonitrile
Water
(min)
(%)
(%)
0
60
40
40
90
10
45
90
10
45.05
60
40
55
60
40
Standard solution: 0.5 mg/mL of cyclosporine prepared from USP Cyclosporine RS in
acetonitrile. Mix well to dissolve.
Sample solution: Transfer 0.5 mL of Ophthalmic Solution, Veterinary into a 10-mL
volumetric flask, dilute with acetonitrile to volume, and mix well. Allow the oil to separate
from the solution. Once the top layer appears clear, transfer about 1 mL of the top layer
into an amber HPLC vial.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 208 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
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Column temperature: 60
Flow rate: 0.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for cyclosporine is about 34.0 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cyclosporine (C62 H111 N11 O12 ) in the
portion of Ophthalmic Solution, Veterinary taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cyclosporine from the Sample solution
rS= peak response of cyclosporine from the Standard solution
C=
S concentration of cyclosporine in the Standard solution (mg/mL)
C=
U nominal concentration of cyclosporine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• Sterility Tests

71 : It meets the requirements.

• Particulate Matter in Ophthalmic Solutions

789 : It meets the requirements.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in sterile ophthalmic dropper bottles, protected from light.
Store at controlled room temperature.
• Beyond-Use Date: NMT 180 days after the date on which it was compounded, when stored
at controlled room temperature.
In the absence of passing a sterility test, the storage conditions for High-Risk Level CSPs in
Pharmaceutical Compounding—Sterile Preparations 797 , CSP Microbial Contamination
Risk Levels apply.
• Labeling: Label it to indicate that it is for veterinary use only. State that it is intended for
use in the eye and to not use if a precipitate is present. State the Beyond-Use Date.
• USP Reference Standards
USP Cyclosporine RS

11

2S (USP38)

BRIEFING
Dalteparin Sodium, page 1598 of PF 30(5) [Sep.–Oct. 2004]. The previously published new
monograph proposal for this drug substance is canceled and replaced with the following new
monograph proposal based on comments received.
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The liquid chromatographic procedure used in Identification test B is based on analyses
performed with the Tosoh Biosciences TSK G3000 SWXL brand of L59 column (5-µm) and the
TSK G2000 SWXL brand of L59 column (5-µm) in series. The liquid chromatographic
procedure used in the test for Limit of Nitrites is based on analyses performed with the
Thermo Dionex IonPac AS15 brand of L## column (5-µm). The liquid chromatographic
procedure used in the test for Molar Ratio of Sulfate to Carboxylate is based on analyses
performed with the Dowex 1X8 brand of L64 column (200–400 mesh) and Dowex 50WX2
brand of L65 column (100–200 mesh) in series.
(BIO1: A. Szajek.)
Correspondence Number—C41498

Comment deadline: November 30, 2014
Add the following:
Dalteparin Sodium
[9041-08-1].

DEFINITION
Dalteparin Sodium is the sodium salt of a low molecular weight heparin obtained by nitrous acid
depolymerization of heparin from porcine intestine or intestinal mucosa. Heparin source material
used in the manufacture of Dalteparin Sodium complies with the compendial requirements
stated in the Heparin Sodium monograph. Dalteparin Sodium is produced by a validated
manufacturing and purification procedure under conditions shown to minimize the presence of
species containing the N–NO group. The majority of the components have a 2-O-sulfo- -Lidopyranosuronic acid structure at the non-reducing end and a 6-O-sulfo-2,5-anhydro-Dmannitol structure at the reducing end of their chains. The weight-average molecular weight
(Mw) ranges between 5600 Da and 6400 Da, with a characteristic value of about 6000 Da. The
percentage of chains lower than molecular weight 3000 Da is NMT 13.0%, and the percentage
of chains higher than molecular weight 8000 Da ranges between 15.0% and 25.0%. The degree
of sulfation is NLT 1.8 per disaccharide unit. The potency is NLT 110 and NMT 210 Anti-Factor
Xa International Units (IU)/mg of activity, calculated on the dried basis. The anti-factor IIa
activity is NLT 35 IU/mg and NMT 100 IU/mg, calculated on the dried basis. The ratio of antifactor Xa activity to anti-factor IIa activity is between 1.9 and 3.2.
IDENTIFICATION
• A. 1H NMR Spectrum
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Standard solution: Dissolve 15 mg of USP Dalteparin Sodium RS in 0.7 mL of deuterium
oxide with deuterated trimethylsilylpropionic (TSP) acid sodium salt. The sample is freezedried to remove exchangeable protons. Redissolve the sample and repeat the freezedrying step twice more before transferring the sample into an NMR tube.
Sample solution: Dissolve 15 mg of Dalteparin Sodium in 0.7 mL of deuterium oxide
(99.9%) with deuterated TSP. The sample is freeze-dried to remove exchangeable
protons. Redissolve the sample and repeat the freeze-drying step twice more before
transferring the sample into an NMR tube.
Instrumental conditions
(See Nuclear Magnetic Resonance Spectroscopy
Mode: NMR, pulsed (Fourier transform)
Frequency: NLT 500 MHz for 1H

761 .)

Temperature: 30
System suitability
Samples: Standard solution and Sample solution
Transfer the Standard solution and the Sample solution to NMR tubes of 5 mm in
diameter. Using a pulsed (Fourier transform) NMR spectrometer operating at NLT 500
MHz for 1H, acquire a free induction decay (FID) with NLT 32 scans using a 90 pulse,
an acquisition time of NLT 2 s, and at least a 10-s delay. For each sample, an initial
short spectrum is collected (1 scan), and the water resonance is then suppressed by
selective irradiation during the relaxation delay. Final spectra are recorded over 32
scans. For all samples, the TSP methyl signal should be set to 0.00 ppm. Record the 1H
NMR spectrum of the Standard solution. Collect the 1H NMR spectrum with a spectral
window of at least 10 to 2 ppm and without spinning. The Standard solution shall be
run at least daily when the Sample solution is being run. All spectra are phased, and
linear baseline correction is applied to all spectra before peak identification.
Suitability requirements
Chemical shift: The TSP methyl signal should be set to 0.00 ppm for all samples.
Chemical shifts for system suitability: The ppm values for the methyl group of Nacetyl, the H-2 of N-sulfo glucosamine, the H-2 of glucuronic acid plus 3-O-sulfo
glucosamine, the H-1 of iduronic acid, and the H-1 of 3-O sulfo glucosamine of
dalteparin in the Standard solution are present at 2.02, 3.22, 3.41, 4.98, and 5.44,
respectively. Two additional signals, corresponding to the H-1 of the 2-O-sulfo
iduronic acid linked to the terminal 2, 5-anhydromannitol and the H-1 of 2-O-sulfo
iduronic acid are located at 5.12–5.17 ppm. The ppm values of these signals do not
differ by more than ±0.03 ppm.
[Note—Depending on specific sample makeup and instrument parameters, including the
field strength of the NMR instrument, the two signals associated with the H-1 of 2-O
sulfo iduronic acid at 5.12–5.17 ppm may appear well separated or as a main signal
with a shoulder.]
Analysis
Sample: Sample solution
Record the 1H NMR spectra of the Sample solution.
Acceptance criteria: The ppm values for the methyl group of N-acetyl, the H-2 of N-sulfo
glucosamine, the H-2 of glucuronic acid plus 3-O-sulfo glucosamine, the H-1 of iduronic
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acid and the H-1 of the 2-O-sulfo iduronic acid linked to the terminal anhydromannitol, the
H-1 of 2-O-sulfo iduronic acid and the H-1 of 3-O sulfo glucosamine of dalteparin in the
Sample solution are present at 2.02, 3.22, 3.41, 4.98, 5.12–5.17, and 5.44, respectively.
The ppm values of these signals do not differ by more than ±0.03 ppm.
• B. Molecular Weight Distribution and Weight-Average Molecular Weight
Low Molecular Weight Heparin Molecular Weight Determinations 209
Acceptance criteria: The weight-average molecular weight (Mw) ranges between 5600
Da and 6400 Da, with a characteristic value of about 6000 Da. The percentage of chains
lower than the molecular weight 3000 Da, M3000 , is NMT 13.0%, and the percentage of
chains higher than the molecular weight 8000 Da, M8000 , ranges between 15.0% and
25.0%.
• C. Anti-Factor Xa to Anti-Factor IIa Ratio
Anti-Factor Xa and Anti-Factor IIa Assays for Unfractionated and Low Molecular
Weight Heparins, Anti-Factor Xa and Anti-Factor IIa Assays for Low Molecular Weight
Heparins 208
Acceptance criteria: The ratio of the numerical value of the anti-factor Xa activity, in
Anti-Factor Xa IU/mg, to the numerical value of the anti-factor IIa activity, in AntiFactor IIa IU/mg, as determined by the Anti-Factor Xa Activity and Anti-Factor IIa
Activity assays, is NLT 1.9 and NMT 3.2, respectively.
• D. Identification Tests—General: Meets the requirements for Sodium Content
ASSAY
• Anti-Factor Xa Activity
Anti-Factor Xa and Anti-Factor IIa Assays for Unfractionated and Low Molecular
Weight Heparins, Anti-Factor Xa Activity for Low Molecular Weight Heparin 208
Analysis Proceed as directed in the chapter.
Acceptance criteria: The potency is NLT 110 and NMT 210 Anti-Factor Xa IU/mg on the
dried basis.
OTHER COMPONENTS
• Nitrogen Determination, Method II 461 : 1.5%–2.5% on the dried basis
• Sodium Content
Cesium chloride solution: 1.27 mg/mL of cesium chloride in 0.1 M hydrochloric acid
Standard solution A: 0.0025% of sodium chloride in Cesium chloride solution
Standard solution B: 0.0050% of sodium chloride in Cesium chloride solution
Standard solution C: 0.0075% of sodium chloride in Cesium chloride solution
Sample solution: Transfer 50.0 mg of Dalteparin Sodium to a 100-mL volumetric flask, and
dissolve in and dilute with Cesium chloride solution to volume.
Analysis
Samples: Cesium chloride solution, Standard solution A, Standard solution B, Standard
solution C, and Sample solution
Concomitantly determine the absorbances of the Cesium chloride solution (blank), the
Sample solution, and the Standard solutions at 330.3 nm, using a sodium hollow-cathode
lamp and an air–acetylene flame. Using the absorbances of Standard solutions A, B, and C,
determine the sodium content in the Sample solution after an appropriate blank
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correction.
Acceptance criteria: 10.5%–13.5% on the dried basis
IMPURITIES
• Limit of Nitrites
Mobile phase: Dissolve 13.6 g of sodium acetate trihydrate in 900 mL of water in a 1000mL volumetric flask. Adjust with orthophosphoric acid to a pH of 4.3, and dilute with water
to 1000 mL. Filter through a 0.45-µm membrane.
Nitrite stock standard solution: Dissolve 0.075 g of sodium nitrite in a 1000-mL volumetric
flask with carbon dioxide-free water (0.05 g/L of nitrite).
Nitrite standard solution: Dilute 1 mL of Nitrite stock standard solution in a 100-mL
volumetric flask with carbon dioxide-free water (500 ng/mL of nitrite).
Calibration standard solutions: Dilute Nitrite standard solution in carbon dioxide-free
water to prepare four solutions with the final nitrite concentrations of 2.5, 5, 15, and 25
ng/mL.
Sample solution: Weigh 80.0 mg of Dalteparin Sodium into a 20-mL volumetric flask, and
dissolve in carbon dioxide-free water.
Chromatographic system
(See Chromatography 621 , System Suitability)
Mode: LC
Detector: Electrochemical detector containing a working electrode (glassy carbon type)
with the potential of +1.00 V against a silver–silver chloride reference electrode
Column: 3-mm × 15-cm; 5-µm packing L## 1
Column temperature: 30 ± 5
Column regeneration: 1M NaCl at 0.5 mL/min for about 1 h. After regeneration, wash
the column with water and re-equilibrate with Mobile phase.
Flow rate: 0.5 mL/min
Injection volume: 25 µL
Run time: 10 min
System suitability
Samples: Calibration standard solutions and Sample solution
Suitability requirements
Column efficiency: NLT 4000 theoretical plates for the nitrate peak for all calibration
and sample solution runs
Tailing factor: Between 0.8 and 1.2 for all calibration and sample solution runs
Relative standard deviation: Inject Calibration standard solutions with 25 ng/mL
concentration at least six times. Calculate the relative standard deviation % (%RSD)
of the nitrite peak areas of the last six injections. The %RSD is NMT 2%.
Analysis
Samples: Calibration standard solutions and Sample solution
Plot the areas of the nitrite peaks from the chromatograms of the Calibration standard
solutions against respective concentrations of nitrite. Draw a best-fit regression line
through the points. The correlation coefficient is NLT 0.995. Calculate the concentration
of nitrite from the areas of the nitrite peak in the chromatogram of the Sample solution.
Acceptance criteria: NMT 5 ppm
• Boron
[Note—Use only plastic labware, avoid glass.]
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Blank: 1% (v/v) solution of nitric acid in water
Calibration solution: Prepare a 11.4-µg/mL solution of USP Boric Acid RS in the Blank.
Standard solution A: Dissolve 0.2500 g of USP Low Molecular Weight Heparin for Boron
Analysis RS in about 2 mL of water, add 100 µL of nitric acid, and dilute with the Blank to
10.00 mL.
Standard solution B: Dissolve 0.2500 g of USP Low Molecular Weight Heparin for Boron
Analysis RS in about 2 mL of Blank, add 10 µL of a 5.7-mg/mL solution of USP Boric Acid
RS, and dilute with the Blank to 10.00 mL. This solution contains 1 µg/mL of boron.
Sample solution: Dissolve 0.2500 g of Dalteparin Sodium in about 2 mL of water, add 100
µL of nitric acid, and dilute with the Blank to 10.00 mL.
Analysis
Samples: Blank, Calibration solution, Standard solution A, Standard solution B, and
Sample solution
Boron is determined by measurement of the emission from inductively coupled plasma (ICP)
at 249.733 nm. Use an appropriate apparatus with settings that have been optimized as
directed by the manufacturer.
Calculate the content of boron in Dalteparin Sodium using the following correction factor:
F = (rSB – rSA) × 2/(rC – rB)
rSB
= response
rSA
= response
rC= response
rB= response

of
of
of
of

boron from Standard solution B
boron from Standard solution A
boron from the Calibration solution
boron from the Blank

Acceptance criteria: NMT 1 ppm
SPECIFIC TESTS
• Anti-Factor IIa Activity
Anti-Factor Xa and Anti-Factor IIa Assays for Unfractionated and Low Molecular
Weight Heparins, Anti-Factor IIa Activity for Low Molecular Weight Heparin 208
Acceptance criteria: NLT 35 and NMT 100 Anti-Factor IIa IU/mg on the dried basis
• Molar Ratio of Sulfate to Carboxylate
Mobile phase: Carbon dioxide-free water
Sample solution: 50 mg of Dalteparin Sodium in 10 mL of carbon dioxide-free water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Ion
Column: Two columns; one 1.5-cm × 2.5-cm column, packed with an anion-exchange
resin L64 packing and one 1.5-cm × 7.5-cm column, packed with a cation-exchange
resin L65 packing.2 The outlet of the anion-exchange column is connected to the inlet of
the cation-exchange column.
Flow rate: 1 mL/min
Analysis
Sample: Sample solution
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[Note—Regenerate the anion-exchange column and the cation-exchange column with 1 N
sodium hydroxide and 1 N hydrochloric acid, respectively, between two injections.]
With the valve in the inject position, inject the Sample solution into the anion-exchange
column, and collect the eluate from the cation-exchange column in a beaker at the outlet
until the ion detector reading returns to the baseline value. Quantitatively transfer the
eluate to a titration vessel containing a magnetic stirring bar, and dilute with carbon
dioxide-free water to about 60 mL. Position the titration vessel on a magnetic stirrer, and
immerse the electrodes. Note the initial conductivity reading, and titrate with
approximately 0.1 N sodium hydroxide added in 100-µL portions. [Note—Prepare the
sodium hydroxide solution in carbon dioxide-free water.]Record the buret reading and the
conductivity meter reading after each addition of the sodium hydroxide solution.
Calculations: Plot the conductivity measurements on the y-axis against the volumes of
sodium hydroxide added on the x-axis. The graph will have three linear sections—an
initial downward slope, a middle slight rise, and a final rise. For each of these sections,
draw the best-fit straight lines using linear regression analysis. At the points where the
first and second straight lines intersect and where the second and third lines intersect,
draw perpendiculars to the x-axis to determine the volumes of sodium hydroxide taken
up by the sample at those points. The point where the first and second lines intersect
corresponds to the volume of sodium hydroxide taken up by the sulfate groups (VS). The
point where the second and third lines intersect corresponds to the volume of sodium
hydroxide consumed by the sulfate and the carboxylate groups together (VT).
Calculate the molar ratio of sulfate to carboxylate:
Result = VS/(VT

VS)

Acceptance criteria: The molar ratio of sulfate to carboxylate is NLT 1.8.
• pH

791 : 5.5–8.0 for a 1.0% solution in water

• Loss on Drying 731
Sample: 1 g
Analysis: Dry the Sample under vacuum at 70 for 6 h.
Acceptance criteria: NMT 10%
• Bacterial Endotoxins Test
factor Xa activity.

85 : It contains NMT 0.01 USP Endotoxin Units/IU of anti-

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store below 40 ,
preferably at room temperature.
• Labeling: Label to state the number of Anti-factor Xa International Units of activity per mg.
• USP Reference Standards 11
USP Boric Acid RS
USP Dalteparin Sodium RS
USP Endotoxin RS
USP Low Molecular Weight Heparin for Assays RS
USP Low Molecular Weight Heparin for Boron Analysis RS
USP Low Molecular Weight Heparin Molecular Weight Calibrant RS
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2S (USP38)

1 The method was validated using a column 3-mm × 15-cm Thermo Dionex IonPac AS15, 5 µm.

2 The procedure is based on analyses performed with two columns: one 1.5-cm × 2.5-cm
packed with anion-exchange resin Dowex 1X8 (200–400 mesh) and the other 1.5-cm × 7.5-cm
packed with cation-exchange resin Dowex 50WX2 (100–200 mesh).
BRIEFING
Dapsone Compounded Oral Suspension, USP 37 page 2513. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 proposed in PF 39(6). A list of all compounding monograph
titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Dapsone
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Dapsone
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of dapsone
(C12 H12 N2 O2 S).
Prepare Dapsone
Compounded 2S (USP38)
Oral Suspension 2 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Dapsone tabletsa equivalent to
200 mg
Vehicle: a 1:1 mixture of Ora-Sweet b and Ora-Plusb, a sufficient quantity to make 100 mL
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a Dapsone 25-mg tablets, Jacobus Pharmaceutical Company, Princeton, NJ.
b Paddock Laboratories, Minneapolis, MN.
Calculate the required quantity of each ingredient for the total amount to be prepared. Place
the required number of tablets in a suitable mortar, and comminute to a fine powder. Add the
Vehicle in small portions, and triturate to make a smooth paste. Add increasing volumes of the
Vehicle to make a dapsone liquid that is pourable. Transfer the contents of the mortar,
stepwise and quantitatively, to a calibrated bottle. Add enough of the Vehicle to bring to final
volume, and mix well.
ASSAY
• Procedure
Solution A: 50 mM ammonium phosphate adjusted to a pH of 4.6
Mobile phase: Acetonitrile and Solution A (12:88). Filter and degas.
Internal standard solution: 1.0 mg/mL of diazoxide in methanol
Standard stock solution: 2.0 mg/mL of USP Dapsone RS in methanol
Standard solution: Pipet 2.5 mL of Standard stock solution into a 100-mL volumetric flask,
add 5.0 mL of Internal standard solution, and dilute with Mobile phase to volume to obtain
a solution with a nominal concentration of 50 µg/mL of dapsone and 50 µg/mL of
diazoxide. Centrifuge.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 2.5 mL
of Oral Suspension into a 100-mL volumetric flask, add 5.0 mL of Internal standard
solution, and dilute with Mobile phase to volume to obtain a solution with a nominal
concentration of 50 µg/mL of dapsone and 50 µg/mL of diazoxide. Centrifuge.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 295 nm
Column: 3.0-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 0.7 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention times for dapsone and diazoxide are about 8.9 and 12.9 min,
respectively.]
Suitability requirements
Relative standard deviation: NMT 2.3% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dapsone (C12 H12 N2 O2 S) in the portion
of Oral Suspension taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of dapsone to the internal standard from the Sample solution
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RS= peak response ratio of dapsone to the internal standard from the Standard solution
C=
S concentration of dapsone in the Standard solution (µg/mL)
C=
U nominal concentration of dapsone in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature
2 –8

2S (USP38)

or at controlled room temperature.
Change to read:
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at controlled cold temperature
2 –8

2S (USP38)

or at controlled room temperature
• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards
USP Dapsone RS

11
BRIEFING

Desmopressin Acetate, USP 37 page 2532. As part of the USP monograph modernization
effort, the following revisions are proposed:
1.
Identification test A is revised to use LC/MS only. The MS/MS requirement has been
removed.
2.
Identification test B is revised to add an Identity sample solution and the requirement
of sample and standard peak co-elution.
3.
The requirement for Amino Acid Content test is deleted. Because Desmopressin Acetate
does not contain leucine or isoleucine residue, it is sufficient to have RP-HPLC and
LC/MS as identification tests.
4.
The requirement for Specific Rotation in Specific Tests is deleted.
5.
The requirement for Bacterial Endotoxins Test is added in Specific Tests.
6.
The USP Reference Standards section is revised to include USP Endotoxin RS, which is
used in the Bacterial Endotoxins Test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: A. Szajek.)
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Correspondence Number—C146284

Comment deadline: November 30, 2014
Desmopressin Acetate

C48 H68 N14 O14 S2 C48 H68 N14 O14 S2 ·xH2 O (anhydrous)
Anhydrous
1129.27
[62288-83-9].
Vasopressin, 1-(3-mercaptopropanoic acid)-8-d-arginine-, monoacetate (salt);
1-(3-Mercaptopropionic acid)-8-d-arginine-vasopressin monoacetate (salt).
Trihydrate
1183.31
[62357-86-2].
DEFINITION
Desmopressin Acetate is a synthetic octapeptide hormone having the property of antidiuresis.
It is a synthetic analog of vasopressin. It contains NLT 95.0% and NMT 105.0% of
desmopressin (C46 H64 N14 O12 S2 ), calculated on the anhydrous, acetic acid-free basis.
IDENTIFICATION
Change to read:
• A. Mass Spectral Analysis
Mobile phase: Water and methanol (1:1)
Standard solution: 5 µg/mL of USP Desmopressin Acetate RS in Mobile phase
Sample solution: 5 µg/mL of Desmopressin Acetate in Mobile phase. [Note—The final
concentration of the Standard solution and the Sample solution can be adjusted
depending on the sensitivity of the mass spectrometer used in the testing.]
Instrumental conditions
(See Mass Spectrometry 736 .)
Mode: LC/MS spectrometer
Interface/detection: Infusion system connected to an electrospray interface (positive
ion), and MS/MS capability)
2S (USP38)

Flow rate: 0.7 mL/min
Injection volume: 10 µL/min
Analysis
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Samples: Standard solution and Sample solution
Separately infuse the Standard solution and the Sample solution at about 5 µL/min into the mass
spectrometer. Obtain optimized MS and MS/MS spectra
2S (USP38)

spectrum of the peak with mass-to-charge ratio 1069.
Acceptance criteria: MS spectra contain the major peak with mass-to-charge ratio of 1069.
For MS/MS spectra, product ions at mass-to-charge ratios of about 641, 742, and 995 are
present.
2S (USP38)

Change to read:
• B.
Standard solution and Sample solution: Proceed as directed in the Assay.
Identity sample solution: 10 µg/mL of USP Desmopressin Acetate RS and 10 µg/mL of
Desmopressin Acetate in Mobile phase
Acceptance criteria: 2S (USP38)
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
The major peaks of the Identity sample solution co-elute. 2S (USP38)
Delete the following:
• C. Amino acid content (see Biotechnology Derived Articles—Amino Acid Analysis 1052
).[Note—The following method is given for informational purposes; any validated amino acid
analysis method can be used. The relative proportions of amino acids, however, must be
met for any method used. ]
Solution A: 20 mM sodium acetate, triethylamine, and tetrahydrofuran (95.0:0.2:0.3)
Solution B: 100 mM sodium acetate, methanol, and acetonitrile (20: 40: 40)
Mobile phase: See Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
17
40
60
18.10
0
100
24
0
100
25
100
0
35
100
0
[Note—Use variable mixtures of Solution A and Solution B as directed for Chromatographic
system. Make adjustments if necessary (see System Suitability under Chromatography
621 .) ]
Borate buffer: Transfer 12.4 g of boric acid to a 500-mL volumetric flask, and suspend it in
300 mL of water. Add 100 mL of 1 N potassium hydroxide, and mix. Adjust with 1 N
potassium hydroxide to a pH of 10.4, dilute with water to volume, and mix. Store in a
closed plastic container.
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Norvaline solution: 4 mM of norvaline
2% DTDPA solution: Transfer 2 g of dithiodipropionic acid to a 100-mL volumetric flask.
Dissolve in and dilute with water to volume.
Sarcosine solution: 4 mM of sarcosine
0.1% Phenol: 0.1% (w/v) phenol in 6 N hydrochloric acid
OPA reagent: Prepare a solution containing 10 mg/mL each of o-phthalaldehyde and 3mercaptopropionic acid in Borate buffer.
FMOC reagent: 2.5 mg/mL of 9-fluorenylmethylchloroformate in acetonitrile.
Calibration solution: Prepare a mixture in which the final concentrations of amino acids are
as follows: about 2.50 mM glycine; about 2.50 mM for the L-form of the amino acids
lysine, histidine, arginine, aspartic acid, threonine, serine, glutamic acid, proline, alanine,
valine, methionine, isoleucine, leucine, tyrosine, and phenylalanine; and about 1.25 mM Lcystine. Transfer a 1-mL aliquot of this solution to a suitable vial, and add 5 µL each of
Norvaline solution and 2% DTDPA solution. Evaporate the aliquot to dryness, and add 300
µL of 0.1% Phenol. Mix, and alternate between purging the head space of the vial with
nitrogen gas and reducing the pressure to 2 mm of mercury for a total of two purgevacuum cycles. Purge the sample with nitrogen gas one additional time, and reduce the
pressure to 1.5 mm of mercury. Seal, and heat the sample at 110 for 24 hours. Open the
vial, and evaporate to dryness. Dissolve the residue in 115 µL of Borate buffer, and add 5
µL of Sarcosine solution. Centrifuge for 2 minutes, and transfer the supernatant to a clean
vial. Remove a 6-µL aliquot, and add 1 µL of OPA reagent. Mix, and add 1 µL of FMOC
reagent. Mix, add 28 µL of water, and mix again.
Sample solution: 1.00 mg/mL of Desmopressin Acetate in water. Add 5 µL each of
Norvaline solution and 2% DTDPA solution to a 1-mL aliquot, and prepare as directed in
Calibration solution, beginning with “Bring the aliquot to dryness and add 300 µL of 0.1%
Phenol.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC, with an autosampler capable of adding and mixing derivatizing agents
Detector: UV 262 nm and 338 nm
Column: 2.1-mm × 20-cm; 5-µm packing L1
Temperature
Autosampler temperature: 4
Column temperature: 40
Flow rate: 0.45 mL/min
Injection volume: 36 µL
System suitability
Samples: Calibration solution and Sample solution
Record the peak responses for individual amino acid derivatives as directed for Procedure:
the order of elution of the amino acid derivatives is aspartic acid, glutamic acid, serine,
histidine, glycine, threonine, cysteine (reduced cystine), alanine, arginine, tyrosine,
valine, methionine, norvaline, phenylalanine, isoleucine, leucine, lysine, and proline
Suitability requirements
Resolution: NLT 1, between the amino acid pairs histidine and glycine, alanine and
arginine, and valine and methionine in the Calibration solution
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Relative standard deviation: NMT 15% for triplicate injection of the Calibration
solution for cysteine, lysine and proline, and NMT 10% for all other amino acids
Peak area: The norvaline peak in the Sample solution should be 80%—120% of that
found in the Calibration solution.
Analysis
Samples: Calibration solution and Sample solution
Using the autosampler, separately remove equal volumes (about 6 µL) of the Calibration
solution and the Test solution, and to each add 1 µL of OPA reagent. Mix, and to each
add 1 µL of FMOC reagent. Mix, add 28 µL of water to each, mix again, and inject the
entire volume into the chromatograph. Record the area responses for the main peaks,
and identify the amino acids. Using the Calibration solution as a standard, express the
content of each amino acid in moles. With the content for arginine set to 1, calculate
the relative proportions of the amino acids.
Acceptance criteria: Aspartic acid, glutamic acid, proline, glycine, and phenylalanine are
between 0.95 and 1.05; tyrosine is between 0.7 and 1.05; cysteine is between 0.30 and
1.05; lysine, isoleucine, and leucine are absent; and not more than traces of other amino
acids are found. 2S (USP38)

ASSAY
Change to read:
• Procedure
Buffer solution: Dissolve 3.4 g of monobasic potassium phosphate and 2.0 g of sodium 1heptanesulfonic acid in 1000 mL of water. Adjust with phosphoric acid or sodium hydroxide
to a pH of 4.50 ± 0.05, as needed. Pass through a filter of 0.45-µm pore size.
Mobile phase: Acetonitrile and Buffer solution (22:78), and degas. Make adjustments if
necessary (see Chromatography 621 , System Suitability ). [Note—The retention time
of desmopressin is very sensitive to the composition of the Mobile phase.]
Standard solution: 20 µg/mL of USP Desmopressin Acetate RS in Mobile phase
Sample solution: 20 µg/mL of Desmopressin Acetate in Mobile phase
System suitability solution: Dissolve about 1 mg of oxytocin, accurately weighed, in a
50-mL volumetric flask, dilute with Mobile phase to volume, and mix. Transfer 5.0 mL of
the resulting solution and 5.0 mL of the Sample solution to a 100-mL volumetric flask,
dilute with Mobile phase to volume, and mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC, with an autosampler capable of adding and mixing derivatizing agents
2S (USP38)

Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability

PF 40(5): Sep.-Oct. 2014

1401

Samples: Standard solution and System suitability solution
Suitability requirements
Chromatogram: The desmopressin peak elutes before the oxytocin peak.
Resolution: NLT 1.5, between desmopressin and oxytocin
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for the desmopressin peak area for replicate
injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of desmopressin (C46 H64 N14 O12 S2 ) in the portion of Desmopressin
Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Desmopressin Acetate RS calculated
( 2S (USP38)
on the anhydrous, acetic acid-free basis
) 2S (USP38)
in the Standard solution (mg/mL)
C=
U concentration of Desmopressin Acetate, calculated on the anhydrous, acetic acid-free
basis, in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0% on the anhydrous, acetic acid-free basis
IMPURITIES
Change to read:
• Desmopressin-Related Impurities
Mobile phase and System suitability solution: Proceed as directed in the Assay.
Standard solution: 1 µg/mL of USP Desmopressin Acetate RS in Mobile phase
Sample solution: 200 µg/mL of Desmopressin Acetate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC, with an autosampler capable of adding and mixing derivatizing agents
2S (USP38)

Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.0 mL/min
Injection volume: 200 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Chromatogram: The desmopressin peak elutes before the oxytocin peak.
Resolution: NLT 1.5 between desmopressin and oxytocin
Tailing factor: NMT 2.0, Standard solution
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Relative standard deviation: NMT 5.0% for the desmopressin peak area for replicate
injections
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure the response for each peak, except for the main
desmopressin peak of the Sample solution.
Calculate the percentage of each impurity in the portion of Desmopressin Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of an individual impurity from the Sample solution
rS= desmopressin peak response from the Standard solution
C=
S concentration of USP Desmopressin Acetate RS calculated
( 2S (USP38)
on the anhydrous, acetic acid-free basis
) 2S (USP38)
in the Standard solution (mg/mL)
C=
U concentration of Desmopressin Acetate, calculated on the anhydrous, acetic acid-free
basis, in the Sample solution (mg/mL)
Acceptance criteria
Any individual impurity: NMT 0.5%
Total impurities: NMT 1.5%
OTHER COMPONENTS
Change to read:
•
Acetic Acid In Peptides 503 :3.0%–8.0% 2S (USP38)
Limit of acetic acid
Internal standard solution: Transfer about 16 mL of hydrochloric acid into a 1000-mL
volumetric flask containing about 500 mL of water, and mix. Add about 0.5 mL of propionic
acid, accurately measured, dilute with acetonitrile to volume, and mix.
Standard solution: Transfer about 1.049 g of acetic acid, accurately measured, to a 100-mL
volumetric flask. Dilute with Internal standard solution to volume, and mix. Transfer 2.5 mL of
the resulting solution to a 50-mL volumetric flask. Dilute with Internal standard solution to
volume, and mix.
Sample solution: Dissolve about 5 mg of Desmopressin Acetate, accurately weighed, in 0.5
mL of Internal standard solution, and mix.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m fused-silica capillary column coated with a 0.25-µm film of phase
G35
Temperature
Column: 120

PF 40(5): Sep.-Oct. 2014

1403

Injection port: 250
Detector: 250
Carrier gas: Helium
Flow rate: 3 mL/min
Injection size: 1.0 µL
Injection type: Split ratio of 20:3
System suitability
Samples: Diluent and Standard solution
Suitability requirements
Elution order: Chromatograph six replicate injections of the Standard solution, and record
the peak areas as directed for Analysis: the order of elution is acetic acid followed by
propionic acid.
Resolution: NLT 5.0 between acetic acid and propionic acid
Tailing factor: NMT 3.0 for acetic acid, Standard solution
Relative standard deviation: NMT 15.0% for the peak area ratio of acetic acid to
propionic acid
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of acetic acid in the portion of Desmopressin Acetate taken by the
formula:
Result = 100(CS/CU)(RU/RS)
RU= peak area ratio of acetic acid to the internal standard obtained from the Sample solution
RS= peak area ratio of acetic acid to the internal standard obtained from the Standard solution
C=
S concentration of acetic acid in the Standard Solution (mg/mL)
C=
U concentration of Desmopressin Acetate in the Sample solution (mg/mL)
Acceptance criteria: NLT 3% and NMT 8.0% is found.
2S (USP38)

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specific Microorganisms
total aerobic microbial count does not exceed 100 cfu/g.
• Water Determination, Method Ic

62 : The

921 : NMT 6.0%

Add the following:
• Bacterial Endotoxins Test 85 : It contains NMT 500 USP Endotoxin Units/mg of
Desmopressin Acetate. 2S (USP38)
Delete the following:
• Specific Rotation 781S : between 72 and 82 , calculated on the anhydrous, acetic
acid-free basis
Sample solution: 5 mg/mL in diluted acetic acid 2S (USP38)
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, preferably of Type I glass, protected
from light. Store at a temperature not exceeding 25 , preferably between 2 and 8 .
• Labeling: Label it to state the potency, in mg, of desmopressin.
Change to read:
• USP Reference Standards 11
USP Desmopressin Acetate RS
USP Endotoxin RS
2S (USP38)

BRIEFING
Diltiazem Hydrochloride Compounded Oral Solution, USP 37 page 2637. The Compounding
Expert Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to
revise the title of this and other compounded monographs to identify that it is a
compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 proposed in PF 39(6). A list of all
compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Diltiazem Hydrochloride
Compounded 2S (USP38)
Oral Solution
DEFINITION
Change to read:
Diltiazem Hydrochloride
Compounded 2S (USP38)
Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of diltiazem
hydrochloride (C22 H26 N2 O4 S·HCl).
Prepare Diltiazem Hydrochloride
Compounded 2S (USP38)
Oral Solution 12 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile Preparations
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795 ).
Diltiazem Hydrochloride powder
1.2 g
Vehicle for Oral Solution (regular or sugar-free), NF, a sufficient quantity to make 100 mL
Add Diltiazem Hydrochloride powder and 10 mL of Vehicle to a mortar, and mix. Add the Vehicle
in small portions almost to volume, and mix thoroughly after each addition. Transfer the
contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough Vehicle
to bring to final volume, and mix well.
ASSAY
• Procedure
Solution A: 1.16 mg/mL of d-10-camphorsulfonic acid in 0.1 M sodium acetate. Adjust with
0.1 N sodium hydroxide to a pH of 6.2.
Mobile phase: Acetonitrile, methanol, and Solution A (50:25:25)
Standard solution: 120 µg/mL of USP Diltiazem Hydrochloride RS in Mobile phase
Sample solution: Agitate the container of Oral Solution for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Pipet 1.0 mL of the solution to a 100-mL volumetric flask,
and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for diltiazem is about 9.6 min.]
Suitability requirements
Relative standard deviation: NMT 1.3% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diltiazem hydrochloride
(C22 H26 N2 O4 S·HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of diltiazem hydrochloride in the Standard solution (µg/mL)
C=
U nominal concentration of diltiazem hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
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SPECIFIC TESTS
• pH

791 : 3.7–4.7

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature, or in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded
when stored at controlled room temperature, or in a cold place 2S (USP38)
• Labeling: Label it to state the Beyond-Use Date.
Add the following:
• USP Reference Standards 11
USP Diltiazem Hydrochloride RS
2S (USP38)

BRIEFING
Diltiazem Hydrochloride Compounded Oral Suspension, USP 37 page 2638. The
Compounding Expert Committee and the Nomenclature, Safety, and Labeling Expert
Committee propose to revise the title of this and other compounded monographs to identify
that it is a compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 proposed in PF 39(6). A list of all
compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Diltiazem Hydrochloride
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Diltiazem Hydrochloride
Compounded 2S (USP38)
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Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of diltiazem
hydrochloride (C22 H26 N2 O4 S·HCl).
Prepare Diltiazem Hydrochloride
Compounded 2S (USP38)
Oral Suspension 12 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Diltiazem Hydrochloride

1.2
g
Vehicle: a 1:1 mixture of Vehicle for Oral Solution (regular or sugar-free), NF, and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL

If using tablets, comminute the tablets to a fine powder in a suitable mortar, or add Diltiazem
Hydrochloride powder to the mortar. Add 10 mL of Vehicle, and mix to a uniform paste. Add
Vehicle to the mortar in small portions almost to volume, and mix thoroughly after each
addition. Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated
bottle. Add enough Vehicle to bring to final volume.
ASSAY
Change to read:
• Procedure
Solution A: 1.16 mg/mL of d-10-camphorsulfonic acid in 0.1 M sodium acetate. Adjust with
0.1 N sodium hydroxide to a pH of 6.2.
Mobile phase: Acetonitrile, methanol, and Solution A (50:25:25). Filter and degas.
Standard solution: 120 µg/mL of USP Diltiazem Hydrochloride RS in Mobile phase
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s.
Pipet 1.0 mL of the sample (ERR 1-Apr-2013)
into a 100-mL volumetric flask, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for diltiazem is about 9.6 min.]
Suitability requirements
Relative standard deviation: NMT 1.3% for replicate injections
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of diltiazem hydrochloride (C22 H26 N2 O4 S·HCl)
in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of diltiazem hydrochloride in Standard solution (µg/mL)
C=
U nominal concentration of diltiazem hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.7–4.7

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature, or in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded
when stored at controlled room temperature, or in a cold place 2S (USP38)
• Labeling: Label it to state that it is to be well shaken, and to state the Beyond-Use Date.
• USP Reference Standards 11
USP Diltiazem Hydrochloride RS
BRIEFING
Diphenhydramine and Phenylephrine Hydrochlorides Tablets. Because there is no existing
USP monograph for this drug product, a new monograph based on the validated test
methods is proposed.
1.
The liquid chromatographic procedure in the Assay and the test for Dissolution is based
on analysis performed with the Luna SCX brand of L9 column. The typical retention
times for phenylephrine and diphenhydramine are about 4 and 9 min, respectively.
2.
The liquid chromatographic procedure in the test for Organic Impurities is based on
analysis performed with the Ascentis RP-Amide brand of L60 column. The typical
retention times for phenylephrine and diphenhydramine are about 13 and 45 min,
respectively.
(SM2: H. Cai.)
Correspondence Number—C132185

Comment deadline: November 30, 2014
Add the following:
Diphenhydramine and Phenylephrine Hydrochlorides Tablets
DEFINITION
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Diphenhydramine and Phenylephrine Hydrochlorides Tablets contain NLT 90.0% and NMT
110.0% of the labeled amounts of diphenhydramine hydrochloride (C17 H21 NO·HCl) and
phenylephrine hydrochloride (C9 H13 NO2 ·HCl).
IDENTIFICATION
• A. The UV absorption spectra of the diphenhydramine and phenylephrine peaks of the
Sample solutions and those of the Standard solution exhibit maxima and minima at the
same wavelengths, as obtained in the Assay.
• B. The retention times of the diphenhydramine and phenylephrine peaks of the Sample
solution correspond to those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Use plastic vials for analysis.
Buffer: 3.45 g/L of monobasic ammonium phosphate in water. Adjust with phosphoric acid
to a pH of 3.5 ± 0.05 if necessary.
Mobile phase: Acetonitrile and Buffer (25:75)
Solution A: Dilute 10 mL of glacial acetic acid with 1000 mL of water.
Diluent: Methanol and Solution A (30:70)
Standard solution: 0.25 mg/mL of USP Diphenhydramine Hydrochloride RS and 0.1 mg/mL
of USP Phenylephrine Hydrochloride RS in Diluent
Sample solution: Nominally 0.25 mg/mL of diphenhydramine hydrochloride and 0.1 mg/mL
of phenylephrine hydrochloride prepared as follows. Transfer NLT 10 Tablets to a suitable
volumetric flask, add 50% final volume of Solution A, and stir for NLT 30 min. Add 30% final
volume of methanol, and stir for additional NLT 90 min. To ensure that particles do not
collect above the solvent level, periodically rinse particulate into solution with Solution A.
Allow the resulting solution to cool to room temperature, and dilute with Solution A to
volume. Pass a portion through a suitable filter of 0.45-µm pore size. Discard the first 2–3
mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector
Assay: UV 214 nm
Identification test A: Diode array UV 200–400 nm
Column: 4.6-mm × 10-cm; 5-µm packing L9
Flow rate: 2.0 mL/min
Injection volume: 15 µL
Run time: NLT 3 times the retention time of phenylephrine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.5–3.0 for both phenylephrine and diphenhydramine
Relative standard deviation: NMT 2.0% for both phenylephrine and diphenhydramine
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amounts of diphenhydramine hydrochloride
(C17 H21 NO·HCl) and phenylephrine hydrochloride (C9 H13 NO2 ·HCl) in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of diphenhydramine or phenylephrine from the Sample solution
rS= peak response of diphenhydramine or phenylephrine from the Standard solution
C=
S concentration of USP Diphenhydramine Hydrochloride RS or USP Phenylephrine
Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of diphenhydramine hydrochloride or phenylephrine hydrochloride
in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Use plastic vials for analysis.
Medium: Simulated gastric fluid without pepsin; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Mobile phase: Proceed as directed in the Assay.
Standard solution: (L1/900) mg/mL of USP Diphenhydramine Hydrochloride RS and (L2/900)
mg/mL of USP Phenylephrine Hydrochloride RS in Medium, where L1 is the label claim of
diphenhydramine hydrochloride in mg/Tablet; and L2 is the label claim of phenylephrine
hydrochloride in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter of 10–
20 µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 10-cm; 5-µm packing L9
Flow rate: 2.0 mL/min
Injection volume: 100 µL
Run time: NLT 3 times the retention time of phenylephrine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.5–3.0 for both phenylephrine and diphenhydramine
Relative standard deviation: NMT 2.0% for both phenylephrine and diphenhydramine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amounts of phenylephrine hydrochloride
(C9 H13 NO2 ·HCl) and diphenhydramine hydrochloride (C17 H21 NO·HCl) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
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rU= peak response of diphehydramine or phenylephrine from the Sample solution
rS= peak response of diphenhydramine or phenylephrine from the Standard solution
C=
S concentration of USP Diphenhydramine Hydrochloride RS or USP Phenylephrine
Hydrochloride RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim of diphenhydramine hydrochloride (L1) or phenylephrine hydrochloride (L2)
(mg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amounts of diphenhydramine hydrochloride
(C17 H21 NO·HCl) and phenylephrine hydrochloride (C9 H13 NO2 ·HCl) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Protect solutions containing diphenhydramine and phenylephrine from light. Use glass
pipettes and non-activated vials for analysis.
Solution A: Transfer 6 mL of 70% perchloric acid solution to a 100-mL volumetric flask, and
dilute with water to volume.
Solution B: Transfer 8.31 g of potassium perchlorate to a suitable container. Add 10 mL of
Solution A and 990 mL of water.
Solution C: Transfer 6 mL of 70% perchloric acid solution to a 100-mL volumetric flask, and
dilute with acetonitrile to volume.
Solution D: Mix 10 mL of Solution C with 990 mL of acetonitrile.
Solution E: Solution B and Solution D (45:55)
Mobile phase: See Table 1.
Table 1
Time
Solution B Solution E
(min)
(%)
(%)
0.0
99
1
17.0
99
1
25.0
53
47
33.0
53
47
50.0
5
95
55.0
5
95
55.1
99
1
63.0
99
1
Diluent: 1.26 g/L of ammonium formate in water. Adjust with formic acid to a pH of 4.0 ±
0.1.
Sensitivity solution: 0.0005 mg/mL of USP Diphenhydramine Hydrochloride RS and 0.0002
mg/mL of USP Phenylephrine Hydrochloride RS in Diluent
System suitability solution: 0.0002 mg/mL of USP Phenylephrine Related Compound F RS,
0.0005 mg/mL of USP Diphenhydramine Related Compound A RS, 0.15 mg/mL of USP
Diphenhydramine Hydrochloride RS, and 0.2 mg/mL of USP Phenylephrine Hydrochloride RS
in Diluent
Standard solution: 0.005 mg/mL of USP Diphenhydramine Hydrochloride RS and 0.002
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mg/mL of USP Phenylephrine Hydrochloride RS in Diluent
Sample solution: Nominally 0.5 mg/mL of diphenhydramine hydrochloride and 0.2 mg/mL of
phenylephrine hydrochloride prepared as follows. Transfer NLT 10 Tablets to a suitable
volumetric flask, using only PTFE stoppers. Add about 50% of final volume of Diluent, and
shake on a flat bed shaker at low speed for NLT 1 h. Dilute with Diluent to volume.
Centrifuge a portion until a clear supernatant is obtained, and use the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L60
Column temperature: 43.0
Flow rate: 1.0 mL/min
Injection volume: 35µL
System suitability
Samples: Sensitivity solution, System suitability solution, and Standard solution
Suitability requirements
Signal-to-noise ratio: NLT 10 for phenylephrine and diphenhydramine, Sensitivity
solution
Resolution: NLT 1.5 between phenylephrine related compound F and phenylephrine;
NLT 2.0 between diphenhydramine related compound A and diphenhydramine, System
suitability solution
Relative standard deviation: NMT 6.0% for phenylephrine and diphehydramine,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Identify the diphenhydramine degradation products using the relative retention times given
in Table 2.
Calculate the percentage of each diphenhydramine related degradation product in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual diphenhydramine related degradation product from the
Sample solution
rS= peak response of diphenhydramine from the Standard solution
C=
S concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U nominal concentration of diphenhydramine hydrochloride in the Sample solution (mg/mL)
F= relative response factor of each individual impurity (see Table 2)
Identify the phenylephrine degradation products using the relative retention times given in
Table 2.
Calculate the percentage of each phenylephrine related degradation product and any
other degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100

PF 40(5): Sep.-Oct. 2014

1413

rU= peak response of each phenylephrine related degradation product or any other
degradation product from the Sample solution
rS= peak response of phenylephrine from the Standard solution
C=
S concentration of USP Phenylephrine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of phenyephrine hydrochloride in the Sample solution (mg/mL)
F= relative response factor of each individual impurity (see Table 2)
Acceptance criteria: See Table 2. Disregard any peaks below 0.1%.
Table 2

Name
Isoquinoline 4,6-diol analoga,b
Phenylephrine
3-Hydroxybenzaldehydec,b
Diphenhydramine
Diphenhydramine N-oxided,e
Benzhydrolf ,e
Benzophenonee
Phenylephrine carboxy
analog (phenylephrine
related compound G)g,b
Phenylephrine related
compound F h,b
Phenylephrone
Unspecified
(phenylephrine related
degradation
products quantified compound C)i,b
relative to
Phenylephrine
phenylephrine
isoquinolinone analogj,b
Individual phenylephrine
related degradation
product and any
unspecified degradation
product b
Diphenhydramine
quarternary salt k,e
Unspecified
Diphenhydramine related
degradation
products quantified compound Al,e
relative to
Individual
diphenhydramine
diphenhydramine related
degradation product e
Total degradation products quantitated relative
to phenylephrine
Total degradation products quantitated relative
to diphenhydramine

Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

0.72
1.00
2.37
3.55
3.71
3.92
4.37

1.2
1.0
5.3
1.0
0.92
1.6
0.86

0.80

1.2

0.94

1.0

1.35

2.9

2.83

3.5

1.0
—
0.6
—
1.2
0.5
0.66

0.3

—
1.0
3.47

0.80

3.51

1.1

0.2

—
1.0
—

—

2.5

—

—

3.0
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a 2-Methyl-1,2,3,4-tetrahydroisoquinoline-4,6-diol.
b Quantified relative to phenylephrine.
c 3-Hydroxybenzaldehyde.
d 2-(Benzhydryloxy)-N,N-dimethylethan-1-amine oxide.
e Quantified relative to diphenhydramine.
f Diphenylmethanol.
g (R)-N-(2-Hydroxy-2-(3-hydroxyphenyl)ethyl)-N-methylglycine.
h 2-Methyl-1,2,3,4-tetrahydroisoquinoline-4,8-diol.
i 1-(3-Hydroxyphenyl)-2-(methylamino)ethan-1-one.
j 1-(3-Hydroxybenzoyl)-2-methylisoquinolin-6(2H)-one.
k 2-{[2-(Benzhydryloxy)ethyl]dimethylammonio}acetate.
l 2-(Diphenylmethoxy)-N-methylethanamine.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at 20 –25 .
• USP Reference Standards 11
USP Diphenhydramine Hydrochloride RS
USP Diphenhydramine Related Compound A RS
2-(Diphenylmethoxy)-N-methylethanamine hydrochloride.
C16 H19 NO
241.33
USP Phenylephrine Hydrochloride RS
USP Phenylephrine Related Compound F RS
2-Methyl-1,2,3,4-tetrahydroisoquinoline-4,8-diol.
C10 H13 NO2
179.22
2S (USP38)

BRIEFING
Diphenhydramine Hydrochloride Oral Solution, USP 37 page 2655. As part of USP's
monograph modernization efforts, the following changes are proposed.
1.
A stability-indicating HPLC procedure in the test for Organic Impurities is added. The
liquid chromatographic procedure is based on validated methods of analyses
performed with the Zorbax SB-C18 brand of L1 column. The typical retention time for
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diphenhydramine is about 12.5 min.
2.
The Assay is replaced with the same HPLC procedure used in the test for Organic
Impurities. This simplifies the monograph by using the same chromatographic system
in both the Assay and test for Organic Impurities.
3.
The Identification section is updated to replace the Identification—Organic Nitrogenous
Bases procedure, which uses carbon disulfide and requires extensive sample
preparation, with a UV spectrum match of the major peak in the Assay.
4.
Deliverable Volume, pH, Microbial Enumeration Tests, and Tests for Specified
Microorganisms are added to strengthen the monograph.
5.
The Packaging and Storage section is updated to be consistent with the manufacturers’
package inserts.
6.
USP Diphenhydramine Related Compound A RS, USP Diphenhydramine Related Compound
B RS, USP Diphenhydramine N-Oxide RS, USP Benzhydrol RS, and USP Benzophenone
RS are added to the USP Reference Standards section in support of the new methods
proposed in the Assay and test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: M. Koleck.)
Correspondence Number—C133335

Comment deadline: November 30, 2014
Diphenhydramine Hydrochloride Oral Solution
DEFINITION
Diphenhydramine Hydrochloride Oral Solution contains NLT 90.0% and NMT 110.0% of the
labeled amount of diphenhydramine hydrochloride (C17 H21 NO·HCl).
IDENTIFICATION
Delete the following:
• A. Identification—Organic Nitrogenous Bases 181
Sample: Oral Solution equivalent to 50 mg of diphenhydramine hydrochloride
Analysis: Place the Sample in a separator, add 0.5 mL of 2 N sulfuric acid, and extract with
three 15-mL portions of ether, discarding the extracts. Add 5 mL of water. In a second
separator, dissolve 50 mg of USP Diphenhydramine Hydrochloride RS in 25 mL of water.
Treat each solution as follows. Add 2 mL of 1 N sodium hydroxide, and extract with 75 mL
of n-heptane. Wash the n-heptane extract with 10 mL of water, evaporate the extract to
dryness, and dissolve the residue in 4 mL of carbon disulfide. Pass through a dry filter to
clarify the solution, if necessary, and proceed as directed in the Chapter beginning with
“Determine the absorption spectra of the filtered solutions”.
Acceptance criteria: Meets the requirements 2S (USP38)

Add the following:
• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
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• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, triethylamine, and water (100:1:100). Adjust with glacial
acetic acid to a pH of 6.5.
System suitability solution: Dissolve 5 mg of benzophenone in 5 mL of acetonitrile.
Dilute with water to 100 mL. Transfer 1.0 mL of this solution and 5 mg of
diphenhydramine hydrochloride to a 10-mL volumetric flask, and dilute with water to
volume.
Standard solution: 0.5 mg/mL of USP Diphenhydramine Hydrochloride RS
Sample solution: Transfer a volume of Oral Solution equivalent to 50 mg of
diphenhydramine hydrochloride to a 100-mL volumetric flask, and dilute with water to
volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L10
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Sample: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between benzophenone and diphenhydramine, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diphenhydramine hydrochloride (C17 H21 NO·HCl) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U nominal concentration of diphenhydramine hydrochloride in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–110.0%
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Solution A: 11.24 g/L of sodium perchlorate monohydrate in water. Add 1 mL of
trifluoroacetic acid to each L of solution prepared.
Solution B: Acetonitrile and trifluoroacetic acid (1000:1)
Solution C: Solution A and Solution B (82:18)
Solution D: Solution A and Solution B (50:50)
Mobile phase: See Table 1.
Table 1
Time
Solution C Solution D
(min)
(%)
(%)
0
100
0
14.0
0
100
20.0
0
100
20.1
100
0
25.0
100
0
Diluent: Acetonitrile and water (18:82)
Standard stock solution: 1.0 mg/mL of USP Diphenhydramine Hydrochloride RS in
Diluent
Standard solution: 0.25 mg/mL of USP Diphenhydramine Hydrochloride RS from the
Standard stock solution
System suitability stock solution: 0.0125 mg/mL of USP Diphenhydramine Related
Compound A RS prepared as follows. Transfer an appropriate amount of the Reference
Standard to a volumetric flask. Add 5% of the flask volume of acetonitrile and dilute
with Diluent to volume. Dilute this solution (1 in 10) with Diluent.
System suitability solution: 0.25 mg/mL of USP Diphenhydramine Hydrochloride RS and
0.00025 mg/mL of USP Diphenhydramine Related Compound A RS in Diluent from the
Standard stock solution and System suitability stock solution, respectively
Sample solution: Nominally 0.25 mg/mL of diphenhydramine hydrochloride, prepared as
follows. Transfer 10 mL of Oral Solution to a 100-mL volumetric flask and dilute with
Diluent to volume. Pass a portion of the resulting solution through a suitable filter of
0.45-µm pore size, discarding the first few mL of filtrate. Use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector
Assay: UV 220 nm
Identification test A: Diode-array UV 200–400 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between diphenhydramine and diphenhydramine related
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compound A, System suitability solution
Tailing factor: 0.5–2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diphenhydramine hydrochloride
(C17 H21 NO·HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of diphenhydramine from the Sample solution
rS
= peak response of diphenhydramine from the Standard solution
CS
= concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution (mg/mL)
CU
= nominal concentration of diphenhydramine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

2S (USP38)

OTHER COMPONENTS
• Alcohol Determination 611 : 90.0%–110.0% of the labeled amount of ethanol (C2 H5 OH)
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, Diluent, and Sample solution: Proceed as directed in the Assay.
Standard stock solution: 0.25 mg/mL of USP Diphenhydramine Hydrochloride RS in Diluent
Impurity stock solution: 0.25 mg/mL each of USP Diphenhydramine Related Compound A
RS, USP Diphenhydramine Related Compound B RS, USP Diphenhydramine N-Oxide RS, USP
Benzhydrol RS, and USP Benzophenone RS in Diluent
Standard solution: 0.0025 mg/mL each of USP Diphenhydramine Hydrochloride RS, USP
Diphenhydramine Related Compound A RS, USP Diphenhydramine Related Compound B RS,
USP Diphenhydramine N-Oxide RS, USP Benzhydrol RS, and USP Benzophenone RS in
Diluent from the Standard stock solution and Impurity stock solution, respectively
System suitability stock solution: 0.0125 mg/mL each of USP Diphenhydramine Related
Compound A RS and USP Diphenhydramine Related Compound B RS prepared as follows.
Transfer an appropriate amount of each Reference Standard to a volumetric flask. Add 5%
of the flask volume of acetonitrile and dilute with Diluent to volume. Dilute this solution (1
in 10) with Diluent.
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System suitability solution: 0.00025 mg/mL each of USP Diphenhydramine Hydrochloride
RS, USP Diphenhydramine Related Compound A RS, and USP Diphenhydramine Related
Compound B RS in Diluent from the Standard stock solution and System suitability stock
solution, respectively
Chromatographic system: Proceed as directed in the Assay except for the Detector
parameters.
Detector: UV 272 nm. Switch to 220 nm at 8.5 min and 254 nm at 16.0 min.
System suitability
Samples: Standard solution and System suitability solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between diphenhydramine and diphenhydramine related compound
A; NLT 1.5 between diphenhydramine related compound A and diphenhydramine related
compound B, System suitability solution
Relative standard deviation: NMT 6.0% for each component, Standard solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each specified degradation product in the portion of Oral
Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each specified degradation product from the Sample solution
rS= peak response of the corresponding USP Reference Standard from the Standard solution
C=
S concentration of the appropriate USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of diphenhydramine hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of each unspecified degradation product in the portion of Oral
Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified degradation product from the Sample solution
rS= peak response of diphenhydramine in the Standard solution
C=
S concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U nominal concentration of diphenhydramine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
Table 2

Name
Sodium benzoatea
Diphenhydramine
Diphenhydramine N-oxide

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
—
0.50
1.00
—
1.07
3.0
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Benzhydrol
Benzophenone

1.12
1.45

Diphenhydramine related compound
B
Unspecified degradation Diphenhydramine related compound
products
A
Any individual unspecified
degradation product
Total impurities
a Included in the table for identification only.

2.0
0.4

0.93
0.96

0.2 each

—
—

3.0

2S (USP38)

PERFORMANCE TESTS
Add the following:
• Deliverable Volume

698 : Meets the requirements

2S (USP38)

SPECIFIC TESTS
Add the following:
• pH

791 : 3.5–5.5

2S (USP38)

Add the following:
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : It
meets the requirements of the test for the absence of Escherichia coli. The total aerobic
microbial count does not exceed 102 cfu/mL. The total yeasts and molds count does not
exceed 101 cfu/mL. 2S (USP38)
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. 2S (USP38)

Change to read:
• USP Reference Standards
USP Benzhydrol RS
Diphenylmethanol.
C13 H12 O
184.23
USP Benzophenone RS
Diphenylmethanone.

11
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182.22

2S (USP38)

USP Diphenhydramine Hydrochloride RS
USP Diphenhydramine N-Oxide RS
2-(Benzhydryloxy)propane-N,N-dimethylethan-1-amine oxide hydrochloride.
C17 H21 NO2 ·HCl
307.82
USP Diphenhydramine Related Compound A RS
2-(Diphenylmethoxy)-N-methylethanamine hydrochloride.
C16 H19 NO·HCl
277.79
USP Diphenhydramine Related Compound B RS
3-(Benzhydryloxy)propane-1,2-diol.
C16 H18 O3
258.32
2S (USP38)

BRIEFING
Dipyridamole Compounded Oral Suspension, USP 37 page 2661. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 proposed in PF 39(6). A list of all compounding monograph
titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Dipyridamole
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Dipyridamole
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of dipyridamole
(C24 H40 N8 O4 ).
Prepare Dipyridamole
Compounded 2S (USP38)
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2S (USP38)

Oral Suspension 10 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Dipyridamole
1g
Vehicle: a 1:1 mixture of Vehicle for Oral Solution (regular or sugar-free), NF, and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL
Place the required number of tablets into a suitable mortar and comminute to a fine powder, or
add Dipyridamole powder to the mortar. Add 20 mL of Vehicle, and mix to a uniform paste. Add
Vehicle in small portions, and mix well after each addition. Transfer, stepwise and
quantitatively, to a graduated or calibrated bottle. Add Vehicle in portions to rinse the mortar,
add sufficient Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Solution A: 1 mg/mL of dibasic sodium phosphate. Adjust with dilute phosphoric acid (1 in
3) to a pH of 4.6.
Mobile phase: Methanol and Solution A (75:25). Pass through a membrane filter of a 0.5µm pore size, and degas.
Standard solution: 100 µg/mL of USP Dipyridamole RS in Mobile phase
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix on a vortex mixer for 30 s. Pipet 1.0 mL of the sample into a 100-mL volumetric flask,
and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 288 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for dipyridamole is about 7.3 min.]
Suitability requirements
Relative standard deviation: NMT 2.3% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dipyridamole (C24 H40 N8 O4 ) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of dipyridamole in the Standard solution (µg/mL)

PF 40(5): Sep.-Oct. 2014

1423

C=
U nominal concentration of dipyridamole in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature, or in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded
when stored at controlled room temperature, or in a cold place 2S (USP38)
• Labeling: Label it to state that it is to be well shaken, and to state the Beyond-Use Date.
• USP Reference Standards
USP Dipyridamole RS

11
BRIEFING

Dolasetron Mesylate Compounded Oral Solution, USP 37 page 2695. The Compounding
Expert Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to
revise the title of this and other compounded monographs to identify that it is a
compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 proposed in PF 39(6). A list of all
compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Dolasetron Mesylate
Compounded 2S (USP38)
Oral Solution
DEFINITION
Change to read:
Dolasetron Mesylate
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Compounded 2S (USP38)
Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of dolasetron
mesylate (C19 H20 N2 O3 ·CH4 O3 S).
Prepare Dolasetron Mesylate
Compounded 2S (USP38)
Oral Solution 10 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile Preparations
795 ).
Dolasetron Mesylate powder
1g
Vehicle for Oral Solution (regular or sugar-free), NF, a sufficient quantity to make 100 mL
Add Dolasetron Mesylate powder and 15 mL of Vehicle to a mortar, and mix. Add the Vehicle in
small portions almost to volume, and mix thoroughly after each addition. Transfer the contents
of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough Vehicle to bring
to final volume, and mix.
ASSAY
• Procedure
Solution A: 0.05 M ammonium acetate adjusted with diluted ammonium hydroxide to a pH
of 7.5
Mobile phase: Acetonitrile and Solution A (24:76). Filter, and degas.
Diluent: Acetonitrile and water (24:76)
Standard stock solution: 500 µg/mL of USP Dolasetron Mesylate RS in Diluent
Standard solution: 10 µg/mL of USP Dolasetron Mesylate RS from Standard stock solution
in Mobile phase
Sample solution: 10 µg/mL of dolasetron mesylate prepared from Oral Solution and Diluent.
Shake each sample thoroughly by hand for 15 s, centrifuge at 1000 rpm for 2 min, and use
the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 3-µm packing L10
Column temperature: 30
Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
[Note—The retention time for dolasetron mesylate is about 6.9 min.]
Suitability requirements
Relative standard deviation: NMT 1.4% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dolasetron mesylate
(C19 H20 N2 O3 ·CH4 O3 S) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of dolasetron mesylate in the Standard solution (µg/mL)
C=
U nominal concentration of dolasetron mesylate in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.6–4.6

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature, or in a cold place.
Change to read:
• Beyond-Use Date: NMT 90 days after the date on which it was compounded
when stored at controlled room temperature, or in a cold place 2S (USP38)
• Labeling: Label it to state the Beyond-Use Date.
• USP Reference Standards 11
USP Dolasetron Mesylate RS
BRIEFING
Dolasetron Mesylate Compounded Oral Suspension, USP 37 page 2696. The Compounding
Expert Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to
revise the title of this and other compounded monographs to identify that it is a
compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 proposed in PF 39(6). A list of all
compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Dolasetron Mesylate
Compounded 2S (USP38)
Oral Suspension
DEFINITION
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Change to read:
Dolasetron Mesylate
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of dolasetron
mesylate (C19 H20 N2 O3 ·CH4 O3 S).
Prepare Dolasetron Mesylate
Compounded 2S (USP38)
Oral Suspension 10 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Dolasetron Mesylate
1g
Vehicle: a 1:1 mixture of Vehicle for Oral Solution (regular or sugar-free), NF, and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL
If using tablets, place the required number in a suitable mortar, and comminute to a fine
powder, or add Dolasetron Mesylate powder to the mortar. Add 20 mL of Vehicle, and mix to a
uniform paste. Add the Vehicle in small portions, and mix well after each addition. Transfer,
stepwise and quantitatively, to a calibrated bottle. Add the Vehicle in portions to rinse the
mortar, add sufficient Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Solution A: 0.05 M ammonium acetate adjusted with diluted ammonium hydroxide to a pH
of 7.5
Mobile phase: Acetonitrile and Solution A (24:76). Filter and degas.
Diluent: Acetonitrile and water (24:76)
Standard stock solution: 500 µg/mL of USP Dolasetron Mesylate RS in Diluent
Standard solution: 10 µg/mL of USP Dolasetron Mesylate RS prepared from the Standard
stock solution in Mobile phase
Sample solution: 10 µg/mL of dolasetron mesylate prepared from Oral Suspension and
Diluent. Shake each sample thoroughly by hand for 15 s, centrifuge at 1000 rpm for 2 min,
and use the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 5-µm packing L10
Column temperature: 30
Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
[Note—The retention time for dolasetron mesylate is about 6.9 min.]
Suitability requirements
Relative standard deviation: NMT 1.4% for replicate injections
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dolasetron mesylate
(C19 H20 N2 O3 ·CH4 O3 S) in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of dolasetron mesylate in the Standard solution (µg/mL)
C=
U nominal concentration of dolasetron mesylate in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.6–4.6

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature, or in a cold place.
Change to read:
• Beyond-Use Date: NMT 90 days after the date on which it was compounded
at controlled room temperature, or in a cold place 2S (USP38)
• Labeling: Label it to state that it is to be well shaken before use, and to state the BeyondUse Date.
• USP Reference Standards 11
USP Dolasetron Mesylate RS
BRIEFING
Enalapril Maleate Compounded Oral Suspension, USP 37 page 2784. The Compounding
Expert Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to
revise the title of this and other compounded monographs to identify that it is a
compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 proposed in PF 39(6). A list of all
compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
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Change to read:
Enalapril Maleate
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Enalapril Maleate
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled content of enalapril
maleate (C20 H28 N2 O5 ·C4 H4 O4 ).
Prepare Enalapril Maleate
Compounded 2S (USP38)
Oral Suspension 1 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Enalapril Maleate tabletsa equivalent to
Vehicle: a 1:1 mixture of Ora-Sweet b (regular or sugar-free) and Ora-Plusb, a sufficient
quantity to make
a Vasotec 20-mg tablets, Merck Sharp & Dohme, West Point, PA.
b Paddock Laboratories, Minneapolis, MN.

100
mg
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. Place
the required number of tablets in a suitable mortar, and comminute to a fine powder. Add the
Vehicle in small portions, and triturate to make a smooth paste. Add increasing volumes of the
Vehicle to make an enalapril maleate liquid that is pourable. Transfer the contents of the
mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the Vehicle to bring
to final volume, and mix well.
ASSAY
• Procedure
Buffer solution: 1 M monobasic potassium phosphate, adjusted with phosphoric acid to a
pH of 4.0
Mobile phase: Acetonitrile, Buffer solution, and water (30:2:68). Filter and degas.
Standard solution: 0.1 mg/mL of USP Enalapril Maleate RS in Mobile phase
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 1.0 mL
of the Oral Suspension into a 10-mL volumetric flask, and dilute with Mobile phase to
volume to obtain a solution with a nominal concentration of 0.1 mg/mL of enalapril
maleate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
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Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for enalapril maleate is about 8.8 min.]
Suitability requirements
Relative standard deviation: NMT 2.1% for the replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of enalapril maleate (C20 H28 N2 O5 ·C4 H4 O4 )
in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of enalapril maleate in the Standard solution (mg/mL)
C=
U nominal concentration of enalapril maleate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.2–5.3

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or at controlled cold temperature
2 –8 .

2S (USP38)

Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded, when stored
at controlled cold temperature
2 –8

2S (USP38)

or at controlled room temperature
• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards
USP Enalapril Maleate RS

11
BRIEFING

Entecavir, PF 39(2) [Mar.–Apr. 2013]. The previously published proposal in PF 39(2) is
canceled and replaced with the following proposal based on comments received.
1.
The calculation in the Assay is revised to include molecular weight correction. The
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1.
The calculation in the Assay is revised to include molecular weight correction. The
relative standard deviation under Suitability requirements for the Assay is revised
from 1.0% to 1.5% based on the validation data.
2.
The liquid chromatographic method in the Assay and in the test for Organic Impurities is
based on analyses performed using the YMC-Pack Pro C18 brand of L1 column. The
typical retention time for entecavir is about 21 min.
3.
The liquid chromatographic method in the test for Limit of Entecavir Related Compound
A is based on analyses performed using the Phenomenex Luna C18 brand of L1
column. The typical retention time for entecavir related compound A is about 6 min.
4.
The limit for Water Determination is revised from 5.8%–6.5% to 5.5%–7.0%.
5.
The limit for Optical Rotation, Specific Rotation is revised to widen the upper limit from
+28 to +30 .
6.
The Packaging and Storage section is revised to be consistent with the material safety
data sheet.
7.
The USP Reference Standards section is updated.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: S. Shivaprasad.)
Correspondence Number—C107107; C113608; C133609; C143812

Comment deadline: November 30, 2014
Add the following:
Entecavir

C12 H15 N5 O3 ·H2 O

295.29

6H-Purin-6-one, 2-amino-1,9-dihydro-9-[(1S,3R,4S)-4-hydroxy-3-(hydroxymethyl)-2methylenecyclopentyl]-, monohydrate;
9-[(1S,3R,4S)-4-Hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]guanine monohydrate
[209216-23-9].
Anhydrous
277.28
DEFINITION
Entecavir is a monohydrate and contains NLT 98% and NMT 102% of entecavir (C12 H15 N5 O3 ),
calculated on the anhydrous basis.
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IDENTIFICATION
• A. Infrared Absorption 197
[Note—Methods described in Infrared Absorption 197A or 197K may be used.]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Acetonitrile and water (3:97)
Solution B: Acetonitrile
Mobile phase: See Table 1. [Note—The gradient elution times are established on an HPLC
system with a dwell volume of approximately 1.0 mL.]
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
8
100
0
50
77
23
75
17
83
90
100
0
100
100
0
System suitability stock solution: 1.0 mg/mL of USP Entecavir System Suitability Mixture
RS in methanol
System suitability solution: 0.2 mg/mL of USP Entecavir System Suitability Mixture RS in
Solution A from System suitability stock solution
Standard stock solution: 1.0 mg/mL of USP Entecavir Monohydrate RS in methanol.
Sonicate as needed.
Standard solution: 0.2 mg/mL of USP Entecavir Monohydrate RS in Solution A from the
Standard stock solution
Sample stock solution: 1.0 mg/mL of Entecavir in methanol. Sonicate as needed.
Sample solution: 0.2 mg/mL of Entecavir in Solution A from Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times of the components in System suitability
solution.]
Suitability requirements
Resolution: NLT 3.5 between entecavir 1-epimer and entecavir; NLT 2.0 between
entecavir and 8-hydroxy entecavir, System suitability solution
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Tailing factor: 0.8–1.5 for entecavir, System suitability solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of entecavir (C12 H15 N5 O3 ) in the portion of Entecavir taken:
Result = (rU/rS) × (CS/CU) × (M1/M2) × 100
rU= peak response of entecavir from the Sample solution
rS= peak response of entecavir from the Standard solution
CS= concentration of USP Entecavir Monohydrate RS in the Standard solution (mg/mL)
C=
U concentration of Entecavir in the Sample solution (mg/mL)
M=
1 molecular weight of anhydrous entecavir, 277.28
M=
2 molecular weight of entecavir, 295.29
Acceptance criteria: 98%–102% on the anhydrous basis
IMPURITIES
• Organic Impurities
Solution A, Solution B, Mobile phase, System suitability stock solution, System
suitability solution, Standard stock solution, Standard solution, Sample stock
solution, Sample solution, Chromatographic system, and System suitability:
Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Entecavir taken:
Result = (rI /F)/(rU + [S rI /F]) × 100
r=
I peak response of each impurity from the Sample solution
F= relative response factor (see Table 2)
r=
U peak response of entecavir from the Sample solution
Acceptance criteria: See Table 2. Disregard any peak less than 0.05%.

Name
Furoentecavira
Entecavir 1-epimerb
Entecavir 3-epimerc
Entecavir
8-Hydroxy entecavird
Entecavir 4-epimere
8-Methoxy entecavirf

Table 2
Relative
Retention
Time
0.73
0.93
0.96
1.0
1.03
1.08
1.27

Relative
Response
Factor
1.0
1.0
1.0
—
0.67
1.0
0.67

Acceptance
Criteria,
NMT (%)
0.1
0.1
0.1
—
0.1
0.1
0.1
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4-Dimethylsilyl entecavirg
1.84
1.0
0.1
—
Entecavir Related Compound A
3.41
—h
Any unspecified impurity
—
1.0
0.1
i
—
—
Total impurities
0.3
a 9-[(3aS,4S,6S,6aR)-3a,6-Dihydroxyhexahydro-1H-cyclopenta[c]furan-4-yl]guanine.
b 9-[(1R,3R,4S)-4-Hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]guanine.
c 9-[(1S,3S,4S)-4-Hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]guanine.
d 8-Hydroxy-9-[(1S,3R,4S)-4-hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]guanine.
e 9-[(1S,3R,4R)-4-Hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]guanine.
f 8-Methoxy-9-[(1S,3R,4S)-4-hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]guanine.
g 9-[(1S,3R,4S)-4-Hydroxydimethylsilyl-3-(hydroxymethyl)-2-methylenecyclopentyl]guanine.
h For information only. Quantitated in the test for Limit of Entecavir Related Compound A.
i Includes the sum of all the impurities found in the tests for Limit of Entecavir Related
Compound A and Organic Impurities.
• Limit of Entecavir Related Compound A
Solution A: 0.1% Trifluoroacetic acid in water (v/v)
Solution B: 0.1% Trifluoroacetic acid in acetonitrile (v/v)
Mobile phase: See Table 3. These gradient elution times are established on an HPLC
system with a dwell volume of approximately 1.0 mL.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
65
35
8
53
47
8.1
65
35
11
65
35
Standard solution: 2 µg/mL of USP Entecavir Related Compound A RS in methanol
Sample solution: 1.0 mg/mL of Entecavir in methanol. Sonicate as needed.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 5-cm; 5-µm packing L1
Temperatures:
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Column: 30
Autosampler: 4
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of entecavir related compound A in the portion of Entecavir
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of entecavir related compound A from the Sample solution
rS= peak response of entecavir related compound A from the Standard solution
C=
S concentration of USP Entecavir Related Compound A RS in the Standard solution
(mg/mL)
C=
U concentration of Entecavir in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.1%
SPECIFIC TESTS
• Water Determination, Method Ic

921 : 5.5%– 7.0%

• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL of Entecavir in a mixture of dimethylformamide and methanol
(50:50)
Acceptance criteria: +24 to +30
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light. Store at
room temperature.
• USP Reference Standards 11
USP Entecavir Monohydrate RS
USP Entecavir Related Compound A RS
3-Benzyl-4-silyl entecavir.
9-[(1S,3R,4S)-4-Dimethylphenylsilyl-3-(benzyloxymethyl)-2methylenecyclopentyl]guanine.
C27 H31 N5 O2 Si
485.65
USP Entecavir System Suitability Mixture RS
The mixture contains entecavir monohydrate and the following impurities (other
impurities may also be present):
Entecavir 1-epimer.
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8-Hydroxy entecavir.
8-Methoxy entecavir.
2S (USP38)

BRIEFING
Entecavir Tablets, PF 39(2) [Mar.–Apr. 2013]. The previously published proposal in PF 39(2) is
canceled and replaced with the following proposal based on comments received.
1.
The Definition section is revised to be consistent with the product label.
2.
The calculation sections in the Assay and in the test for Dissolution are revised to
include molecular weight correction.
3.
The Signal-to-noise criterion in the test for Organic Impurities is removed, and the
Sensitivity solution is deleted.
4.
The liquid chromatographic method in the Assay and in the test for Organic Impurities is
based on analyses performed using the Waters Atlantis dC18 brand of L1 column.
The typical retention time for the entecavir peak is about 13 min.
5.
The liquid chromatographic method in the test for Dissolution is based on analyses
performed using the YMC-Pack ODS-AQ brand of L1 column. The typical retention
time for the entecavir peak is about 5 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: S. Shivaprasad.)
Correspondence Number—C112232

Comment deadline: November 30, 2014
Add the following:
Entecavir Tablets
DEFINITION
Entecavir Tablets contain NLT 90.0% and NMT 105.0% of the labeled amount of entecavir
(C12 H15 N5 O3 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Acetonitrile, trifluoroacetic acid, and water (1: 0.1: 99)
Solution B: Acetonitrile, trifluoroacetic acid, and water (30: 0.1: 70)
Mobile phase: See Table 1. [Note—The gradient elution times are established on an HPLC
system with a dwell volume of approximately 1.1 mL.]
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
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0
100
0
3.5
100
0
21
69
31
24
51
49
27
0
100
28
100
0
35
100
0
Diluent: 0.01 N hydrochloric acid
Standard stock solution: 0.2 mg/mL of USP Entecavir Monohydrate RS prepared as
follows. Transfer a suitable quantity of USP Entecavir Monohydrate RS into an appropriate
volumetric flask. Dissolve in NMT 20% of the flask volume of methanol, and sonicate if
necessary. Dilute with Diluent to volume.
Standard solution: 10 µg/mL of USP Entecavir Monohydrate RS in Diluent from Standard
stock solution
Sample solution: Nominally, 10 µg/mL of entecavir prepared as follows. Transfer NLT 5
Tablets to an appropriate volumetric flask. Add 80% of the flask volume of Diluent, and
sonicate for 30 min. Cool to room temperature. Dilute with Diluent to volume, and
centrifuge for 10 min. Pass the supernatant through a suitable filter, and use the filtrate
for analysis.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Temperatures
Column: 30
Autosampler: 4
Flow rate: 1 mL/min
Injection volume: 75 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of entecavir (C12 H15 N5 O3 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × (M1/M2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Entecavir Monohydrate RS in the Standard solution (mg/mL)
CU= nominal concentration of entecavir in the Sample solution (mg/mL)
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M=
1 molecular weight of anhydrous entecavir, 277.28
M=
2 molecular weight of entecavir monohydrate, 295.29
Acceptance criteria: 90.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Simulated intestinal fluid TS without enzyme; 1000 mL
Apparatus 2: 50 rpm
Time: 30 min
Mobile phase: Acetonitrile and water (8:92)
Standard stock solution: 0.1 mg/mL of USP Entecavir Monohydrate RS in Medium
prepared as follows. Transfer a suitable amount of USP Entecavir Monohydrate RS to a
suitable flask and add Medium to about 66% of the flask volume. Sonicate until dissolved.
Dilute with Medium to volume.
Standard solution: Dilute an appropriate volume from the Standard stock solution in
Medium to obtain a similar concentration as the Sample solution. Prepare fresh on the day
of use.
Sample solution: Pass the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 100 µL
Run time: NLT 2 times the retention time of entecavir
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of entecavir (C12 H15 N5 O3 ) dissolved:
Result = (rU/rS) × CS × (M1/M2) × V × (1/L) × 100
rU= peak response of entecavir from the Sample solution
rS= peak response of entecavir from the Standard solution
C=
S concentration of USP Entecavir Monohydrate RS in the Standard solution (mg/mL)
M=
1 molecular weight of anhydrous entecavir, 277.28
M=
2 molecular weight of entecavir monohydrate, 295.29
V= volume of Medium, 1000 mL
L = label claim (mg/Tablet)
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Tolerances: NLT 80% (Q) of the labeled amount of entecavir (C12 H15 N5 O3 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, Standard stock solution, Standard
solution, Sample solution, Chromatographic system, and System suitability:
Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity from the Sample solution
r=
T sum of the responses of all the peaks from the Sample solution
Acceptance criteria: Disregard any peak less than 0.10%.
Individual impurities: NMT 0.5%
Total impurities: NMT 2.0%
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 103 cfu/g. The total yeasts and molds count is NMT
102 cfu/g. It meets the requirements of the tests for absence of Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Entecavir Monohydrate RS
2S (USP38)

BRIEFING
Epinephrine Bitartrate, USP 37 page 2809. As part of USP monograph modernization efforts, it
is proposed to make the following changes:
1.
Replace the Identification tests based on color test with a specific IR identification
along with selective orthogonal HPLC identification to strengthen the monograph.
2.
Replace the nonspecific Assay by titrimetry with a validated stability-indicating UHPLC
procedure. The proposed liquid chromatographic procedure uses the Acquity UPLC
HSS T3 brand of L1 column manufactured by Waters in which epinephrine elutes at
about 6.8 min.
3.
In the Impurities section, replace the tests for Limit of Adrenalone, as directed by
Spectrophotometry and Light-Scattering 851 , and the Limit of Norepinephrine by
a TLC procedure with the procedure using the same chromatographic conditions as
proposed in the Assay.
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4.
Delete the test for Melting Range or Temperature because the selective HPLC test for
Organic Impurities is sufficient to monitor impurities.
5.
Add USP Adrenalone Hydrochloride RS to the USP Reference Standards section to
support the proposed revision in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. S. Prasad.)
Correspondence Number—C74796

Comment deadline: November 30, 2014
Epinephrine Bitartrate

C9 H13 NO3 ·C4 H6 O6

333.29

1,2-Benzenediol, 4-[1-hydroxy-2-(methylamino)ethyl]-, (R)-, [R-(R*,R*)]-2,3dihydroxybutanedioate (1:1) (salt);
(–)-3,4-Dihydroxy- -[(methylamino)methyl]benzyl alcohol (+)-tartrate (1:1) salt

[51-42-3].

DEFINITION
Epinephrine Bitartrate contains NLT 97.0% and NMT 102.0% of epinephrine bitartrate
(C9 H13 NO3 ·C4 H6 O6 ), calculated on the dried basis.
IDENTIFICATION
• A.
Sample: Dissolve 500 mg of Epinephrine Bitartrate in 20 mL of water containing 100 mg of
sodium bisulfite. Add 6 N ammonium hydroxide until the solution has a distinct odor of
ammonia, and allow to stand in a refrigerator for 1 h. Filter the precipitate, wash it with
three 2-mL portions of cold water, then with 5 mL of cold alcohol, and finally with 5 mL of
cold ether, and dry under vacuum over silica gel for 3 h.
Analysis: Dissolve 200 mg of Sample in sufficient dilute hydrochloric acid (1 in 20) to make
10 mL and determine its specific rotation (see Optical Rotation
Acceptance criteria:

50 to

781 , Specific Rotation).

53.5

Change to read:
• B.
Infrared Absorption 197K

2S (USP38)

Sample: Use Sample from Test A
Analysis: To 5 mL of pH 4.0 acid phthalate buffer (See Reagents, Indicators, and Solutions–
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Buffer Solutions.) add 0.5 mL of a slightly acid solution of Sample (1 in 1000) and 1.0 mL of
0.1 N iodine, and allow to stand for 5 min. Add 2 mL of sodium thiosulfate solution (1 in 40).
Acceptance criteria: A deep red color is produced.
2S (USP38)

Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: 25 mg/mL of Epinephrine Bitartrate in glacial acetic acid
[Note—Warm slightly, if necessary to dissolve.]
Analysis: Add crystal violet TS to the Sample solution, and titrate with 0.1 N perchloric
acid VS. Perform a blank determination, and make any necessary correction. Each mL of
0.1 N perchloric acid is equivalent to 33.33 mg of C9 H13 NO3 ·C4 H6 O6 .
Solution A: Transfer 1.3 mL of heptafluorobutyric acid to a 1-L volumetric flask
containing 500 mL of water, add 0.82 mL of formic acid. Dilute with water to volume.
Adjust with ammonium hydroxide to a pH of 2.3. Pass through a suitable filter of 0.2-µm
pore size.
Solution B: Add 1.3 mL of heptafluorobutyric acid and 0.82 mL of formic acid to 1 L of
acetonitrile. Pass through a suitable filter of 0.2-µm pore size.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
4.5
100
0
8.8
50
50
10.8
50
50
10.9
100
0
13.9
100
0
Diluent: 0.005 M hydrochloric acid
Standard solution: Prepare 0.4 mg/mL of USP Epinephrine Bitartrate RS in Diluent as
follows. Transfer a weighed quantity of USP Epinephrine Bitartrate RS to a suitable
volumetric flask and fill with Diluent to 80% of the flask volume. Sonicate for 20 min
and dilute with Diluent to volume.
Sample solution: Prepare 0.4 mg/mL of Epinephrine Bitartrate in Diluent as follows.
Transfer a weighed quantity of Epinephrine Bitartrate to a suitable volumetric flask and
fill with Diluent to 80% of the flask volume. Mix well and dilute with Diluent to volume.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 232 nm
Column: 2.1-mm × 10-cm; 1.8-µm packing L1
Column temperature: 45
Flow rate: 0.4 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of epinephrine bitartrate (C9 H13 NO3 ·C4 H6 O6 ) in the portion of
Epinephrine Bitartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Epinephrine Bitartrate RS in the Standard solution (mg/mL)
CU
= concentration of Epinephrine Bitartrate in the Sample solution (mg/mL)
2S (USP38)

Acceptance criteria: 97.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281
Sample: 100 mg
Acceptance criteria: NMT 0.05 mg
Change to read:
• Organic Impurities
• Limit of Adrenalone
Sample solution: 4 mg/mL of Epinephrine Bitartrate in dilute hydrochloric acid (1 in 200)
Analysis: Determine the absorptivity of the Sample solution at 310 nm (see
Spectrophotometry and Light-Scattering 851 ).
Acceptance criteria: NMT 0.2
• Limit of Norepinephrine
Standard stock solution A: 200 mg/mL of USP Epinephrine Bitartrate RS in water

PF 40(5): Sep.-Oct. 2014

1442

Standard solution A: 20 mg/mL of USP Epinephrine Bitartrate in methanol, from
Standard stock solution A
Standard stock solution B: 8 mg/mL of USP Norepinephrine Bitartrate RS in water
Standard solution B: 0.80 mg/mL of USP Norepinephrine Bitartrate RS in methanol from
Standard stock solution B
Sample solution: 20 mg/mL of Epinephrine Bitartrate. Dissolve 200 mg of Epinephrine
Bitartrate in 1.0 mL of water, and dilute with methanol to 10.0 mL.
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: n-Butanol, water, and formic acid (7:2:1)
Spray reagent: Folin-Ciocalteu phenol TS
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
In an unsaturated chamber, develop the plate in the Developing solvent system until the
solvent front has moved three-fourths the length of the plate. Remove the plate from
the chamber, mark the solvent front, and allow the solvent to evaporate in warm
circulating air. Spray with Spray reagent, followed by sodium carbonate solution (1 in
10).
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that of Standard solution A. Any spot from the Sample solution is not
larger or more intense than the spot with the same RF value from Standard solution B,
corresponding to NMT 4.0% norepinephrine.
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system:
Proceed as directed in the Assay.
System suitability solution: 1.0 mg/mL of USP Epinephrine Bitartrate RS, 0.04 mg/mL
of USP Norepinephrine Bitartrate RS, and 4.8 µg/mL of USP Adrenalone Hydrochloride RS
in Diluent
Standard stock solution A: 0.1 mg/mL of USP Epinephrine Bitartrate RS in Diluent
Standard stock solution B: 1.0 mg/mL of USP Norepinephrine Bitartrate RS and 0.12
mg/mL of USP Adrenalone Hydrochloride RS in Diluent
Standard solution: 0.004 mg/mL of USP Epinephrine Bitartrate RS, 0.04 mg/mL of USP
Norepinephrine Bitartrate RS, and 4.8 µg/mL of USP Adrenalone Hydrochloride RS in
Diluent from Standard stock solution A and Standard stock solution B
Sample solution: Prepare 1.0 mg/mL of Epinephrine Bitartrate in Diluent as follows.
Transfer a weighed quantity of Epinephrine Bitartrate to a suitable volumetric flask and
fill with Diluent to 10% of the flask volume. Mix well and dilute with Diluent to volume.
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 5 between epinephrine and adrenalone
Relative standard deviation: NMT 2.8% for epinephrine
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of norepinephrine bitartrate in the portion of Epinephrine
Bitartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of norepinephrine from the Sample solution
rS
= peak response of norepinephrine from the Standard solution
CS
= concentration of USP Norepinephrine Bitartrate RS in the Standard solution (mg/mL)
CU
= concentration of Epinephrine Bitartrate in the Sample solution (mg/mL)
Calculate the percentage of adrenalone in the portion of Epinephrine Bitartrate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × F × 100
rU
= peak response of adrenalone from the Sample solution
rS
= peak response of adrenalone from the Standard solution
CS
= concentration of USP Adrenalone Hydrochloride RS in the Standard solution (µg/mL)
CU
= concentration of Epinephrine Bitartrate in the Sample solution (mg/mL)
Mr1
= molecular weight of adrenalone, 181.19
Mr2
= molecular weight of adrenalone hydrochloride, 217.65
F
= conversion factor, 0.001 mg/µg
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Calculate the percentage of each individual unspecified impurity in the portion of Epinephrine
Bitartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of each unspecified impurity from the Sample solution
rS
= peak response of epinephrine from the Standard solution
CS
= concentration of USP Epinephrine Bitartrate RS in the Standard solution (mg/mL)
CU
= concentration of Epinephrine Bitartrate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Norepinephrine
0.5
4.0
Epinephrine
1
—
Adrenalone
1.1
0.2
Individual unspecified impurity
—
0.10
2S (USP38)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 147 –152 , with decomposition

• Loss on Drying 731
Analysis: Dry under vacuum over silica gel for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Adrenalone Hydrochloride RS

2S (USP38)
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3¢,4¢-Dihydroxy-2-(methylamino)acetophenone hydrochloride.
C9 H11 NO3 ·HCl
217.65
2S (USP38)

USP Epinephrine Bitartrate RS
USP Norepinephrine Bitartrate RS
BRIEFING
Eszopiclone. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analysis is being proposed.
1.
The liquid chromatographic procedure in the Assay is based on analyses performed with
the Purospher STAR RP-18e brand of L1 column. The typical retention time for
eszopiclone is about 8 min.
2.
The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Inertsil ODS 3V brand of L1 column. The typical
retention time for eszopiclone is about 29 min.
3.
The liquid chromatographic procedure in the Limit of R-Isomer test is based on analyses
performed with the Chiralcel OD-H brand of L40 column. The typical retention time
for eszopiclone is about 26 min.
(SM4: H. Joyce.)
Correspondence Number—C134160

Comment deadline: November 30, 2014
Add the following:
Eszopiclone

C17 H17 ClN6 O3

388.81

1-Piperazinecarboxylic acid, 4-methyl-, 6-(5-chloro-2-pyridinyl)-6,7-dihydro-7-oxo-5Hpyrrolo[3,4-b]pyrazin-5-yl ester, (5S)-;
(+)-(5S)-6-(5-Chloropyridin-2-yl)-7-oxo-6,7-dihydro-5H-pyrrolo[3,4-b]pyrazin-5-yl 4methylpiperazine-1-carboxylate
[138729-47-2].
DEFINITION
Eszopiclone contains NLT 98.5% and NMT 101.0% of eszopiclone (C17 H17 ClN6 O3 ), calculated on
the dried basis.
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IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
second peak of the System suitability solution, as obtained in the Limit of R-Isomer test.
ASSAY
• Procedure
Solution A: 1.4 g/L of anhydrous dibasic sodium phosphate in water
Mobile phase: Acetonitrile and Solution A (25:75) adjusted with phosphoric acid to a pH of
6.5
Standard stock solution: 1 mg/mL of USP Eszopiclone RS prepared as follows. Transfer a
suitable quantity of USP Eszopiclone RS to an appropriate volumetric flask and add 15% of
the final flask volume of acetonitrile. Add 15% of the final flask volume of Mobile phase.
Sonication may be used to promote dissolution. Dilute with Mobile phase to volume.
Standard solution: 0.2 mg/mL of USP Eszopiclone RS from Standard stock solution in
Mobile phase
Sample stock solution: 1 mg/mL of Eszopiclone prepared as follows. Transfer a suitable
quantity of Eszopiclone to an appropriate volumetric flask and add 15% of the final flask
volume of acetonitrile. Add 15% of the final flask volume of Mobile phase. Sonication may
be used to promote dissolution. Dilute with Mobile phase to volume.
Sample solution: 0.2 mg/mL of Eszopiclone from Sample stock solution in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 303 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 2.5 times the retention time of eszopiclone
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of eszopiclone (C17 H17 ClN6 O3 ) in the portion of Eszopiclone
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Eszopiclone RS in the Standard solution (mg/mL)
C=
U concentration of Eszopiclone in the Sample solution (mg/mL)
Acceptance criteria: 98.5–101.0% on the dried basis
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IMPURITIES
• Residue on Ignition 281 : NMT 0.10%
• Organic Impurities
Solution A: 8.1 g/L of sodium lauryl sulfate and 2.1 g/L of monobasic sodium phosphate in
water
Mobile phase: Acetonitrile and Solution A (628:1000) adjusted with phosphoric acid to a
pH of 4.0
System suitability solution: 0.04 mg/mL each of USP Eszopiclone Related Compound A RS
and USP Eszopiclone RS in Mobile phase. Sonication may be used to promote dissolution.
Standard stock solution: 0.4 mg/mL of USP Eszopiclone RS in Mobile phase. Sonication
may be used to promote dissolution.
Standard solution: 0.004 mg/mL of eszopiclone from Standard stock solution in Mobile
phase
Sample solution: 4 mg/mL of Eszopiclone in Mobile phase. Sonication may be used to
promote dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6 mm × 25 cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 2.7 times the retention time of eszopiclone
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between eszopiclone related compound A and eszopiclone, System
suitability solution
Tailing factor: NMT 1.5 for eszopiclone, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Eszopiclone taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response of each impurity from the Sample solution
r=
S peak response of eszopiclone from the Standard solution
C=S concentration of USP Eszopiclone RS in the Standard solution (mg/mL)
C=U concentration of Eszopiclone in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard peaks below 0.05%.
Table 1
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Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

Zopiclone alcohola
0.14
0.10
Eszopiclone related compound A
0.93
0.10
Eszopiclone
1.0
–
Any individual unspecified impurity
–
0.10
Total impurities
–
0.3
a 6-(5-Chloropyridin-2-yl)-7-hydroxy-6,7-dihydro-5H-pyrrolo[3,4-b]pyrazin-5-one.
• Limit of R-Isomer
Mobile phase: 1 mL of diethylamine in 1000 mL of alcohol. Sonication may be used to
promote dissolution.
System suitability solution: 0.5 mg/mL of USP Eszopiclone RS and 0.1 mg/mL of USP
Zopiclone R-Isomer RS prepared as follows. Transfer suitable amounts of USP Eszopiclone
RS and USP Zopiclone R-Isomer RS to an appropriate volumetric flask. Add 20% of the
flask volume of dichloromethane. Sonication may be used to promote dissolution. Dilute
with alcohol to volume.
Sample solution: 0.5 mg/mL of Eszopiclone prepared as follows. Transfer a suitable
amount of Eszopiclone to an appropriate volumetric flask. Add 20% of the flask volume of
dichloromethane. Sonication may be used to promote dissolution. Dilute with alcohol to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 303 nm
Column: 4.6-mm × 25.0-cm; 5-µm packing L40
Flow rate: 0.5 mL/min
Injection volume: 20 µL
Run time: NLT 1.3 times the retention time of eszopiclone
System suitability
Sample: System suitability solution
[Note—The relative retention times of zopiclone R-isomer and eszopiclone are about 0.7 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 3.0 between zopiclone R-isomer and eszopiclone
Analysis
Sample: Sample solution
Calculate the percentage of zopiclone R-isomer in the portion of Eszopiclone taken:
Result = (rU/rT) × 100
r=
U peak response of zopiclone R-isomer from the Sample solution
r=
T sum of the peak responses from the Sample solution
Acceptance criteria: NMT 0.30%
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SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 under vacuum for 3h.
Acceptance criteria: NMT 0.50%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Eszopiclone RS
USP Eszopiclone Related Compound A RS
6-(5-Chloropyridin-2-yl)-7-oxo-6,7-dihydro-5H-pyrrolo[3,4-b]pyrazin-5-yl-4methylpiperazine-1-carboxylate 4-oxide.
C17 H17 ClN6 O4
404.81
USP Zopiclone R-Isomer RS
(R)-6-(5-Chloropyridin-2-yl)-7-oxo-6,7-dihydro-5H-pyrrolo[3,4-b]pyrazin-5-yl 4methylpiperazine-1-carboxylate.
C17 H17 ClN6 O3
388.81
2S (USP38)

BRIEFING
Ezetimibe. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analysis is proposed.
The liquid chromatographic procedure in the Assay and Organic Impurities, Procedure 1
is based on the analyses performed using a 5-µm Phenomenex Curosil PFP brand of
L43 column. The typical retention time for Ezetimibe is about 35 min.
The liquid chromatographic procedure in Organic Impurities, Procedure 2 is based on
the analyses performed using two 5-µm Chiralcel OD-RH brand of L## columns in
series. The typical retention time for Ezetimibe is about 65 min.
(SM2: S. Ramakrishna.)
Correspondence Number—C122772

Comment deadline: November 30, 2014
Add the following:
Ezetimibe

(C24 H21 F 2 NO3 )

409.43
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2-Azetidinone, 1-(4-fluorophenyl)-3-[3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)-, [3R-[3 (S*),4 ]]-;
(3R,4S)-1-(p-Fluorophenyl)-3-[(3S)-3-(p-fluorophenyl)-3-hydroxypropyl]-4-(p-hydroxyphenyl)2-azetidinone;
(3R,4S)-1-(4-Fluorophenyl)-3-[(S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-hydroxyphenyl)azetidin-2-one
[163222-33-1].
DEFINITION
Ezetimibe contains NLT 98.0% and NMT 102.0% of ezetimibe (C24 H21 F 2 NO3 ), calculated on the
anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. The retention time ratio of the major peak of the Sample solution to that of the ezetimibe
peak from the System suitability solution in Organic Impurities, Procedure 2 is between
0.97 and 1.03.
ASSAY
• Procedure
Solution A: Water
Solution B: Acetonitrile
Solution C: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B Solution C
(min)
(%)
(%)
(%)
0.0
63
27
10
37.0
63
27
10
60.0
40
50
10
70.0
40
50
10
80.0
10
80
10
90.0
10
80
10
90.1
63
27
10
100.0
63
27
10
Diluent: Acetonitrile, methanol, and water (27:10:63). Add 1.0 mL of glacial acetic acid per
L of the mixture.
Standard solution: 0.25 mg/mL of USP Ezetimibe RS prepared as follows. Dissolve a
suitable amount of USP Ezetimibe RS in acetonitrile at about 1%–2% of the total volume in
a suitable volumetric flask, and dilute with Diluent to volume.
Sample solution: 0.25 mg/mL of Ezetimibe prepared as follows. Dissolve a suitable amount
of Ezetimibe in acetonitrile at about 1%–2% of the total volume in a suitable volumetric
flask, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector
0–5 min: UV 215 nm
5–100 min: UV 248 nm
Column: 4.6-mm × 15-cm; 5-µm packing L43
Flow rate: 2 mL/min
Injection volume: 60 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ezetimibe (C24 H21 F 2 NO3 ) in the portion of Ezetimibe taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ezetimibe from the Sample solution
rS= peak response of ezetimibe from the Standard solution
C=
S concentration of USP Ezetimibe RS in the Standard solution (mg/mL)
C=
U concentration of Ezetimibe in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Organic Impurities, Procedure 1
Mobile phase, Diluent, Standard solution, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
System suitability solution: 0.25 mg/mL of USP Ezetimibe System Suitability Mixture RS
prepared as follows. Dissolve a suitable amount of USP Ezetimibe System Suitability
Mixture RS in acetonitrile at about 1%–2% of the total volume in a suitable volumetric
flask, and dilute with Diluent to volume.
Sensitivity solution: 0.125 µg/mL of USP Ezetimibe RS in Diluent from the Standard
solution
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between ezetimibe and o-fluorobenzene isomer, Standard solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 10%, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Ezetimibe taken:
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Result = (rU/rT) × (1/F) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all peak responses from the Sample solution
F= relative response factor from Table 2.
Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.
Table 2
Relative
Retention
Time
0.72
0.77
0.89
1.0
1.13
1.42
—
—

Relative
Response
Factor
1.0
1.0
1.0
—
1.0
1.5
1.0
—

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
—
0.2
0.1
0.10
0.6

Name
Desfluoroaniline analoga
Ezetimibe diastereomersb
o-Fluorobenzene isomerc
Ezetimibe
m-Flouroaniline analogd
Ezetimibe ketonee
Any unspecified impurity
Total achiral impurities
a (3R,4S)-3-[(S)-3-(4-Fluorophenyl)-3-hydroxypropyl]-4-(4-hydroxyphenyl)-1phenylazetidin-2-one.

b The two Ezetimibe diastereomers, RRR and SSS, elute as one peak and are quantitated using
Procedure 2.
c (3R,4S)-1-(4-Fluorophenyl)-3-[(S)-3-(2-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
d (3R,4S)-1-(3-Fluorophenyl)-3-[(S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
e (3R,4S)-1-(4-Fluorophenyl)-3-[3-(4-fluorophenyl)-3-oxopropyl]-4-(4hydroxyphenyl)azetidin-2-one.
• Organic Impurities, Procedure 2
Mobile phase: Acetonitrile and water (450:550)
Diluent: Acetonitrile with 0.1% glacial acetic acid (V/V)
System suitability solution: 0.4 mg/mL of USP Ezetimibe System Suitability Mixture RS in
Diluent
Sensitivity solution: 0.2 µg/mL of USP Ezetimibe RS in Diluent
Sample solution: 0.4 mg/mL of Ezetimibe in Diluent
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 248 nm

621 , System Suitability.)
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Column: Two columns in series of 4.6-mm × 15-cm; 5-µm packing L##
Column temperature: 5
Flow rate: 0.35 mL/min
Injection volume: 10 µL
Run time: NLT 1.4 times the retention time of the ezetimibe peak
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between ezetimibe and R,R,S ezetimibe diastereomer peaks,
System suitability solution
Tailing factor: NMT 1.5 for the ezetimibe peak, System suitability solution
Relative standard deviation: NMT 10%, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each enantiomeric or diastereomeric impurity in the portion of
Ezetimibe taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all peak responses from the Sample solution
Acceptance criteria: See Table 3.

Name
Ezetimibea

SSS
RRR Ezetimibeb
Desfluoroaniline analogc
RRS Ezetimibed
Ezetimibe
SSR Ezetimibee
RSR Ezetimibef
Total chiral impurities
Total impuritiesg

Table 3
Relative
Retention
Time
0.76
0.82
0.89
0.93
1.00
1.12
1.22
—
—

Acceptance
Criteria,
NMT (%)
0.2
0.1
—
0.4
—
0.1
0.1
0.5
0.9

a (3S,4S)-1-(4-Fluorophenyl)-3-[(S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
b (3R,4R)-1-(4-Fluorophenyl)-3-[(R)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
c Desfluoroaniline analog impurity is quantitated using Procedure 1.
d (3R,4S)-1-(4-Fluorophenyl)-3-[(R)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-

PF 40(5): Sep.-Oct. 2014

1454

hydroxyphenyl)azetidin-2-one.
e (3S,4R)-1-(4-Fluorophenyl)-3-[(S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
f (3S,4R)-1-(4-Fluorophenyl)-3-[(R)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
g Include all impurities from Procedure 1 and Procedure 2.

SPECIFIC TESTS
• Water Determination, Method Ia

921 : NMT 0.6%

• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL of Ezetimibe previously dried for NLT 16 h over anhydrous
calcium sulfate, in methanol
Temperature: 20
Acceptance criteria:

25.0 to

30.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Protect from moisture and store below 25 .
• USP Reference Standards 11
USP Ezetimibe RS
USP Ezetimibe System Suitability Mixture RS
2S (USP38)

BRIEFING
Ezetimibe Tablets. Because there is no existing USP monograph for this drug product, a new
monograph based on validated methods of analysis is proposed. The liquid chromatographic
procedure in the Assay and the test for Organic Impurities is based on analyses performed
with the Hypersil BDS C18 brand of L1 column. The typical retention time for ezetimibe is
about 25 min.
(SM2: S. Ramakrishna.)
Correspondence Number— C141883

Comment deadline: November 30, 2014
Add the following:
Ezetimibe Tablets
DEFINITION
Ezetimibe Tablets contain NLT 93.0% and NMT 107.0% of the labeled amount of ezetimibe
(C24 H21 F 2 NO3 ).
IDENTIFICATION
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• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV absorption spectra of the ezetimibe peak in the Sample solution exhibit maxima
and minima at the same wavelengths as those of the corresponding peak of the Standard
solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Dissolve 6.8 g of monobasic potassium phosphate in 1 L of water.
Mobile phase: Tetrahydrofuran, acetonitrile, and Buffer (100:250:650)
Diluent: Acetonitrile, glacial acetic acid, and water (600:1:400)
Standard solution: 0.2 mg/mL of USP Ezetimibe RS in Diluent. Pass through a suitable filter
of 0.45-µm pore size and discard the first 3 mL of filtrate.
Sample solution: Nominally 0.2 mg/mL of ezetimibe in Diluent prepared as follows. Place
NLT 10 powdered Tablets in a suitable volumetric flask, add Diluent to fill about 60% of
the total volume, sonicate for about 30 min, and shake on a wrist shaker for about 45 min.
Dilute with Diluent to volume, pass through a suitable filter of 0.45-µm pore size, and
discard the first 3 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector
Assay: UV 232 nm
Identification B: UV diode array
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 30 µL
Run time: NLT 2.4 times the retention time of the ezetimibe peak
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ezetimibe (C24 H21 F 2 NO3 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ezetimibe from the Sample solution
rS= peak response of ezetimibe from the Standard solution
C=
S concentration of USP Ezetimibe RS in the Standard solution (mg/mL)
C=
U nominal concentration of ezetimibe in the Sample solution (mg/mL)
Acceptance criteria: 93.0%–107.0%
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PERFORMANCE TESTS
• Dissolution 711 : Do not refrigerate solutions containing ezetimibe.
Medium: 0.45% Sodium lauryl sulfate in 0.05 M sodium acetate buffer, pH 4.5, prepared as
follows. To 6 L of water in a suitable flask, add about 27 g of sodium lauryl sulfate and
24.6 g of sodium acetate. Dissolve the reagents by stirring until the solution is clear.
Adjust the pH to 4.5 with either hydrochloric acid or sodium hydroxide; 500 mL.
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: 0.02 mg/mL of USP Ezetimibe RS in Medium prepared as follows. To a
suitable amount of USP Ezetimibe RS in a suitable volumetric flask, add methanol to fill
about 1% of the total volume, and shake until completely dissolved. Dilute with Medium to
volume.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Discard the first 3 mL of the filtrate.
Instrumental conditions
Mode: UV
Analytical wavelength: 233 nm
Cell: 1.0 cm
Blank: Medium
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ezetimibe (C24 H21 F 2 NO3 ) dissolved:
Result = (AU/AS) × CS × V ×(1/L) × 100
A=
U absorbance from the Sample solution
A=
S absorbance from the Standard solution
C=
S concentration of USP Ezetimibe RS in the Standard solution (mg/mL)
V= volume of Medium, 500 mL
L= label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of ezetimibe (C24 H21 F 2 NO3 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer, Mobile phase, Diluent, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
System suitability solution: Weigh about 20 mg of USP Ezetimibe RS into a 100-mL
volumetric flask. Dissolve in 10 mL of 0.01 N alcoholic sodium hydroxide. Place the capped
volumetric flask into a 55 oven for 15 min. Remove from the oven and immediately add 2
mL of 0.1 N hydrochloric acid and about 50 mL of Diluent. Mix, allow to cool to room
temperature, and dilute with Diluent to volume. Pass through a suitable filter of 0.45-µm
pore size and discard the first 3 mL of the filtrate. [Note—m-Fluoroaniline analog is formed
during hydrolysis.]
Sensitivity solution: 0.1 µg/mL of USP Ezetimibe RS in Diluent
System suitability
Samples: System suitability solution and Sensitivity solution
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Suitability requirements
Resolution: NLT 1.5 between ezetimibe and m-fluoroaniline analog peaks, System
suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each degradation product in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the all the peak responses from the Sample solution
Acceptance criteria: See Table 1.
Table 1

Name
Unidentified peak
SSS Ezetimibe and RRR Ezetimibea,b
Ezetimibe
m-Fluoroaniline analogb,c
p-Methylbenzene analogb,d
Ezetimibe tetrahydropyran analoge
Ezetimibe ketonef
p-Chloroaniline analogb,g
Any unspecified impurity
Total impuritiesh

Relative
Retention
Time
0.64
0.78
1.00
1.14
1.20
1.53
1.75
1.85
—
—

Acceptance
Criteria,
NMT (%)
—
—
—
—
—
0.2
0.2
—
0.2
0.5

a (3S,4S)-1-(4-Fluorophenyl)-3-[(S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one and (3R,4R)-1-(4-fluorophenyl)-3-[(S)-3-(4-fluorophenyl)3-hydroxypropyl]-4-(4-hydroxyphenyl)azetidin-2-one.
b Process-related impurity and controlled in the drug substance.
c (3R,4S)-1-(3-Fluorophenyl)-3-[(S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
d (3R,4S)-1-(4-Fluorophenyl)-3-[(S)-3-(4-methylphenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
e N,6-Bis(4-fluorophenyl)-2-(4-hydroxyphenyl)tetrahydro-2H-pyran-3-carboxamide.
f (3R,4S)-1-(4-Fluorophenyl)-3-[3-(4-fluorophenyl)-3-oxopropyl]-4-(4-hydroxyphenyl)azetidin2-one.
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g (3R,4S)-1-(4-Chlorophenyl)-3-[(S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
h Total impurities include specified and unspecified degradation products. Process impurities
are not included.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Protect from moisture. Store at controlled room temperature.
• USP Reference Standards
USP Ezetimibe RS
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2S (USP38)

BRIEFING
Famciclovir Compounded Oral Suspension. Because there is currently no existing USP
monograph for this dosage form, a new compounded preparation monograph is proposed
based on a validated stability-indicating method used to assess stability. The liquid
chromatographic procedure in the Assay is based on analyses validated using the Hypersil
BDS C8 brand of L7 column. The typical retention time for famciclovir is about 4.5 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C147526

Comment deadline: November 30, 2014
Add the following:
Famciclovir Compounded Oral Suspension
DEFINITION
Famciclovir Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of famciclovir (C14 H19 N5 O4 ).
Prepare Famciclovir Compounded Oral Suspension 100 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations
Famciclovir tabletsa equivalent to

795 ).
10 g

Vehicle: a 1:1 mixture of Ora-Plusb and Ora-Sweet SF,b a sufficient quantity to make 100 mL
a Famvir 500-mg tablets, Novartis Pharmaceuticals Corporation, East Hanover, NJ.
b Perrigo Laboratories, Allegan, MI.

Place the Famciclovir tablets in a suitable container and comminute to a fine powder. Wet the
powder with a small amount of Vehicle and triturate to make a smooth paste. Add the Vehicle
to make the contents pourable. Transfer contents stepwise and quantitatively to a calibrated
container using the Vehicle. Add sufficient Vehicle to bring to final volume. Shake to mix well.
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ASSAY
• Procedure
Solution A: 5 mM monobasic potassium phosphate. Adjust with phosphoric acid to a pH of
3.0. Pass through a nylon filter of 0.45-µm pore size, and degas.
Mobile phase: Methanol and Solution A (30:70)
Diluent: Water. Adjust with phosphoric acid to a pH of 3.0.
Standard stock solution: 10 mg/mL of USP Famciclovir RS in Diluent. Sonicate to mix well.
Store at 2 –8 .
Standard solution: Transfer 1.0 mL of the Standard stock solution to a 250-mL volumetric
flask, dilute with Diluent to volume, and mix well. Transfer an aliquot to a centrifuge tube,
and centrifuge at 2 –8 for 5 min at 14,000 rpm. Transfer the supernatant to an amber
vial and store at 2 –8 .
Sample solution: Transfer 1.0 mL of Oral Suspension to a 10-mL volumetric flask, dilute
with Diluent to volume, and sonicate to mix well. Transfer 1.0 mL of the resultant solution
to a 250-mL volumetric flask, dilute with Diluent to volume, and mix well. Transfer an
aliquot to a centrifuge tube, and centrifuge at 2 –8 for 5 min at 14,000 rpm. Transfer the
supernatant to an amber vial and store at 2 –8 .
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 310 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Temperatures
Column: 30
Autosampler: 5
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for famciclovir is about 4.5 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of famciclovir (C14 H19 N5 O4 ) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of famciclovir from the Sample solution
rS= peak response of famciclovir from the Standard solution
C=
S concentration of famciclovir in the Standard solution (mg/mL)
C=
U nominal concentration of famciclovir in the Sample solution (mg/mL)
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Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.3–6.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant, plastic containers. Store at 2 –8
or at controlled room temperature.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at 2 –8 or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards
USP Famciclovir RS
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2S (USP38)

BRIEFING
Ferrous Fumarate, USP 37 page 2954. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to replace the reference to Lead Nitrate Stock Solution, as currently described
in 231 , with a reference to Lead Nitrate Stock Solution TS, which was proposed in PF
40(1) to be added to the Reagents, Indicators and Solutions section.
(DS: H. Dinh.)
Correspondence Number—C149431

Comment deadline: November 30, 2014
Ferrous Fumarate

C4 H2 FeO4

169.90

2-Butenedioic acid, (E)-, iron(2+) salt;
Iron(2+) fumarate
[141-01-5].
DEFINITION
Ferrous Fumarate contains NLT 97.0% and NMT 101.0% of ferrous fumarate (C4 H2 FeO4 ),
calculated on the dried basis.
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IDENTIFICATION
• A. Infrared Absorption
Sample: To 1.5 g of Ferrous Fumarate, add 25 mL of dilute hydrochloric acid (1 in 2).
Dilute with water to 50 mL, heat to dissolve, then cool, and filter on a fine-pore size,
sintered-glass crucible. Wash the precipitate with dilute hydrochloric acid (3 in 100),
saving the filtrate for Identification test B, and dry the precipitate at 105 .
Acceptance criteria: The IR absorption of a potassium bromide dispersion of the dried
precipitate exhibits maxima only at the same wavelengths as that of a similar preparation
of USP Fumaric Acid RS.
• B. Identification Tests—General, Iron 191 : A portion of the filtrate obtained in
Identification test A meets the requirements.
ASSAY
• Procedure
Sample: 500 mg of Ferrous Fumarate
Blank: Proceed as directed in the Analysis without the Sample.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N ceric sulfate VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 500-mL conical flask, and add 25 mL of dilute
hydrochloric acid (2 in 5). Heat to boiling, and add, dropwise, a solution of 112 mg/mL of
stannous chloride in dilute hydrochloric acid (3 in 10) until the yellow color disappears,
then add 2 drops in excess. Cool the solution in an ice bath to room temperature, add 10
mL of 50 mg/mL of mercuric chloride solution, and allow to stand for 5 min. Add 200 mL of
water, 25 mL of dilute sulfuric acid (1 in 2), and 4 mL of phosphoric acid. Then add 2
drops of orthophenanthroline TS, and titrate with Titrant. Perform a Blank determination.
Calculate the percentage of ferrous fumarate (C4 H2 FeO4 ) in the Sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual Titrant normality (mEq/mL)
F= equivalency factor, 169.9 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 97.0%–101.0% on the dried basis
IMPURITIES
• Sulfate
Sample solution: Transfer 1.0 g of Ferrous Fumarate to a 250-mL beaker, add 100 mL of
water, and heat on a steam bath, adding hydrochloric acid dropwise until completely
dissolved. [Note—About 2 mL of the acid will be required.] Filter the solution if necessary,
and dilute the filtrate with water to 100 mL. Heat the filtrate to boiling, add 10 mL of
barium chloride TS, warm on a steam bath for 2 h, cover, and allow to stand for 16 h.
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[Note—If crystals of ferrous fumarate form, warm the solution on the steam bath to
dissolve them.]
Analysis: Pass the Sample solution through ashless filter paper, wash the residue with hot
water until, with the addition of ammonium sulfide TS, a black precipitate is no longer
formed in the filtrate. Transfer the paper containing the residue to a tared crucible. Char
the paper, without burning, and ignite the crucible and its contents at 600 to constant
weight.
Acceptance criteria: NMT 0.2%: Each mg of residue is equivalent to 0.412 mg of sulfate
(SO4 ).
• Arsenic, Method I 211
Test preparation: To 2.0 g in 10 mL of water add 10 mL of sulfuric acid. Warm to
precipitate the fumaric acid completely, cool, add 30 mL of water, and filter into a 100-mL
volumetric flask. Wash the precipitate with water, adding the washings to the flask, then
add water to volume, and mix. Transfer 50.0 mL of this solution into the arsine generator
flask, and dilute with water to 55 mL.
Analysis: Proceed as directed in the chapter, except omit the addition of 20 mL of 7 N
sulfuric acid specified for the Procedure.
Acceptance criteria: NMT 3 ppm
• Limit of Ferric Iron
Sample: 2 g of Ferrous Fumarate
Blank: Proceed as directed in the Analysis without the Sample.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis
Analysis: Transfer the Sample to a glass-stoppered, 250-mL conical flask, add 25 mL of
water and 4 mL of hydrochloric acid, and heat on a hot plate until solution is complete.
Insert the stopper in the flask, and cool to room temperature. Add 3 g of potassium
iodide, insert the stopper in the flask, swirl to mix, and allow to stand in the dark for 5
min. Remove the stopper, add 75 mL of water, and titrate with the Titrant, adding 3 mL
of starch TS as the endpoint is approached. Perform a Blank determination.
Calculate the percentage of ferric iron in the portion of Ferrous Fumarate taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= Titrant normality (mEq/mL)
F= equivalency factor, 55.85 mg/mEq
W= Sample weight (mg)
Acceptance criteria: NMT 2.0%
Change to read:
• Limit of Lead
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[Note—For the preparation of all aqueous solutions and for the rinsing of glassware before use,
use water that has been passed through a strong-acid, strong-base, mixed-bed ionexchange resin. Select all reagents to have as low a content of lead as practicable, and
store all reagent solutions in containers of borosilicate glass. Cleanse glassware before use
by soaking in warm nitric acid (1 in 2) for 30 min and by rinsing with deionized water.]
Ascorbic acid–sodium iodide solution: 100 mg/mL of ascorbic acid and 192.5 mg/mL of
sodium iodide
Trioctylphosphine oxide solution: 50 mg/mL of trioctylphosphine oxide in 4-methyl-2pentanone [Caution—This solution causes irritation. Avoid contact with eyes, skin, and
clothing. Take special precautions in disposing of unused portions of solutions to which
this reagent is added.]
Standard solution: Transfer 5.0 mL of Lead Nitrate Stock Solution, prepared as directed in
Heavy Metals 231
lead nitrate stock solution TS

2S (USP38)

to a 100-mL volumetric flask. Dilute with water to volume, and mix. Transfer 2.0 mL of the
resulting solution to a 50-mL beaker. To this beaker add 6 mL of nitric acid and 10 mL of
perchloric acid, and evaporate in a hood to dryness. [Caution—Use perchloric acid in a wellventilated fume hood with proper precautions.] Cool, dissolve the residues in 10 mL of 9 N
hydrochloric acid, and transfer with the aid of about 10 mL of water to a 50-mL volumetric
flask. Add 20 mL of Ascorbic acid–sodium iodide solution and 5.0 mL of Trioctylphosphine oxide
solution, shake for 30 s, and allow to separate. Add water to bring the organic solvent layer
into the neck of the flask, shake again, and allow to separate. The organic solvent layer is the
Standard solution, and it contains 2.0 µg/mL of lead.
Sample solution: Transfer 1.0 g of Ferrous Fumarate to a 50-mL beaker, and add 6 mL of nitric
acid and 10 mL of perchloric acid. [Caution—Use perchloric acid in a well-ventilated fume
hood with proper precautions.]
Cover with a ribbed watch glass, and heat in a hood until completely dry. Cool, dissolve the
residue in 10 mL of 9 N hydrochloric acid, and transfer with the aid of about 10 mL of water to
a 50-mL volumetric flask. Add 20 mL of Ascorbic acid–sodium iodide solution and 5.0 mL of
Trioctylphosphine oxide solution, shake for 30 s, and allow to separate. Add water to bring the
organic solvent layer into the neck of the flask, shake again, and allow to separate. The
organic layer is the Sample solution.
Blank: To a 50-mL beaker add 6 mL of nitric acid and 10 mL of perchloric acid, and evaporate in
a hood to dryness. [Caution—Use perchloric acid in a well-ventilated fume hood with proper
precautions.]
Cool, dissolve the residue in 10 mL of 9 N hydrochloric acid, and transfer with the aid of about
10 mL of water to a 50-mL volumetric flask. Add 20 mL of Ascorbic acid–sodium iodide solution
and 5.0 mL of Trioctylphosphine oxide solution, shake for 30 s, and allow to separate. Add
water to bring the organic solvent layer into the neck of the flask, shake again, and allow to
separate. The organic layer is the Blank, and it contains 0 µg/mL of lead.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Flame: Air–acetylene

851 .)
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System suitability
Samples: Standard solution and Blank
Suitability requirements: The absorbance of the Standard solution and the absorbance of
the Blank are significantly different.
Analysis
Samples: Standard solution, Sample solution, and Blank
Concomittantly determine the absorbances of the Blank, Standard solution, and the Sample
solution. Use the Blank to set the instrument to zero.
Acceptance criteria: NMT 10 ppm: The absorbance of the Sample solution does not exceed
that of the Standard solution.
• Mercury
[Note—Carry out this test in subdued light, because mercuric dithizonate is light sensitive.]
Hydroxylamine hydrochloride solution, Standard mercury solution, Dithizone
extraction solution, and Diluted dithizone extraction solution: Prepare as directed in
Mercury 261 , Method I.
Control solution: Mix 3.0 mL of Standard mercury solution, 30 mL of dilute nitric acid (1 in
10), 5 mL of 250 mg/mL of sodium citrate solution, and 1 mL of Hydroxylamine
hydrochloride solution.
Test preparation: Dissolve 1 g of Ferrous Fumarate in 30 mL of dilute nitric acid (1 in 10)
with the aid of heat, on a steam bath. Cool quickly by immersing in an ice bath, and pass
through a fine-porosity filter that previously has been washed with dilute nitric acid (1 in
10) and water. To the filtrate add 20 mL of 250 mg/mL of sodium citrate solution and 1 mL
of Hydroxylamine hydrochloride solution.
Analysis: Adjust the Control solution to a pH of 1.8 with ammonium hydroxide, and the
Sample solution to a pH of 1.8 with sulfuric acid. Separately transfer the solutions to
separators. Treat the Sample solution and the Control solution in parallel as follows.
Extract with two 5-mL portions of Dithizone extraction solution and 5 mL of chloroform,
pooling the chloroform extracts in a second separator. Add 10 mL of hydrochloric acid (1
in 2), shake, allow the layers to separate, and discard the chloroform layer. Wash the acid
extract with 3 mL of chloroform, and discard the washing. Add 0.1 mL of 20 mg/mL
edetate disodium solution and 2 mL of 6 N acetic acid, mix, and add slowly 5 mL of
ammonium hydroxide. Close the separator, cool it under cold running water, and dry its
outer surface. Remove the stopper, and pour the contents into a beaker. Adjust the
Sample solution and the Control solution to a pH of 1.8 in the same manner as before, and
return the solutions to their respective separators. Add 5.0 mL of Diluted dithizone
extraction solution, shake vigorously, and allow the layers to separate. Using Diluted
dithizone extraction solution as a color blank, compare the colors developed in the
chloroform layers of the Sample solution and the Control solution.
Acceptance criteria: NMT 3 µg/g: The color developed by the Sample solution is not more
intense than that developed by the Control solution.
SPECIFIC TESTS
• Loss on Drying 731 :
Analysis: Dry at 105 for 16 h.
Acceptance criteria: NMT 1.5%
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Fumaric Acid RS

11
BRIEFING

Ferrous Gluconate, USP 37 page 2958. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to replace the reference to Lead Nitrate Stock Solution, as currently described
in 231 , with a reference to Lead Nitrate Stock Solution TS, which was proposed in PF
40(1) to be added to the Reagents, Indicators and Solutions section.
(DS: H. Dinh.)
Correspondence Number—C149432

Comment deadline: November 30, 2014
Ferrous Gluconate

C12 H22 FeO14 ·2H2 O

482.17

d-Gluconic acid, iron(2+) salt (2:1), dihydrate;
Iron(2+) gluconate (1:2) dihydrate
[12389-15-0].
Anhydrous 446.15
[299-29-6].
DEFINITION
Ferrous Gluconate contains NLT 97.0% and NMT 102.0% of ferrous gluconate (C12 H22 FeO14 ),
calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution: 10 mg/mL of USP Potassium Gluconate RS
Sample solution: 10 mg/mL of Ferrous Gluconate, heating in a water bath at 60 , if
necessary, to dissolve
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Alcohol, ethyl acetate, ammonium hydroxide, and water
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(50:10:10:30)
Spray reagent: Dissolve 2.5 g of ammonium molybdate in 50 mL of 2 N sulfuric acid in a
100-mL volumetric flask, add 1.0 g of ceric sulfate, swirl to dissolve, and dilute with 2 N
sulfuric acid to volume.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the chamber, and dry at 110 for 20 min. Allow
to cool, and spray with Spray reagent. Heat the plate at 110 for about 10 min.
Acceptance criteria: The principal spot of the Sample solution corresponds in color, size,
and RF value to that of the Standard solution.
• B. Ferrous Ion
Sample solution: 5 mg/mL in water
Analysis: Add potassium ferricyanide TS to the Sample solution.
Acceptance criteria: The solution yields a dark blue precipitate.
ASSAY
• Procedure
Sample: 1.5 g of Ferrous Gluconate
Blank: Proceed as directed in the Analysis without the Sample.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N ceric sulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in a mixture of 75 mL of water and 15 mL of 2 N sulfuric acid
in a 300-mL conical flask. Add 250 mg of zinc dust, close the flask with a stopper
containing a Bunsen valve, and allow to stand at room temperature for 20 min or until the
solution becomes colorless. Pass the solution through a filtering crucible containing a thin
layer of zinc dust, and wash the crucible and contents with 10 mL of 2 N sulfuric acid,
followed by 10 mL of water. [Note—Prepare and use the filtering crucible in a wellventilated hood.]
Add orthophenanthroline TS, and immediately titrate the filtrate in the suction flask with
Titrant. Perform a Blank determination.
Calculate the percentage of ferrous gluconate (C12 H22 FeO14 ) in the Sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= Titrant normality (mEq/mL)
F= equivalency factor, 446.2 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 97.0%–102.0% on the dried basis
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IMPURITIES
• Chloride and Sulfate, Chloride 221
Standard solution: 1.0 mL of 0.020 N hydrochloric acid
Sample: 1.0 g
Acceptance criteria: NMT 0.07%
• Chloride and Sulfate, Sulfate 221
Standard solution: 1.0 mL of 0.020 N sulfuric acid
Sample: 1.0 g
Acceptance criteria: NMT 0.1%
• Mercury

261 : NMT 3 ppm

• Arsenic, Method I 211
Test preparation: Transfer 1.0 g of Ferrous Gluconate to a 100-mL round-bottom flask
fitted with a 24/40 standard-taper joint. Add 40 mL of 9 N sulfuric acid and 2 mL of
potassium bromide solution (3 in 10). Immediately connect to a suitable distillation
apparatus that has a reservoir with a water jacket, cooled with circulating ice water, and
heat to dissolve the Ferrous Gluconate. Distill, collect 25 mL of distillate, and transfer the
distillate to the arsine generator flask. Wash the condenser and reservoir several times
with small portions of water, add the washings to the distillate in the generator flask, add
bromine TS until the solution is slightly yellow, and dilute with water to 35 mL. Proceed as
directed in the chapter.
Acceptance criteria: NMT 3 ppm
Change to read:
• Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glassware before use,
use water that has been passed through a strong-acid, strong-base, mixed-bed ionexchange resin before use. Select all reagents to have as low a content of lead as
practicable, and store all reagent solutions in containers of borosilicate glass. Cleanse
glassware before use by soaking in warm 8 N nitric acid for 30 min and by rinsing with
deionized water.]
Ascorbic acid–sodium iodide solution: 100 mg/mL of ascorbic acid and 192.5 mg/mL of
sodium iodide
Trioctylphosphine oxide solution: 50 mg/mL of trioctylphosphine oxide in 4-methyl-2pentanone. [Caution—This solution causes irritation. Avoid contact with eyes, skin, and
clothing. Take special precautions in disposing of unused portions of solutions to which
this reagent is added.]
Standard solution: Transfer 5.0 mL of Lead Nitrate Stock Solution prepared as directed in
the test for Heavy Metals 231 ,
lead nitrate stock solution TS 2S (USP38)
to a 100-mL volumetric flask, and dilute with water to volume. Transfer 2.0 mL of the resulting
solution to a 50-mL volumetric flask, add 10 mL of 9 N hydrochloric acid and 10 mL of water.
Add 20 mL of Ascorbic acid–sodium iodide solution and 5.0 mL of Trioctylphosphine oxide
solution, shake for 30 s, and allow to separate. Add water to bring the organic solvent layer
into the neck of the flask, shake again, and allow to separate. The organic layer is the
Standard solution, and it contains 2 µg/mL of lead.
Sample solution: To a 50-mL volumetric flask add 1.0 g of Ferrous Gluconate, 10 mL of 9 N
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hydrochloric acid, 10 mL of water, 20 mL of Ascorbic acid–sodium iodide solution, and 5.0 mL
of Trioctylphosphine oxide solution. Shake for 30 s, and allow to separate. Add water to bring
the organic solvent layer into the neck of the flask, shake again, and allow to separate. The
organic layer is the Sample solution.
Blank: To a 50-mL volumetric flask add 10 mL of 9 N hydrochloric acid, 10 mL of water, 20 mL
of Ascorbic acid–sodium iodide solution, and 5.0 mL of Trioctylphosphine oxide solution. Shake
for 30 s, and allow to separate. Add water to bring the organic solvent layer into the neck of
the flask, shake again, and allow to separate. The organic layer is the Blank, and it contains 0
µg/mL of lead.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Flame: Air–acetylene
System suitability
Samples: Standard solution and Blank
Suitability requirements: The absorbance of the Standard solution and the absorbance of
the Blank are significantly different.
Analysis
Samples: Standard solution, Sample solution, and Blank
Concomittantly determine the absorbances of the Blank, Standard solution, and Sample
solution. Use the Blank to set the instrument to zero.
Acceptance criteria: The absorbance of the Sample solution does not exceed that of the
Standard solution (NMT 10 ppm).
• Limit of Ferric Iron
Sample: 5 g of Ferrous Gluconate
Blank: Proceed as directed in the Analysis without the Sample.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in a mixture of 100 mL of water and 10 mL of hydrochloric
acid, and add 3 g of potassium iodide. Shake, and allow to stand in the dark for 5 min.
Titrate any liberated iodine with the Titrant, adding 3 mL of starch TS as the endpoint is
approached. Perform a Blank determination.
Calculate the percentage of ferric iron in the portion of Ferrous Gluconate taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= Titrant normality (mEq/mL)
F= equivalency factor, 55.85 mg/mEq
W= Sample weight (mg)
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Acceptance criteria: NMT 2.0%
• Oxalic Acid
Sample: 1.0 g
Analysis: Dissolve the Sample in 10 mL of water, add 2 mL of hydrochloric acid, and
transfer to a separator. Extract successively with 50 mL and 20 mL of ether. Combine the
ether extracts, add 10 mL of water, and evaporate the ether on a steam bath. Add 1 drop
of 6 N acetic acid and 1 mL of a 50 mg/mL solution of calcium acetate.
Acceptance criteria: No turbidity is produced within 5 min.
• Reducing Sugars
Sample: 500 mg
Analysis: Dissolve the Sample in 10 mL of water, warm, and render alkaline with 1 mL of 6
N ammonium hydroxide. Pass hydrogen sulfide gas into the solution to precipitate the iron,
and allow the solution to stand for 30 min to coagulate the precipitate. Filter, and wash
the precipitate with two successive 5-mL portions of water. Acidify the combined filtrate
and washings with hydrochloric acid, and add 2 mL of 3 N hydrochloric acid in excess. Boil
the solution until the vapors no longer darken lead acetate paper, and continue to boil, if
necessary, until it has been concentrated to 10 mL. Cool, add 5 mL of sodium carbonate
TS and 20 mL of water, filter, and adjust the volume of the filtrate to 100 mL. To 5 mL of
the filtrate add 2 mL of alkaline cupric tartrate TS, and boil for 1 min.
Acceptance criteria: No red precipitate is formed within 1 min.
SPECIFIC TESTS
• Loss on Drying 731 :
Analysis: Dry at 105 for 16 h.
Acceptance criteria: 6.5%—10.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP Potassium Gluconate RS
BRIEFING
Ferrous Sulfate, USP 37 page 2962. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to replace the reference to Lead Nitrate Stock Solution, as currently described
in 231 , with a reference to Lead Nitrate Stock Solution TS, which was proposed in PF
40(1) to be added to the Reagents, Indicators and Solutions section.
(DS: H. Dinh.)
Correspondence Number—C149433

Comment deadline: November 30, 2014
Ferrous Sulfate
FeSO4 ·7H2 O
278.01
FeSO4
151.91
Sulfuric acid, iron(2+) salt (1:1), heptahydrate;
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Iron(2+) sulfate (1:1) heptahydrate
Anhydrous [7720-78-7].

[7782-63-0].

DEFINITION
Ferrous Sulfate contains an amount of anhydrous ferrous sulfate (FeSO4 ) equivalent to NLT
99.5% and NMT 104.5% of ferrous sulfate heptahydrate (FeSO4 ·7H2 O).
IDENTIFICATION
• A. Identification Tests—General, Iron, Ferrous Salts
the requirements

191 and Sulfate

191 : Meets

ASSAY
• Procedure
Sample: 1 g of Ferrous Sulfate
Blank: Proceed as in the Analysis without the Sample.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N ceric sulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in a mixture of 25 mL of 2 N sulfuric acid and 25 mL of
freshly boiled and cooled water. Add orthophenanthroline TS, and immediately titrate with
Titrant. Perform a blank determination.
Calculate the percentage of ferrous sulfate heptahydrate (FeSO4 ·7H2 O) in the Sample
taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= Titrant normality (mEq/mL)
F= equivalency factor, 278.0 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 99.5%–104.5% of ferrous sulfate heptahydrate
IMPURITIES
• Arsenic, Method I 211
Test preparation: Transfer 1 g of Ferrous Sulfate to a round-bottomed, 100-mL flask
fitted with a glass joint, and add 40 mL of sulfuric acid (1 in 4) and 2 mL of 300 mg/mL
potassium bromide solution. Immediately connect the flask to a condenser having a
matching glass joint and a reservoir with a water jacket that is cooled by ice water. Heat
the flask gently over a low flame until the solid dissolves, then distill until 25 mL of
distillate collects in the reservoir. Transfer this distillate to the arsine generator flask, and
wash the condenser and the reservoir with several small portions of water, adding the
washings to the generator flask. Swirl to mix, add bromine TS until the color of the
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solution is slightly yellow, and dilute with water to 35 mL.
Acceptance criteria: NMT 3 ppm
Change to read:
• Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glassware before use,
use water that has been passed through a strong-acid, strong-base, mixed-bed ionexchange resin. Select all reagents to have as low a content of lead as practicable, and
store all reagent solutions in containers of borosilicate glass. Cleanse glassware before use
by soaking in warm nitric acid (1 in 2) for 30 min and by rinsing with deionized water.]
Ascorbic acid–sodium iodide solution: 100 mg/mL of ascorbic acid and 192.5 mg/mL of
sodium iodide
Trioctylphosphine oxide solution: 50 mg/mL of trioctylphosphine oxide in 4-methyl-2pentanone [Caution—This solution causes irritation. Avoid contact with eyes, skin, and
clothing. Take special precautions in disposing of unused portions of solutions to which
this reagent is added.]
Standard solution: Transfer 5.0 mL of Lead Nitrate Stock Solution, prepared as directed in
Heavy Metals 231 ,
lead nitrate stock solution TS

2S (USP38)

to a 100-mL volumetric flask. Dilute with water to volume, and mix. Transfer 2.0 mL of the
resulting solution to a 50-mL volumetric flask. Add 10 mL of 9 N hydrochloric acid and 10 mL of
water. Add 20 mL of Ascorbic acid–sodium iodide solution and 5.0 mL of Trioctylphosphine oxide
solution, shake for 30 s, and allow to separate. Add water to bring the organic solvent layer
into the neck of the flask, shake again, and allow to separate. The organic layer is the
Standard solution, and it contains 2 µg/mL of lead.
Sample solution: To a 50-mL volumetric flask add 1.0 g of Ferrous Sulfate, 10 mL of 9 N
hydrochloric acid, 10 mL of water, 20 mL of Ascorbic acid–sodium iodide solution, and 5.0 mL
of Trioctylphosphine oxide solution. Shake for 30 s, and allow to separate. Add water to bring
the organic solvent layer into the neck of the flask, shake again, and allow to separate. The
organic layer is the Sample solution.
Blank: To a 50-mL volumetric flask add 10 mL of 9 N hydrochloric acid, 10 mL of water, 20 mL
of Ascorbic acid–sodium iodide solution, and 5.0 mL of Trioctylphosphine oxide solution. Shake
for 30 s, and allow to separate. Add water to bring the organic solvent layer into the neck of
the flask, shake again, and allow to separate. The organic layer is the Blank, and it contains 0
µg/mL of lead.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Flame: Air–acetylene
System suitability
Samples: Standard solution and Blank
Suitability requirements: The absorbance of the Standard solution and the absorbance of
the Blank are significantly different.
Analysis
Samples: Standard solution, Sample solution, and Blank
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Concomittantly determine the absorbances of the Blank, Standard solution, and the Sample
solution. Use the Blank to set the instrument to zero.
Acceptance criteria: The absorbance of the Sample solution does not exceed that of the
Standard solution (NMT 10 ppm).
• Mercury
[Note—Carry out this test in subdued light, because mercuric dithizonate is light sensitive.]
Hydroxylamine hydrochloride solution, Standard mercury solution, Dithizone
extraction solution, and Diluted dithizone extraction solution: Prepare as directed in
Mercury 261 , Method I.
Control solution: Mix 3.0 mL of Standard mercury solution, 30 mL of dilute nitric acid (1 in
10), 5 mL of 250 mg/mL of sodium citrate solution, and 1 mL of Hydroxylamine
hydrochloride solution.
Test preparation: Dissolve 1 g of Ferrous Sulfate in 30 mL of dilute nitric acid (1 in 10)
with the aid of heat, on a steam bath. Cool quickly by immersing in an ice bath, and pass
through a fine-porosity filter that previously has been washed with dilute nitric acid (1 in
10) and water. To the filtrate add 20 mL of 250 mg/mL sodium citrate solution and 1 mL of
Hydroxylamine hydrochloride solution.
Analysis: Adjust the Control solution to a pH of 1.8 with ammonium hydroxide and the
Sample solution to a pH of 1.8 with sulfuric acid. Separately transfer the solutions to
separators. Treat the Sample solution and the Control solution in parallel as follows.
Extract with two 5-mL portions of Dithizone extraction solution and 5 mL of chloroform,
pooling the chloroform extracts in a second separator. Add 10 mL of dilute hydrochloric
acid (1 in 2), shake, allow the layers to separate, and discard the chloroform layer. Wash
the acid extract with 3 mL of chloroform, and discard the washing. Add 0.1 mL of 20
mg/mL of edetate disodium solution and 2 mL of 6 N acetic acid, mix, and add slowly 5 mL
of ammonium hydroxide. Close the separator, cool it under cold running water, and dry its
outer surface. Remove the stopper, and pour the contents into a beaker. Adjust the
Sample solution and the Control solution to a pH of 1.8 in the same manner as before, and
return the solutions to their respective separators. Add 5.0 mL of Diluted dithizone
extraction solution, shake vigorously, and allow the layers to separate. Using Diluted
dithizone extraction solution as a color blank, compare the colors developed in the
chloroform layers of the Sample solution and the Control solution.
Acceptance criteria: The color developed by the Sample solution is not more intense than
that developed by the Control solution (NMT 3 µg/g).
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label it to indicate that it is not to be used if it is coated with brownish yellow
basic ferric sulfate.
BRIEFING
Dried Ferrous Sulfate, USP 37 page 2965. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to replace the reference to Lead Nitrate Stock Solution, as
currently described in 231 , with a reference to Lead Nitrate Stock Solution TS, which
was proposed in PF 40(1) to be added to the Reagents, Indicators and Solutions section.
(DS: H. Dinh.)
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Correspondence Number—C149434

Comment deadline: November 30, 2014
Dried Ferrous Sulfate
FeSO4 ·xH2 O
151.91
Sulfuric acid, iron(2+) salt (1:1), hydrate;
Iron(2+) sulfate (1:1) hydrate
[13463-43-9].
Anhydrous
[7720-78-7].
DEFINITION
Dried Ferrous Sulfate contains NLT 86.0% and NMT 89.0% of anhydrous ferrous sulfate
(FeSO4 ).
IDENTIFICATION
• A. Identification Tests—General, Iron, Ferrous Salts
the requirements

191 and Sulfate

191 : Meets

ASSAY
• Procedure
Sample: 800 mg of Dried Ferrous Sulfate
Blank: Proceed as in the Analysis without the Sample.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N ceric sulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in a mixture of 25 mL of 2 N sulfuric acid and 25 mL of
freshly boiled and cooled water. Add orthophenanthroline TS, and immediately titrate with
the Titrant. Perform a blank determination.
Calculate the percentage of anydrous ferrous sulfate (FeSO4 ) in the Sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= Titrant normality (mEq/mL)
F= equivalency factor, 151.9 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 86.0%–89.0%
IMPURITIES
• Arsenic, Method I 211
Test preparation: Transfer 1 g of Dried Ferrous Sulfate to a round-bottomed, 100-mL flask
fitted with a glass joint, and add 40 mL of sulfuric acid (1 in 2) and 2 mL of 300 mg/mL of
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potassium bromide solution. Immediately connect the flask to a condenser having a
matching glass joint and a reservoir with a water jacket that is cooled by ice water. Heat
the flask gently over a low flame until the solid dissolves, then distill until 25 mL of
distillate collects in the reservoir. Transfer this distillate to the arsine generator flask, and
wash the condenser and the reservoir with several small portions of water, adding the
washings to the generator flask. Swirl to mix, add bromine TS until the color of the
solution is slightly yellow, and dilute with water to 35 mL.
Acceptance criteria: NMT 3 ppm
Change to read:
• Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glassware before use,
use water that has been passed through a strong-acid, strong-base, mixed-bed ionexchange resin. Select all reagents to have as low a content of lead as practicable, and
store all reagent solutions in containers of borosilicate glass. Cleanse glassware before use
by soaking in warm nitric acid (1 in 2) for 30 min and by rinsing with deionized water.]
Ascorbic acid–sodium iodide solution: 100 mg/mL of ascorbic acid and 192.5 mg/mL of
sodium iodide
Trioctylphosphine oxide solution: 50 mg/mL of trioctylphosphine oxide in 4-methyl-2pentanone [Caution—This solution causes irritation. Avoid contact with eyes, skin, and
clothing. Take special precautions in disposing of unused portions of solutions to which
this reagent is added.]
Standard solution: Transfer 5.0 mL of Lead Nitrate Stock Solution, prepared as directed in
Heavy Metals 231 ,
lead nitrate stock solution TS

2S (USP38)

to a 100-mL volumetric flask. Dilute with water to volume. Transfer 2.0 mL of the resulting
solution to a 50-mL volumetric flask. Add 10 mL of 9 N hydrochloric acid and 10 mL of water.
Add 20 mL of Ascorbic acid–sodium iodide solution and 5.0 mL of Trioctylphosphine oxide
solution, shake for 30 s, and allow to separate. Add water to bring the organic solvent layer
into the neck of the flask, shake again, and allow to separate. The organic layer is the
Standard solution, and it contains 2 µg/mL of lead.
Sample solution: To a 50-mL volumetric flask add 1.0 g of Dried Ferrous Sulfate, 10 mL of 9 N
hydrochloric acid, 10 mL of water, 20 mL of Ascorbic acid–sodium iodide solution, and 5.0 mL
of Trioctylphosphine oxide solution. Shake for 30 s, and allow to separate. Add water to bring
the organic solvent layer into the neck of the flask, shake again, and allow to separate. The
organic layer is the Sample solution.
Blank: To a 50-mL volumetric flask add 10 mL of 9 N hydrochloric acid, 10 mL of water, 20 mL
of Ascorbic acid–sodium iodide solution, and 5.0 mL of Trioctylphosphine oxide solution. Shake
for 30 s, and allow to separate. Add water to bring the organic solvent layer into the neck of
the flask, shake again, and allow to separate. The organic layer is the Blank, and it contains 0
µg/mL of lead.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Flame: Air–acetylene

851 .)
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System suitability
Samples: Standard solution and Blank
Suitability requirements: The absorbance of the Standard solution and the absorbance of
the Blank are significantly different.
Analysis
Samples: Standard solution, Sample solution, and Blank
Concomittantly determine the absorbances of the Blank, Standard solution, and the Sample
solution. Use the Blank to set the instrument to zero.
Acceptance criteria: The absorbance of the Sample solution does not exceed that of the
Standard solution (NMT 10 ppm).
• Mercury
[Note—Carry out this test in subdued light, because mercuric dithizonate is light sensitive.]
Hydroxylamine hydrochloride solution, Standard mercury solution, Dithizone
extraction solution, and Diluted dithizone extraction solution: Prepare as directed in
Mercury 261 , Method I.
Control solution: Mix 3.0 mL of Standard mercury solution, 30 mL of nitric acid (1 in 10), 5
mL of 250 mg/mL of sodium citrate solution, and 1 mL of Hydroxylamine hydrochloride
solution.
Test preparation: Dissolve 1 g of Dried Ferrous Sulfate in 30 mL of nitric acid (1 in 10)
with the aid of heat, on a steam bath. Cool quickly by immersing in an ice bath, and pass
through a fine-porosity filter that previously has been washed with nitric acid (1 in 10)
and water. To the filtrate, add 20 mL of 250 mg/mL of sodium citrate solution and 1 mL of
Hydroxylamine hydrochloride solution.
Analysis: Adjust the Control solution to a pH of 1.8 with ammonium hydroxide and the
Sample solution to a pH of 1.8 with sulfuric acid. Separately transfer the solutions to
separators. Treat the Sample solution and the Control solution in parallel as follows.
Extract with two 5-mL portions of Dithizone extraction solution and 5 mL of chloroform,
pooling the chloroform extracts in a second separator. Add 10 mL of hydrochloric acid (1
in 2), shake, allow the layers to separate, and discard the chloroform layer. Wash the acid
extract with 3 mL of chloroform, and discard the washing. Add 0.1 mL of 20 mg/mL of
edetate disodium solution and 2 mL of 6 N acetic acid, mix, and add slowly 5 mL of
ammonium hydroxide. Close the separator, cool it under cold running water, and dry its
outer surface. Remove the stopper, and pour the contents into a beaker. Adjust the
Sample solution and the Control solution to a pH of 1.8 in the same manner as before, and
return the solutions to their respective separators. Add 5.0 mL of Diluted dithizone
extraction solution, shake vigorously, and allow the layers to separate. Using Diluted
dithizone extraction solution as a color blank, compare the colors developed in the
chloroform layers of the Sample solution and the Control solution.
Acceptance criteria: The color developed by the Sample solution is not more intense than
that developed by the Control solution (NMT 3 ppm).
• Insoluble Substances
Sample: 2.0 g of Dried Ferrous Sulfate
Analysis: Dissolve the Sample in 20 mL of freshly boiled dilute sulfuric acid (1 in 100), heat
to boiling, and digest in a covered beaker on a steam bath for 1 h. Filter through a tared
filtering crucible, wash thoroughly, and dry at 105 .
Acceptance criteria: The weight of the insoluble residue does not exceed 1 mg (NMT
0.05%).
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
BRIEFING
Flecainide Acetate Compounded Oral Suspension, USP 37 page 2991. The Compounding
Expert Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to
revise the title of this and other compounded monographs to identify that it is a
compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 proposed in PF 39(6). A list of all
compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Flecainide Acetate
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Flecainide Acetate
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of flecainide
acetate (C17 H20 F 6 N2 O3 ·C2 H4 O2 ).
Prepare Flecainide Acetate
Compounded 2S (USP38)
Oral Suspension 20 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ):
Flecainide Acetate
2g
Vehicle: a 1:1 mixture of Vehicle for Oral Solution (regular or sugar-free), NF, and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL
Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number in a suitable mortar, and comminute to a fine powder with a
pestle, or use Flecainide Acetate powder. Add the Vehicle in small portions, and triturate to
make a smooth paste. Add increasing volumes of the Vehicle to make a flecainide acetate liquid
that is pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a
calibrated bottle. Add enough of the liquid Vehicle to bring to final volume, and mix well.
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ASSAY
• Procedure
Mobile phase: Acetonitrile and 0.06% phosphoric acid solution (40:60)
Standard stock solution: 1.0 mg/mL of USP Flecainide Acetate RS in Mobile phase
Standard solution: Transfer 2 mL of Standard stock solution to a 10-mL volumetric flask,
and dilute with Mobile phase to volume to obtain a solution containing about 200 µg/mL of
flecainide acetate.
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Pipet 1.0 mL of the sample into a 100-mL volumetric
flask, and dilute with Mobile phase to volume to obtain a solution having a nominal
concentration of about 200 µg/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of flecainide acetate
(C17 H20 F 6 N2 O3 ·C2 H4 O2 ) in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S nominal concentration of flecainide acetate in the Standard solution (µg/mL)
C=
U nominal concentration of flecainide acetate in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
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room temperature or controlled cold temperature
2 –8 .

2S (USP38)

Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded when stored
at controlled room temperature or when stored at controlled cold temperature
2 –8

2S (USP38)

• Labeling: Label it to indicate that it is to be well shaken before use, protected from light,
and to state the Beyond-Use Date.
• USP Reference Standards
USP Flecainide Acetate RS

11
BRIEFING

Flucytosine Compounded Oral Suspension, USP 37 page 3003. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 proposed in PF 39(6). A list of all compounding monograph
titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: November 30, 2014
Change to read:
Flucytosine
Compounded 2S (USP38)
Oral Suspension
DEFINITION
Change to read:
Flucytosine
Compounded 2S (USP38)
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of flucytosine
(C4 H4 FN3 O).
Prepare Flucytosine
Compounded 2S (USP38)
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Oral Suspension 10 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations
Flucytosine

795 ).

1.0
g
Vehicle: a 1:1 mixture of Vehicle for Oral Solution (regular or sugar-free), NF, and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL

Empty the contents of the required number of capsules into a suitable mortar, or add
Flucytosine powder to the mortar. Add 10 mL of Vehicle, and mix to a uniform paste. Add
Vehicle in small portions almost to volume, and mix thoroughly after each addition. Transfer the
contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough Vehicle
to bring to final volume, and mix well.
ASSAY
• Procedure
Solution A: 1 g of ammonium acetate and 1 mL of diisopropylamine in 1 L of water. Adjust
with glacial acetic acid to a pH of 7.5.
Mobile phase: Methanol and Solution A (50:50). Filter, and degas.
Standard solution: 50 µg/mL of USP Flucytosine RS in Mobile phase
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix on a vortex mixer for 30 s. Pipet 0.5 mL of the sample into a 100-mL volumetric flask,
and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 200-mm; 5-µm packing L3
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for flucytosine is about 3 min.]
Suitability requirements
Relative standard deviation: NMT 1.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of flucytosine (C4 H4 FN3 O) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of flucytosine in the Standard solution (µg/mL)
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C=
U nominal concentration of flucytosine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded
when stored in a cold place 2S (USP38)
• Labeling: Label it to state that it is to be well shaken, and to state the Beyond-Use Date.
• USP Reference Standards
USP Flucytosine RS

11
BRIEFING

Fluorescein, USP 37 page 3023. As part of USP monograph modernization efforts, it is
proposed to make the following changes:
1.
In Identification test A, the requirement to previously dry the material is deleted as it
predates the current version of general chapter Spectrophotometric Identification
Tests 197 .
2.
Identification test B is added based on the retention time agreement in the Assay.
3.
The test for Organic Impurities is adopted from the current monograph for Fluorescein
in the European Pharmacopoeia. The liquid chromatographic procedure in the test for
Organic Impurities is based on analyses performed with the Zorbax SBC8 brand of L7
column. The typical retention time for fluorescein is 15 min.
4.
The Fluorometric procedure in the Assay is revised from the current monograph for
Fluorescein to the stability-indicating liquid chromatographic procedure in the
European Pharmacopoeia. The liquid chromatographic procedure in the Assay is
based on analyses performed with the Zorbax SBC8 brand of L7 column. The typical
retention time for fluorescein is 15 min.
5.
USP Resorcinol RS, USP Phthalic Acid RS, and USP Fluorescein Related Compound C RS
are added to the USP Reference Standards section to support the proposed revision
in the Assay and the test for Organic Impurities. USP Diacetylfluorescein RS is
deleted.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: R.S. Prasad, F. Mao.)
Correspondence Number—C126903

Comment deadline: November 30, 2014
Fluorescein
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332.31

Spiro[isobenzofuran-1(3H),9¢-[9H]xanthen-3-one, 3¢,6¢-dihydroxy-;
Fluorescein
[2321-07-5].
DEFINITION
Fluorescein contains NLT 97.0% and NMT 102.0% of fluorescein (C20 H12 O5 ), calculated on the
anhydrous basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197K
Sample: Use Fluorescein previously dried over silica gel for 16 h.
Acceptance criteria: meets the requirements
2S (USP38)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Standard stock solution 1: 1.1 mg/mL of USP Diacetylfluorescein RS prepared as follows.
Transfer USP Diacetylfluorescein RS to a suitable volumetric flask and add 10% of the
flask volume of alcohol and 2% of the flask volume of 2.5 N sodium hydroxide. Heat on a
steam bath at the boiling temperature for 20 min with frequent swirling, cool, and dilute
with water to volume.
Standard stock solution 2: 1.1 µg/mL, from Standard stock solution 1.
Standard solution: Transfer 3.0 mL of Standard stock solution 2 to a 100-mL volumetric
flask containing 20 mL of pH 9.0 alkaline borate buffer (see Reagents, Indicators, and
Solutions—Buffer Solutions), and dilute with water to volume.
Sample stock solution: 0.9 µg/mL of fluorescein prepared as follows. Transfer 90.0 mg of
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Fluorescein to a 100 mL volumetric flask and add 10.0 mL of alcohol. Add 2 mL of 2.5 N
sodium hydroxide. Heat on a steam bath at the boiling temperature for 20 min with
frequent swirling, cool, and dilute with water to volume. Transfer 1 mL of this solution
into a 100 mL volumetric flask and dilute with water to volume. Transfer 1 mL of this
diluted solution into a 100 mL volumetric flask and dilute with water to volume
Sample solution: Transfer 3.0 mL of Sample stock solution to a 100-mL volumetric flask
containing 20 mL of pH 9.0 alkaline borate buffer (see Reagents, Indicators, and
Solutions—Buffer Solutions), and dilute with water to volume.
Spectrometric conditions
(See Spectrophotometry and Light-scattering

851 .)

Mode: Fluorescence
Excitation wavelength: 485 nm
Emission wavelength: 515 nm
Analysis
Samples: Standard solution and Sample solution
Concomitantly determine the fluorescence intensities, I, of the Standard solution and the
Sample solution.
Calculate the percentage of fluorescein (C20 H12 O5 ) in the portion of Fluorescein taken:
Result = (IU/IS) × (CS/CU) × (Mr1/Mr2) × 100
IU = fluorescence value for the Sample solution
IS = fluorescence value for the Standard solution
CS= concentration of USP Diacetylfluorescein RS in the Standard solution (µg/mL)
CU= concentration of Fluorescein in the Sample solution (µg/mL)
Mr1
= molecular weight of fluorescein, 332.31
Mr2
= molecular weight of diacetylfluorescein, 416.39
Acceptance criteria: 97.0%–102.0% on the anhydrous basis
Buffer: 0.61 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a pH
of 2.0.
Mobile phase: See Table 1.
Table 1
Time
Buffer Acetonitrile
(min)
(%)
(%)
0
85
15
20
20
80
29
20
80
30
85
15
35
85
15
Diluent: Acetonitrile and Buffer (30:70)
Standard stock solution: 1.0 mg/mL of USP Fluorescein RS in Diluent prepared as
follows. Transfer USP Fluorescein RS to a suitable volumetric flask and add alcohol to fill
30% of the volume of flask. Sonicate and dilute with Diluent to volume.
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Standard solution: 0.02 mg/mL of USP Fluorescein RS in Diluent from Standard stock
solution
Sample stock solution: 1.0 mg/mL of Fluorescein in Diluent prepared as follows.
Transfer 50.0 mg of Fluorescein to a 50-mL volumetric flask and add 15 mL of alcohol.
Sonicate and dilute with Diluent to volume.
Sample solution: 0.02 mg/mL of USP Fluorescein RS in Diluent from Sample stock
solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 35
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluorescein (C20 H12 O5 ) in the portion of Fluorescein taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Fluorescein RS in the Standard solution (mg/mL)
CU
= concentration of Fluorescein in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the anhydrous basis

2S (USP38)

IMPURITIES
• Zinc
Sample solution: 10 mg/mL of Fluorescein in a saturated solution of sodium chloride
Analysis: To 10 mL of Sample solution, add 2 mL of 3 N hydrochloric acid. Shake well,
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filter, and add 1 mL of potassium ferrocyanide TS to the filtrate.
Acceptance criteria: No turbidity is produced.
• Acriflavine
Sample solution: 2 mg/mL of Fluorescein in water. Swirl the mixture, and filter.
Analysis: To 5 mL of Sample solution, add a few drops of 100 mg/mL sodium salicylate
solution.
Acceptance criteria: No precipitate is formed.
Add the following:
• Organic Impurities
Buffer, Mobile phase, Diluent, Sample stock solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution A: 0.001 mg/mL each of USP Resorcinol RS and USP Phthalic Acid RS,
and 0.006 mg/mL of USP Fluorescein Related Compound C RS in Diluent
Standard solution B: 0.005 mg/mL of USP Fluorescein RS in Diluent prepared as follows.
Transfer 5.0 mL of Standard solution from the Assay to a 20-mL volumetric flask, and
dilute with Diluent to volume.
Sample solution: Use Sample stock solution from the Assay.
System suitability
Sample: Standard solution A
Suitability requirements
Resolution: NLT 2.0 between resorcinol and phthalic acid
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Calculate the percentage of resorcinol, phthalic acid, and fluorescein related compound C
in the portion of Fluorescein taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of resorcinol or phthalic acid or fluorescein related compound C from the
Sample solution
rS= peak response of resorcinol or phthalic acid or fluorescein related compound C from
Standard solution A
C=
S concentration of resorcinol or phthalic acid or fluorescein related compound C in
Standard solution A (mg/mL)
C=
U concentration of Fluorescein in the Sample solution (mg/mL)
Calculate the percentage of unspecified impurity in the portion of Fluorescein taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of impurity from the Sample solution
rS= peak response from Standard solution B
C=
S concentration of USP Fluorescein RS in Standard solution B (mg/mL)
C=
U concentration of Fluorescein in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any unspecified impurity peaks less than
0.05%.
Table 2
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Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.42
0.1
0.48
0.1
0.86
0.6
1.0
—
—
0.10
—
0.2

Name

Resorcinol
Phthalic acid
Fluorescein related compound Ca
Fluorescein
Unspecified impurity
Total unspecified impurities
a 2-(2,4-Dihydroxybenzoyl)benzoic acid.
2S (USP38)

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Fluorescein RS
USP Diacetylfluorescein RS
C24 H16 O7
416.39
USP Fluorescein Related Compound C RS
2-(2,4-Dihydroxybenzoyl)benzoic acid.
C14 H10 O5
258.23
USP Phthalic Acid RS
C8 H6 O4
166.13
USP Resorcinol RS
C6 H6 O2
110.11
2S (USP38)

BRIEFING
Fluorescein Sodium, USP 37 page 3024. As part of USP monograph modernization efforts, it is
proposed to make following changes:
1.
Add Identification test C based on the retention time agreement in the Assay.
Identification by spot tests is deleted.
2.
The test for Organic Impurities is adopted from the current monograph for Fluorescein
Sodium in the European Pharmacopoeia. The liquid chromatographic procedure used
in the test for Organic Impurities is based on analyses performed with the Zorbax
SBC8 brand of L7 column. The typical retention time for fluorescein is 15 min.
3.
The spectrometric Assay procedure is revised to the stability-indicating liquid
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chromatographic procedure from the current monograph for Fluorescein Sodium in
the European Pharmacopoeia. The liquid chromatographic procedure in the Assay is
based on analyses performed with the Zorbax SBC8 brand of L7 column. The typical
retention time for fluorescein is 15 min.
4.
USP Resorcinol RS, USP Phthalic Acid RS, and USP Fluorescein Related Compound C RS
are added to the USP Reference Standards section to support the proposed revision
in the Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: R.S. Prasad, F. Mao.)
Correspondence Number—C126904

Comment deadline: November 30, 2014
Fluorescein Sodium

C20 H10 Na2 O5

376.27

Benzoic acid, 2-(6-hydroxy-3-oxo-3H-xanthene-9-yl), sodium salt (1:2);
Fluorescein disodium salt
[518-47-8].
DEFINITION
Fluorescein Sodium contains NLT 90.0% and NMT 102.0% of fluorescein sodium (C20 H10 Na2 O5 ),
calculated on the anhydrous basis.
IDENTIFICATION
• A. A solution is strongly fluorescent, even in extreme dilution. The fluorescence disappears
when the solution is made acid, and reappears when the solution is again made alkaline.
• B. Identification Tests—General, Sodium
meets the requirements.

191 : The residue remaining after incineration

Delete the following:
• C.
Sample solution: 0.5 mg/mL Fluorescein sodium in carbon dioxide free water
Analysis: 1 drop of Sample solution on a piece of filter paper
Acceptance criteria: A yellow spot is produced and on exposing the moist paper to the
bromine vapor for 1 min and then to ammonia vapor, it becomes deep pink in color.
2S (USP38)
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Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Standard stock solution 1: 1 mg/mL of fluorescein sodium from USP Diacetylfluorescein
RS in water, prepared as follows. Dissolve a quantity of USP Diacetylfluorescein RS in
10% of the volume of the flask alcohol, add 2% of the volume of the flask 2.5 N sodium
hydroxide, and heat on a steam bath at boiling temperature for 20 min, with frequent
swirling. Cool, and dilute with water to volume. [Note—110.7 mg of anhydrous USP
Diacetylfluorescein RS is equivalent to 100.0 mg of fluorescein sodium.]
Standard stock solution 2: 1 µg/mL of fluorescein sodium from Standard stock solution 1.
Standard solution: Transfer a 3-mL Standard stock solution 2 to a 100-mL volumetric
flask containing 20 mL of pH 9.0 alkaline borate buffer (see Reagents, Indicators, and
Solutions—Buffer Solutions). Dilute with water to volume. [Note—The concentration of
fluorescein sodium in the Standard solution is 0.03 µg/mL.]
Sample stock solution: 1 µg/mL of Fluorescein Sodium in water
Sample solution: Transfer 3.0 mL of Sample stock solution to a 100-mL volumetric flask
containing 20 mL of pH 9.0 alkaline borate buffer (see Reagents, Indicators, and
Solutions—Buffer Solutions), and dilute with water to volume.
Spectrometric conditions
(See Spectrophotometry and Light-scattering

851 .)

Mode: Fluorescence
Excitation wavelength: 485 nm
Emission wavelength: 515 nm
Analysis
Samples: Standard solution and Sample solution
Concomitantly determine the fluorescence intensities, I, of the Standard solution and the
Sample solution.
Calculate the percentage of C20 H10 Na2 O5 in the portion of Fluorescein Sodium taken:
Result = (IU/IS) × (CS/CU) × 100
IU= fluorescence value for the Sample solution
IS= fluorescence value for the Standard solution
C=
S concentration of fluorescein sodium in the Standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
Acceptance criteria: 90.0%–102.0% on the anhydrous basis
Buffer: 0.61 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a pH
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of 2.0.
Mobile phase: See Table 1.
Table 1
Time
Buffer Acetonitrile
(min)
(%)
(%)
0
85
15
20
20
80
29
20
80
30
85
15
35
85
15
Diluent: Acetonitrile and Buffer (30:70)
Standard stock solution: [Note—1.1 mg of USP Diacetylfluorescein RS is equivalent to
1 mg of fluorescein sodium.]1.0 mg/mL of fluorescein sodium in Diluent is prepared as
follows. Transfer USP Diacetyfluorescein RS to a suitable volumetric flask. Add 2.5 N
sodium hydroxide to fill 2% of the final volume and alcohol to fill 10% of the final
volume. Heat on a water bath for 20 min, mixing frequently. Cool and dilute with water
to volume.
Standard solution: 0.02 mg/mL of fluorescein sodium in Diluent from Standard stock
solution
Sample stock solution: 1.0 mg/mL of Fluorescein Sodium in Diluent
Sample solution: 0.02 mg/mL of Fluorescein Sodium in Diluent from Sample stock
solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 35
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluorescein sodium (C20 H10 Na2 O5 ) in the portion of
Fluorescein Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
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rS
= peak response from the Standard solution
CS
= concentration of fluorescein sodium in the Standard solution (mg/mL)
CU
= concentration of Fluorescein Sodium in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–102.0% on the anhydrous basis

2S (USP38)

IMPURITIES
• Zinc
Sample solution: 10 mg/mL of Fluorescein Sodium in a saturated solution of sodium
chloride
Analysis: To 10 mL of Sample solution add 2 mL of 3 N hydrochloric acid. Shake well, filter,
and add 1 mL of potassium ferrocyanide TS to the filtrate.
Acceptance criteria: No turbidity is produced.
Change to read:
• Acriflavine
Sample solution: 2 mg/mL of Fluorescein Sodium in water.
Swirl the mixture, and filter. 2S (USP38)
Analysis: To the Sample solution add a few drops of 100 mg/mL sodium salicylate solution.
Acceptance criteria: No precipitate is formed.
Add the following:
• Organic Impurities
Buffer, Mobile phase, Diluent, and Chromatographic system: Proceed as directed in
the Assay.
Standard stock solution: Proceed as directed in the Assay for Standard solution.
Standard solution A: 0.005 mg/mL of fluorescein sodium in Diluent from Standard stock
solution
Standard solution B: 0.005 mg/mL each of USP Resorcinol RS, USP Phthalic Acid RS, and
USP Fluorescein Related Compound C RS in Diluent
Sample solution: Use Sample stock solution from the Assay.
System suitability
Sample: Standard solution B
Suitability requirements
Resolution: NLT 1.5 between resorcinol and phthalic acid
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Calculate the percentage of resorcinol, phthalic acid, and fluorescein related compound C
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in the portion of Fluorescein Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of resorcinol or phthalic acid or fluorescein related compound C from the
Sample solution
rS= peak response of resorcinol or phthalic acid or fluorescein related compound C from
Standard solution B
C=
S concentration of USP Resorcinol RS or USP Phthalic Acid RS or USP Fluorescein Related
Compound C RS in Standard solution B (mg/mL)
C=
U concentration of Fluorescein Sodium in the Sample solution (mg/mL)
Calculate the percentage of unspecified impurity in the portion of Fluorescein Sodium
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of unspecified impurity from the Sample solution
rS= peak response from Standard solution A
C=
S concentration of fluorescein sodium in Standard solution A (mg/mL)
C=
U concentration of Fluorescein Sodium in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Resorcinol
0.42
0.5
Phthalic acid
0.48
0.5
Fluorescein related compound Ca
0.86
0.5
Fluorescein
1.0
—
Unspecified impurity
—
0.10
Total impurities
—
0.5
a 2-(2,4-Dihydroxybenzoyl)benzoic acid.
2S (USP38)

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 17.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards
USP Diacetylfluorescein RS
C24 H16 O7
416.39

11
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USP Fluorescein Related Compound C RS
2-(2,4-Dihydroxybenzoyl)benzoic acid.
C14 H10 O5
258.23
USP Phthalic Acid RS
C8 H6 O4
166.13
USP Resorcinol RS
C6 H6 O2
110.11 2S (USP38)

BRIEFING
Gonadorelin for Injection, USP 37 page 3180. To be consistent with the revisions made to the
Gonadorelin Hydrochloride monograph, the following revisions are proposed:
1.
The Identification test is revised to add an Identity sample solution and the requirement
for sample and standard peak coelution.
2.
In the Assay, the System suitability is revised to delete the criterion for Column
efficiency; the remaining criteria are adequate.
3.
The Acceptance criteria for Bacterial Endotoxins Test is changed from NMT 3.60 USP
Endotoxin Units/µg to NMT 70 USP Endotoxin Units/mg.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: C. Li.)
Correspondence Number—C142653

Comment deadline: November 30, 2014
Gonadorelin for Injection
DEFINITION
Gonadorelin for Injection is a sterile mixture of Gonadorelin Hydrochloride with suitable diluents.
It contains the equivalent of NLT 90.0% and NMT 115.0% of the labeled amount of gonadorelin
(C55 H75 N17 O13 ).
IDENTIFICATION
Change to read:
The retention time of the Sample solution corresponds to that of the Standard solution, as
obtained in the Assay.
• A.
Buffer solution, Mobile phase, Standard solution 2, Sample solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay.
Identity sample solution: Mix equal volumes of Standard solution 2 and the Sample
solution.
Analysis
Samples: Standard solution 2, Sample solution, and Identity sample solution
Acceptance criteria: The retention time of the major peak of the Sample solution
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corresponds to that of Standard solution 2, and the major peak of the Identity sample
solution elutes as a single peak.
2S (USP38)

ASSAY
Change to read:
• Procedure
[Note—Perform all manipulations involving the weighing of the gonadorelin hydrochloride sample
and the Reference Standard in a low-humidity glove box.]
Buffer solution: 6.8 mg/mL of monobasic potassium phosphate in water. Adjust with 1 N
potassium hydroxide to a pH of 6.5.
Mobile phase: Acetonitrile and Buffer solution (18:82)
Standard solution 1: 80 µg/mL of USP Gonadorelin Hydrochloride RS in Mobile phase
Standard solution 2: 100 µg/mL of USP Gonadorelin Hydrochloride RS in Mobile phase
Standard solution 3: 120 µg/mL of USP Gonadorelin Hydrochloride RS in Mobile phase
[Note—The Standard solutions may be stored in a refrigerator for 2 months. Remove suitable
portions and warm to room temperature before use.]
Sample solution: Separately dissolve the contents of NLT 5 vials of Gonadorelin for
Injection in Mobile phase to obtain a nominal concentration of 100 µg/mL of gonadorelin.
Sonicate the vials for 5 min, and allow to cool to room temperature. Combine the solutions
in the vials to obtain the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution 1
[Note—The retention time for gonadorelin is 8–11 min.]
Suitability requirements
Column efficiency: NLT 900 theoretical plates, Standard solution 1
2S (USP38)

Tailing factor: NMT 2.5
Relative standard deviation: NMT 3.0% for gonadorelin
Analysis
Samples: Standard solutions and Sample solution
[Note—If more than five specimens are analyzed, reinject the Standard solutions before injecting
further specimens of the Sample solution.]
Plot the responses of the gonadorelin peaks versus concentration, in mg/mL, of gonadorelin in
each of the Standard solutions, and determine the regression line, using the least-squares
method. The coefficient of variation from the regression line is NMT 3.0%. From the graph so
obtained, determine the concentration, C, of gonadorelin in the Sample solution (mg/mL).
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Calculate the percentage of the labeled amount of gonadorelin (C55 H75 N17 O13 ) in the portion
of Gonadorelin for Injection taken:
Result = C × (Mr1/Mr2) × (V + F) × (100/L)
C = concentration of gonadorelin in the Sample solution as obtained from the regression line
(µg/mL)
Mr1
= molecular weight of gonadorelin, 1182.3
Mr2
= molecular weight of gonadorelin hydrochloride, 1255.2
V = volume of Mobile phase used to prepare the Sample solution (mL)
F = correction factor for the volume created by the dissolved sample, 0.06 mL
L = label claim (µg)
Acceptance criteria: 90.0%–115.0%
SPECIFIC TESTS
• Constituted Solution: At the time of use, it meets the requirements in Injections
Constituted Solutions, Completeness and Clarity of Solution.
• pH

1 ,

791 : 4.0–8.0, in a solution constituted as directed in the labeling

• Sterility Tests

71 : Meets the requirements

Change to read:
• Bacterial Endotoxins Test 85 : It contains NMT 3.60 USP Endotoxin Units/µg
70 USP Endotoxin Units/mg. 2S (USP38)

• Other Requirements: Meets the requirements in Injections

1 , Labeling

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, well-sealed containers.
• USP Reference Standards 11
USP Endotoxin RS
USP Gonadorelin Hydrochloride RS
BRIEFING
Graftskin, USP 37 page 3184. The proposed revisions are:
1.
Change the previous title, Graftskin, to Construct Human Keratinocytes and Fibroblasts
in Bovine Collagen Scaffold to align with the current naming scheme for tissue-based
product monographs.
2.
Remove the first footnote explaining each test because it is not current USP style and
the information is not necessary to perform each procedure.
3.
Remove the reference to Radioactivity
perform the test.

821

because the reference is not needed to

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(BIO2: R. Potts.)
Correspondence Number—C143304

Comment deadline: November 30, 2014
Graftskin
New title: Construct Human Keratinocytes and Fibroblasts in Bovine Collagen Scaffold
New title to become official December 1, 2015
DEFINITION
Change to read:
Graftskin1
2S (USP38)

is a living, bilayered skin substitute derived from neonatal foreskins manufactured under Class
100 sterile conditions. The upper, epidermal layer is formed by human keratinocytes and has a
well-differentiated stratum corneum. The inner, dermal layer is composed of human fibroblasts
in a bovine Type I collagen lattice. Graftskin does not contain Langerhans cells, melanocytes,
macrophages, lymphocytes, blood vessels, hair follicles, or any other epidermally derived
components. The fibroblast and keratinocyte cell banks from which Graftskin is derived test
negative for human and animal viruses, retroviruses, bacteria, fungi, yeast, mycoplasma, and
tumorigenicity. The cell banks are also tested for normal human karyology and isoenzymes. The
final product is tested for morphology, cell viability, and physical container integrity. Used
tissue culture media are tested for mycoplasma and sterility. All materials derived from bovine
sources originate from countries free of bovine spongiform encephalopathy.
SPECIFIC TESTS
• Histological Characterization
2.0 M Monobasic potassium phosphate: Dissolve 13.61 g of anhydrous monobasic
potassium phosphate in 50 mL of water.
2.0 M Dibasic potassium phosphate: Dissolve 17.42 g of anhydrous dibasic potassium
phosphate in 50 mL of water.
Phosphate-buffered saline solution (pH 7.1–7.5): Combine 3.6 mL of 2.0 M Monobasic
potassium phosphate, 16.4 mL of 2.0 M Dibasic potassium phosphate, 8 g of sodium
chloride, and 1 L of water. Mix thoroughly.
0.3% Acid alcohol: To 100 mL of 70% alcohol, add 0.3 mL of hydrochloric acid and mix.
Hematoxylin–alcohol solution: Dissolve 2.5 g of hematoxylin in 25.0 mL of dehydrated
alcohol, with heating.
Potassium alum solution: Dissolve 50.0 g of potassium alum in 500 mL of water, with
heating.
Hematoxylin staining solution: Mix the Hematoxylin–alcohol solution and the Potassium
alum solution, and heat to boiling as rapidly as possible with constant stirring. Do not heat
for more than 1 min. Slowly add 0.185 g of sodium iodate, and reheat to a simmer until the
solution becomes a deep purple. Remove from the heat, and quickly cool. Filter daily
before use.
Bluing agent: Dissolve 200 mg of sodium bicarbonate and 40 mg of lithium carbonate in 63
mL of water and 37 mL of methanol and mix.
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Eosin solution: Dissolve 1 g of eosin Y in 100 mL of alcohol. Filter daily before use.
Analysis: Remove three 2-cm diameter circular tissues from every 30-cm2 section of
Graftskin (NLT 30% of the total unit area), using the appropriate size biopsy punch. Cut
with a circular rocking motion to prevent crushing the tissue. Immerse the sections in
3.7% dimethoxymethane for 30 min, using a gentle rocking motion. Remove the sections,
and lay on a cutting surface, dermal side (glossy side) down. Cut an approximately 3-mmwide strip through the center of the specimen, using a new, single-edged razor blade.
Place the strips in a histological microwave cassette, using suitable biopsy pads
premoistened with Phosphate-buffered saline solution (pH 7.1–7.5) to hold the strips in
place. Insert the cassette into a histological microwave processing rack, place the rack
inside a suitable microwave container, and add sufficient Phosphate-buffered saline
solution (pH 7.1–7.5) to completely cover the rack. Place the container in a microwave
oven suitable for histological work,1 and heat for 4 min at 55 .
Remove the Phosphate-buffered saline solution (pH 7.1–7.5), and add enough dehydrated
alcohol to completely cover the rack. Return the container to the microwave oven, and
heat for 4 min at 67 . Remove the alcohol, and add enough dehydrated isopropyl alcohol
to completely cover the rack. Return the container to the microwave oven, and heat for 4
min at 74 .
Remove the isopropyl alcohol, and add enough suitable grade paraffin2 that has been
melted and held at 84 prior to use, to completely cover the rack. Return the container to
the microwave oven, and heat for 7 min at 84 . Remove the histological microwave
cassette from the container and rack while the paraffin is still melted, and disassemble,
discarding the biopsy pads. Fill preheated embedding molds with molten paraffin3 heated
to 60 , and place on top of a preheated warming platform that is designed for histological
work. Using forceps, remove the Graftskin specimens from the cassette, and place the
specimens in individual molds. Orient the specimens in the molds to enable cutting of a
cross-or longitudinal section. Cool the paraffin by sliding the mold down the platform to its
cool side until the paraffin has solidified. Maintain the specimen orientation with forceps
during cooling, removing the forceps when the paraffin becomes translucent. Slide the
paraffin block onto a histological cold plate to rapidly cool the block. Trim the paraffin
block with a new single-edged razor blade to form a rectangle or slight trapezoid to within
5 mm of the tissue mass, if necessary. Cool the block at 4 for 15 to 30 min, and clamp
the paraffin block into the block holder of the microtome. Fill a histological tissue-flotation
water bath with fresh water, add an appropriate amount of a suitable histological
adhesive,4 and heat to a temperature 5 lower than the melting point of the paraffin.
Properly mount the paraffin block into a microtome, adjusting as necessary. Set the
microtome to make 5-µm thick cuts with a blade angle of 5 ± 2 . Insert into the knife
holder a sharp stainless steel microtome knife that has been properly honed or a new
disposable microtome knife, and cut a ribbon that contains 6–10 sections of Graftskin. Pick
up the ribbon with forceps, and stretch it across the tissue-flotation water bath.
Separate 2 to 3 adjacent sections from the ribbon on the water bath. The selected
sections should not be compressed, wrinkled, or scratched. Pick up the selected sections
by dipping a microscope slide into the water bath under the floating sections, and gently
lift the slide out of the water. Allow the mounted sections to air-dry completely, or dry
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the slide in a 60 oven for 1 h. The microscope slide with affixed tissue is sequentially
immersed in 3 changes of a suitable histological, aliphatic ×ylene substitute,5 5 min/step,
followed by two changes of dehydrated alcohol, 3 min/step. Sequentially immerse the slide
in alcohol (for 3 min), running water rinse (3 min), Hematoxylin staining solution (6 min),
running water rinse (7 min), 0.3% Acid alcohol (6 s), running water rinse (5 min), Bluing
agent (1 s), running water rinse (5 min), Eosin solution (2 min), two changes of alcohol (3
min each step), four changes of dehydrated alcohol (3 min each step), and four changes
of a suitable histological xylene substitute (3 min each step). Adjust the above immersion
times as needed to suitably stain the tissue. Remove the slide from the last histological
xylene substitute wash, and blot dry the back of the slide. Do not allow the tissue to dry.
Affix a coverslip over the tissue, using a suitable coverslip mountant.
Microscopic specifications: A light microscope with 4×, 10×, 20×, and 40× objectives
installed in a revolving nosepiece; a 10× widefield ocular with 10 to 19 mm per 100
microdisk reticle installed; and a 10× widefield ocular with grid reticle installed
Microscopic and morphological characteristics: Score the three Graftskin sections for
epidermal and dermal aspects, using the light microscope. Evaluate the slides from each
of the sections taken. Average the aspect values for each section (n = 3) to determine
the overall aspect score for the Graftskin unit. When examined microscopically, Graftskin
shows a bilayered construct resembling the epidermal and dermal layers of human skin.
Using USP Graftskin Reference Photomicrographs of passing and failing articles for
comparison, Graftskin meets the requirements for epidermal aspects, including epidermal
coverage, epidermal development, and keratinocyte aspect, and meets the requirements
for dermal aspects, including dermal matrix thickness, fibroblast density, and matrix
aspect, as described below.
Epidermal aspects
[Note—See USP Graftskin Reference Photomicrograph 1 for an example of a passing unit.]
Acceptance criteria for Epidermal coverage: NLT 95% of the dermal matrix present on
the slide is covered with epidermal keratinocytes.
Acceptance criteria for Epidermal development: NLT 70% of the Graftskin epithelium
is composed of three distinct cell layers.
[Note—See USP Graftskin Reference Photomicrograph 2 for an example of a failing unit.]
The basal cell layer of the epithelium is at least 1 cell thick, consisting of keratinocytes
with a cuboidal-columnar shape.
[Note—See USP Graftskin Reference Photomicrograph 3 for an example of a failing unit.]
The suprabasal layer is composed of stratified cells and is at least 5 cells thick.
Suprabasal cells closest to the basal layer are cuboidal in shape; cells become
progressively stratified the closer they are to the uppermost, squamous cell layer. The
squamous cell layer on the apical surface is cornified and at least 1 cell thick.
[Note—See USP Graftskin Reference Photomicrograph 4 for an example of a failing unit.]
The uppermost cell layer of the epithelium is analogous to the stratum corneum of
human skin and is composed of one or more rows of flat, scaly cells that are nonliving
and keratinized.
[Note—See USP Graftskin Reference Photomicrograph 5 for an example of a failing unit.]
Acceptance criteria for Keratinocyte aspects: NLT 95% of the basal keratinocytes have
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basophilic cytoplasm that neither has distinct vacuoles nor is necrotic. See USP Graftskin
Reference Photomicrograph 6 for an example of a failing unit. NLT 80% of suprabasal cells
(excluding those in the upper 20% of the cell layer closest to the squamous layer) have
basophilic cytoplasm. Furthermore, these basophilic suprabasal cells do not have distinct
vacuoles and are neither necrotic nor keratinized.
[Note—See USP Graftskin Reference Photomicrographs 7 and 8 for examples of failing units.]
Dermal aspects
Five randomly selected fields/slide will be evaluated for dermal matrix thickness and
fibroblast density. The five fields will be averaged to obtain the final value for each
section.
[Note—See USP Graftskin Reference Photomicrograph 1 for an example of a passing unit.]
Acceptance criteria for Dermal aspects:
Dermal matrix thickness: The Graftskin dermal layer is NLT 40 µm thick and is
composed of several rows of flat dermal cells.
Fibroblast density: The dermal matrix contains an average of at least four nonpyknotic
nuclei present per microscopic field (field = 20 grid squares of reticle when using the
10× widefield ocular and 40× objective).
Matrix aspect: NLT 95% of the dermal matrix collagen stains uniformly with no large
holes or inclusions present.
[Note—See USP Graftskin Reference Photomicrographs 9 and 10 for examples of failing
units.]
Change to read:
• Gene Expression Profile
RNA extraction solution: Use an aqueous phenol and guanidine isothiocyanate solution
suitable for RNA extraction.6
DEPC-treated water: Add 0.2 mL of diethylpyrocarbonate (DEPC) to 100 mL of sterile
Purified Water, shake vigorously, and allow to stand for at least 12 h. Autoclave the
resulting solution for 15 min, using the liquid cycle, to inactivate residual DEPC. Prepare
fresh as needed.
5X Reaction buffer: Prepare a solution of 375 mM potassium chloride, 15 mM magnesium
chloride, and 250 mM tris(hydroxymethyl) aminomethane hydrochloride. Adjust to a pH of
8.3.
10X Reaction buffer: Prepare a solution of 500 mM potassium chloride and 100 mM
tris(hydroxymethyl) aminomethane hydrochloride. Adjust to a pH of 8.3.
Oligo-deoxythymidine solution: Prepare a 20-mM oligo-deoxythymidine (primer length:
18) solution, using a suitable buffer.7
dNTP solution I: Using a suitable buffer,7 prepare a solution of deoxyadenosine
triphosphate, deoxyguanosine triphosphate, deoxycytidine triphosphate, and
deoxythymidine triphosphate in which the concentration of each component is 10 mM.
dNTP solution II: Prepare a solution, in water, of deoxyadenosine triphosphate,
deoxyguanosine triphosphate, deoxycytidine triphosphate, and deoxythymidine
triphosphate, in which the concentration of each component is 10 mM.
Ribonuclease inhibitor solution: Prepare a solution containing 40 units of ribonuclease
inhibitor/mL of a suitable buffer.7
Reverse transcriptase buffer: Prepare a solution of 0.1 M sodium chloride, 0.1 M
mM 2S (USP38)
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edetate disodium, 1.0 M
mM 2S (USP38)
dithiothreitol, 0.01% nonylphenol polyoxyethylene ether, 50% glycerin, and 200 mM
tris(hydroxymethyl) aminomethane hydrochloride. Adjust to a pH of 7.5.
Reverse transcriptase solution: Prepare a solution containing 200 units of
Moloney-Murine Leukemia Virus 2S (USP38)
reverse transcriptase/µL in Reverse transcriptase solution.
DNA primer pairs: Prepare individual 20-µM solutions of the following DNA primer pairs,

8

2S (USP38)

using deoxyribonuclease- and ribonuclease-free water.
Table 1
Transforming growth factor
TGF

1-3¢

TGF 1-5¢
Interleukin-1 (IL1 ):
IL1 -3¢

1 (TGF

1):
agg ctc caa atg tag ggg cag g
gcc ctg gac acc aac tat tgc t
tag tgc cgt gag ttt ccc aga aga aga gga gg
caa gga gag cat ggt ggt agt agc aac caa
cg

IL1 -5¢
Interleukin-4 (IL4):
IL4-3¢
acg tac tct ggt tgg ctt cct tca cag gac ag
IL4-5¢
cgg caa ctt tga cca cgg aca caa gtg cga ta
Platelet-derived growth factor A:
PDGF-A-3¢
ctg ctt cac cga gtg cta caa tac ttg ct
PDGF-A-5¢
aga agt cca ggt gag gtt aga gga gcat
Glyceraldehyde-3-phosphate
dehydrogenase:
G3PDH-3¢
cat gtg ggc cat gag gtc cac cac
G3PDH-5¢
tga agg tcg gag tca acg gat ttg gt
DNA polymerase solution: Prepare a solution containing five units of deoxyribonucleic acid
polymerase/mL of a solution of 100 mM potassium chloride, 0.1 mM edetate disodium, 1 mM
dithiothreitol, 0.5% polyoxyethylene (20) sorbitan monolaurate, 0.5% nonylphenol
polyoxyethylene ether, 50% glycerin, and 20 mM tris(hydroxymethyl) aminomethane
hydrochloride. Adjust to a pH of 8.0.
Analysis
RNA extraction: Remove three 2-cm diameter circular sections from every 30 cm2 of
Graftskin (NLT 30% of the total unit area), using the appropriate size biopsy punch. Transfer
each piece of tissue to individual polypropylene microcentrifuge tubes. Add 1.0 mL of RNA
extraction solution to each tube, homogenize by repetitive pipetting, and incubate the
samples for 5 min at room temperature. To each tube, add 0.2 mL of chloroform, mix on a
vortex mixer, and centrifuge at 12,000 x g for 15 min at 2 –8 . Transfer the upper, aqueous
phase to a second tube, add 0.5 mL of isopropanol, and incubate for 30 min to overnight at
20 . Centrifuge at 12,000 x g for 15 min, discard the supernatants by aspiration, and add
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75% alcohol to each pellet. Mix the sample on a vortex mixer, centrifuge at 12,000 x g for 2
min, and discard the supernatants by aspiration without disturbing the RNA pellets.
Recentrifuge at 12,000 x g for 2 min, and remove the remaining supernatants with a smallvolume (20 µL or smaller capacity) micropipet. Air-dry the pellets for 5 min at room
temperature by keeping the microcentrifuge cap off, and resuspend each pellet in 50 µL of
DEPC-treated water. Bring absorbance into linear range by diluting 5 µL of each suspension
with 195 µL of DEPC-treated water. Transfer the samples to suitable quartz microplates or
cuvettes and determine the absorbance of the RNA solution at wavelengths of 260 and 280
nm, using a spectrophotometer and DEPC-treated water as the blank. The ratio of the
absorbance at 260 versus 280 nm should be NLT 1.65. If this ratio is less than 1.65, mix the
resuspended pellet by repetitive pipetting, and repeat the dilution step and absorbance
measurement. If this fails to raise the absorbance ratio, repeat the RNA extraction for that
sample by adding 1 mL of RNA extraction solution, and proceed as above, beginning with
“incubate the sample for 5 min at room temperature”.
Determine the concentration of RNA, in µg/mL:
Result = F × A × D
F= Conversion Factor, 40
A= absorbance at 260 nm
D= dilution factor
Adjust the volume of the RNA solutions with additional DEPC-treated water to bring the
concentration of RNA to about 80 µg/mL. If the absorbance at 260 nm is less than 0.05,
discard the sample, and repeat the RNA extraction on a fresh sample.
Synthesis of cDNA: To separate, individual thin-walled polymerase chain reaction (PCR) tubes,
add 12.5 µL of the RNA solution from samples 1, 2, and 3 (3 reaction tubes total). Add 1 µL of
Oligo-deoxythymidine solution to each tube, and incubate at 72 for 2 min to anneal the oligodeoxythymidine to the mRNA. Place the tubes in an ice bath, and to each tube, add 4 µL of 5X
Reaction buffer, 1 µL of dNTP solution I, 0.5 µL of Ribonuclease inhibitor solution, and 1 µL of
Reverse transcriptase solution. Incubate at 42 for 1 h to synthesize cDNA, and then incubate
at 94 for 5 min to inactivate the reverse transcriptase. To each tube, add 80 µL of DEPCtreated water and mix.
cDNA positive control8
Polymerase chain reaction amplification of cDNA: For each of the five DNA primer pairs,
label five individual centrifuge tubes (5 tubes total). Add the following to each centrifuge tube:
135.8 µL of DEPC-treated water; 10.5 µL of dNTP solution II; 21 µL of 10X Reaction buffer; 3.5
µL of the appropriate 5' primer; 3.5 µL of the appropriate 3' primer; and 12.6 µL of 25 mM
magnesium chloride. Close, mix on a vortex mixer, and pulse spin in a microcentrifuge. Add 2.1
µL of DNA polymerase solution to each centrifuge tube, and mix by repetitive pipetting. For
each primer pair, transfer 27 µL of the resulting solution to five thin-walled PCR tubes. There
should be a total of 25 PCR tubes. Add the following to the PCR tubes of each primer set:
Table 2
PCR tube number
Sample
1
3 µL Graftskin sample 1 cDNA
2
3 µL Graftskin sample 2 cDNA
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3
3 µL Graftskin sample 3 cDNA
4
3 µL cDNA positive control
5 Negative control 3 µL DEPC-treated water
Repeat for the remaining primer pairs. The positive control contains authentic cDNA of
Transforming growth factor , Interleukin-1 , Interleukin-4, Platelet-derived growth factor A,
and Glyceraldehyde-3-phosphate dehydrogenase, as appropriate for each primer set. Pulse
spin the PCR tubes in a microcentrifuge to mix, and place the tubes in a single PCR thermal
cycler. Cycling conditions are as follows.
Table 3
Melting temperature
Melting time

94
45 s

Anneal temperature
Anneal time

58
45 s

Elongation temperature
Elongation time
Number of cycles

72
2 min
30

Final elongation temperature72
Final elongation time
2 min
Terminate the PCR amplification by heating each tube to 72 for 7 min.
Electrophoresis identification
Tris-boric acid buffer: 89 mM of tris(hydroxymethyl) aminomethane, 89 mM of boric acid, and
2 mM of edetate disodium/L
2S (USP38)

6X Loading buffer: A solution containing 15% of a branched polymeric sucrose (400 kDa),
0.25% bromophenol blue, and 0.25% xylene cyanole FF
Ethidium bromide solution: 10 mg/mL Ethidium bromide in Tris-boric acid buffer.
Agarose gel: A horizontal 2% agarose9 gel in Tris-boric acid buffer
Once the gel is set, remove the comb, and place the gel into the electrophoresis chamber
with the comb end of the gel situated closest to the cathode terminal. Fill the electrophoresis
chamber with Tris-boric acid buffer until the buffer reaches 3–5 mm over the surface of the
gel.
100-bp DNA ladder markers: A solution containing 10 DNA fragments covering the range of
100–1000 base pairs (bp) in 100-bp increments, with a total DNA content of approximately
100 ng/µL (15–20 ng of DNA per band) in an appropriate buffer10
Analysis: Dilute the 25 PCR samples prepared in the Polymerase chain reaction amplification of
cDNA with 6X Loading buffer so that the final concentration of the buffer is one-sixth of its
original concentration. Load 5 µL of the 100-bp DNA ladder markers in the first lane of the
agarose gel. Load 10 µL of each PCR sample into each gel well, and attach the cathode to the
terminal close to the loaded wells. Attach the anode to the terminal farthest from the loaded
wells, and apply 120 V to the gel. Run the gel until the bromophenol blue is two-thirds the
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length of the gel. Remove the gel from the electrophoresis apparatus, and place it in a tray
containing enough Ethidium bromide solution to cover the gel. Slowly agitate the gel on a
shaker table for 30 min. Completely remove the Ethidium bromide solution from the tray, add
an equal amount of Tris-boric acid buffer, and slowly agitate the gel on a shaker table for 60
min. Place the gel on a 312-nm UV light source, photograph the gel, and inspect the image for
bands that have migrated from each individual well. If a band appears, it is verified for size in
base pairs by comparing it to the lane for the 100-bp DNA ladder markers.
System suitability: If a band appears and it is of the appropriate size, it is considered positive.
The analysis is considered valid if the positive controls show the appropriately sized cDNA–PCR
products, no PCR product bands appear in the negative controls, and all bands are observed to
be visually discrete.
Acceptance criteria The lanes of the agarose gel that correspond to Graftskin show cDNA
bands for Interleukin-1 (expected PCR product band size of 491 base pairs, limit of detection
NLT 9.6 ×10 21 moles); Platelet-derived growth factor A (expected PCR product band size of
304 base pairs, limit of detection NLT 1.5 ×10 20 moles); Transforming growth factor

1

(expected PCR product band size of 161 base pairs, limit of detection NLT 1.5 × 10 20) moles;
and Glyceraldehyde-3-phosphate dehydrogenase (expected PCR product band size of 983 base
pairs); but not Interleukin-4 (expected PCR product band size of 344 base pairs, limit of
detection NLT 1.5 × 10 22 moles). If one of the replicates tested yields results discordant
with the other two replicates, repeat the test, and accept only if all three replicates are
concordant.
Change to read:
• Barrier Integrity Assessment
Ham's F-12 tissue culture medium: Prepare a solution that contains the following:
Table 4
Component

mg/mL
l-Alanine
8.91
l-Arginine hydrochloride
210.7
l-Asparagine monohydrate
15.01
l-Aspartic acid
13.30
l-Cysteine hydrochloride monohydrate 35.12
l-Glutamic acid
14.70
l-Glutamine
146.2
Aminoacetic acid
7.51
l-Histidine hydrochloride monohydrate 20.96
l-Isoleucine
3.94
l-Leucine
13.12
l-Lysine hydrochloride
36.54
l-Methionine
4.48
l-Phenylalanine
4.96
l-Proline
34.53
l-Serine
10.51
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l-Threonine
l-Tryptophan
l-Tyrosine disodium
l-Valine
Calcium chloride
Cupric sulfate, pentahydrate
Ferric sulfate, heptahydrate
Potassium chloride
Magnesium chloride
Sodium chloride
Sodium phosphate, dibasic
Zinc sulfate, heptahydrate
d-Biotin
d-Calcium pantothenate
Choline chloride
Folic acid
Hypoxanthine
Inositol
Niacinamide
Pyridoxine hydrochloride
Riboflavin
Thiamine hydrochloride
Thymidine
Cyanocobalamin
-Lipoic acid
Linoleic acid
Dextrose
Phenol red, sodium
Sodium pyruvate
Putrescine dihydrochloride
Sodium bicarbonate
Tritiated water: 2.0 µCi/mL
(See Radioactivity

11.91
2.04
6.71
11.71
44.00
0.0025
0.834
223.7
57.22
7599.0
142.0
0.863
0.0073
0.238
13.96
1.30
4.04
18.02
0.0366
0.0617
0.0376
0.337
0.727
1.36
0.206
0.0841
1801.6
1.30
110.0
0.161
1176.0

821 .)

2S (USP38)

Percutaneous absorption apparatus: Prepare the apparatus as described below.11
Six-well cell culture plate: The dimensions are inner diameter, 35 mm; depth, 18 mm.
Cell culture well insert: Each well is a plastic cylinder with inner length, 15 mm; inner
diameter, 24 mm; outer diameter, 27 mm, with a flanged end extending 4 mm from the outer
diameter. The inner diameter opposite the flanged end is covered by a taut polycarbonate
membrane having a porosity of 3 µm. The flange should allow the Cell culture well insert to be
suspended in the well of a Six-well cell culture plate, leaving a 3-mm space between the
bottom of the Cell culture well insert and the inner bottom surface of the Six-well cell culture
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plate.
Percutaneous absorption insert: Use a polytetrafluoroethylene cylinder having the following
dimensions: length, 20 mm; inner diameter, 20 mm; outer diameter, 23 mm with a flanged
end extending 3 mm from the outer diameter. Ten mm from the flanged end of the cylinder,
the inner diameter begins to funnel so that the inner diameter at 10 mm from the flanged end
is 20 mm, and the inner diameter at 15 mm from the flanged end is 8 mm. From 15–20 mm
from the flanged end, the inner diameter remains at 8 mm. The outer diameter of the cylinder
remains constant at 23 mm. The flanged end is considered to be the top of the component.
Silicon grease: Use high-vacuum silicon grease suitable for glass.12
Analysis: Fill each well of the Six-well cell culture plate with 1.5 mL of Ham's F-12 tissue
culture medium. Remove two 2-cm circular sections from every 30 cm2 of Graftskin (NLT 20%
of the total unit area), using the appropriate size biopsy punch. Transfer each excised section
to a separate Cell culture well insert, dermal side down on the polycarbonate membrane. Using
forceps, gently smooth out the section to remove any wrinkles. Apply a narrow ring of Silicon
grease to the underside of the Percutaneous absorption insert, and place the insert into the
Cell culture well insert, grease side down, onto the epidermal surface of the Graftskin biopsy,
with slight pressure to form a tight seal. Do not allow any grease to enter the 8-mm diameter
exposed area of the Graftskin surface. Place the Cell culture well insert containing the
Percutaneous absorption insert into one of the wells of the Six-well cell culture plate
containing 1.5 mL of Ham's F-12 tissue culture medium. Apply 1.0 mL of Tritiated water to the
exposed surface of the Graftskin unit in the Percutaneous absorption insert, and incubate at
ambient temperature for 6 h. At the end of each h, transfer the Cell culture well insert
containing the Percutaneous absorption insert to a new well within the Six-well cell culture
plate containing 1.5 mL of fresh Ham's F-12 tissue culture medium. After the 6-h incubation,
remove the Cell culture well insert. Remove a 0.5-mL aliquot of Ham's F-12 tissue culture
medium from each well of the Six-well cell culture plate, and transfer into individual
scintillation vials. Dispense 0.5 mL of Tritiated water to a separate scintillation vial as a
control. Add 4.5 mL of a suitable scintillation cocktail13 to each scintillation vial and gently mix.
Place the scintillation vials into a liquid scintillation counter, and count the emissions in the
tritium spectrum for 60 s. Average the counts for each of the six time points (punch average)
and duplicate sections (unit average).
Determine the percent penetration per h:
Result = F × (CS/CC )
F= Conversion Factor, 150
C=
S counts/min of the 0.5-mL aliquot of the Ham's F-12 tissue culture medium taken at the end
of the incubation period
CC= counts/min in the 0.5-mL aliquot of Tritiated water
Acceptance criteria: NMT 1.97% penetration is found.
• Metabolic Activity Assessment
Dulbecco's modified Eagle's tissue culture medium: Prepare a solution that contains
the following:
Table 5
Component
Calcium chloride

mg/L
264.9
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Ferric nitrate, nonahydrate
0.10
Potassium chloride
400.0
Magnesium sulfate, heptahydrate
200.0
Sodium chloride
6,400.0
Sodium bicarbonate
3,700.0
Sodium phosphate, monobasic (monohydrate) 125.0
Dextrose
4,500.0
Phenol red
15.0
Sodium pyruvate
110.0
l-Arginine hydrochloride
84.0
l-Cystine
48.0
Aminoacetic acid
30.0
l-Histidine hydrochloride monohydrate
42.0
l-Isoleucine
104.8
l-Leucine
104.8
l-Lysine hydrochloride
146.2
l-Methionine
30.0
l-Phenylalanine
66.0
l-Serine
42.0
l-Threonine
95.2
l-Tryptophan
16.0
l-Tyrosine
72.0
l-Valine
93.6
d-Calcium pantothenate
4.0
Choline chloride
4.0
Folic acid
4.0
Inositol
7.0
Nicotinamide
4.0
Pyridoxine hydrochloride
4.0
Riboflavin
0.40
Thiamine hydrochloride
4.0
MTT solution: Dissolve 0.33 g of (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium
bromide in 1 L of Dulbecco's modified Eagle's tissue culture medium, with constant
stirring. Pass the solution through a suitable size filter having a 0.2-µm porosity.
0.04 N Acidified isopropyl alcohol: Add 3.45 mL of hydrochloric acid to 1 L of isopropyl
alcohol, and mix thoroughly. Store at room temperature no longer than 6 months.
Analysis: Immerse the Graftskin in separate 40.0-mL portions of MTT solution, making sure
that about 20 mL of MTT solution is under the sample article, and 20 mL of MTT solution is
on the surface. Take care not to produce any bubbles. Incubate for 3 h at 37 , in an
environment of air enriched with 10% carbon dioxide. After incubation, remove from the 37
, 10% carbon dioxide-enriched air environment. Transfer the Graftskin to a suitable
cutting surface, and, using an appropriate biopsy punch, remove three 8-mm diameter
circular sections from every 30 cm2 of Graftskin (5% of unit area). Transfer each punch to
individual snap-top test tubes. Add 0.9 mL of 0.04 N Acidified isopropyl alcohol to each
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tube, making sure that the tissue is completely submerged. If not submerged, use forceps
to place the sample into the 0.04 N Acidified isopropyl alcohol. Cap each tube tightly,
place on an orbital shaker, and shake for 1 h at a moderate setting. After 1 h, remove the
tubes from the orbital shaker, and mix each tube on a vortex mixer. Inspect the tubes to
make sure that the tissue samples continue to be submerged. If not, use forceps or
another device to resubmerge the tissues. Return the tubes to the orbital shaker, and
continue to shake for an additional 1 h. Remove the tubes from the orbital shaker, mix the
tubes on a vortex mixer, and transfer a 0.2-mL aliquot to a suitable 96-well flat-bottom
plate. Read the absorbance of each sample at 570 nm, using 0.2 mL of 0.04 N Acidified
isopropyl alcohol as the blank.
Acceptance criteria: The average absorbance value is NLT 0.237.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Graftskin is aseptically packaged in a Class 100 environment in
single-use containers that preserve cell viability and product integrity. Store at controlled
room temperature for NMT 5 days, and do not subject to freezing temperatures. The
atmosphere within the package contains air enriched with 10% carbon dioxide. The device
is translucent and off-white in color. The upper, epidermal surface is dull with small
irregularities resulting from the cornification of keratinocytes, while the bottom surface is
smooth and shiny in appearance. The device is packaged so that the dermal layer (glossy
layer) is closest to the agarose-based nutrient medium. The packaging permits easy
observation of the medium and provides ready access to the Graftskin when needed. The
medium contains all of the required nutrients for the living cell components of Graftskin plus
an appropriate, nontoxic, pH-sensitive dye to indicate package breaches or microbial
contamination. The medium should appear pink (pH 6.8–7.7) when compared to the
enclosed pH color chart.
• Labeling: Label it to indicate the dimensions of the enclosed Graftskin, the expiry date, the
required storage conditions, and the lot number. The label indicates that the enclosed
Graftskin and surrounding medium are to be examined for signs of contamination or
deterioration. The label also contains a pH color code to be used for determination of the
acceptability of the pH of the Graftskin medium. The label cautions that Graftskin is not to
be used if the package shows signs of damage or microbial contamination. Label it to
indicate that sterile techniques are to be used in handling Graftskin and that cytotoxic
agents are not to be used. Label it to indicate the time frame for use after package
opening.
• USP Reference Standards, Authentic Visual References 11
USP Graftskin Reference Photomicrographs
[Note—These 10 photomicrographs represent examples of both passing and failing Graftskin
units. They are specified to assist in ascertaining histological quality.]
1 Four tests for Graftskin are specified: Histological Characterization, Gene Expression Profile, Barrier Integrity
Assessment, and Metabolic Activity Assessment. The histological examination of the 3-dimensional organotypic
structure demonstrates control of the Graftskin manufacturing process and shows a bilayered construct with a
dermal matrix, differentiated epidermis, and developed stratum corneum. Reference photomicrographs,
representing examples of both passing and failing Graftskin units, are specified to assist in ascertaining quality.
PC R analysis of the Gene Expression Profile of a finished Graftskinunit demonstrates that its keratinocytes and
fibroblasts are producing cytokines that have been documented to influence wound healing. The test also
demonstrates cell purity. Graftskin is positive for the gene expression of Interleukin-1 , Platelet-derived
growth factor, and Transforming growth factor- 1. Graftskin is negative for the gene expression of
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Interleukin-4, which is produced neither by fibroblasts nor by keratinocytes. Glyceraldehyde-3-phosphate
dehydrogenase is run with this assay as a housekeeping gene, and Graftskin is positive for the expression of
this gene. The Barrier Integrity Assessment demonstrates the presence of a stratum corneum and the
functionality of the epithelium in Graftskin . The purpose of the Metabolic Activity Assessment is to demonstrate
cellular viability of the article.
1 A microwave oven suitable for histological preparation can be obtained from Energy Beam Sciences, Inc., 11
Bowles Road, P.O. Box 14508, Agawam, MA or equivalent.
2 A suitable paraffin for use is Accumate™ Tissue Embedding/Infiltration Medium, which can be obtained from
Sigma Diagnostics, 545 S. Ewing Ave.,
P.O. Box 468, 2S (USP38)

St. Louis, MO 63178 or equivalent.
3 A suitable paraffin for use is Paraplast® X-Tra Tissue Embedding Medium ASTM, melting
point 50 to 54 , which can be obtained from Fisher Scientific, 200 Park Ln.
300 Industry Drive, 2S (USP38)
Pittsburgh, PA 15275 or equivalent.
4 A suitable histological adhesive for use is Histoslide® Adhesive, which can be obtained from
Poly Scientific R & D Corp., 70 Cleveland Ave., Bay Shore, NY 11706-1282 or equivalent.
5 A suitable histological xylene substitute can be obtained from Shandon, Inc., 171 Industry
Drive, Pittsburgh, PA 15275
is Shandon Xylene Substitute from Thermo Scientific http://www.thermoscientific.com or
equivalent. 2S (USP38)
.
6 A suitable RNA extraction solution is Trizol® reagent, which can be obtained from Invitrogen
Corp., 1600 Faraday Ave., P.O. Box 6482, Carlsbad, CA 92008
Life Technologies, https:www.lifetechnologies.com or equivalent. 2S (USP38)
7 A suitable buffer can be obtained from the RT-for-PCR Kit, BD Biosciences
2S (USP38)

Clontech, 1020 East Meadow Circle, Palo Alto, CA 94303-4230.
1290 Terra Bella Ave., Mountain View, CA 94043 or equivalent.

2S (USP38)

8 Suitable DNA primer pairs can be obtained from BD Biosciences Clontech, 1020 East Meadow
Circle, Palo Alto, CA 94303-4230.
8 A suitable cDNA positive control can be obtained from BD Biosciences
2S (USP38)

Clontech, 1020 East Meadow Circle, Palo Alto, CA 94303-4230.
1290 Terra Bella Ave., Mountain View, CA 94043. 2S (USP38)
9 An agarose suitable for electrophoresis analysis of Graftskin cytokine PCR product is
SeaKem® GTG agarose and can be obtained from BioWhittaker Molecular Applications, Inc., 191
Thomaston St., Rockland, ME 04841
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Lonza Inc., 90 Boroline Road, Allendale, NJ 07401 or equivalent.

2S (USP38)

10 A suitable buffered solution of 100-bp DNA ladder markers can be obtained from
BioWhittaker Molecular Applications, Inc., 191 Thomaston St., Rockland, ME 04841
Lonza Inc., 90 Boroline Road, Allendale, NJ 07401 or equivalent. 2S (USP38)
11 A suitable Percutaneous absorption apparatus, not including the Percutaneous absorption
insert, is a Costar® 6-well culture cluster, flat bottom with lid, and a Costar® Transwell®, 24
mm in a 6-well cluster plate with lid and can be obtained from Corning Life Sciences, 45 Nagog
Park, Acton, MA 01720
836 North Street, Building 300, Suite 3401, Tewksbury, MA 01876 or equivalent. 2S (USP38)
12 A suitable Silicon grease is High Vacuum Silicon Lubricant for Glass and can be obtained
from Dow Corning Corporation, P.O. Box 0994, Midland, MI 48686-0994.
13 A suitable scintillation cocktail is OptiPhase Supermix Perkin-Elmer Life Sciences, Inc., 549
Albany St., Boston, MA 02118 or equivalent.
BRIEFING
Guanadrel Sulfate, USP 37 page 3208. It is proposed to omit the monograph for the following
reasons:
1.
No drug products formulated with Guanadrel Sulfate are currently marketed in the
United States.
2.
Drug products containing Guanadrel Sulfate are currently not used in veterinary
medicine in the United States.
(SM2: S. Ramakrishna.)
Correspondence Number—C145103

Comment deadline: November 30, 2014
Delete the following:
Guanadrel Sulfate

(C10 H19 N3 O2 )2 · H2 SO4

524.63

Guanidine (1,4-dioxaspiro[4.5]dec-2-ylmethyl)-, sulfate (2:1);
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[22195-34-2].

DEFINITION
Guanadrel Sulfate contains NLT 97.0% and NMT 103.0% of guanadrel sulfate [(C10 H19 N3 O2 )2 ·
H2 SO4 ], calculated on the dried basis.
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197M : USP38
The IR absorption spectrum of a mineral oil dispersion of it exhibits maxima only at the same
wavelengths as that of a similar preparation of USP Guanadrel Sulfate RS.
The spectrum of the sample corresponds to that of a similarly prepared USP Guanadrel Sulfate
RS.
USP38

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
ASSAY
• Procedure
Mobile phase: Prepare a mixture of 530 mL of water and 470 mL of methanol containing
6.35 g of dl-10-camphorsulfonic acid sodium salt and 0.8 g of ammonium nitrate. Adjust
with glacial acetic acid, if necessary, to a pH of 5.0–5.5.
System suitability solution: 10 mg/mL of USP Guanadrel Sulfate RS and 12 mg/mL of
ethylparaben in Mobile phase
Standard solution: 10 mg/mL of USP Guanadrel Sulfate RS in Mobile phase
Sample solution: 10 mg/mL of Guanadrel Sulfate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4- to 4.6-mm × 25- to 30-cm stainless steel; packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for guanadrel and ethylparaben are 0.8 and 1.0,
respectively. ]
Suitability requirements
Resolution: NLT 1.6 between guanadrel and ethylparaben, System suitability solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of guanadrel sulfate [(C10 H19 N3 O2 )2 · H2 SO4 ] in the portion of
Guanadrel Sulfate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of guanadrel sulfate from the Sample solution
rS= peak response of guanadrel sulfate from the Standard solution
C=
S concentration of USP Guanadrel Sulfate RS in the Standard solution (mg/mL)
C=
U concentration of Guanadrel Sulfate in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.5%
• Heavy Metals, Method II

231 : NMT 20 ppm

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at room temperature at a pressure not exceeding 5 mm of mercury for 16 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Guanadrel Sulfate RS

11

2S (USP38)

BRIEFING
Guanadrel Sulfate Tablets, USP 37 page 3208. It is proposed to omit the monograph for the
following reasons:
1.
No drug products formulated as defined in Guanadrel Sulfate Tablets are currently
marketed in the United States.
2.
The drug product is not currently used in veterinary medicine in the United States.
(SM2: S. Ramakrishna.)
Correspondence Number—C145104

Comment deadline: November 30, 2014
Delete the following:
Guanadrel Sulfate Tablets
DEFINITION
Guanadrel Sulfate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
guanadrel sulfate [(C10 H19 N3 O2 )2 · H2 SO4 ].
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IDENTIFICATION
• A.
Sample: Equivalent to 4 mg of guanadrel sulfate from a portion of 1 finely powdered Tablet
Analysis: Add 2 mL of a 1% aqueous alkaline solution of 1-naphthol (containing 6 g of
sodium hydroxide and 16 g of sodium carbonate per 100 mL of water) and 1 mL of 2,3butanedione solution (1 in 2000) to the Sample. Allow to stand at room temperature.
Acceptance criteria: An intense, pinkish-red color develops.
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP38
ASSAY
• Procedure
Mobile phase: Prepare a mixture of 530 mL of water and 470 mL of methanol containing
about 6.35 g of dl-10-camphorsulfonic acid sodium salt and 0.8 g of ammonium nitrate.
Adjust with glacial acetic acid, if necessary, to a pH of 5.0–5.5.
System suitability solution: 10 mg/mL of USP Guanadrel Sulfate RS and 12 mg/mL of
ethylparaben in Mobile phase
Standard solution: 10 mg/mL of USP Guanadrel Sulfate RS in Mobile phase
Sample solution: Nominally equivalent to 10 mg/mL of guanadrel sulfate in Mobile phase
from a suitable number of Tablets. Shake by mechanical means for 20 min, and centrifuge
if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4- to 4.6-mm × 25- to 30-cm stainless steel; packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for guanadrel and ethylparaben are 0.8 and 1.0,
respectively. ]
Suitability requirements
Resolution: NLT 1.6 between guanadrel and ethylparaben, System suitability solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of guanadrel sulfate [(C10 H19 N3 O2 )2 ·
H2 SO4 ] in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
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C=
S concentration of USP Guanadrel Sulfate RS in the Standard solution (mg/mL)
C=
U nominal concentration of guanadrel sulfate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: pH 6.8 phosphate buffer; 900 mL
Apparatus 2: 50 rpm
Time: 20 min
Standard stock solution: 0.5 mg/mL of USP Guanadrel Sulfate RS in Medium
Standard solution: 0.0125 mg/mL of USP Guanadrel Sulfate RS in Medium from Standard
stock solution
Sample solution: Pass a portion of the solution under test through a suitable filter.
Color reagent stock solution: Prepare separately sodium nitroferricyanide solution (1 in
10), potassium ferricyanide solution (1 in 10), and sodium hydroxide solution (1 in 10), and
store in separate amber-colored bottles. Mix an equal and sufficient volume of each of
these solutions, in the order listed, and allow to stand for about 15 min. The solution
changes from a deep red-black to a yellow-green color. Dilute the resulting solution in
water to obtain a 1 in 10 dilution.
Prepare the Color reagent stock solution on the day of use.
[Note—The 10% aqueous solutions are stable for about 2 months. ]
Color reagent solution: Dilute 50.0 mL of Color reagent stock solution with water to
volume in a 500-mL volumetric flask.
Color reagent blank: Transfer 40.0 mL of Medium to a container and add 8.0 mL of Color
reagent solution. Prepare this solution concurrently with the preparation of the Standard
solution and the Sample solution.
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: Maximum absorbance at about 494 nm
Cell: 5 cm
Analysis
Samples: Standard solution and Sample solution
For Tablets containing less than 25 mg/Tablet, transfer 20.0 mL of the filtered solution to a
container. For Tablets containing 25 mg or more, transfer 10.0 mL of the filtered solution
and 10.0 mL of Medium to a container. Transfer 20.0 mL of Standard solution to another
similar container. Separately add 4.0 mL of Color reagent solution to the Sample solution
and the Standard solution. Once Color reagent solution has been added to the filtered
dissolution specimens and mixed, determine the absorbances such that none of the
solutions stands for less than 20 min or more than 80 min.
Calculate the percentage of the labeled amount of guanadrel sulfate [(C10 H19 N3 O2 )2 ·
H2 SO4 ] dissolved by comparing the absorbances of the solutions from the Standard
solution and the Sample solution, using the Color reagent blank in the reference cell.
Tolerances: NLT 70% of the labeled amount of guanadrel sulfate [(C10 H19 N3 O2 )2 · H2 SO4 ]
is dissolved.
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Change to read:
• Uniformity of Dosage Units 905 : Meet the requirements for Content uniformity.
Procedure for content uniformity
Color reagent solution: Prepare as directed in the Test for Dissolution.
Standard solution: 0.1 mg/mL of USP Guanadrel Sulfate RS in water. Transfer a 10.0-mL
portion into a container for analysis.
Sample solution: Transfer 1 Tablet to a 100-mL volumetric flask, dilute to volume with
water, and shake the flask vigorously for 4 min. Transfer NLT 25 mL of the solution to a
vial and centrifuge for 10 min. Transfer a measured volume of this solution, nominally
equivalent to 1 mg of guanadrel sulfate, to another container, and dilute, if necessary,
with water to a volume of 10.0 mL.
Instrumental conditons:
Mode: UV-Vis
Analytical wavelength: Maximum absorbance at about 494 nm
Cell : 1-cm
Analysis:
Samples: Standard solution and Sample solution
Separately add 4.0 mL of the Color reagent solution to the Standard solution, the Sample
solution, and 10.0 mL of water to provide the blank. Mix the solutions and allow to stand
for 10 min. Within 5 min, determine the absorbances of the solutions at the wavelength
of maximum absorbance against the blank.
Calculate the percentage of guanadrel sulfate (C10 H19 N3 O2 )2 · H2 SO4 in the Tablet taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the solution from the Sample solution
A=
S absorbance of the solution from the Standard solution
C=
S concentration of USP Guanadrel Sulfate RS in the Standard solution
C=
U nominal concentration of guanadrel sulfate in the Sample solution
USP38

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards
USP Guanadrel Sulfate RS

11

2S (USP38)

BRIEFING
Insulin Human, USP 37 page 3341. On the basis of comments received, it is proposed to revise
the monograph as follows:
1.
Move portions of the Definition section to Process Related Impurities, with minor
revisions to Single-Chain Precursor Content and Host Cell Protein.
2.
Replace Peptide Mapping and the Limit of High Molecular Weight Proteins with
Physicochemical Analytical Procedures for Insulins

121.1 , but retain the
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instructions and specifications that differ from 121.1 :
a.
In Peptide Mapping, retain the specific instructions for Mobile phase and System
suitability, and clarify the Tailing factor requirements.
b.
In the Limit of High Molecular Weight Proteins, retain the Acceptance criteria.
3.
Add an equilibration step (10 min) to the Mobile phase of the Related Substances
chromatographic system.
4.
Revise the Definition and Labeling sections for added clarity.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: M. Crivellone.)
Correspondence Number—C142779

Comment deadline: November 30, 2014
Insulin Human

C257 H383 N65 O77 S6
Insulin (human)

5807.57
[11061-68-0].

DEFINITION
Change to read:
Insulin Human is a protein corresponding to the active principle elaborated in the human
pancreas that affects the metabolism of carbohydrate (particularly glucose), fat, and protein.
It is derived by enzymatic modification of insulin from pork pancreas in order to change its
amino acid sequence appropriately, or produced by microbial synthesis via a recombinant DNA
process. Its potency, calculated on the dried basis, is NLT 27.5 USP Insulin Human Units in
each mg. The proinsulin content of Insulin Human derived from pork, determined by a validated
method, is NMT 10 ppm. The host cell-derived proteins content of Insulin Human derived from a
recombinant DNA process, determined by an appropriate and validated method, is NMT 10 ppm.
The host cell- or vector-derived DNA content and limit of Insulin Human derived from a
recombinant DNA process that utilizes eukaryotic host cells are determined by a validated
method.
Insulin Human is a two-chain peptide hormone consisting of 51 amino acids, and its structure
corresponds to native insulin produced in vivo by the beta cells of the pancreas. The A-chain is
composed of 21 amino acids, and the B-chain is composed of 30 amino acids. It is either
produced by methods based on recombinant DNA technology or derived by enzymatic
modification of insulin from porcine pancreas to change the amino acid sequence appropriately.
The presence of host cell DNA in Insulin Human is process-specific. The capability of the
process to clear host-derived DNA requires validation and is determined by validated methods.
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Its potency is NLT 27.5 USP Insulin Human Units/mg, calculated on the dried basis.

2S (USP38)

[Note—One USP Insulin Human Unit is equivalent to 0.0347 mg of pure Insulin Human.]
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Delete the following:
•
B. Peptide Mapping
Sulfate buffer: 2.0 M ammonium sulfate and 0.5 M sulfuric acid (1:1)
Enzyme solution: 500 units/mL of Staphylococcus aureus V-8 protease activity in
water
HEPES buffer: Dissolve 2.38 g of HEPES (N-2-hydroxyethylpiperazine-N¢ -2ethanesulfonic acid) in 90 mL of water in a 100-mL volumetric flask. Adjust with 5
M sodium hydroxide to a pH of 7.5, and dilute with water to volume.
Solution A: Acetonitrile, water, and Sulfate buffer (100:700:200)
Solution B: Acetonitrile, water, and Sulfate buffer (400:400:200)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
60
30
70
65
0
100
70
0
100
71
90
10
86
90
10
Standard digest solution: Dissolve 6 mg of USP Insulin Human RS in 3 mL of 0.01 N
hydrochloric acid. Transfer 500 µL of the resulting solution to a clean vial. Add 2.0
mL of HEPES buffer and 400 µL of Enzyme solution, and incubate at 25 for 6 h.
Quench the digestion by adding 2.9 mL of Sulfate buffer.
Sample digest solution: Add 500 µL of 0.01 N hydrochloric acid to 1 mg of Insulin
Human, and mix to dissolve. Add 2.0 mL of HEPES buffer and 400 µL of Enzyme
solution, and incubate at 25 for 6 h. Quench the digestion by adding 2.9 mL of
Sulfate buffer.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 10-cm; packing L1
Column temperature: 40
Flow rate: 1 mL/min
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System suitability
Sample: Standard solution
Suitability requirements
Chromatogram comparability: In the chromatogram obtained from the Standard
solution, identify the peaks due to digest fragments I, II, III, and IV. The
chromatogram of the Standard solution corresponds to that of the typical
chromatogram provided with USP Insulin Human RS.
Resolution: NLT 3.4 between digest fragments II and III
Tailing factor: NMT 1.5
Analysis
Samples: Standard solution and Sample solution
Using the gradient program, run a blank. Separately inject equal volumes of the
Standard solution and Sample solution, and record the responses of each peak.
Acceptance criteria: The chromatographic profile of the Sample solution corresponds
to that of the Standard solution.
2S (USP38)

Add the following:
• B. Physicochemical Analytical Procedures for Insulins, Peptide Mapping 121.1
Proceed as directed in Peptide Mapping, except use the following Mobile phase and System
suitability. It meets the requirements.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
60
30
70
65
0
100
70
0
100
71
90
10
86
90
10
System suitability
Sample: Standard solution
Suitability requirements
Chromatogram comparability: Identify the peaks due to digest fragments I, II, III,
and IV in the Standard solution. The chromatogram of the Standard solution
corresponds to that of the typical chromatogram provided with USP Insulin Human RS.
Resolution: NLT 3.4 between digest fragments II and III
Tailing factor: NMT 1.5 for digest fragments II and III
2S (USP38)

ASSAY
• Procedure
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
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of phosphoric acid into the solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Mobile phase: Acetonitrile and Solution A (26:74)
[Note—The acetonitrile is warmed to NLT 20 to avoid precipitation.]
System suitability solution: 1.5 mg/mL of Insulin Human in 0.01 N hydrochloric acid. Allow
to stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A21 desamido insulin human.
Standard solution: 1.5 mg/mL of USP Insulin Human RS in 0.01 N hydrochloric acid
Sample solution: 1.5 mg/mL of Insulin Human in 0.01 N hydrochloric acid.
[Note—The Standard solution and Sample solution may be stored at room temperature for
up to 12 h, or in a refrigerator for up to 48 h.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between insulin human and A-21 desamido insulin human, System
suitability solution
Tailing factor: NMT 1.8 for the insulin human peak, System suitability solution
Relative standard deviation: NMT 1.6%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for insulin human and A-21 desamido insulin human. Calculate
the potency on the undried basis, in USP Insulin Human Units/mg, of insulin human in the
Sample solution:
Result = (SrU/SrS) × (CS/CU)
Sr=
U sum of the peak responses of insulin human and A-21 desamido insulin human from the
Sample solution
Sr=
S sum of the peak responses of insulin human and A-21 desamido insulin human from the
Standard solution
CS= concentration of USP Insulin Human RS in the Standard solution (USP Insulin Human
Units/mL)
CU= concentration of the Sample solution (mg/mL)
Acceptance criteria: NLT 27.5 USP Insulin Human Units/mg, on the dried basis
OTHER COMPONENTS
• Zinc Determination 591
Sample: 10 mg
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Acceptance criteria: NMT 1.0% on the dried basis
PRODUCT RELATED SUBSTANCES IMPURITIES
Change to read:
• Related Substances
Solvent: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL of
phosphoric acid into the solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Solution A: Acetonitrile and Solvent (18:82)
Solution B: Acetonitrile and Solvent (50:50)
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
78
22
36
78
22
61
36
64
67
36
64
68
78
22
78
78
22 2S (USP38)
System suitability solution: 1.5 mg/mL of Insulin Human in 0.01 N hydrochloric acid. Allow to
stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A-21
desamido insulin human.
Standard solution A: 3.75 mg/mL of USP Insulin Human RS in 0.01 N hydrochloric acid
Standard solution B: Pipet 1 mL of Standard solution A into a 10-mL volumetric flask, dilute
with 0.01 N hydrochloric acid to volume, and mix (0.375 mg/mL).
Standard solution C: Pipet 1 mL of Standard solution B into a 10-mL volumetric flask, dilute
with 0.01 N hydrochloric acid to volume, and mix (0.0375 mg/mL).
[Note—The three Standard solutions may be stored at room temperature for up to 12 h or in a
refrigerator for up to 48 h.]
Sample solution: 3.75 mg/mL of Insulin Human in 0.01 N hydrochloric acid. Prepare the solution
in a capped vial, cap the vial, and shake gently to dissolve. Store the solution at room
temperature for NMT 2 h, or in a refrigerator for NMT 12 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Adjust the Mobile phase composition and the duration of the isocratic elution to obtain a
retention time between 15 and 25 min for the main insulin human peak, with A-21 desamido
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insulin human eluting just prior to the start of the gradient elution phase.
Samples: System suitability solution, Standard solution A, Standard solution B, and Standard
solution C
Suitability requirements for the System suitability solution
Resolution: NLT 2.0 between insulin human and A-21 desamido insulin human
Tailing factor: NMT 1.8 for the insulin human peak
Suitability requirements for the Standard solutions
Calculate the factor X1:
X1 = (rB/rA) × D
r=
B peak response from Standard solution B
r=
A peak response from Standard solution A
D= dilution factor, 10
Result: Between 0.91 and 1.09
Calculate the factor X2:
X2 = (rC/rA) × D
r=
C peak response from Standard solution C
r=
A peak response from Standard solution A
D= dilution factor, 100
Result: Between 0.7 and 1.3
Analysis
Sample: Sample solution
Calculate the percentage of insulin human, A-21 desamido insulin human, and other impurities
in the portion of Insulin Human taken:
Calculate the percentage of insulin human (%I):
Result = (rI /rT) × 100
r=
I peak response of insulin human
r=
T sum of the responses of all the peaks
Calculate the percentage of A-21 desamido insulin human (%D):
Result = (rD/rT) × 100
r=
D peak response of A-21 desamido insulin human
r=
T sum of the responses of all the peaks
Calculate the percentage of other insulin human related substances:
Result = 100

(%I + %D)

Acceptance criteria
Individual impurities: NMT 2.0% of A-21 desamido insulin human
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Total impurities: NMT 2.0%, excluding A-21 desamido insulin human
Delete the following:
• Limit of High Molecular Weight Proteins
Solution A: 1 mg/mL of l-arginine in water
Mobile phase: Solution A, acetonitrile, and glacial acetic acid (65:20:15)
Resolution solution: 4 mg/mL of Insulin containing NLT 0.4% high molecular weight proteins
in 0.01 N hydrochloric acid. Store in a refrigerator, and use within 7 days.
[Note—Insulin containing NLT 0.4% high molecular weight proteins may be prepared by
allowing Insulin to stand at room temperature for about 5 days. ]
Sample solution: 4 mg/mL of Insulin Human in 0.01 N hydrochloric acid. Store in a
refrigerator, and use within 7 days.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 7.8-mm × 30-cm; packing L20
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Resolution solution
Suitability requirements
Retention times: 13–17 min for the polymeric insulin complexes, about 17.5 min for the
covalent insulin dimer, and 18–22 min for the insulin monomer, with salts eluting after
the insulin monomer
Peak-to-valley ratio: The ratio of the height of the covalent insulin dimer peak to the
height of the valley between the covalent insulin dimer peak and the insulin monomer
peak is NLT 2.0.
Analysis
Sample: Sample solution
Disregard any peaks having retention times greater than that of the insulin monomer.
Calculate the percentage of high molecular weight proteins in the portion of Insulin Human
taken:
Result = 100 × SrH/(SrH + rM)
Sr=
H sum of the responses of all peaks having retention times less than that of the insulin
monomer
rM= peak response of the insulin monomer
Acceptance criteria: NMT 1.0%

2S (USP38)

Add the following:
• Physicochemical Analytical Procedures for Insulins, Limit of High Molecular Weight
Proteins 121.1
Proceed as directed in Limit of High Molecular Weight Proteins. It meets the requirements.

PF 40(5): Sep.-Oct. 2014

1520

Acceptance criteria: NMT 1.0%

2S (USP38)

PROCESS RELATED IMPURITIES
Change to read:
• Single-Chain Precursor Content:
The single-chain precursor content of Insulin Human produced by recombinant DNA technology
or 2S (USP38)
the proinsulin content of Insulin Human derived from pork
porcine 2S (USP38)
is NMT 10 ng/mg, determined by a validated method.
Change to read:
• Host Cell Protein: The host cell derived proteins content of Insulin Human derived from a
recombinant DNA process, determined by an appropriate and validated method, is not more
than 10 ppm.
The residual host cell protein content is NMT 10 ng/mg of Insulin Human, determined by a
validated method. 2S (USP38)

SPECIFIC TESTS
• Insulin Assays, Bioidentity Test

121 : Meets the requirements

• Loss on Drying 731
Sample: 200 mg
Analysis: Dry the Sample at 105 for 16 h.
Acceptance criteria: NMT 10.0%
• Bacterial Endotoxins Test

85 : NMT 10 USP Endotoxin Units/mg of Insulin Human

• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total bacterial count does not exceed 300 cfu/g, the test being performed on a portion of
0.2 g, accurately weighed.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store in a freezer and protect from
light.
Change to read:
• Labeling: Label it to indicate that it has been by microbial synthesis
produced by methods based on recombinant DNA technology 2S (USP38)
or that it is derived by enzymatic modification of insulin from pork
porcine 2S (USP38)
pancreas.
• USP Reference Standards
USP Endotoxin RS

11
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USP Insulin Human RS
BRIEFING
Insulin Human Injection, USP 37 page 3342. On the basis of comments received, it is
proposed to revise the monograph as follows:
1.
Replace the test for Limit of High Molecular Weight Proteins with the test for
Physicochemical Analytical Procedures for Insulins, Limit of High Molecular Weight
Proteins 121.1 , but retain the specific instructions for the Sample solution and
Acceptance criteria.
2.
Revise the Labeling section for added clarity.
3.
In the USP Reference Standards section, remove USP Insulin (Pork) RS because there
are no official uses for the reference material.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: M. Crivellone.)
Correspondence Number—C146619

Comment deadline: November 30, 2014
Insulin Human Injection
DEFINITION
Insulin Human Injection is an isotonic, sterile solution of Insulin Human in Water for Injection. It
has a potency of NLT 95.0% and NMT 105.0% of the potency stated on the label, expressed in
USP Insulin Human Units/mL.
IDENTIFICATION
• A. The retention time of the major peak of Sample solution A or Sample solution B
corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into the solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Mobile phase: Acetonitrile and Solution A (26:74)
[Note—The acetonitrile is warmed to NLT 20 to avoid precipitation.]
System suitability solution: 1.5 mg/mL of Insulin Human in 0.01 N hydrochloric acid. Allow
to stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A21 desamido insulin human.
Standard solution: 1.5 mg/mL of USP Insulin Human RS in 0.01 N hydrochloric acid
Sample solution A (for Injection labeled as containing 40 USP Insulin Human Units/mL):
Add 2.5 µL of 9.6 N hydrochloric acid for each mL of an accurately measured volume of
Injection. Allow the suspension, if present, to clarify, and mix.
Sample solution B (for Injection labeled as containing 100 USP Insulin Human Units/mL):
Add 2.5 µL of 9.6 N hydrochloric acid for each mL of an accurately measured volume of
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Injection. Allow the suspension, if present, to clarify, and mix. [Note—Pooling several
package units may be necessary to obtain sufficient volume of the sample.]Pipet 2 mL of
this solution into a 5-mL volumetric flask, dilute with 0.01 N hydrochloric acid to volume,
and mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between insulin human and A-21 desamido insulin human, System
suitability solution
Tailing factor: NMT 1.8 for the insulin human peak, System suitability solution
Relative standard deviation: NMT 1.6%, Standard solution
Analysis
Samples: Standard solution and either Sample solution A or Sample solution B
Measure the peak responses for insulin human and A-21 desamido insulin human. Calculate
the potency, in USP Insulin Human Units/mL, of the Injection taken:
Result = (SrU/SrS) × CS × D
Sr=
U sum of the peak responses of insulin human and A-21 desamido insulin human from the
Sample solution
Sr=
S sum of the peak responses of insulin human and A-21 desamido insulin human from the
Standard solution
CS= concentration of USP Insulin Human RS in the Standard solution (USP Insulin Human
Units/mL)
D = dilution factor used to prepare the Sample solution
Acceptance criteria: 95.0%–105.0% of the potency stated on the label, expressed in USP
Insulin Human Units/mL
OTHER COMPONENTS
• Zinc Determination 591 : 10–40 µg for every 100 USP Insulin Human Units
PRODUCT RELATED SUBSTANCES IMPURITIES
Delete the following:
• Limit of High Molecular Weight Proteins
Solution A: 1 mg/mL of l-arginine in water
Mobile phase: Solution A, acetonitrile, and glacial acetic acid (65:20:15)
Resolution solution: 4 mg/mL of Insulin containing NLT 0.4% high molecular weight proteins
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in 0.01 N hydrochloric acid. Store in a refrigerator, and use within 7 days.
[Note—Insulin containing NLT 0.4% high molecular weight proteins may be prepared by
allowing Insulin to stand at room temperature for about 5 days. ]
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid per mL of an accurately
measured volume of Injection, and mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 7.8-mm × 30-cm; packing L20
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Resolution solution
Suitability requirements
Retention times: 13–17 min for the polymeric insulin complexes, about 17.5 min for the
covalent insulin dimer, and 18–22 min for the insulin monomer, with salts eluting after
the insulin monomer
Peak-to-valley ratio: The ratio of the height of the covalent insulin dimer peak to the
height of the valley between the covalent insulin dimer peak and the insulin monomer
peak is NLT 2.0.
Analysis
Sample: Sample solution
Discard any peaks having retention times greater than that of the insulin monomer.
Calculate the percentage of high molecular weight proteins in the portion of Insulin Human
taken:
Result = 100 × SrH/(SrH + rM)
Sr=
H sum of the responses of all peaks having retention times less than that of the insulin
monomer
rM= peak response of the insulin monomer
Acceptance criteria: NMT 1.7%

2S (USP38)

Add the following:
• Physicochemical Analytical Procedures for Insulins, Limit of High Molecular Weight
Proteins 121.1
Proceed as directed in Limit of High Molecular Weight Proteins, except prepare the
following Sample solution. It meets the requirements.
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid to each mL of an
accurately measured volume of Injection, and mix.
Acceptance criteria: NMT 1.7% 2S (USP38)
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SPECIFIC TESTS
• pH

791 : 7.0–7.8

• Particulate Matter in Injections
injections
• Bacterial Endotoxins Test

788 : Meets the requirements for small-volume

85 : NMT 80 USP Endotoxin Units/100 USP Insulin Human Units

• Sterility Tests 71 : Meets the requirements when tested as directed in Test for Sterility
of the Product to Be Examined, Membrane Filtration
• Injections

1 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve and dispense in the unopened, multiple-dose container
provided by the manufacturer. Store in a refrigerator, protect from sunlight, and avoid
freezing.
Change to read:
• Labeling: The labeling states that it has been prepared either with Insulin Human derived by
enzyme modification of pork pancreas Insulin or with Insulin Human obtained from microbial
synthesis, whichever is applicable.
Label it to indicate that it has been prepared with Insulin Human produced by methods based
on recombinant DNA technology or that it is derived by enzymatic modification of insulin
from porcine pancreas. 2S (USP38)
Label it to state that it is to be stored in a refrigerator and that freezing is to be avoided. The
label states the potency in USP Insulin Human Units/mL.
Change to read:
• USP Reference Standards
USP Endotoxin RS
USP Insulin Human RS
USP Insulin (Pork) RS

11

2S (USP38)

BRIEFING
Human Insulin Isophane Suspension and Human Insulin Injection, USP 37 page 3343. On
the basis of comments received, it is proposed to revise the monograph as follows:
1.
Replace the test for Limit of High Molecular Weight Proteins with the test for
Physicochemical Analytical Procedures for Insulins, Limit of High Molecular Weight
Proteins 121.1 , but retain the specific instructions for the Sample solution and
Acceptance criteria.
2.
Revise the Soluble insulin sample solution in the test for Soluble Insulin Human Content,
Method 2, to correct “6 USP Insulin Human Units of soluble insulin/mL” to “6 USP
Insulin Human Units/mL of soluble insulin”.
3.
Revise the sample preparation procedure in Sterility Tests to be consistent with the
current Isophane Insulin Suspension monograph. Because the use of ascorbic acid
solution (1 in 100) as the dissolving agent causes a decrease in pH of the resulting
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solution, which can reduce the viability of some microorganisms, the ascorbic acid
solution is replaced with an alternative, suitable solvent that does not affect the
viability of microorganisms.
4.
Revise the Labeling section for added clarity.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: E. Chang.)
Correspondence Number—C147520

Comment deadline: November 30, 2014
Human Insulin Isophane Suspension and Human Insulin Injection
DEFINITION
Human Insulin Isophane Suspension and Human Insulin Injection is a sterile buffered suspension
of Insulin Human, complexed with Protamine Sulfate, in a solution of Insulin Human. Its potency,
based on the sum of its insulin and desamido insulin components as determined in the Assay, is
NLT 95.0% and NMT 105.0% of the potency stated on the label, expressed in USP Insulin
Human Units/mL.
IDENTIFICATION
• A. The retention time of the major peak of Sample solution A or Sample solution B
corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into this solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Mobile phase: Acetonitrile and Solution A (26:74). [Note—The acetonitrile is warmed to
NLT 20 to avoid precipitation.]
System suitability solution: 1.5 mg/mL of Insulin Human in 0.01 N hydrochloric acid. Allow
to stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A21 desamido insulin human.
Standard solution: 1.5 mg/mL of USP Insulin Human RS in 0.01 N hydrochloric acid
Sample solution A (for Injection labeled as containing 40 USP Insulin Human Units/mL):
Add 2.5 µL of 9.6 N hydrochloric acid to each mL of an accurately measured volume of
Injection. Allow the suspension to clarify, and mix.
Sample solution B (for Injection labeled as containing 100 USP Insulin Human Units/mL):
Add 2.5 µL of 9.6 N hydrochloric acid to each mL of an accurately measured volume of
Injection. Allow the suspension to clarify, and mix. [Note—Pooling of several package units
may be necessary to obtain sufficient volume of the sample.]Pipet 2 mL of this solution
into a 5-mL volumetric flask, dilute with 0.01 N hydrochloric acid to volume, and mix.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between insulin human and A-21 desamido insulin human, System
suitability solution
Tailing factor: NMT 1.8 for the insulin human peak, System suitability solution
Relative standard deviation: NMT 1.6%, Standard solution
Analysis
Samples: Standard solution and either Sample solution A or Sample solution B
Calculate the potency, in USP Insulin Human Units/mL, of the Injection taken:
Result = (SrU/SrS) × CS × D
Sr=
U sum of the peak responses of insulin human and A-21 desamido insulin human from the
Sample solution
Sr=
S sum of the peak responses of insulin human and A-21 desamido insulin human from the
Standard solution
CS= concentration of USP Insulin Human RS in the Standard solution (USP Insulin Human
Units/mL)
D = dilution factor used to prepare the Sample solution
Acceptance criteria: 95.0%–105.0% of the potency stated on the label, expressed in USP
Insulin Human Units/mL
OTHER COMPONENTS
• Zinc Determination 591 : 0.02–0.04 mg for every 100 USP Insulin Human Units
PRODUCT RELATED SUBSTANCES IMPURITIES
Delete the following:
• Limit of High Molecular Weight Proteins
Solution A: 1 mg/mL of l-arginine in water
Mobile phase: Acetonitrile, Solution A, and glacial acetic acid (20:65:15)
Resolution solution: Dissolve 4 mg of insulin containing more than 0.4% of high molecular
weight proteins in 1 mL of 0.01 N hydrochloric acid. [Note—Store this solution in a
refrigerator, and use within 7 days. Insulin containing the indicated percentage of high
molecular weight proteins may be prepared by allowing insulin to stand at room
temperature for 5 days. ]
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid per mL of an accurately
measured volume of Injection, and mix.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 276 nm
Column: 7.8-mm × 30-cm; packing L20
Flow rate: 0.5 mL/min
Injection size: 100 µL
System suitability
Sample: System suitability solution
Suitability requirements
Retention times: 13–17 min for the polymeric insulin complexes, 17.5 min for the covalent
insulin dimer, and 18–22 min for the insulin monomer, with salts eluting after the insulin
monomer; and the ratio of the height of the covalent insulin dimer peak to the height of
the valley between the covalent insulin dimer peak and the insulin monomer peak is NLT
2.0.
Analysis
Sample: Sample solution
Record the chromatogram, and measure the areas of the peak responses, disregarding any
peaks having retention times greater than that of the insulin monomer. Calculate the
percentage of high molecular weight proteins in the portion of Insulin taken:
Result = [SrH/(SrH + rM)] × 100
Sr=
H sum of the responses for all peaks having retention times less than that of the insulin
monomer
rM= peak response of the insulin monomer
Acceptance criteria: NMT 3.0%

2S (USP38)

Add the following:
• Physicochemical Analytical Procedures for Insulins, Limit of High Molecular Weight
Proteins

121.1

Proceed as directed in 121.1 , except for the Sample solution. It meets the
requirements of Limit of High Molecular Weight Proteins.
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid/mL of an accurately
measured volume of Injection, and mix.
Acceptance criteria: NMT 3.0% 2S (USP38)

SPECIFIC TESTS
Change to read:
• Soluble Insulin Human Content
[Note—Use one of the two methods listed below.]
Method 1
Mobile phase, System suitability solution, Standard solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay.
Soluble insulin sample solution: Maintain the temperature at 25 ± 1 throughout the
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Analysis. Transfer 5.0 mL of Injection to a centrifuge tube. Add 20 µL of 1 N sodium
hydroxide, and adjust with 0.05 N hydrochloric acid or 0.05 N sodium hydroxide to a pH
of 8.20 ± 0.02 if the total zinc concentration is approximately 20 µg/mL, or adjust to a
pH of 8.35 ± 0.02 if the total zinc concentration is approximately 30 µg/mL. Record the
volume (VA), in µL, of acid or base needed to adjust the pH. Allow to stand for 1 h.
Centrifuge, transfer the supernatant to another centrifuge tube, and repeat the
centrifugation. Transfer 2 mL of the supernatant to another tube, add 5 µL of 9.6 N
hydrochloric acid, and mix.
Total insulin sample solution: Transfer 2 mL of Injection to a suitable vessel, add 5 µL
of 9.6 N hydrochloric acid, and allow the suspension to clarify. Dilute the resulting
solution with 0.01 N hydrochloric acid to the same theoretical concentration of insulin as
the Soluble insulin sample solution. [Note—For example, if Injection is labeled to contain
20% soluble insulin, the dilution factor is 100/20 = 5.]
Analysis
Samples: Soluble insulin sample solution and Total insulin sample solution
Calculate the quantity of soluble insulin human as a percentage of the total insulin
content of the Injection:
Result = (SrS/SrT) × [(VT + VA)/Vi] × (100/D)
Sr=
S sum of the peak responses of insulin human and A-21 desamido insulin human from
the Soluble insulin sample solution
Sr=
T sum of the peak responses of insulin human and A-21 desamido insulin human from
the Total insulin sample solution
VT= sum of initial volume (5000 µL) of Injection to be transferred to a centrifuge tube and
20 µL of 1 N sodium hydroxide to be added to Injection for the Soluble insulin sample
solution, 5020 µL
VA= volume added to adjust the pH of the Soluble insulin sample solution (µL)
Vi= initial volume of Injection to be transferred to a centrifuge tube for the Soluble insulin
sample solution, 5000 µL
D = dilution factor used to prepare the Total insulin sample solution
Acceptance criteria: The percentage of soluble insulin human is in the range L ± 5,
where L is the percentage of soluble insulin human stated on the product label.
Method 2
Mobile phase and Chromatographic system: Proceed as directed in the Assay, except
use 50 µL for Injection volume.
0.1 M Tris buffer: Dissolve 3.54 ± 0.01 g of tris(hydroxymethyl)aminomethane
hydrochloride and 3.34 ± 0.01 g of tris(hydroxymethyl)aminomethane in 500 mL of
water. The pH of this solution must be between 8.15 and 8.35. If the pH is outside of
this range, discard the solution and prepare fresh; do not adjust the pH.
System suitability solution: Dissolve about 0.14 mg of Insulin Human in 1.0 mL of 0.01
N hydrochloric acid. Allow to stand at room temperature for NLT 3 days to obtain a
solution containing NLT 5% of A-21 desamido insulin human.
Soluble insulin sample solution: Dilute a suitable volume of Injection with 0.1 M Tris
buffer to obtain a solution containing about 6 USP Insulin Human Unitsof soluble
insulin/mL
/mL of soluble insulin 2S (USP38)
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(e.g., 2 mL of 70/30 Injection containing 100 USP Insulin Human Units/mL would be diluted with
8 mL of 0.1 M Tris buffer to obtain a filtrate that contains 6 USP Insulin Human Unitsof soluble
insulin/mL
/mL of soluble insulin 2S (USP38)
). Immerse the container in a water bath at 25 ± 1 for 30 ± 2 min. Immediately pass this
solution through a 0.2-µm filter using a disposable syringe. Transfer 2 parts of the filtrate to a
suitable vessel, and add 1 part 0.2 N hydrochloric acid. [Note—For example, the dilution factor
for the Soluble insulin sample solution that contains 30% soluble insulin is (5 × 3)/2 = 7.5.]
Total insulin sample solution: For each mL of Injection add 3.0 µL of 9.6 N hydrochloric acid,
mix, and allow the suspension to clarify. Dilute the resulting solution with 0.01 N hydrochloric
acid to 4 USP Insulin Human Units/mL (e.g., if the product is labeled to contain a total of 100
USP Insulin Human Units/mL, the dilution factor is 25).
System suitability
Make adjustments as necessary to obtain a retention time for insulin human between 10 and
17 min.
Samples: System suitability solution, five replicate injections
[
Note—The retention time for human insulin is between 10 and 17 min.] 2S (USP38)
Suitability requirements
Resolution: NLT 2.0 between insulin human and A-21 desamido insulin human
Tailing factor: Between 0.8 and 1.5 for the insulin human peak
Relative standard deviation: NMT 1.6%
Analysis
Samples: Soluble insulin sample solution and Total insulin sample solution
Calculate the quantity of soluble insulin human as a percentage of the total human insulin
content of the Injection:
Result = (SrS/SrT) × (DS/DT) × 100
Sr=
S sum of the peak responses of insulin human and A-21 desamido insulin human from the
Soluble insulin sample solution
Sr=
T sum of the peak responses of insulin human and A-21 desamido insulin human from the
Total insulin sample solution
DS= dilution factor used to prepare the Soluble insulin sample solution
DT= dilution factor used to prepare the Total insulin sample solution
Acceptance criteria: The percentage of soluble insulin human is in the range L ± 5, where L is
the percentage of soluble insulin human stated on the product label.
• pH

791 : 7.0–7.8

• Bacterial Endotoxins Test

85 : NMT 80 USP Endotoxin Units/100 USP Insulin Human Units

Change to read:
• Sterility Tests 71 : Meets the requirements when tested as directed in Test for Sterility
of the Product to Be Examined, Membrane Filtration and the Injection being filtered
immediately after it has been reduced to a clear solution by the addition of a freshly
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prepared solution (1 in 100) of ascorbic acid in Fluid A.
and Injection being filtered immediately after it has been put into a solution using a validated
suitable solvent. 2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in the unopened, multiple-dose container provided by the
manufacturer. Store in a refrigerator, protect from sunlight, and avoid freezing.
Change to read:
• Labeling: The Injection container label states that the Injection is to be properly
resuspended before use. Label it to indicate that it has been prepared with Insulin Human
of semisynthetic origin (i.e., derived by enzyme modification of pork pancreas insulin) or
with insulin human of recombinant DNA origin (i.e., obtained from microbial synthesis),
whichever is applicable
produced by methods based on recombinant DNA technology or that it is derived by enzymatic
modification of insulin from porcine pancreas. 2S (USP38)
Label it to state that it is to be stored in a refrigerator and that freezing is to be avoided. The
label states the potency in USP Insulin Human Units/mL and the percent ratio of Human Insulin
Isophane Suspension to soluble Human Insulin Injection.
• USP Reference Standards
USP Endotoxin RS
USP Insulin Human RS

11

BRIEFING
Isophane Insulin Human Suspension, USP 37 page 3345. On the basis of comments
received, it is proposed to revise the monograph as follows:
1.
In the Assay, delete the note regarding storage times.
2.
Replace the test for Limit of High Molecular Weight Proteins with the test for
Physicochemical Analytical Procedures for Insulins, Limit of High Molecular Weight
Proteins 121.1 , but retain the specific instructions for the Sample solution and
Acceptance criteria.
3.
In the test for Physicochemical Analytical Procedures for Insulins, Limit of High
Molecular Weight Proteins, correct the Acceptance criteria of “NMT 3.0% for insulin
monomer” to “NMT 3.0%”.
4.
Revise the Labeling section for added clarity.
5.
In the USP Reference Standards section, remove USP Insulin (Pork) RS because there
are no official uses for the reference material.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: E. Chang.)
Correspondence Number—C147520

Comment deadline: November 30, 2014
Isophane Insulin Human Suspension

PF 40(5): Sep.-Oct. 2014

1531

DEFINITION
Isophane Insulin Human Suspension is a sterile suspension of zinc–insulin human crystals and
Protamine Sulfate in buffered Water for Injection, combined in a manner such that the solid
phase of the suspension consists of crystals composed of insulin human, protamine, and zinc.
Protamine Sulfate is prepared from the sperm or from the mature testes of fish belonging to the
genus Oncorhynchus Suckley, or Salmo Linné (Fam. Salmonidae). Its potency, based on the
sum of its insulin and desamido insulin components as determined in the Assay, is NLT 95.0%
and NMT 105.0% of the potency stated on the label, expressed in USP Insulin Human Units/mL.
IDENTIFICATION
• A. The retention time of the major peak of Sample solution A or Sample solution B
corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into this solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Mobile phase: Acetonitrile and Solution A (26:74). [Note—The acetonitrile is warmed to
NLT 20 to avoid precipitation.]
System suitability solution: 1.5 mg/mL of Insulin Human in 0.01 N hydrochloric acid. Allow
to stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A21 desamido insulin human.
Standard solution: 1.5 mg/mL of USP Insulin Human RS in 0.01 N hydrochloric acid
Sample solution A (for Suspension labeled as containing 40 USP Insulin Human Units/mL):
Add 2.5 µL of 9.6 N hydrochloric acid to each mL of an accurately measured volume of
Suspension. Allow the suspension to clarify, and mix.
Sample solution B (for Suspension labeled as containing 100 USP Insulin Human Units/mL):
Add 2.5 µL of 9.6 N hydrochloric acid to each mL of an accurately measured volume of
Suspension. Allow the suspension to clarify, and mix. [Note—Pooling of several package
units may be necessary to obtain sufficient volume of the sample.] Pipet 2 mL of this
solution into a 5-mL volumetric flask, dilute with 0.01 N hydrochloric acid to volume, and
mix.
[Note—The Standard solution and Sample solutions may be stored at room temperature for
up to 12 h or in a refrigerator for up to 48 h.]
2S (USP38)

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40
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Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between insulin human and A-21 desamido insulin human, System
suitability solution
Tailing factor: NMT 1.8 for the insulin human peak, System suitability solution
Relative standard deviation: NMT 1.6%, Standard solution
Analysis
Samples: Standard solution and either Sample solution A or Sample solution B
Calculate the potency, in USP Insulin Human Units/mL, of Suspension taken:
Result = (SrU/SrS) × CS × D
Sr=
U sum of the peak responses of insulin human and A-21 desamido insulin human from the
Sample solution
Sr=
S sum of the peak responses of insulin human and A-21 desamido insulin human from the
Standard solution
CS= concentration of USP Insulin Human RS in the Standard solution (USP Insulin Human
Units/mL)
D = dilution factor used to prepare the Sample solution
Acceptance criteria: 95.0%–105.0% of the potency stated on the label, expressed in USP
Insulin Human Units/mL
OTHER COMPONENTS
• Zinc Determination 591 : 0.021–0.04 mg for every 100 USP Insulin Human Units
PRODUCT RELATED SUBSTANCES IMPURITIES
Delete the following:
• Limit of High Molecular Weight Proteins
Solution A: 1 mg/mL of l-arginine in water
Mobile phase: Acetonitrile, Solution A, and glacial acetic acid (20:65:15)
Resolution solution: Dissolve 4 mg of insulin containing more than 0.4% high molecular
weight proteins in 1 mL of 0.01 N hydrochloric acid. Store this solution in a refrigerator,
and use within 7 days. [Note—Insulin containing the indicated percentage of high
molecular weight proteins may be prepared by allowing insulin to stand at room
temperature for about 5 days. ]
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid per mL of an accurately
measured volume of Suspension, and mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 7.8-mm × 30-cm; packing L20
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Flow rate: About 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Resolution solution
[Note—The relative retention times for the polymeric insulin complexes, for the covalent
insulin dimer, and for the insulin monomer, with salts eluting after the insulin monomer,
are 13–17, about 17.5, and 18–22 min, respectively. ]
Suitability requirements
Resolution: NLT 2.0 for the ratio of the height of the covalent insulin dimer peak to the
height of the valley between the covalent insulin dimer peak and the insulin monomer
peak
Analysis
Sample: Sample solution
Inject the Sample solution, and measure the peak area responses, disregarding any peaks
having retention times greater than the insulin monomer.
Calculate the percentage of high molecular weight proteins in the portion of Suspension
taken:
Result = 100SrH/(SrH + rM)
Sr=
H sum of the peak responses for all peaks having retention times less than that of the
insulin monomer
rM= peak response of the insulin monomer
Acceptance criteria: NMT 3.0% for insulin monomer

2S (USP38)

Add the following:
• Physicochemical Analytical Procedures for Insulins, Limit of High Molecular Weight
Proteins

121.1

Proceed as directed in 121.1 , except for the Sample solution. It meets the
requirements of Limit of High Molecular Weight Proteins.
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid/mL of an accurately
measured volume of Suspension, and mix.
Acceptance criteria: NMT 3.0% 2S (USP38)

SPECIFIC TESTS
• Insulin in the Supernatant
Sample solution: Centrifuge 10 mL of Suspension at 1500 × g for 10 min. Use the
supernatant.
Analysis: Determine the insulin content of the Sample solution by a suitable method.
Acceptance criteria: NMT 1.0 USP Insulin Human Unit/mL
• pH

791 : 7.0–7.5

• Bacterial Endotoxins Test

85 : NMT 80 USP Endotoxin Units/100 USP Insulin Human Units
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• Sterility Tests 71 : Meets the requirements when tested as directed in Test for Sterility
of the Product to Be Examined, Membrane Filtration, and the Suspension being filtered
immediately after it has been put into solution using a validated suitable solvent.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in the unopened, multiple-dose container provided by the
manufacturer. Do not repackage. Store in a refrigerator, protect from sunlight, and avoid
freezing.
Change to read:
• Labeling: The Suspension container label states that the Suspension is to be shaken
carefully before use. The labeling states also that it has been prepared with insulin human
of semisynthetic origin (i.e., derived by enzyme modification of porcine pancreas insulin) or
with insulin human of recombinant DNA origin (i.e., obtained from microbial synthesis),
whichever is applicable.
The labeling states that it has been prepared with Insulin Human produced by methods based
on recombinant DNA technology or that it is derived by enzymatic modification of insulin
from porcine pancreas. 2S (USP38)
Label it to state that it is to be stored in a refrigerator and that freezing is to be avoided. The
label states the potency in USP Insulin Human Units/mL.
Change to read:
• USP Reference Standards
USP Endotoxin RS
USP Insulin (Pork) RS

11

2S (USP38)

USP Insulin Human RS
BRIEFING
Insulin Lispro, USP 37 page 3347. On the basis of comments received, it is proposed to revise
the monograph as follows:
1.
Revise the Definition section for clarity, and add a statement on host cell DNA.
2.
Move portions of the Definition section to Process Related Impurities, with minor
revisions to Single-Chain Precursor Content and Host Cell Protein.
3.
Replace Peptide Mapping and the Limit of High Molecular Weight Proteins with the test
for Physicochemical Analytical Procedures for Insulins

121.1 , but retain the

instructions and specifications that differ from 121.1 :
a.
In Peptide Mapping, retain the specific instructions for Flow rate in the
Chromatographic system and System suitability, and clarify the Tailing
factor requirements.
b.
In the Limit of High Molecular Proteins, retain the Acceptance criteria.
4.
Revise the Labeling section for added clarity.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(BIO1: M. Crivellone.)
Correspondence Number—C147429

Comment deadline: November 30, 2014
Insulin Lispro

C257 H383 N65 O77 S6

5807.57

Insulin (human), 28B -l-lysine-29B -l-proline-;
28B -l-Lysine-29B -l-prolineinsulin (human)
[133107-64-9].
DEFINITION
Change to read:
Insulin Lispro is identical in structure to Insulin Human, except that it has lysine and proline at
positions 28 and 29, respectively, of the B-chain, whereas this sequence is reversed in Insulin
Human. Insulin Lispro is produced by microbial synthesis via a recombinant DNA process.
methods based on recombinant DNA technology. The presence of host cell DNA in Insulin
Lispro is process-specific. The capability of the process to clear host-derived DNA requires
validation and is determined by validated methods. 2S (USP38)
Its potency is NLT 27.0 USP Insulin Lispro Units/mg, calculated on the dried basis. The
proinsulin content of Insulin Lispro, determined by an appropriate and validated method, is NMT
10 ppm. The host cell-derived protein content, determined by an appropriate and validated
method, is NMT 10 ppm.
2S (USP38)

[Note—One USP Insulin Lispro Unit is equivalent to 0.0347 mg of pure Insulin Lispro.]
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Delete the following:
• B. Peptide Mapping
Sulfate buffer: 2.0 M ammonium sulfate and 0.5 M sulfuric acid (1:1)
Enzyme solution: 500 units/mL of Staphylococcus aureus V-8 protease activity in water
HEPES buffer: Dissolve 2.38 g of HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic
acid) in 90 mL of water in a 100-mL volumetric flask. Adjust with 5 M sodium hydroxide to
a pH of 7.5, and dilute with water to volume.
Solution A: Acetonitrile, water, and Sulfate buffer (100:700:200)
Solution B: Acetonitrile, water, and Sulfate buffer (400:400:200)
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Mobile phase: Solution A and Solution B
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
3
95
5
30
41
59
35
20
80
40
95
5
50
95
5
Standard digest solution: Dissolve 6 mg of USP Insulin Lispro RS in 3 mL of 0.01 N
hydrochloric acid. Transfer 500 µL of the resulting solution to a clean vial. Add 2.0 mL of
HEPES buffer and 400 µL of Enzyme solution, and incubate at 25 for 6 h. Quench the
digestion by adding 2.9 mL of Sulfate buffer.
Sample digest solution: Add 500 µL of 0.01 N hydrochloric acid to 1 mg of Insulin Lispro,
and mix to dissolve. Add 2.0 mL of HEPES buffer and 400 µL of Enzyme solution, and
incubate at 25 for 6 h. Quench the digestion by adding 2.9 mL of Sulfate buffer.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Flow rate: 0.8 mL/min
System suitability
Sample: Standard solution
Suitability requirements
Chromatogram comparability: In the chromatogram obtained from the Standard
solution, identify the peaks due to digest fragments I, II, III, and IV. The
chromatogram of the Standard solution corresponds to that of the typical
chromatogram provided with USP Insulin Lispro RS.
Resolution: NLT 3.4 between digest fragments II and III
Tailing factor: NMT 1.5
Analysis
Samples: Blank, Standard digest solution, and Sample digest solution
Acceptance criteria: The chromatographic profile of the Sample digest solution
corresponds to that of the Standard digest solution. 2S (USP38)

Add the following:
• B. Physicochemical Analytical Procedures for Insulins, Peptide Mapping 121.1
Proceed as directed in Peptide Mapping, except use the following Flow rate in the
Chromatographic system and System suitability. It meets the requirements.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Flow rate: 0.8 mL/min
System suitability
Sample: Standard solution
Suitability requirements
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Chromatogram comparability: Identify the peaks due to digest fragments I, II, III,
and IV in the Standard solution. The chromatogram of the Standard solution
corresponds to that of the typical chromatogram provided with USP Insulin Lispro RS.
Resolution: NLT 3.4 between digest fragments II and III
Tailing factor: NMT 1.5 for digest fragments II and III
2S (USP38)

ASSAY
• Procedure
Solution A: 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Adjust with
phosphoric acid to a pH of 2.3.
Mobile phase: Acetonitrile and Solution A (51:149)
System suitability solution: 1 mg/mL of Insulin Lispro in 0.01 N hydrochloric acid. Allow to
stand at room temperature to obtain a solution containing 0.8%–11% of A-21 desamido
insulin lispro.
Standard solution: About 0.7 mg/mL of USP Insulin Lispro RS in 0.01 N hydrochloric acid
Sample solution: About 0.8 mg/mL of Insulin Lispro in 0.01 N hydrochloric acid
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 10-cm; packing L1
Column temperature: 40
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Adjust the Mobile phase to obtain a retention time of about 24 min for the main insulin
lispro peak.
Sample: System suitability solution (3 replicate injections)
Suitability requirements
Resolution: NLT 3.0 between insulin lispro and A-21 desamido insulin lispro
Tailing factor: NMT 1.5 for the insulin lispro peak
Relative standard deviation: NMT 1.1% for the insulin lispro peak
Analysis
Samples: Standard solution and Sample solution
Calculate the potency on the undried basis, in USP Insulin Lispro Units/mg, of insulin lispro
in the Sample solution:
Result = (rU/rS) × (CS/CU)
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Insulin Lispro RS in the Standard solution (USP Insulin Lispro
Units/mL)
C=
U concentration of the Sample solution (mg/mL)
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Acceptance criteria: NLT 27.0 USP Insulin Lispro Units/mg on the dried basis
OTHER COMPONENTS
• Zinc Determination 591
Sample: 20 mg
Acceptance criteria: 0.30%–0.60% on the dried basis
PRODUCT RELATED SUBSTANCES IMPURITIES
• Related Substances
Solvent: 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Adjust with phosphoric
acid to a pH of 2.3.
Solution A: Acetonitrile and Solvent (18:82)
Solution B: Acetonitrile and Solvent (50:50)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
81
19
60
81
19
83
51
49
84
81
19
94
81
19
System suitability solution: 3.5 mg/mL of Insulin Lispro in 0.01 N hydrochloric acid. Allow
to stand at room temperature to obtain a solution containing 0.8%–11% of A-21 desamido
insulin lispro.
Sample solution: 3.5 mg/mL of Insulin Lispro in 0.01 N hydrochloric acid
[Note—Store this solution for NMT 56 h in a refrigerator.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Adjust the Mobile phase composition and the duration of the isocratic elution to obtain a
retention time of about 41 min for the main insulin lispro peak, with A-21 desamido insulin
lispro eluting just prior to the start of the gradient elution phase.
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.5 between insulin lispro and A-21 desamido insulin lispro
Tailing factor: NMT 2.0 for the insulin lispro peak
Analysis
Sample: Sample solution
Calculate the percentage of insulin lispro, A-21 desamido insulin lispro, and other
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impurities in the portion of Insulin Lispro taken:
Calculate the percentage of insulin lispro (%I):
Result = (rI /rT) × 100
r=
I peak response of insulin lispro
r=
T sum of the responses of all the peaks
Calculate the percentage of A-21 desamido insulin lispro (%D):
Result = (rD/rT) × 100
r=
D peak response of A-21 desamido insulin lispro
r=
T sum of the responses of all the peaks
Calculate the percentage of other insulin lispro related substances:
Result = 100

(%I + %D)

Acceptance criteria
Individual impurities: NMT 1.00% of A-21 desamido insulin lispro
Other individual impurities: NMT 0.50% of any insulin lispro related substance
Total impurities: NMT 2.00%, excluding A-21 desamido insulin lispro
Delete the following:
• Limit of High Molecular Weight Proteins
Solution A: 1 mg/mL of l-arginine in water
Mobile phase: Solution A, acetonitrile, and glacial acetic acid (65:20:15)
Resolution solution: 4 mg/mL of insulin containing NLT 0.4% high molecular weight proteins
in 0.01 N hydrochloric acid. Store in a refrigerator and use within 7 days.
[Note—Insulin containing NLT 0.4% high molecular weight proteins may be prepared by
allowing insulin to stand at room temperature for about 5 days. ]
Sample solution: 4 mg/mL of Insulin Lispro in 0.01 N hydrochloric acid. Store in a
refrigerator and use within 7 days.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 7.8-mm × 30-cm; packing L20
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Resolution solution
Suitability requirements
Retention times: 13–17 min for the polymeric insulin complexes, about 17.5 min for the
covalent insulin dimer, and 18–22 min for the insulin monomer, with salts eluting after
the insulin monomer
Peak-to-valley ratio: The ratio of the height of the covalent insulin dimer peak to the
height of the valley between the covalent insulin dimer peak and the insulin monomer
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peak is NLT 2.0
Analysis
Sample: Sample solution
Disregard any peaks having retention times greater than that of the insulin monomer.
Calculate the percentage of high molecular weight proteins in the portion of Insulin Lispro
taken:
Result = 100 × SrH/(SrH + rM)
Sr=
H sum of the responses for all peaks having retention times less than that of the insulin
monomer
rM= peak response of the insulin monomer
Acceptance criteria: NMT 0.25%

2S (USP38)

Add the following:
• Physicochemical Analytical Procedures for Insulins, Limit of High Molecular Weight
Proteins 121.1
Proceed as directed in Limit of High Molecular Weight Proteins. It meets the requirements.
Acceptance criteria: NMT 0.25% 2S (USP38)

PROCESS RELATED IMPURITIES
Change to read:
• Single-Chain Precursor Content: The proinsulin
single-chain precursor 2S (USP38)
content of Insulin Lispro is NMT 10 ng/mg, determined by an appropriate and
2S (USP38)

a validated method.
Change to read:
• Host Cell Protein: The host cell-derived
residual host cell 2S (USP38)
protein content is NMT 10 ng/mg
of Insulin Lispro, 2S (USP38)
determined by an appropriate and
2S (USP38)

a validated method.
SPECIFIC TESTS
• Insulin Assays, Bioidentity Test 121 : Proceed as directed, except obtain the first blood
specimen at 45 min, instead of 1 h, after the time of injection. Meets the requirements.
• Loss on Drying 731
Sample: 300 mg
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Analysis: Dry the Sample at 105 for 16 h.
Acceptance criteria: NMT 10.0%
• Bacterial Endotoxins Test 85 : NMT 10 USP Endotoxin Units/mg of Insulin Lispro, using
the kinetic-chromogenic assay in Photometric Quantitative Techniques, Chromogenic
Technique
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 100 cfu/g, the test being performed on a
portion of about 0.3 g, accurately weighed.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store in a freezer and protect from
light.
Change to read:
• Labeling: Label it to indicate that it has been prepared by microbial synthesis
produced by methods based on recombinant DNA technology. 2S (USP38)

• USP Reference Standards
USP Endotoxin RS
USP Insulin Lispro RS

11

BRIEFING
Insulin Lispro Injection, USP 37 page 3348. On the basis of comments received, it is proposed
to revise the monograph as follows:
1.
Replace the test for Limit of High Molecular Weight Proteins with the test for
Physicochemical Analytical Procedures for Insulins, Limit of High Molecular Weight
Proteins 121.1 , but retain the specific instructions for the Sample solution and
Acceptance criteria.
2.
Revise the Labeling section for added clarity.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: M. Crivellone.)
Correspondence Number—C148383

Comment deadline: November 30, 2014
Insulin Lispro Injection
DEFINITION
Insulin Lispro Injection is an isotonic, sterile solution of Insulin Lispro in Water for Injection. It
has a potency of NLT 95.0% and NMT 105.0% of the potency stated on the label, expressed in
USP Insulin Lispro Units/mL.
IDENTIFICATION
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• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Adjust with
phosphoric acid to a pH of 2.3
Mobile phase: Acetonitrile and Solution A (51:149)
System suitability solution: 1 mg/mL of Insulin Lispro in 0.01 N hydrochloric acid. Allow to
stand at room temperature to obtain a solution containing 0.8%–11% of A-21 desamido
insulin lispro.
Standard solution: 0.7 mg/mL of USP Insulin Lispro RS in 0.01 N hydrochloric acid
Sample solution: Acidify each mL of Injection with 3 µL of 9.6 N hydrochloric acid.
Quantitatively dilute a portion of the acidified solution with 0.01 N hydrochloric acid to
obtain a solution containing 20 USP Insulin Lispro Units/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 10-cm, packing L1
Column temperature: 40
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Adjust the Mobile phase to obtain a retention time of about 24 min for the main insulin
lispro peak.
Sample: System suitability solution (3 replicate injections)
Suitability requirements
Resolution: NLT 3.0 between insulin lispro and A-21 desamido insulin lispro
Tailing factor: NMT 1.5 for the insulin lispro peak
Relative standard deviation: NMT 1.1% for the insulin lispro peak
Analysis
Samples: Standard solution and Sample solution
Calculate the potency, in USP Insulin Lispro Units/mL, of the Injection taken:
Result = (rU/rS) × CS × D
rU= peak response of insulin lispro from the Sample solution
rS= peak response of insulin lispro from the Standard solution
C=
S concentration of USP Insulin Lispro RS in the Standard solution (USP Insulin Lispro
Units/mL)
D= dilution factor used to prepare the Sample solution
Acceptance criteria: 95.0%–105.0% of the potency stated on the label, expressed in USP
Insulin Lispro Units/mL
OTHER COMPONENTS
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• Zinc Determination 591 : 14–35 µg for every 100 USP Insulin Lispro Units
PRODUCT RELATED SUBSTANCES IMPURITIES
• Related Substances
Solvent: 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Adjust with phosphoric
acid to a pH of 2.3.
Solution A: Acetonitrile and Solvent (18:82)
Solution B: Acetonitrile and Solvent (50:50)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
81
19
60
81
19
83
51
49
84
81
19
94
81
19
System suitability solution: 3.5 mg/mL of Insulin Lispro in 0.01 N hydrochloric acid. Allow
to stand at room temperature to obtain a solution containing 0.8%–11% of A-21 desamido
insulin lispro.
Sample solution: Acidify each mL of Injection with 3 µL of 9.6 N hydrochloric acid.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Adjust the Mobile phase composition and the duration of the isocratic elution to obtain a
retention time of about 41 min for the main insulin lispro peak, with A-21 desamido insulin
lispro eluting just prior to the start of the gradient elution phase.
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.5 between insulin lispro and A-21 desamido insulin lispro
Tailing factor: NMT 2.0 for the insulin lispro peak
Analysis
Sample: Sample solution
Calculate the percentage of insulin lispro, A-21 desamido insulin lispro, and other impurities
in the portion of Insulin Lispro taken:
Calculate the percentage of insulin lispro (%I):
Result = (rI /rT) × 100
r=
I peak response of insulin lispro
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r=
T sum of the responses of all the peaks
Calculate the percentage of A-21 desamido insulin lispro (%D):
Result = (rD/rT) × 100
r=
D peak response of A-21 desamido insulin lispro
r=
T sum of the responses of all the peaks
Calculate the percentage of other insulin lispro related substances:
Result = 100

(%I + %D)

Acceptance criteria
Individual impurities: NMT 1.50% of A-21 desamido insulin lispro
Total impurities: NMT 4.00%, excluding A-21 desamido insulin lispro
Delete the following:
• Limit of High Molecular Weight Proteins
Solution A: 1 mg/mL of l-arginine in water
Mobile phase: Solution A, acetonitrile, and glacial acetic acid (65:20:15)
Resolution solution: 4 mg/mL of insulin containing NLT 0.4% high molecular weight proteins
in 0.01 N hydrochloric acid. Store in a refrigerator and use within 7 days.
[Note—Insulin containing NLT 0.4% high molecular weight proteins may be prepared by
allowing Insulin to stand at room temperature for about 5 days. ]
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid per mL of an accurately
measured volume of Injection, and mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 7.8-mm × 30-cm; packing L20
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Resolution solution
Suitability requirements
Retention times: 13–17 min for the polymeric insulin complexes, about 17.5 min for the
covalent insulin dimer, and 18–22 min for the insulin monomer, with salts eluting after
the insulin monomer.
Peak-to-valley ratio: The ratio of the height of the covalent insulin dimer peak to the
height of the valley between the covalent insulin dimer peak and the insulin monomer
peak is NLT 2.0.
Analysis
Sample: Sample solution
Disregard any peaks having retention times greater than that of the insulin monomer.
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Calculate the percentage of high molecular weight proteins in the portion of Insulin Lispro
taken:
Result = 100 × SrH/(SrH + rM)
Sr=
H sum of the responses for all peaks having retention times less than that of the insulin
monomer
rM= peak response of the insulin monomer
Acceptance criteria: NMT 1.50%

2S (USP38)

Add the following:
• Physicochemical Analytical Procedures for Insulins, Limit of High Molecular Weight
Proteins 121.1
Proceed as directed in Limit of High Molecular Weight Proteins, except prepare the
following Sample solution. It meets the requirements.
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid to each mL of an
accurately measured volume of Injection, and mix.
Acceptance criteria: NMT 1.50% 2S (USP38)

SPECIFIC TESTS
• pH

791 : 7.0–7.8

• Particulate Matter in Injections
injections

788 : Meets the requirements for small-volume

• Bacterial Endotoxins Test 85 : NMT 80 USP Endotoxin Units/100 USP Insulin Lispro Units,
using the kinetic-chromogenic assay in Photometric Quantitative Techniques, Chromogenic
Technique
• Sterility Tests 71 : Meets the requirements when tested as directed in Test for Sterility
of the Product to Be Examined, Membrane Filtration
• Injections

1 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, multiple-dose containers. Dispense in the
unopened, multiple-dose container provided by the manufacturer. Store in a refrigerator,
protect from sunlight, and avoid freezing.
Change to read:
• Labeling: The labeling states
Label it to indicate 2S (USP38)
that it has been prepared with Insulin Lispro obtained from microbial synthesis
produced by methods based on recombinant DNA technology. 2S (USP38)
Label it to state that it is to be stored in a refrigerator and that freezing is to be avoided. The
label states the potency in USP Insulin Lispro Units/mL.
• USP Reference Standards

11
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USP Endotoxin RS
USP Insulin Lispro RS
BRIEFING
Insulin Human Zinc Suspension, USP 37 page 3350. The Biologics and Biotechnology
Monographs 1 Expert Committee recommends the omission of this monograph for a drug product
that is no longer manufactured and approved for therapeutic use in the United States.
(BIO1: M. Crivellone.)

Correspondence Number—C148805

Comment deadline: November 30, 2014
Delete the following:
Insulin Human Zinc Suspension

» Insulin Human Zinc Suspension is a sterile suspension of Insulin Human in
buffered W ater for Injection, modified by the addition of a suitable zinc salt
in a manner such that the solid phase of the Suspension consists of a
mixture of crystalline and amorphous insulin in a ratio of approximately 7
parts of crystals to 3 parts of amorphous material. Its potency, based on the
sum of its insulin and desamido insulin components, is not less than 95.0
percent and not more than 105.0 percent of the potency stated on the label,
expressed in USP Insulin Human Units in each mL.
Packaging and storage— Preserve in the unopened multiple-dose container provided by the
manufacturer. Do not repackage. Store in a refrigerator, protect from sunlight, and avoid
freezing.
Labeling—Label it to indicate that it has been prepared with Insulin Human of semisynthetic
origin (i.e., derived by enzyme modification of pork pancreas insulin) or with Insulin Human of
recombinant DNA origin (i.e., obtained from microbial synthesis), whichever is applicable. The
Suspension container label states that the Suspension is to be shaken carefully before use.
Label it to state that it is to be stored in a refrigerator and that freezing is to be avoided. The
label states the potency in USP Insulin Human Units per mL.
USP Reference standards
USP Endotoxin RS
USP Insulin Human RS
USP Insulin (Pork) RS
Bacterial endotoxins
Insulin Human Units.
pH

11 —

85 —It contains not more than 80 USP Endotoxin Units per 100 USP

791 : between 7.0 and 7.8, determined potentiometrically.

Limit of high molecular weight proteins—Proceed as directed in the test for Limit of high
molecular weight proteins under Insulin Injection: not more than 1.5% is found.
Other requirements—It meets the requirements in the tests for Identification, Sterility, and
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Insulin in the supernatant under Isophane Insulin Human Suspension and for Zinc content, Zinc
in the supernatant, and Insulin not extracted by buffered acetone solution under Insulin Zinc
Suspension.
Assay—Proceed as directed in the Assay under Insulin Human Injection.

2S (USP38)

BRIEFING
Extended Insulin Human Zinc Suspension, USP 37 page 3350. The Biologics and
Biotechnology Monographs 1 Expert Committee recommends the omission of this monograph for
a drug product that is no longer manufactured and approved for therapeutic use in the United
States.
(BIO1: M. Crivellone.)

Correspondence Number—C148806

Comment deadline: November 30, 2014
Delete the following:
Extended Insulin Human Zinc Suspension

» Extended Insulin Human Zinc Suspension is a sterile suspension of Insulin
Human in buffered W ater for Injection, modified by the addition of a suitable
zinc salt in a manner such that the solid phase of the Suspension is
predominantly crystalline. Its potency, based on the sum of its insulin and
desamido insulin components, is not less than 95.0 percent and not more
than 105.0 percent of the potency stated on the label, expressed in USP
Insulin Human Units per mL.
Packaging and storage—Preserve in the unopened multiple-dose container provided by the
manufacturer. Do not repackage. Store in a refrigerator, protect from sunlight, and avoid
freezing.
Labeling—Label it to indicate that it has been prepared with Insulin Human of semisynthetic
origin (i.e., derived by enzyme modification of pork pancreas insulin) or with Insulin Human of
recombinant DNA origin (i.e., obtained from microbial synthesis), whichever is applicable. The
Suspension container label states that the Suspension is to be shaken carefully before use.
Label it to state that it is to be stored in a refrigerator and that freezing is to be avoided. The
label states the potency in USP Insulin Human Units per mL.
USP Reference standards
USP Endotoxin RS
USP Insulin Human RS
USP Insulin (Pork) RS
Bacterial endotoxins
Insulin Human Units.
pH

11 —

85 —It contains not more than 80 USP Endotoxin Units per 100 USP

791 :between 7.0 and 7.8, determined potentiometrically.

Limit of high molecular weight proteins—Proceed as directed in the Limit of high molecular
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weight proteins test under Insulin Injection: not more than 1.5% is found.
Other requirements—It meets the requirements in the tests for Identification, Sterility, and
Insulin in the supernatant under Isophane Insulin Human Suspension, for Zinc content and Zinc
in the supernatant under Insulin Zinc Suspension, and for Insulin not extracted by buffered
acetone solution under Extended Insulin Zinc Suspension.
Assay—Proceed as directed in the Assay under Insulin Human Injection.

2S (USP38)

BRIEFING
Lactulose Concentrate, USP 37 page 3479. On the basis of comments received, it is proposed
to make the following changes:
1.
Delete the redundant second chemical name.
2.
Revise the test for Organic Impurities to control an additional sugar, tagatose, and to
update the relative retention times in Table 1.
3.
Delete the test for Refractive Index because it does not provide any specific valueadded information.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: F. Mao, E. Gonikberg.)
Correspondence Number—C142679

Comment deadline: November 30, 2014
Lactulose Concentrate
Change to read:

C12 H22 O11

342.30

d-Fructose, 4-O- -d-galactopyranosyl-;
Lactulose.
2S (USP38)

4-O- -d-Galactopyranosyl-d-fructofuranose
DEFINITION

[4618-18-2].
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Lactulose Concentrate is a solution of sugars prepared from Lactose. It consists principally of
lactulose together with minor quantities of lactose and galactose, and traces of other related
sugars and water. It contains NLT 95.0% and NMT 105.0% of the labeled amount of lactulose
(C12 H22 O11 ). It contains no added substances.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B.
Sample solution: Dilute a portion of Concentrate with water (1 in 20).
Analysis: Add a few drops of the Sample solution to 5 mL of hot alkaline cupric tartrate
TS.
Acceptance criteria: A red precipitate of cuprous oxide is formed.
ASSAY
• Procedure
Buffer: 1.15 g/L of monobasic sodium phosphate in water
Mobile phase: Acetonitrile and Buffer (82:18). Ensure that the concentration of
acetonitrile in the Mobile phase is between 78% and 85% to obtain appropriate retention
times.
Standard solution: 40 mg/mL of USP Lactulose RS, 4.8 mg/mL of USP Anhydrous Lactose
RS, and 3.2 mg/mL of USP Epilactose RS in a mixture of acetonitrile and water (1:1)
Sample solution: Nominally equivalent to 40 mg/mL of lactulose prepared as follows.
Transfer a quantity of Concentrate containing 2.0 g of lactulose to a 50-mL volumetric
flask, and dissolve in 20 mL of water. Add 25.0 mL of acetonitrile, allow the solution to
reach ambient temperature, and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm × 15-cm; 3-µm packing L8
Temperatures
Detector: 40 ± 1
Column: 40 ± 1
Flow rate: 1.3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times are given in Table 1.]
Suitability requirements
Resolution: NLT 1.5 between lactulose and lactose; NLT 0.9 between lactulose and
epilactose
Relative standard deviation: NMT 2.0% for the main peak
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of lactulose (C12 H22 O11 ) in the portion of
Concentrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Lactulose RS in the Standard solution (mg/mL)
C=
U nominal concentration of lactulose in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Buffer, Mobile phase, Sample solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
To evaluate the Suitability requirements, use the Standard solution prepared as directed
in the Assay.
Standard solution: 6.4 mg/mL of USP Galactose RS, 4.8 mg/mL of USP Anhydrous Lactose
RS, 3.2 mg/mL of USP Epilactose RS,
1.2 mg/mL of USP Tagatose RS, 2S (USP38)
and 0.4 mg/mL of USP Fructose RS in a mixture of acetonitrile and water (1:1)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of galactose, lactose, epilactose,
tagatose, 2S (USP38)
and fructose, if found, in the portion of Concentrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of the relevant related compound from the Sample solution
rS = peak response of the relevant related compound from the Standard solution
CS = concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
CU = nominal concentration of lactulose in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Fructose
0.30
1
Galactose
0.42
16
Epilactose
0.85
8
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Lactulose
Lactose

1.0
1.1

—
12

Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Tagatose
0.30
3
Fructose
0.34
1
Galactose
0.47
16
Epilactose
0.90
8
Lactulose
1.0
—
Lactose
1.17
12
2S (USP38)

SPECIFIC TESTS
Delete the following:
• Refractive Index

831 : NLT 1.451 at 20

2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, preferably at a temperature between
2 and 30 . Avoid subfreezing temperatures.
• Labeling: The label states that this article is not intended for direct administration to
humans or animals.
Change to read:
• USP Reference Standards 11
USP Anhydrous Lactose RS
USP Epilactose RS
USP Fructose RS
USP Galactose RS
USP Lactulose RS
USP Tagatose RS 2S (USP38)

BRIEFING
Lactulose Solution, USP 37 page 3480. On the basis of comments received, it is proposed to
make the following changes:
1.
Revise the test for Organic Impurities to control an additional sugar, tagatose.
2.
Update the relative retention times in Table 1.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(SM3: F. Mao, E. Gonikberg.)
Correspondence Number—C142679

Comment deadline: November 30, 2014
Lactulose Solution
DEFINITION
Lactulose Solution is a solution in water prepared from Lactulose Concentrate. It contains NLT
90.0% and NMT 110.0% of the labeled amount of lactulose (C12 H22 O11 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B.
Sample solution: Dilute a portion of Solution with water (1 in 20).
Analysis: Add a few drops of the Sample solution to 5 mL of hot alkaline cupric tartrate
TS.
Acceptance criteria: A red precipitate of cuprous oxide is formed.
ASSAY
• Procedure
Buffer: 1.15 g/L of monobasic sodium phosphate in water
Mobile phase: Acetonitrile and Buffer (82:18). Ensure that the concentration of
acetonitrile in the Mobile phase is between 78% and 85% to obtain appropriate retention
times.
Standard solution: 40 mg/mL of USP Lactulose RS, 4.8 mg/mL of USP Anhydrous Lactose
RS, and 3.2 mg/mL of USP Epilactose RS in a mixture of acetonitrile and water (1:1)
Sample solution: Nominally equivalent to 40 mg/mL of lactulose prepared as follows.
Transfer a quantity of Solution containing 2.0 g of lactulose to a 50-mL volumetric flask,
and dissolve in 20 mL of water. Add 25.0 mL of acetonitrile, allow the solution to reach
ambient temperature, and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm × 15-cm; 3-µm packing L8
Temperatures
Detector: 40 ± 1
Column: 40 ± 1
Flow rate: 1.3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times are given in Table 1.]
Suitability requirements
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Resolution: NLT 1.5 between lactulose and lactose; NLT 0.9 between lactulose and
epilactose
Relative standard deviation: NMT 2.0% for the main peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lactulose (C12 H22 O11 ) in the portion of
Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Lactulose RS in the Standard solution (mg/mL)
C=
U nominal concentration of lactulose in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 905
Oral Solution packaged in single-unit containers
Acceptance criteria: Meets the requirements
IMPURITIES
Change to read:
• Organic Impurities
Buffer, Mobile phase, Sample solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
To evaluate the Suitability requirements, use the Standard solution prepared as directed
in the Assay.
Standard solution: 6.4 mg/mL of USP Galactose RS, 4.8 mg/mL of USP Anhydrous Lactose
RS, 3.2 mg/mL of USP Epilactose RS,
1.2 mg/mL of USP Tagatose RS, 2S (USP38)
and 0.4 mg/mL of USP Fructose RS in a mixture of acetonitrile and water (1:1)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of galactose, lactose, epilactose,
tagatose, 2S (USP38)
and fructose, if found, in the portion of Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of the relevant related compound from the Sample solution
rS = peak response of the relevant related compound from the Standard solution
CS = concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
CU = nominal concentration of lactulose in the Sample solution (mg/mL)
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Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Fructose
0.30
1
Galactose
0.42
16
Epilactose
0.85
8
Lactulose
1.0
—
Lactose
1.1
12
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Tagatose
0.30
3
Fructose
0.34
1
Galactose
0.47
16
Epilactose
0.90
8
Lactulose
1.0
—
Lactose
1.17
12
2S (USP38)

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total bacterial count is NMT 102 cfu/g of lactulose, and the tests for Salmonella species
and Escherichia coli are negative.
• pH

791 : 2.5–6.5, after 15 min of contact with the electrodes

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, preferably at a temperature between
2 and 30 . Avoid subfreezing temperatures.
Change to read:
• USP Reference Standards 11
USP Anhydrous Lactose RS
USP Epilactose RS
USP Fructose RS
USP Galactose RS
USP Lactulose RS
USP Tagatose RS 2S (USP38)
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BRIEFING
Lamivudine Tablets, PF 39(1) [Jan.–Feb. 2013]. On the basis of comments received, the
previously published proposal that appeared in PF 39(1) is canceled and replaced with the
following revised proposal:
1.
In Identification test A, the description for Sample and Standard preparations are
included.
2.
In the Assay, the preparation of the Standard solution is revised to use Mobile phase as
the diluent.
3.
Dissolution Test 2 is added to reflect a product approved by the FDA. The liquid
chromatography procedure is based on analysis performed with the Hypersil BDS-C18
brand of L1 column. The typical retention time for lamivudine is about 3 min.
4.
In the test for Organic Impurities, Table 1 is revised to include three additional
specified impurities, along with their relative retention times and acceptance criteria.
Also, the limit for any individual unspecified impurity is widened from 0.1% to 0.2%.
5.
A Labeling section is added to reflect the inclusion of multiple tests for Dissolution.
The liquid chromatographic procedures used in the Assay and the test for Organic Impurities
are based on analyses performed with the Hypersil BDS-C18 brand of L1 column. The typical
retention time for lamivudine is about 11 min.
(SM1: S. Shivaprasad.)
Correspondence Number—C101995; C128792; C130130; C130683; C131644; C133428; C136353

Comment deadline: November 30, 2014
Add the following:
Lamivudine Tablets
DEFINITION
Lamivudine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of lamivudine
(C8 H11 N3 O3 S).
IDENTIFICATION
• A. Infrared Absorption 197M
Sample: Crush 1 Tablet and transfer it to a suitable container. Add 5 mL of methanol and
shake for 15 min. Pass through a suitable filter, collecting about 2 mL of the filtrate.
Evaporate the filtrate to dryness under a gentle stream of nitrogen, and use the residue.
Standard: Dissolve a suitable amount of USP Lamivudine RS in a small amount of methanol,
shaking until completely dissolved. Evaporate to dryness under a gentle stream of
nitrogen, and use the residue.
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.9 g/L of ammonium acetate in water. Adjust with acetic acid to a pH of 3.8.
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Mobile phase: Methanol and Buffer (50:950)
System suitability solution: 0.2 mg/mL of USP Lamivudine Resolution Mixture B RS in
Mobile phase
Standard solution: 0.2 mg/mL of USP Lamivudine RS in Mobile phase
Sample stock solution: Nominally about 3–4 mg/mL of lamivudine in water prepared as
follows. Transfer the required number of Tablets, based on the labeled amount, to a
suitable volumetric flask, and soak or shake for at least 15 min in water to disperse the
sample. Dilute with water to volume, mix, and pass through a suitable filter or centrifuge.
Sample solution: Nominally 0.2 mg/mL of lamivudine in Mobile phase from the Sample stock
solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 277 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30 ± 5
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for lamivudine diastereomer and lamivudine are 0.9 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between lamivudine and lamivudine diastereomer, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lamivudine (C8 H11 N3 O3 S) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Lamivudine RS in the Standard solution (mg/mL)
C=
U nominal concentration of lamivudine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1: Procedure for products labeled as Lamivudine Tablets 100-mg or 150-mg
Medium: Water, degassed; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
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Standard solution: L/900 mg/mL of USP Lamivudine RS in Medium, where L is the Tablet
label claim in mg
Sample solution: Pass a portion of the solution under test through a suitable filter to
obtain a concentration similar to that of the Standard solution.
Instrumental conditions
Mode: UV
Analytical wavelength: 270 nm
Cell: 1 mm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lamivudine (C8 H11 N3 O3 S) dissolved:
Result = (AU/AS) × CS × V × (1/L) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Lamivudine RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of lamivudine (C8 H11 N3 O3 S) is dissolved.
Procedure for products labeled as Lamivudine Tablets 300-mg
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 15 min
Standard solution: L/900 mg/mL of USP Lamivudine RS in Medium, where L is the Tablet
label claim in mg
Sample solution: Pass a portion of the solution under test through a suitable filter.
Instrumental conditions
Mode: UV
Analytical wavelength: 280 nm
Cell: 0.5 mm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lamivudine (C8 H11 N3 O3 S) dissolved:
Result = (AU/AS) × CS × V × (1/L) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Lamivudine RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of lamivudine (C8 H11 N3 O3 S) is dissolved.
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Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 15 min
Buffer: 1.93 g/L of ammonium acetate in water. Adjust with glacial acetic acid to a pH of
3.8.
Mobile phase: Methanol and Buffer (40:60)
Standard solution: L/900 mg/mL of USP Lamivudine RS in Medium, where L is the Tablet
label claim in mg
Sample solution: Pass a portion of the solution under test through a suitable filter to
obtain a concentration similar to that of the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 285 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Tailing factor: NMT 1.5
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lamivudine (C8 H11 N3 O3 S) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Lamivudine RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of lamivudine (C8 H11 N3 O3 S) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer, Mobile phase, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
the Assay.
Analysis
Sample: Sample solution
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Calculate the percentage of each individual impurity in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity
r=
T sum of all the peak responses
Acceptance criteria: See Table 1.
Table 1

Name
Cytosinea
Lamivudine-carboxylic acidb
Lamivudine-S-sulfoxided
Lamivudine-R-sulfoxidee
Lamivudine diastereomer (Lamivudine-trans)f
Lamivudine
Salicylic acid
Any other individual impurity
Total impurities
a 4-Aminopyrimidin-2(1H)-one.

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.32
0.39
0.43
0.45
0.92
1.0
2.2
—
—

0.2
—c
0.2
0.2
—c
—
—c
0.2
0.6

b (2RS,5SR)-5-(Cytosine-1-yl)-1,3-oxathiolane-2-carboxylic acid.
c Process impurity included in the table for identification only. Process impurities are controlled
in the drug substance and are not to be reported or included in the total impurities for the drug
product.
d 1-[(2R,3S,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine S-oxide.
e 1-[(2R,3R,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine S-oxide.
f 1-[(2RS,5RS)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at room
temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Lamivudine RS
USP Lamivudine Resolution Mixture B RS
[Note—The resolution mixture contains lamivudine and lamivudine diastereomer. Other
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impurities may also be present.]
2S (USP38)

BRIEFING
Lypressin Nasal Solution, USP 37 page 3616. The Biologics and Biotechnology—Monographs
1 Expert Committee recommended omission of this monograph, because the drug product is no
longer manufactured or approved for therapeutic use in the United States.
(BIO1: A. Szajek.)

Correspondence Number—C146285

Comment deadline: November 30, 2014
Delete the following:
Lypressin Nasal Solution

» Lypressin Nasal Solution is a solution, in a suitable diluent, of the
polypeptide hormone, prepared synthetically and free from foreign proteins,
which has the properties of causing the contraction of vascular and other
smooth muscle and of producing antidiuresis, and which is present in the
posterior lobe of the pituitary of healthy pigs. It contains suitable
preservatives, and is packaged in a form suitable for nasal administration so
that the required dosage can be controlled as required. Each mL of Lypressin
Nasal Solution possesses a pressor activity of 85.0 percent and not more
than 120.0 percent of that stated on the label in USP Posterior Pituitary
Units.
Packaging and storage—Preserve in containers suitable for administering the contents by
spraying into the nasal cavities in a controlled individualized dosage.
USP Reference standards
USP Vasopressin RS

11 —

Labeling—Label it to indicate that it is for intranasal administration only. Label it also to state
that the package insert should be consulted for instructions to regulate the dosage according
to symptoms.
pH

791 : between 3.0 and 4.3.

Limit of oxytocic activity—Proceed with Nasal Solution as directed in the test for Oxytocic
activity under Vasopressin.
Assay—Proceed with Nasal Solution as directed in the Assay under Vasopressin Injection.
2S (USP38)

BRIEFING
Manganese Gluconate, USP 37 page 3650. In preparation for the omission of the general
chapter Heavy Metals 231 and all references to this general chapter from individual
monographs, it is proposed to replace the reference to Lead Nitrate Stock Solution, as
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currently described in 231 , with the reference to Lead Nitrate Stock Solution TS, which
was proposed in PF 40(1) to be added to the Reagents, Indicators, and Solutions section.
(DS: H. Dinh.)
Correspondence Number—C149445

Comment deadline: November 30, 2014
Manganese Gluconate

C12 H22 MnO14
C12 H22 MnO14 ·2H2 0

445.23
481.26

Bis(d-gluconato-O1,O2) manganese;
Manganese d-gluconate (1:2).
Anhydrous
[6485-39-8].
DEFINITION
Manganese Gluconate is dried or contains two molecules of water of hydration. It contains NLT
98.0% and NMT 102.0% of manganese gluconate (C12 H22 MnO14 ), calculated on the anhydrous
basis.
IDENTIFICATION
• A. Identification Tests—General, Manganese 191 : A 50-mg/mL solution meets the
requirements.
• B. Thin-Layer Chromatography
Standard solution: 10 mg/mL of USP Potassium Gluconate RS
Sample solution: 10 mg/mL of Manganese Gluconate, heating in a water bath at 60 , if
necessary, to dissolve
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Alcohol, ethyl acetate, ammonium hydroxide, and water
(50:10:10:30)
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Spray reagent: Dissolve 2.5 g of ammonium molybdate in 50 mL of 2 N sulfuric acid in a
100-mL volumetric flask. Add 1.0 g of ceric sulfate, swirl to dissolve, and dilute with 2 N
sulfuric acid to volume.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the chamber, and dry at 110 for 20 min. Allow
to cool, and spray with Spray reagent. Heat the plate at 110 for about 10 min.
Acceptance criteria: The principal spot of the Sample solution corresponds in color, size,
and RF value to that of the Standard solution.
ASSAY
• Procedure
Sample: 700 mg of Manganese Gluconate
Blank: 50 mL of water
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 50 mL of water. Add 1 g of ascorbic acid and 10 mL of
ammonia–ammonium chloride buffer TS and 0.1 mL of eriochrome black TS. Titrate with
the Titrant until the solution is deep blue in color. Perform the Blank determination.
Calculate the percentage of manganese gluconate (C12 H22 MnO14 ) in the Sample taken:
Result = {[(VS

VB) × M × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
M= actual molarity of the Titrant (mmol/mL)
F= equivalency factor, 445.2 mg/mmol
W= Sample weight (mg)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Chloride and Sulfate, Chloride 221
Standard: 0.70 mL of 0.020 N hydrochloric acid
Sample: 1.0 g of Manganese Gluconate
Acceptance criteria: NMT 0.05%
• Chloride and Sulfate, Sulfate 221
Standard: 4.0 mL of 0.020 N sulfuric acid
Sample: 2.0 g of Manganese Gluconate
Acceptance criteria: NMT 0.2%
• Heavy Metals

231
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Test preparation: Dissolve 1 g of Manganese Gluconate in 10 mL of water, add 6 mL of 3 N
hydrochloric acid, and dilute with water to 25 mL.
Acceptance criteria: NMT 20 ppm
Change to read:
• Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glassware before use,
use water that has been passed through a strong-acid, strong-base, mixed-bed ionexchange resin. Select all reagents to have as low a content of lead as practicable, and
store all reagent solutions in containers of borosilicate glass. Cleanse glassware before use
by soaking in warm 8 N nitric acid for 30 min and by rinsing with deionized water.]
Ascorbic acid–sodium iodide solution: 100 mg/mL of ascorbic acid and 192.5 mg/mL of
sodium iodide
Trioctylphosphine oxide solution: 50 mg/mL of trioctylphosphine oxide in 4-methyl-2pentanone
[Caution—This solution causes irritation. Avoid contact with eyes, skin, and clothing. Take
special precautions in disposing of unused portions of solutions to which this reagent is
added.]
Standard solution: Transfer 5.0 mL of Lead Nitrate Stock Solution prepared as directed in
Heavy Metals
TS, 2S (USP38)

231 ,

to a 100-mL volumetric flask. Dilute with water to volume. Transfer 2.0 mL of the resulting
solution to a 50-mL volumetric flask. Add 10 mL of 9 N hydrochloric acid and 10 mL of water.
Add 20 mL of Ascorbic acid–sodium iodide solution and 5.0 mL of Trioctylphosphine oxide
solution. Shake for 30 s, and allow to separate. Add water to bring the organic solvent layer
into the neck of the flask, shake again, and allow to separate. The organic layer is the
Standard solution, and it contains 2.0 µg/mL of lead.
Sample solution: To a 50-mL volumetric flask add 1.0 g of Manganese Gluconate, 10 mL of 9 N
hydrochloric acid, 10 mL of water, 20 mL of Ascorbic acid–sodium iodide solution, and 5.0 mL
of Trioctylphosphine oxide solution. Shake for 30 s, and allow to separate. Add water to bring
the organic solvent layer into the neck of the flask, shake again, and allow to separate. The
organic layer is the Sample solution.
Blank: To a 50-mL volumetric flask add 10 mL of 9 N hydrochloric acid, 10 mL of water, 20 mL
of Ascorbic acid–sodium iodide solution, and 5.0 mL of Trioctylphosphine oxide solution. Shake
for 30 s, and allow to separate. Add water to bring the organic solvent layer into the neck of
the flask, shake again, and allow to separate. The organic layer is the Blank, and it contains 0
µg/mL of lead.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Flame: Air–acetylene
System suitability
Samples: Standard solution and Blank
Suitability requirements: The absorbance of the Standard solution and the absorbance of
the Blank are significantly different.
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Analysis
Samples: Standard solution, Sample solution, and Blank
Concomittantly determine the absorbances of the Blank, Standard solution, and the Sample
solution. Use the Blank to set the instrument to zero.
Acceptance criteria: The absorbance of the Sample solution does not exceed that of the
Standard solution (NMT 10 ppm).
• Reducing Substances
Sample: 1.0 g of Manganese Gluconate
Blank: Proceed as directed in the Analysis, omitting the Sample.
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
Titrant: 0.1 N iodine VS
Back-titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 250-mL conical flask, dissolve in 10 mL of water, and
add 25 mL of alkaline cupric citrate TS. Cover the flask, boil gently for 5 min, accurately
timed, and cool rapidly to room temperature. Add 25 mL of 0.6 N acetic acid, 10.0 mL of
Titrant, and 10 mL of 3 N hydrochloric acid, and titrate with Back-titrant, adding 3 mL of
starch TS as the endpoint is approached. Perform the Blank determination.
Calculate the percentage of reducing substances (as dextrose) in the Sample taken:
Result = {[(VB

VS) × N × F]/W} × 100

V=B Back-titrant volume consumed by the Blank (mL)
V=S Back-titrant volume consumed by the Sample (mL)
N= Back-titrant normality (mEq/mL)
F= equivalency factor, 27 mg/mEq
W
= Sample weight (mg)
Acceptance criteria: NMT 1.0%
SPECIFIC TESTS
• Water Determination, Method I 921
Analysis: Proceed as directed in the chapter. Maintain the mixture containing the Test
preparation at 50 , and stir for 30 min before titrating with the Reagent.
Acceptance criteria
Where labeled as the dried form: 3.0%–9.0%
Where labeled as the dihydrate: 6.0%–9.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• Labeling: The label indicates whether it is the dried or the dihydrate form.
• USP Reference Standards 11
USP Potassium Gluconate RS
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BRIEFING
Marbofloxacin Compounded Oral Suspension, Veterinary. Because there is currently no
existing USP monograph for this dosage form, a new compounded preparation monograph is
proposed based on a validated stability-indicating method used to assess stability. The liquid
chromatographic procedure in the Assay is based on analyses validated using the Ascentis
Express C18 brand of L1 column and the SecurityGuard Ultra brand of L1 guard column. The
typical retention time for marbofloxacin is about 6.2 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C147525

Comment deadline: November 30, 2014
Add the following:
Marbofloxacin Compounded Oral Suspension, Veterinary
DEFINITION
Marbofloxacin Compounded Oral Suspension, Veterinary contains NLT 90.0% and NMT 110.0%
of the labeled amount of marbofloxacin (C17 H19 FN4 O4 ).
Prepare Marbofloxacin Compounded Oral Suspension, Veterinary 25 mg/mL as follows (see
Pharmaceutical Compounding—Nonsterile Preparations
Marbofloxacin powder

795 ).

Purified Water
Vehicle: 1:1 mixture of Ora-Plusa and Ora-Sweet a; or Ora-Blenda, a sufficient
quantity to make
a Perrigo Pharmaceuticals, Allegan, MI.

2.5 g
A small
amount
100 mL

Wet the Marbofloxacin powder with a small amount of Purified Water and triturate to make a
smooth paste. Add the Vehicle to make the mortar contents pourable. Transfer the contents of
the mortar stepwise and quantitatively to a calibrated container using the Vehicle. Add
sufficient Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Solution A: 10 mM ammonium formate containing 0.1% (v/v) formic acid
Solution B: Methanol containing 0.1% formic acid
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
0.5
90
10
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23.0
70
30
23.5
70
30
23.6
0
100
26
0
100
26.1
90
10
30
90
10
Standard solution: 0.4 mg/mL of marbofloxacin in Solution A
Sample solution: Transfer 1.6 mL of Oral Suspension, Veterinary to a 100-mL volumetric
flask, dilute with Solution A to volume, and mix well. Pass through a PVDF filter of 0.2-µm
pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 327 nm
Columns
Guard: Packing L1
Analytical: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 1.5 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
[Note—The retention time for marbofloxacin is about 6.2 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of marbofloxacin (C17 H19 FN4 O4 ) in the
portion of Oral Suspension, Veterinary taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of marbofloxacin from the Sample solution
rS= peak response of marbofloxacin from the Standard solution
C=
S concentration of marbofloxacin in the Standard solution (mg/mL)
C=
U nominal concentration of marbofloxacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 6.2–7.2

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant, plastic containers. Store at 2 –8
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or at controlled room temperature.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at 2 –8 or at controlled room temperature. [Note—A slight darkening in yellow color may
occur in the suspension with 1:1 Ora-Plus and Ora-Sweet that does not affect the
strength of the preparation.]
• Labeling: Label it to indicate that it is for veterinary use only. Label it to indicate that it is
to be well-shaken before use, and to state the Beyond-Use Date. 2S (USP38)
BRIEFING
Mercaptopurine, USP 37 page 3708. On the basis of comments received, it is proposed to
make the following changes:
1.
The system suitability requirement for relative standard deviation in the Assay is revised
from NMT 2.0% to NMT 0.73% to be consistent with the repeatability requirement in
USP general chapter Chromatography 621 .
2.
The test for Organic Impurities is revised based on the procedure in the
Mercaptopurine Tablets monograph. It provides better separation for unspecified
process impurities from mercaptopurine. The liquid chromatographic procedure is
based on analyses performed with the YMC-Pack ODS-AQ brand of L1 column. The
typical retention time reported for mercaptopurine is about 6.3 min.
3.
The Medium and Sample are added in the test for Water Determination. The salicylic
acid is added in the Medium to suppress the oxidation of the sample and provide a
stable endpoint for titration.
4.
The USP Didanosine Related Compound A RS is deleted from USP Reference Standards
11 .
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: F. Mao.)
Correspondence Number—C104871; C143630

Comment deadline: November 30, 2014
Mercaptopurine

C5 H4 N4 S·H2 O
170.19
C5 H4 N4 S
152.18
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6H-Purine-6-thione, 1,7-dihydro-, monohydrate;
Purine-6-thiol monohydrate
[6112-76-1].
Anhydrous
[50-44-2].
DEFINITION
Mercaptopurine contains NLT 97.0% and NMT 102.0% of mercaptopurine (C5 H4 N4 S), calculated
on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 0.77 g/L of ammonium acetate in water
Mobile phase: Methanol and Solution A (25:75)
Standard stock solution: 0.2 mg/mL of USP Mercaptopurine RS in a mixture of methanol
and water (1:1). Transfer USP Mercaptopurine RS into a suitable volumetric flask, and add
methanol equivalent to 50% of the final volume. Shake mechanically to dissolve, and dilute
with water to volume.
Standard solution: 0.02 mg/mL of USP Mercaptopurine RS in Mobile phase from the
Standard stock solution
Sample stock solution: Transfer 25 mg of Mercaptopurine into a 50-mL volumetric flask.
Add 25 mL of methanol, shake mechanically for at least 45 min, and dilute with water to
volume. Transfer 20 mL of this solution into a 25-mL volumetric flask, and dilute with
Mobile phase to volume.
Sample solution: 0.02 mg/mL of Mercaptopurine in Mobile phase from the Sample stock
solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 5-µm packing L68
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
0.73% 2S (USP38)
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of mercaptopurine (C5 H4 N4 S) in the portion of Mercaptopurine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Mercaptopurine RS in the Standard solution (mg/mL)
C=
U concentration of Mercaptopurine in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Solution A and Mobile phase: Prepare as directed in the Assay.
Standard stock solution A: Use the Standard stock solution from the Assay.
Standard stock solution B: 0.026 mg/mL of USP Didanosine Related Compound A RS in a
mixture of methanol and water (1:1). Transfer USP Didanosine Related Compound A RS
into a suitable volumetric flask, and add methanol equivalent to 50% of the final volume.
Shake mechanically to dissolve, and dilute with water to volume.
System suitability solution: 4.0 µg/mL of USP Mercaptopurine RS and 0.1 µg/mL of USP
Didanosine Related Compound A RS in Mobile phase from Standard stock solution A and
Standard stock solution B
Standard solution: 4.0 µg/mL of USP Mercaptopurine RS in Mobile phase from Standard
stock solution A
Sensitivity solution: 0.2 µg/mL of USP Mercaptopurine RS in Mobile phase from the
Standard solution
Sample solution: Transfer 20 mg of Mercaptopurine into a 50-mL volumetric flask. Add
12.5 mL of methanol, shake mechanically to dissolve, and dilute with water to volume.
[Note—Inject the Sample solution within 1 h of preparation.]
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 5-µm packing L68
Flow rate: 1.0 mL/min
Injection size: 50 µL
Run time: NLT 7 times the retention time of the mercaptopurine peak
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 3.0 between the mercaptopurine and didanosine related compound A
peaks, System suitability solution
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Tailing factor: NMT 2.0, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Relative standard deviation: NMT 2.0% for the mercaptopurine peak, System
suitability solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Mercaptopurine taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of mercaptopurine from the Standard solution
C=
S concentration of USP Mercaptopurine RS in the Standard solution (mg/mL)
C=
U concentration of Mercaptopurine in the Sample solution (mg/mL)
F= relative response factor for each individual impurity (see Table 1)
Acceptance criteria: See Table 1. [Note—Disregard any impurity peak less than 0.05%.]
Table 1
Relative
Retention
Time

Name
Didanosine related
compound Aa
0.80
Mercaptopurine
1.00
Mercaptopurine disulfideb 5.14
Any unspecified
—
impurity
Total impurities
—
a Hypoxanthine.
b 1,2-Di(9H-purin-6-yl)disulfane.
Solution A: 0.1% (v/v) Formic acid in water
Solution B: Methanol and Solution A (2:98)
Solution C: Methanol and Solution A (1:1)
Mobile phase: See Table 1.

Relative Acceptance
Response
Criteria,
Factor
NMT (%)
7.1
—
2.9

0.15
—
0.15

1.0
—

0.10
0.5

Table 1
Time
Solution B Solution C
(min)
(%)
(%)
0
100
0
8
100
0
20
0
100
25
0
100
27
100
0
30
100
0
Standard stock solution: 0.06 mg/mL of USP Mercaptopurine RS in Solution A. [Note
—Use methanol equivalent to 2.5% of the final volume to help dissolve.]
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Standard solution: 1.2 µg/mL of USP Mercaptopurine RS in Solution B from the Standard
stock solution
Sensitivity solution: 0.06 µg/mL of USP Mercaptopurine RS in Solution B from the
Standard solution
Sample solution: 0.12 mg/mL of Mercaptopurine in Solution A. [Note—Inject the Sample
solution within 1 h of preparation.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Temperatures
Column: 30
Sample: 4
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Mercaptopurine taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU
= peak response of each impurity from the Sample solution
rS
= peak response of mercaptopurine from the Standard solution
CS
= concentration of USP Mercaptopurine RS in the Standard solution (mg/mL)
CU
= concentration of Mercaptopurine in the Sample solution (mg/mL)
F
= relative response factor for each individual impurity (see Table 2)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
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Table 2
Relative
Retention
Time

Name
Didanosine related compound Aa
Mercaptopurine
Mercaptopurine disulfideb
Any unspecified impurity
Total impurities
a Hypoxanthine.

0.54
1.00
2.90
—
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
6.3
—
4.4
1.0
—

0.15
—
0.15
0.10
0.5

b 1,2-Di(9H-purin-6-yl)disulfane.
2S (USP38)

SPECIFIC TESTS
• Phosphorus
Standard phosphate solution: 43.96 µg/mL of dried monobasic potassium phosphate
(equivalent to 10 µg of phosphorus)
Standard solution: Transfer 2 mL of Standard phosphate solution to a 25-mL volumetric
flask. Add 1 mL of 15 N sulfuric acid, 0.5 mL of nitric acid, 0.75 mL of ammonium
molybdate TS, and 1 mL of aminonaphtholsulfonic acid TS, then dilute with water to
volume, and mix. Allow to stand for 5 min.
Sample solution: Digest 200 mg with 2 mL of 15 N sulfuric acid in a large test tube,
periodically adding nitric acid, dropwise and with caution. Continue heating until practically
all of the liquid has evaporated and the residue is colorless. Transfer the residue, with the
aid of small portions of water, to a 25-mL volumetric flask. Add 1 mL of 15 N sulfuric acid,
0.5 mL of nitric acid, 0.75 mL of ammonium molybdate TS, and 1 mL of
aminonaphtholsulfonic acid TS, then dilute with water to volume. Allow to stand for 5 min.
Blank: Transfer 2 mL of 15 N sulfuric acid to a large test tube, periodically adding nitric
acid, dropwise and with caution. Continue heating until practically all of the liquid has
evaporated and the residue is colorless. Transfer the residue, with the aid of small
portions of water, to a 25-mL volumetric flask. Add 1 mL of 15 N sulfuric acid, 0.5 mL of
nitric acid, 0.75 mL of ammonium molybdate TS, and 1 mL of aminonaphtholsulfonic acid
TS, then dilute with water to volume. Allow to stand for 5 min.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Analytical wavelength: 750 nm
Analysis
Samples: Standard solution, Sample solution, and Blank
Acceptance criteria: The absorbance of the Sample solution is NMT that of the Standard
solution (NMT 100 ppm).
Change to read:
• Water Determination, Method I

921 NMT 12.0%
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Medium: 30 mL of methanol and 5 g of salicylic acid in the titration vessel
Sample: 0.3 g of Mercaptopurine
Acceptance criteria: NMT 12.0% 2S (USP38)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Store at room
temperature.
Change to read:
• USP Reference Standards 11
USP Didanosine Related Compound A RS
Hypoxanthine.
C5 H4 N4 O
136.11
2S (USP38)

USP Mercaptopurine RS
BRIEFING
Methyltestosterone, USP 37 page 3799. As part of USP monograph modernization efforts, the
following revisions are proposed:
1.
Replace the nonspecific Identification test B, using Ultraviolet Absorption, with retention
time agreement from the HPLC procedure in the Assay.
2.
Remove Column efficiency from the System suitability requirements in the test for
Organic Impurities. The remaining criteria are adequate to evaluate system
suitability.
3.
Delete the nonspecific Melting Range or Temperature test, because the HPLC
procedure in the test for Organic Impurities is sufficient to monitor impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: M. Koleck.)
Correspondence Number—C143410

Comment deadline: November 30, 2014
Methyltestosterone
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302.45

Androst-4-en-3-one, 17-hydroxy-17-methyl-, (17 )-;
17 -Hydroxy-17-methylandrost-4-en-3-one

[58-18-4].

DEFINITION
Methyltestosterone contains NLT 97.0% and NMT 103.0% of methyltestosterone (C20 H30 O2 ),
calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
• B. Ultraviolet Absorption 197U
Sample solution: 10 µg/mL of Methyltestosterone in alcohol
Acceptance criteria: Meets the requirements 2S (USP38)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
• Procedure
Mobile phase: Acetonitrile and water (55:45)
Standard stock solution: 0.25 mg/mL of USP Methyltestosterone RS in methanol
Standard solution: 20 µg/mL of USP Methyltestosterone RS in Mobile phase from the
Standard stock solution
System suitability stock solution: 250 µg/mL of USP Testosterone RS in methanol
System suitability solution: Dilute 4 mL of the System suitability stock solution with the
Standard solution to 50 mL.
Sample stock solution: 0.50 mg/mL of Methyltestosterone in methanol
Sample solution: 20 µg/mL of Methyltestosterone in Mobile phase from the Sample stock
solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 241 nm
Column: 4-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for testosterone and methyltestosterone are about
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0.8 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between testosterone and methyltestosterone, System suitability
solution
Column efficiency: NLT 2000 theoretical plates, Standard solution
Tailing factor: NMT 2.7, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methyltestosterone (C20 H30 O2 ) in the portion of
Methyltestosterone taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of methyltestosterone from the Sample solution
rS= peak response of methyltestosterone from the Standard solution
C=
S concentration of USP Methyltestosterone RS in the Standard solution (mg/mL)
C=
U concentration of Methyltestosterone in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
Change to read:
• Organic Impurities
Solution A: Methanol and water (55:45)
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
20
60
40
40
0
100
45
0
100
60
100
0
Sample solution: 0.5 mg/mL of Methyltestosterone in methanol
System suitability solution: 0.005 mg/mL of Methyltestosterone in methanol from the
Sample solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 5 µL
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System suitability
Samples: Sample solution and System suitability solution
Suitability requirements
Column efficiency: NLT 33,000 theoretical plates, Sample solution
2S (USP38)

Relative standard deviation: NMT 2.0%, Sample solution
Signal-to-noise ratio: NLT 100, System suitability solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Methyltestosterone taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
[Note—Disregard any impurity peak less than 0.05%.]
Acceptance criteria
Any individual impurity: NMT 0.5%
Total impurities: NMT 1.0%
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 162 –167

2S (USP38)

• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL of Methyltestosterone in alcohol
Acceptance criteria: +79 to +85
• Loss on Drying 731
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards 11
USP Methyltestosterone RS
USP Testosterone RS
BRIEFING
Montelukast Sodium Oral Granules. Because there is no existing USP monograph for this
dosage form, a new monograph based on validated methods of analysis is being proposed.
The liquid chromatographic procedure in the Assay and the test for Organic Impurities is
based on analyses performed with the Phenomenex LUNA Phenyl-hexyl brand of L11 column.
The typical retention time for montelukast is about 15 min. The liquid chromatographic
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procedure in the test for Dissolution is based on analyses performed with the Inertsil Phenyl
brand of L11 column. The typical retention time for montelukast is about 1.8 min.
(SM4: M. Koleck.)
Correspondence Number—C128023

Comment deadline: November 30, 2014
Add the following:
Montelukast Sodium Oral Granules
DEFINITION
Montelukast Sodium Oral Granules contain Montelukast Sodium equivalent to NLT 90.0% and
NMT 108.0% of the labeled amount of montelukast (C35 H36 ClNO3 S).
[Note—Avoid exposure of the samples to light. Use low-actinic glassware.]
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Diluent: Methanol and water (3:1)
Standard solution: 3.3 µg/mL of USP Montelukast Dicyclohexylamine RS in Diluent
Sample stock solution: Nominally 0.02 mg/mL of montelukast prepared as follows. Transfer
the contents of one Packet to a suitable volumetric flask, add 66% of the flask volume of
Diluent, shake well, and sonicate for 15 min with occasional shaking. Cool to room
temperature, dilute with Diluent to volume, and mix well.
Sample solution: Nominally 2 µg/mL of montelukast in Diluent from the Sample stock
solution. Pass a portion of the resulting solution through a suitable filter of 0.45-µm pore
size or centrifuge to obtain a clear solution.
Wavelength range: 210–400 nm
Acceptance criteria: The Sample solution exhibits maxima only at the same wavelengths
as the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Diluent: Methanol and water (3:1)
Solution A: 0.2% (v/v) Trifluoroacetic acid in water
Solution B: Methanol and acetonitrile (3:2)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
48
52
5
45
55
12
45
55
22
25
75
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23
25
75
25
48
52
30
48
52
Standard solution: 0.33 mg/mL of USP Montelukast Dicyclohexylamine RS in Diluent
System suitability solution: Transfer 10 mL of the Standard solution to a clear 10-mL
volumetric flask, add 4 µL of hydrogen peroxide, and mix well. Expose the flask for at least
4 h to ambient light or 10 min to a 4 kLux cool white light.
[Note—Montelukast is partially converted to the cis-isomer under these conditions.]
Sensitivity solution: 0.33 µg/mL of USP Montelukast Dicyclohexylamine RS in Diluent from
the Standard solution
Sample solution: Nominally 0.24 mg/mL of montelukast prepared as follows. Transfer the
equivalent of 60 mg of montelukast from the contents of the Packets (NLT 15) to a 500mL volumetric flask, and add 250 mL of Diluent. Shake well and sonicate for 30 min, with
occasional shaking. Pass a portion of the resulting solution through a suitable filter of
0.45-µm pore size or centrifuge to obtain a clear solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 255 nm
Columns
Guard: 3.0-mm × 4-mm; packing L11
Analytical: 4.6-mm × 10-cm; 3-µm packing L11
Column temperature: 50
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 2 times the retention time of montelukast
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
[Note—The relative retention times of the cis-isomer and montelukast are about 0.92 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between the cis-isomer and montelukast, System suitability
solution
Relative standard deviation: NMT 2.0% for five injections, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of montelukast (C35 H36 ClNO3 S) in the
portion of Oral Granules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Montelukast Dicyclohexylamine RS in the Standard solution
(mg/mL)
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CU= nominal concentration of montelukast in the Sample solution (mg/mL)
Mr1
= molecular weight of montelukast, 586.18
Mr2
= molecular weight of montelukast dicyclohexylamine, 767.50
Acceptance criteria: 90.0%–108.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.5% (w/v) Sodium dodecyl sulfate in water; 900 mL. Do not deaerate.
Apparatus 1: 100 mesh; 50 rpm
Time: 15 min
Solution A: 0.2% (v/v) Trifluoroacetic acid in water
Solution B: 0.2% (v/v) Trifluoroacetic acid in acetonitrile
Mobile phase: Solution A and Solution B (1:1)
Standard stock solution: 0.33 mg/mL of USP Montelukast Dicyclohexylamine RS in
methanol (equivalent to 0.25 mg/mL of montelukast)
Standard solution: (L/900) mg/mL of montelukast in Medium from the Standard stock
solution, where L is the label claim in mg/Packet of montelukast
Sample solution: Place the entire contents of one Packet in the basket. At the
appropriate time point, pass a portion of the solution under test through a suitable filter to
obtain a clear solution. Discard the first 10 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 389 nm
Column: 3.0-mm × 10-cm; 5-µm packing L11
Column temperature: 50
Flow rate: 0.9 mL/min
Injection volume: 25 µL
Run time: 1.5 times the retention time of montelukast
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of montelukast (C35 H36 ClNO3 S) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response of montelukast from the Sample solution
rS= peak response of montelukast from the Standard solution
C=
S concentration of montelukast in the Standard solution (mg/mL)
V= volume of Medium (900 mL)
L= label claim (mg/Packet)
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Tolerances: NLT 85% (Q) of the labeled amount of montelukast (C35 H36 ClNO3 S) is
dissolved.
• Uniformity of Dosage Units 905
Procedure for content uniformity
Solution A, Solution B, Mobile phase, and System suitability: Proceed as directed in
Dissolution.
Standard solution: 26.4 µg/mL of USP Montelukast Dicyclohexylamine RS in methanol
Sample solution: Nominally 0.02 mg/mL of montelukast prepared as follows. Transfer the
contents of one Packet to a suitable volumetric flask, add 66% of the flask volume of
methanol, shake well, and sonicate for 15 min with occasional shaking. Cool to room
temperature, dilute with methanol to volume, and mix well. Pass a portion of the
resulting solution through a suitable filter of 0.45-µm pore size or centrifuge to obtain a
clear solution.
Chromatographic system: Proceed as directed in Dissolution, except use an Injection
volume of 5 µL.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of montelukast (C35 H36 ClNO3 S) in the
Packet taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Montelukast Dicyclohexylamine RS in the Standard solution
(mg/mL)
CU= nominal concentration of montelukast in the Sample solution (mg/mL)
Mr1
= molecular weight of montelukast, 586.18
Mr2
= molecular weight of montelukast dicyclohexylamine, 767.50
Acceptance criteria: Meet the requirements
IMPURITIES
• Organic Impurities
Diluent, Solution A, Solution B, Mobile phase, Standard solution, System suitability
solution, Sensitivity solution, Sample solution, Chromatographic system, and
System suitability: Proceed as directed in the Assay.
Analysis
Sample: Standard solution and Sample solution
Calculate the percentage of any individual degradation product in the portion of Packets
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU= peak response of any individual degradation product from the Sample solution
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rS= peak response of montelukast from the Standard solution
CS= concentration of USP Montelukast Dicyclohexylamine RS in the Standard solution
(mg/mL)
CU= nominal concentration of montelukast in the Sample solution (mg/mL)
Mr1
= molecular weight of montelukast, 586.18
Mr2
= molecular weight of montelukast dicyclohexylamine, 767.50
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard peaks with areas less than that of the
Sensitivity solution.

Name

Table 2
Relative
Retention
Time

Sulfoxide impuritya,b
Montelukast ketone impurityc
cis-Isomerd
Montelukast
Methylketone impuritye,f
Michael Adduct 1g,e
Michael Adduct 2h,e
Methylstyrene impurityi,e
Any other individual degradation product
Total impurities
a These two impurities are not resolved by the
together to determine conformance.

0.45
0.71
0.92
1.0
1.04
1.16
1.18
1.55
—
—

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

1.0
1.7
1.0
—
—
—
—
—
1.0
—

0.8
0.2
0.2
—
—
—
—
—
0.2
1.0

method and need to be integrated

b [1-[[[1-[3-[(E)-2-(7-Chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfinyl]methyl]cyclopropyl]acetic acid.
c (E)-1-{3-[2-(7-Chloroquinolin-2-yl)vinyl]phenyl}-3-[2-(2-hydroxypropan-2yl)phenyl]propan-1-one.
d [1-[[[(1R)-1-[3-[(Z)-2-(7-Chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
e This is a process impurity and is included in the table for identification only. This impurity is
controlled in the drug substance. It is not to be reported for the drug product and should not
be included in the total impurities.
f [1-[[[(1R)-3-(2-Acetylphenyl)-1-[3-[(E)-2-(7-chloroquinolin-2yl)ethenyl]phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
g 1-[[[(1R)-1-[3-[(1R)-1-[[[1-(Carboxymethyl)cyclopropyl]methyl]sulfanyl]-2-(7-
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chloroquinolin-2-yl)ethyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
h 1-[[[(1R)-1-[3-[(1S)-1-[[[1-(Carboxymethyl)cyclopropyl]methyl]sulfanyl]-2-(7chloroquinolin-2-yl)ethyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
i [1-[[[(1R)-1-[3-[(E)-2-(7-Chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(1methylethenyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Store at
controlled room temperature.
• USP Reference Standards 11
USP Montelukast Dicyclohexylamine RS
C35 H36 ClNO3 S·C12 H23 N
767.50
2S (USP38)

BRIEFING
Montelukast Sodium Tablets. Because there is no existing USP monograph for this dosage
form, a new monograph based on validated methods of analysis is being proposed. The liquid
chromatographic procedure in the Assay and the test for Organic Impurities is based on
analyses performed with the Phenomenex LUNA Phenyl-hexyl brand of L11 column. The
typical retention time for montelukast is about 15 min. The liquid chromatographic procedure
in the test for Dissolution is based on analyses performed with the Inertsil Phenyl brand of
L11 column. The typical retention time for montelukast is about 1.8 min.
(SM4: M. Koleck.)
Correspondence Number—C121755

Comment deadline: November 30, 2014
Add the following:
Montelukast Sodium Tablets
DEFINITION
Montelukast Sodium Tablets contain Montelukast Sodium equivalent to NLT 94.0% and NMT
105.0% of the labeled amount of montelukast (C35 H36 ClNO3 S).
[Note—Avoid exposure of the samples to light. Use low-actinic glassware.]
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Diluent: Methanol and water (3:1)
Standard solution: 0.026 mg/mL of USP Montelukast Dicyclohexylamine RS in Diluent
Sample solution: Nominally 0.02 mg/mL of montelukast prepared as follows. Transfer one
Tablet equivalent to 10 mg of montelukast to a suitable volumetric flask, add 25% of the
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flask volume of water, and let stand for 5–10 min until the Tablet has disintegrated. Add
60% of the flask volume of methanol, shake well, and sonicate for 70 min with occasional
shaking. Cool to room temperature, dilute with methanol to volume, and mix well.
Centrifuge a portion of the resulting solution to obtain a clear solution.
Wavelength range: 210–400 nm
Acceptance criteria: The Sample solution exhibits maxima only at the same wavelengths
as the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Diluent: Methanol and water (3:1)
Solution A: 0.2% (v/v) Trifluoroacetic acid in water
Solution B: Methanol and acetonitrile (3:2)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
48
52
5
45
55
12
45
55
22
25
75
23
25
75
25
48
52
30
48
52
Standard solution: 0.52 mg/mL of USP Montelukast Dicyclohexylamine RS in Diluent
System suitability solution: Transfer 10 mL of the Standard solution to a clear 10-mL
volumetric flask, add 4 µL of hydrogen peroxide, and mix well. Expose the flask for at least
4 h to ambient light or 10 min to a 4 kLux cool white light.
[Note—Montelukast is partially converted to the cis-isomer under these conditions.]
Sensitivity solution: 0.52 µg/mL of USP Montelukast Dicyclohexylamine RS in Diluent from
the Standard solution
Sample solution: Nominally 0.4 mg/mL of montelukast prepared as follows. Transfer a
number of Tablets equivalent to 100 mg of montelukast to a suitable volumetric flask, add
70% of the flask volume of Diluent, and sonicate for 30 min. Shake for 30 min on a
platform shaker. Dilute with Diluent to volume and stir for 30 min. Pass a portion through a
suitable filter of 0.45-µm pore size, discarding the first mL of filtrate. Use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 255 nm
Columns
Guard: 3.0-mm × 4-mm; packing L11
Analytical: 4.6-mm × 10-cm; 3-µm packing L11
Column temperature: 50
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Flow rate: 1.5 mL/min
Injection volume: 15 µL
Run time: 2 times the retention time of montelukast
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
[Note—The relative retention times of the cis-isomer and montelukast are about 0.92 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between the cis-isomer and montelukast, System suitability
solution
Relative standard deviation: NMT 2% for five injections, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of montelukast (C35 H36 ClNO3 S) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Montelukast Dicyclohexylamine RS in the Standard solution
(mg/mL)
CU= nominal concentration of montelukast in the Sample solution (mg/mL)
Mr1
= molecular weight of montelukast, 586.18
Mr2
= molecular weight of montelukast dicyclohexylamine, 767.50
Acceptance criteria: 94.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.5% (w/v) Sodium dodecyl sulfate in water; 900 mL. Do not deaerate.
Apparatus 2: 50 rpm
Time: 20 min
Solution A: 0.2% (v/v) Trifluoroacetic acid in water
Solution B: 0.2% (v/v) Trifluoroacetic acid in acetonitrile
Mobile phase: Solution A and Solution B (1:1)
Standard stock solution: 0.35 mg/mL of USP Montelukast Dicyclohexylamine RS in
methanol (equivalent to 0.27 mg/mL of montelukast)
Standard solution: (L/900) mg/mL of montelukast in Medium from the Standard stock
solution, where L is the label claim in mg/Tablet of montelukast.
Sample solution: Pass a portion of the solution under test through a suitable filter or
centrifuge to obtain a clear solution.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)

PF 40(5): Sep.-Oct. 2014

1585

Detector: UV 389 nm
Column: 3.0-mm × 10-cm; 5-µm packing L11
Column temperature: 50
Flow rate: 0.9 mL/min
Injection volume: 20 µL
Run time: 1.5 times the retention time of montelukast
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of montelukast (C35 H36 ClNO3 S) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of montelukast in the Standard solution (mg/mL)
V= volume of Medium (900 mL)
L= label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of montelukast (C35 H36 ClNO3 S) is
dissolved.
• Uniformity of Dosage Units 905
Procedure for content uniformity
Solution A, Solution B, Mobile phase, and System suitability: Proceed as directed in
Dissolution.
Diluent: Methanol and water (3:1)
Standard solution: 0.052 mg/mL of USP Montelukast Dicyclohexylamine RS in Diluent
Sample solution: Nominally 0.04 mg/mL of montelukast prepared as follows. Transfer one
Tablet equivalent to 10 mg of montelukast to a suitable volumetric flask, add 25% of the
flask volume of water, and let stand for 5–10 min until the Tablet has disintegrated. Add
60% of the flask volume of methanol, shake well, and sonicate for 70 min with
occasional shaking. Cool to room temperature, dilute with methanol to volume, and mix
well. Pass a portion of the resulting solution through a suitable filter or centrifuge to
obtain a clear solution.
Chromatographic system: Proceed as directed in Dissolution, except use an Injection
volume of 10 µL.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of montelukast (C35 H36 ClNO3 S) in the
Tablet taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Montelukast Dicyclohexylamine RS in the Standard solution
(mg/mL)
CU= nominal concentration of montelukast in the Sample solution (mg/mL)
Mr1
= molecular weight of montelukast, 586.18
Mr2
= molecular weight of montelukast dicyclohexylamine, 767.50
Acceptance criteria: Meet the requirements
IMPURITIES
• Organic Impurities
Diluent, Solution A, Solution B, Mobile phase, Standard solution, System suitability
solution, Sensitivity solution, Sample solution, Chromatographic system, and
System suitability: Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU= peak response of any individual degradation product from the Sample solution
rS= peak response of montelukast from the Standard solution
CS= concentration of USP Montelukast Dicyclohexylamine RS in the Standard solution
(mg/mL)
CU= nominal concentration of montelukast in the Sample solution (mg/mL)
Mr1
= molecular weight of montelukast, 586.18
Mr2
= molecular weight of montelukast dicyclohexylamine, 767.50
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard any peak with an area less than that of the
Sensitivity solution.

Name
impuritya,b

Sulfoxide
Montelukast ketone impurityc
cis-Isomerd
Montelukast
Methylketone impuritye,f
Michael Adduct 1g,e
Michael Adduct 2h,e

Table 2
Relative
Retention
Time
0.45
0.71
0.92
1.0
1.04
1.16
1.18

Relative
Response
Factor
1.0
1.7
1.0
—
—
—
—

Acceptance
Criteria,
NMT (%)
2.0
0.2
0.2
—
—
—
—
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—
—
Methylstyrene impurityi,e
1.55
Any other individual degradation product
—
1.0
0.2
Total impurities
—
—
3.0
a These two impurities are not resolved by the method and need to be integrated
together to determine conformance.
b [1-[[[1-[3-[(E)-2-(7-Chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfinyl]methyl]cyclopropyl]acetic acid.
c (E)-1-{3-[2-(7-Chloroquinolin-2-yl)vinyl]phenyl}-3-[2-(2-hydroxypropan-2yl)phenyl]propan-1-one.
d [1-[[[(1R)-1-[3-[(Z)-2-(7-Chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
e This is a process impurity and is included in the table for identification only. This impurity is
controlled in the drug substance. It is not to be reported for the drug product and should not
be included in the total impurities.
f [1-[[[(1R)-3-(2-Acetylphenyl)-1-[3-[(E)-2-(7-chloroquinolin-2yl)ethenyl]phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
g 1-[[[(1R)-1-[3-[(1R)-1-[[[1-(Carboxymethyl)cyclopropyl]methyl]sulfanyl]-2-(7chloroquinolin-2-yl)ethyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
h 1-[[[(1R)-1-[3-[(1S)-1-[[[1-(Carboxymethyl)cyclopropyl]methyl]sulfanyl]-2-(7chloroquinolin-2-yl)ethyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
i [1-[[[(1R)-1-[3-[(E)-2-(7-Chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(1methylethenyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Store at
controlled room temperature.
• USP Reference Standards 11
USP Montelukast Dicyclohexylamine RS
C35 H36 ClNO3 S·C12 H23 N
767.50
2S (USP38)

BRIEFING
Montelukast Sodium Chewable Tablets. Because there is no existing USP monograph for this
dosage form, a new monograph based on validated methods of analysis is being proposed.
The liquid chromatographic procedure in the Assay and the test for Organic Impurities is
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based on analyses performed with the Phenomenex LUNA Phenyl-hexyl brand of L11 column.
The typical retention time for montelukast is about 15 min. The liquid chromatographic
procedure in the test for Dissolution is based on analyses performed with the Inertsil Phenyl
brand of L11 column. The typical retention time for montelukast is about 1.8 min.
(SM4: M. Koleck.)
Correspondence Number—C126761

Comment deadline: November 30, 2014
Add the following:
Montelukast Sodium Chewable Tablets
DEFINITION
Montelukast Sodium Chewable Tablets contain Montelukast Sodium equivalent to NLT 93.5%
and NMT 105.0% of the labeled amount of montelukast (C35 H36 ClNO3 S).
[Note—Avoid exposure of the samples to light. Use low-actinic glassware.]
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Diluent: Methanol and water (3:1)
Standard solution (for 4-mg Chewable Tablets): 0.026 mg/mL of USP Montelukast
Dicyclohexylamine RS in Diluent
Standard solution (for 5-mg Chewable Tablets): 0.033 mg/mL of USP Montelukast
Dicyclohexylamine RS in Diluent
Sample solution: Nominally (L/200) mg/mL of montelukast, where L is the label claim of
montelukast in mg/Chewable Tablet prepared as follows. Transfer one Chewable Tablet to
a suitable volumetric flask, add 25% of the flask volume of water, and let stand for 5–10
min until the Chewable Tablet has disintegrated. Add 55% of the flask volume of methanol,
shake well, and sonicate for 70 min with occasional shaking. Cool to room temperature,
dilute with methanol to volume, and mix well. Centrifuge a portion of the resulting solution
to obtain a clear solution.
Wavelength range: 210–400 nm
Acceptance criteria: The Sample solution exhibits maxima only at the same wavelengths
as the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Diluent: Methanol and water (3:1)
Solution A: 0.2% (v/v) Trifluoroacetic acid in water
Solution B: Methanol and acetonitrile (3:2)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
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0
48
52
5
45
55
12
45
55
22
25
75
23
25
75
25
48
52
30
48
52
Standard solution: 0.33 mg/mL of USP Montelukast Dicyclohexylamine RS in Diluent
System suitability solution: Transfer 10 mL of the Standard solution to a clear 10-mL
volumetric flask, add 4 µL of hydrogen peroxide, and mix well. Expose the flask for at least
4 h to ambient light or 10 min to a 4 kLux cool white light.
[Note—Montelukast is partially converted to the cis-isomer under these conditions.]
Sensitivity solution: 0.33 µg/mL of USP Montelukast Dicyclohexylamine RS in Diluent from
the Standard solution
Sample solution (for 4-mg Chewable Tablets): Nominally 0.24 mg/mL of montelukast
prepared as follows. Transfer 12 Chewable Tablets to a suitable volumetric flask, add 75%
of the flask volume of Diluent, and shake vigorously for 60 min. Dilute with Diluent to
volume. Pass a portion of the resulting solution through a suitable filter of 0.45-µm pore
size, discarding the first mL of filtrate. Use the filtrate.
Sample solution (for 5-mg Chewable Tablets): Nominally 0.25 mg/mL of montelukast
prepared as follows. Transfer 10 Chewable Tablets to a suitable volumetric flask, add 75%
of the flask volume of Diluent, and shake vigorously for 60 min. Dilute with Diluent to
volume. Pass a portion of the resulting solution through a suitable filter of 0.45-µm pore
size, discarding the first mL of filtrate. Use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 255 nm
Columns
Guard: 3.0-mm × 4-mm; packing L11
Analytical: 4.6-mm × 10-cm; 3-µm packing L11
Column temperature: 50
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 2 times the retention time of montelukast
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
[Note—The relative retention times of the cis-isomer and montelukast are about 0.92 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between the cis-isomer and montelukast, System suitability
solution
Relative standard deviation: NMT 2% for five injections, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of montelukast (C35 H36 ClNO3 S) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Montelukast Dicyclohexylamine RS in the Standard solution
(mg/mL)
CU= nominal concentration of montelukast in the Sample solution (mg/mL)
Mr1
= molecular weight of montelukast, 586.18
Mr2
= molecular weight of montelukast dicyclohexylamine, 767.50
Acceptance criteria: 93.5%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.5% (w/v) Sodium dodecyl sulfate in water; 900 mL. Do not deaerate.
Apparatus 2: 50 rpm
Time: 20 min
Solution A: 0.2% (v/v) Trifluoroacetic acid in water
Solution B: 0.2% (v/v) Trifluoroacetic acid in acetonitrile
Mobile phase: Solution A and Solution B (1:1)
Standard stock solution (for 4-mg Chewable Tablets): 0.30 mg/mL of USP Montelukast
Dicyclohexylamine RS in methanol (equivalent to 0.23 mg/mL of montelukast)
Standard stock solution (for 5-mg Chewable Tablets): 0.35 mg/mL of USP Montelukast
Dicyclohexylamine RS in methanol (equivalent to 0.27 mg/mL of montelukast)
Standard solution: (L/900) mg/mL of montelukast in Medium from the Standard stock
solution, where L is the label claim in mg/Chewable Tablet of montelukast
Sample solution: Pass a portion of the solution under test through a suitable filter or
centrifuge to obtain a clear solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 389 nm
Column: 3.0-mm × 10-cm; 5-µm packing L11
Column temperature: 50
Flow rate: 0.9 mL/min
Injection volume: 50 µL
Run time: 1.5 times the retention time of montelukast
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of montelukast (C35 H36 ClNO3 S) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of montelukast in the Standard solution (mg/mL)
V= volume of Medium (900 mL)
L= label claim (mg/Chewable Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of montelukast (C35 H36 ClNO3 S) is
dissolved
• Uniformity of Dosage Units 905
Procedure for content uniformity
Solution A, Solution B, Mobile phase, and System suitability: Proceed as directed in
Dissolution.
Diluent: Methanol and water (3:1)
Standard solution (for 4-mg Chewable Tablets): 0.026 mg/mL of USP Montelukast
Dicyclohexylamine RS in Diluent
Standard solution (for 5-mg Chewable Tablets): 0.033 mg/mL of USP Montelukast
Dicyclohexylamine RS in Diluent
Sample solution: Nominally (L/200) mg/mL of montelukast, where L is the label claim of
montelukast in mg/Chewable Tablet prepared as follows. Transfer one Chewable Tablet
to a suitable volumetric flask, add 25% of the flask volume of water, and let stand for
5–10 min until the Chewable Tablet has disintegrated. Add 55% of the flask volume of
methanol, shake well, and sonicate for 70 min with occasional shaking. Cool to room
temperature, dilute with methanol to volume, and mix well. Pass a portion of the
resulting solution through a suitable filter or centrifuge to obtain a clear solution.
Chromatographic system: Proceed as directed in Dissolution, except use an Injection
volume of 10 µL.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of montelukast (C35 H36 ClNO3 S) in the
Chewable Tablet taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Montelukast Dicyclohexylamine RS in the Standard solution
(mg/mL)
CU= nominal concentration of montelukast in the Sample solution (mg/mL)
Mr1
= molecular weight of montelukast, 586.18
Mr2
= molecular weight of montelukast dicyclohexylamine, 767.50
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Acceptance criteria: Meet the requirements
IMPURITIES
• Organic Impurities
Diluent, Solution A, Solution B, Mobile phase, Standard solution, System suitability
solution, Sensitivity solution, Sample solution, Chromatographic system, and
System suitability: Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual degradation product in the portion of Chewable
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU= peak response of any individual degradation product from the Sample solution
rS= peak response of montelukast from the Standard solution
CS= concentration of USP Montelukast Dicyclohexylamine RS in the Standard solution
(mg/mL)
CU= nominal concentration of montelukast in the Sample solution (mg/mL)
Mr1
= molecular weight of montelukast, 586.18
Mr2
= molecular weight of montelukast dicyclohexylamine, 767.50
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard any peak with an area less than that of the
Sensitivity solution.

Name

Table 2
Relative
Retention
Time

Sulfoxide impuritya,b
Montelukast ketone impurityc
cis-Isomerd
Montelukast
Methylketone impuritye,f
Michael Adduct 1g,e
Michael Adduct 2h,e
Methylstyrene impurityi,e
Any other individual degradation product
Total impurities
a These two impurities are not resolved by the
together to determine conformance.

0.45
0.71
0.92
1.0
1.04
1.16
1.18
1.55
—
—

Relative
Response
Factor
1.0
1.7
1.0
—
—
—
—
—
1.0
—

Acceptance
Criteria,
NMT (%)
1.5
0.2
0.2
—
—
—
—
—
0.2
2.0

method and need to be integrated

b [1-[[[1-[3-[(E)-2-(7-Chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfinyl]methyl]cyclopropyl]acetic acid.
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c (E)-1-{3-[2-(7-Chloroquinolin-2-yl)vinyl]phenyl}-3-[2-(2-hydroxypropan-2yl)phenyl]propan-1-one.
d [1-[[[(1R)-1-[3-[(Z)-2-(7-Chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
e This is a process impurity and is included in the table for identification only. This impurity is
controlled in the drug substance. It is not to be reported for the drug product and should not
be included in the total impurities.
f [1-[[[(1R)-3-(2-Acetylphenyl)-1-[3-[(E)-2-(7-chloroquinolin-2yl)ethenyl]phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
g 1-[[[(1R)-1-[3-[(1R)-1-[[[1-(Carboxymethyl)cyclopropyl]methyl]sulfanyl]-2-(7chloroquinolin-2-yl)ethyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
h 1-[[[(1R)-1-[3-[(1S)-1-[[[1-(Carboxymethyl)cyclopropyl]methyl]sulfanyl]-2-(7chloroquinolin-2-yl)ethyl]phenyl]-3-[2-(1-hydroxy-1methylethyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
i [1-[[[(1R)-1-[3-[(E)-2-(7-Chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(1methylethenyl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Store at
controlled room temperature.
• USP Reference Standards 11
USP Montelukast Dicyclohexylamine RS
C35 H36 ClNO3 S·C12 H23 N
767.50
2S (USP38)

BRIEFING
Mycophenolate Mofetil Capsules, USP 37 page 3900. On the basis of comments received, it
is proposed to revise the Acceptance criteria in the Assay to be consistent with the FDAapproved specification. The Definition is revised accordingly.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: F. Mao.)
Correspondence Number—C143422

Comment deadline: November 30, 2014
Mycophenolate Mofetil Capsules
DEFINITION
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Change to read:
Mycophenolate Mofetil Capsules contain NLT 90.0% and NMT 110.0%
NLT 95.0% and NMT 105.0% 2S (USP38)
of the labeled amount of mycophenolate mofetil (C23 H31 NO7 ).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Standard solution and Sample solution: Use the Standard solution and the Sample
solution as prepared in Dissolution Test 1.
Acceptance criteria: The UV absorption spectra of the Standard solution and the Sample
solution exhibit maxima and minima at the same wavelength within ±3 nm.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Phosphoric acid solution: Phosphoric acid and water (3:50)
Triethylamine solution: Transfer 3 mL of triethylamine to 1000 mL of water. Adjust with
Phosphoric acid solution to a pH of 5.3.
Mobile phase: Acetonitrile and Triethylamine solution (11:9)
Standard solution: 0.125 mg/mL of USP Mycophenolate Mofetil RS in acetonitrile
Sample solution: Open Capsules, equivalent to 1.25 g of mycophenolate mofetil based on
the label claim, and transfer the contents including Capsule shells into a 500-mL
volumetric flask. Add 50 mL of water and shake mechanically for a minimum of 15 min. Add
350 mL of acetonitrile, sonicate for 15 min, and shake mechanically for 20 min. Dilute with
acetonitrile to volume. Transfer 5.0 mL of this solution to a 100-mL volumetric flask and
dilute with acetonitrile to volume. Pass through a nylon filter of 0.45-µm pore size and
discard the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Temperatures
Column: 45
Autosampler: 10 ± 5
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 2.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mycophenolate mofetil (C23 H31 NO7 ) in
the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of mycophenolate mofetil in the Standard solution (mg/mL)
C=
U nominal concentration of mycophenolate mofetil in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
95.0%–105.0% 2S (USP38)

PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 40 rpm, with sinkers
Time: 20 min
Standard solution: 0.278 mg/mL of USP Mycophenolate Mofetil RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Detector: UV 250 nm
Path length: 0.1 cm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mycophenolate mofetil (C23 H31 NO7 )
dissolved:
Result = (AU/AS) × CS × V × 1(/L) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Capsule)
Tolerances: NLT 80% (Q) of the labeled amount of mycophenolate mofetil (C23 H31 NO7 ) is
dissolved.
Test 2: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 2.
Medium: 0.1 N hydrochloric acid; 900 mL
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Apparatus 2: 40 rpm, with sinker
Time: 30 min
Standard solution: 0.028 mg/mL of USP Mycophenolate Mofetil RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable nylon filter
of 0.45-µm pore size. Discard the first 3–5 mL of the filtrate. Dilute 1 mL of the filtrate
with Medium to 10 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 250 nm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mycophenolate mofetil (C23 H31 NO7 )
dissolved:
Result = (AU/AS) × CS × V × D × (1/L) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
V= volume of Medium, 900 mL
D= dilution factor, 10
L= label claim (mg/Capsule)
Tolerances: NLT 80% (Q) of the labeled amount of mycophenolate mofetil (C23 H31 NO7 ) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Limit of Degradation Products
Mobile phase, Standard solution, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Sensitivity solution: 0.0625 µg/mL of USP Mycophenolate Mofetil RS in acetonitrile
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Tailing factor: NMT 2, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
[Note—The run time for the Sample solution is three times that of the retention time of the
mycophenolate mofetil peak.]
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
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Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of mycophenolate mofetil from the Standard solution
C=
S concentration of USP Mycophenolate Mofetil RS in the Standard solution (mg/mL)
C=
U nominal concentration of mycophenolate mofetil in the Sample solution (mg/mL)
F= relative response factor for each individual impurity (see Table 1.)
Acceptance criteria: See Table 1. Disregard peaks at relative retention times of 1.45 and
2.15. Disregard any peaks less than 0.05%.

Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Mycophenolic acida
0.6
1.4
1.0
b
Mycophenolate N-oxide analog
0.8
1.0
0.2
Mycophenolate mofetil
1.0
—
—
Any single unspecified impurity
—
1.0
0.1
Total degradation products
—
—
1.5
a (E)-6-(1,3-Dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl)-4-methyl4-hexenoic acid.
b 2-Morpholinoethyl (E)-6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5isobenzofuranyl)-4-methyl-4-hexenoate N-oxide.
• Limit of Z-Mycophenolate Mofetil
[Note—Z-Mycophenolate mofetil is 2-morpholinoethyl (Z)-6-(4-hydroxy-6-methoxy-7-methyl3-oxo-5-phthalanyl)-4-methyl-4-hexenoate.]
Triethylamine solution: Prepare as directed in the Assay.
Mobile phase: Acetonitrile and Triethylamine solution (7:13)
Sensitivity solution: 1.25 µg/mL of USP Mycophenolate Mofetil RS in acetonitrile
Standard solution: 0.025 mg/mL of USP Mycophenolate Mofetil RS in acetonitrile
Sample solution: Open Capsules, equivalent to 1.25 g of mycophenolate mofetil based on
the label claim, and transfer the contents including Capsule shells into a 500-mL
volumetric flask. Add 50 mL of water and shake mechanically for a minimum of 15 min. Add
350 mL of acetonitrile, sonicate for 15 min, and shake mechanically for 20 min. Dilute with
acetonitrile to volume. Pass through a nylon filter of 0.45-µm pore size and discard the
first 2 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Column temperature: 60
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: 1.7 times the retention time of the mycophenolate mofetil peak
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System suitability
Samples: Sensitivity solution and Standard solution
[Note—The relative retention times for mycophenolate mofetil and Z-mycophenolate mofetil
are 1.0 and 1.1, respectively.]
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of Z-mycophenolate mofetil in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of Z-mycophenolate mofetil from the Sample solution
rS= peak response of mycophenolate mofetil from the Standard solution
C=
S concentration of USP Mycophenolate Mofetil RS in the Standard solution (mg/mL)
C=
U nominal concentration of mycophenolate mofetil in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.10%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers, and store at
controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the test used
only if Test 1 is not used.
• USP Reference Standards 11
USP Mycophenolate Mofetil RS
BRIEFING
Mycophenolate Mofetil Tablets, USP 37 page 3904. On the basis of comments received, it is
proposed to make the following changes:
1.
The Acceptance criteria in the Assay is revised to be consistent with the FDA-approved
specification.
2.
The dilution factors are added in the formulas in Dissolution Test 2 and Dissolution Test
3. The formulas in all Dissolution tests are revised to be consistent with the USP
standard format.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: F. Mao.)
Correspondence Number—C143206

Comment deadline: November 30, 2014
Mycophenolate Mofetil Tablets
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DEFINITION
Change to read:
Mycophenolate Mofetil Tablets contain NLT 90.0% and NMT 110.0%
NLT 95.0% and NMT 105.0% 2S (USP38)
of the labeled amount of mycophenolate mofetil (C23 H31 NO7 ).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Standard solution and Sample solution: Use the Standard solution and Sample solution
as prepared in the test for Dissolution.
Acceptance criteria: The UV absorption spectrum of the Standard solution and the
Sample solution exhibit maxima and minima at the same wavelength within ±3 nm.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Phosphoric acid solution: Phosphoric acid and water (3:50)
Triethylamine solution: Transfer 3 mL of triethylamine to 1000 mL of water. Adjust with
Phosphoric acid solution to a pH of 5.3.
Mobile phase: Acetonitrile and Triethylamine solution (11:9)
Standard solution: 0.125 mg/mL of USP Mycophenolate Mofetil RS in acetonitrile
Sample solution:
Nominally equivalent to 0.125 mg/mL of mycophenolate mofetil prepared as follows.
2S (USP38)

Place Tablets, equivalent to 2.5 g of mycophenolate mofetil based on the label claim, into a
1000-mL volumetric flask. Add 100 mL of water, and shake mechanically for a minimum of 15
min. Add 700 mL of acetonitrile, sonicate for 15 min, and shake mechanically for 20 min. Dilute
with acetonitrile to volume. Transfer 5.0 mL of this solution to a 100-mL volumetric flask, and
dilute with acetonitrile to volume. Pass through a nylon filter of 0.45-µm pore size, and discard
the first 5 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Temperatures
Column: 45
Autosampler: 10 ± 5
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mycophenolate mofetil (C23 H31 NO7 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Mycophenolate Mofetil RS in the Standard solution (mg/mL)
C=
U nominal concentration of mycophenolate mofetil in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
95.0%–105.0% 2S (USP38)

PERFORMANCE TESTS
Change to read:
• Dissolution 711
Test 1
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Times: 5 and 15 min
Standard solution: 0.55 mg/mL of USP Mycophenolate Mofetil RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Detector: UV 304 nm
Path length: 0.1 cm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mycophenolate mofetil (C23 H31 NO7 ) dissolved:
Result = (AU/AS) × (CS/L) × V × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Correction factor = (v × P5)/V
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v= volume of solution under test withdrawn (mL)
P=
5 percentage of mycophenolate dissolved at 5 min
Correction of the percentage dissolved at 15 min:
Result = Correction factor + percentage dissolved at 15 min
Calculate the concentration (Ci) of mycophenolate mofetil (C23 H31 NO7 ) dissolved at
each time point (i):
Result = (AU/AS) × CS
AU
= absorbance from the Sample solution
AS
= absorbance from the Standard solution
CS
= concentration of the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of mycophenolate mofetil (C23 H31 NO7 )
dissolved at each time point (i)
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V

VS)] + (C1 × VS)} × (1/L) × 100

Ci
= concentration of mycophenolate mofetil in the portion of sample withdrawn at the specified
time (mg/mL)
V
= volume of the Medium, 900 mL
L
= label claim (mg/Tablet)
VS
= volume of the Sample solution withdrawn at each time point (mL)
2S (USP38)

Tolerances: NLT 75% (Q) of the labeled amount of mycophenolate mofetil (C23 H31 NO7 ) is
dissolved in 5 min, and NLT 85% (Q) of the labeled amount of mycophenolate mofetil
(C23 H31 NO7 ) is dissolved in 15 min.
Tolerances: See Table 1.
Table 1
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Time Point
(i)
1
2

Time
Tolerances
(min)
(Q)
5
NLT 75%
15
NLT 85%

2S (USP38)

Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.1 N hydrochloric acid; 900 mL, deaerated
Apparatus 2: 50 rpm
Times: 5 and 15 min
Diluted phosphoric acid: Transfer 5 mL of phosphoric acid to a 25-mL volumetric flask. Dilute
with water to volume.
Buffer: 3.0 mL/L of triethylamine in water. Adjust with Diluted phosphoric acid to a pH of 5.3.
Mobile phase: Acetonitrile and Buffer (45:55)
Diluent: Acetonitrile and Buffer (20:80)
Standard stock solution: 0.56 mg/mL of USP Mycophenolate Mofetil RS in Medium
Standard solution: 0.11 mg/mL of USP Mycophenolate Mofetil RS in Diluent, prepared from
the Standard stock solution
Sample solution: Pass a portion of the solution under test through a suitable filter of 0.45µm pore size. Transfer 5 mL of the filtrate to a 25-mL volumetric flask, and dilute with Diluent
to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mycophenolate mofetil (C23 H31 NO7 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of the Standard solution
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Correction factor = (v × P5)/V
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v= volume of solution under test withdrawn (mL)
P=
5 percentage of mycophenolate dissolved at 5 min
Correction of the percentage dissolved at 15 min:
Result = Correction factor + percentage dissolved at 15 min
Calculate the concentration (Ci) of mycophenolate mofetil (C23 H31 NO7 ) dissolved at each
time point (i):
Result = (rU/rS) × CS × D
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of the Standard solution (mg/mL)
D
= dilution factor of the Sample solution, 5
Calculate the percentage of the labeled amount of mycophenolate mofetil (C23 H31 NO7 )
dissolved at each time point (i)
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V

VS)] + (C1 × VS)} × (1/L) × 100

Ci
= concentration of mycophenolate mofetil in the portion of sample withdrawn at the specified
time (mg/mL)
V
= volume of the Medium, 900 mL
L
= label claim (mg/Tablet)
VS
= volume of the Sample solution withdrawn at each time point (mL)
2S (USP38)

Tolerances: NLT 60% (Q) of the labeled amount of mycophenolate mofetil (C23 H31 NO7 ) is
dissolved in 5 min, and NLT 80% (Q) of the labeled amount of mycophenolate mofetil
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(C23 H31 NO7 ) is dissolved in 15 min.
Tolerances: See Table 2.
Time Point
(i)
1
2

Table 2
Time
Tolerances
(min)
(Q)
5
NLT 60%
15
NLT 80%

2S (USP38)

Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Times: 5 and 15 min
Standard solution: 0.011 mg/mL of USP Mycophenolate Mofetil RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of 0.45µm pore size. Dilute 2 mL of the filtrate with Medium to 100 mL.
Detector: UV 250 nm
Path length: 1 cm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mycophenolate mofetil (C23 H31 NO7 ) dissolved:
Result = (AU/AS) × (CS/L) × V × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Correction factor = (v × P5)/V
v= volume of solution under test withdrawn (mL)
P=
5 percentage of mycophenolate dissolved at 5 min
Correction of the percentage dissolved at 15 min:
Result = Correction factor + percentage dissolved at 15 min
Calculate the concentration (Ci) of mycophenolate mofetil (C23 H31 NO7 ) dissolved at each
time point (i):
Result = (rU/rS) × CS × D
rU
= peak response from the Sample solution
rS
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= peak response from the Standard solution
CS
= concentration of the Standard solution (mg/mL)
D
= dilution factor of the Sample solution, 50
Calculate the percentage of the labeled amount of mycophenolate mofetil (C23 H31 NO7 )
dissolved at each time point (i)
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V

VS)] + (C1 × VS)} × (1/L) × 100

Ci
= concentration of mycophenolate mofetil in the portion of sample withdrawn at the specified
time (mg/mL)
V
= volume of the Medium, 900 mL
L
= label claim (mg/Tablet)
VS
= volume of the Sample solution withdrawn at each time point (mL)
2S (USP38)

Tolerances: NLT 70% (Q) of the labeled amount of mycophenolate mofetil (C23 H31 NO7 ) is
dissolved in 5 min, and NLT 85% (Q) of the labeled amount of mycophenolate mofetil
(C23 H31 NO7 ) is dissolved in 15 min.
Tolerances: See Table 3.
Time Point
(i)
1
2

Table 3
Time
Tolerances
(min)
(Q)
5
NLT 70%
15
NLT 85%

2S (USP38)

• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Limit of Degradation Products
Mobile phase, Standard solution, Sample solution, and Chromatographic system:
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Proceed as directed in the Assay.
Sensitivity solution: 0.0625 µg/mL of USP Mycophenolate Mofetil RS in acetonitrile
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Tailing factor: NMT 2, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
[Note—The run time for the Sample solution is 3 times that of the retention time of the
mycophenolate mofetil peak.]
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of mycophenolate mofetil from the Standard solution
C=
S concentration of USP Mycophenolate Mofetil RS in the Standard solution (mg/mL)
C=
U nominal concentration of mycophenolate mofetil in the Sample solution (mg/mL)
F= relative response factor for each individual impurity (see Table 4)
Acceptance criteria: See Table 4.
[Note—Disregard peaks at relative retention times of 1.45 and 2.15. Disregard any peaks
less than 0.05%.]

Name

Table 4
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Mycophenolic acida
0.6
1.4
1.0
Mycophenolate N-oxide analogb
0.8
1.0
0.2
Mycophenolate mofetil
1.0
—
—
Any single unspecified impurity
—
1.0
0.1
Total degradation products
—
—
1.5
a (E)-6-(1,3-Dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl)-4-methyl4-hexenoic acid.
b 2-Morpholinoethyl (E)-6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5isobenzofuranyl)-4-methyl-4-hexenoate N-oxide.
• Limit of Z-Mycophenolate Mofetil
[Note—Z-Mycophenolate mofetil is 2-morpholinoethyl (Z)-6-(4-hydroxy-6-methoxy-7-methyl3-oxo-5-phthalanyl)-4-methyl-4-hexenoate.]
Triethylamine solution: Proceed as directed in the Assay.
Mobile phase: Acetonitrile and Triethylamine solution (7:13)
Sensitivity solution: 1.25 µg/mL of USP Mycophenolate Mofetil RS in acetonitrile
Standard solution: 0.025 mg/mL of USP Mycophenolate Mofetil RS in acetonitrile
Sample solution: Place Tablets, equivalent to 2.5 g of mycophenolate mofetil based on
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the label claim, into a 1000-mL volumetric flask. Add 100 mL of water, and shake
mechanically for a minimum of 15 min. Add 700 mL of acetonitrile, sonicate for 15 min, and
shake mechanically for 20 min. Dilute with acetonitrile to volume. Pass through a nylon
filter of 0.45-µm pore size, and discard the first 2 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Column temperature: 60
Flow rate: 1.5 mL/min
Run time: 1.7 times the retention time of the mycophenolate mofetil peak
Injection volume: 10 µL
System suitability
Samples: Sensitivity solution and Standard solution
[Note—The relative retention times for mycophenolate mofetil and Z-mycophenolate
mofetil are 1.0 and 1.1, respectively.]
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of Z-mycophenolate mofetil in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of Z-mycophenolate mofetil from the Sample solution
rS= peak response of mycophenolate mofetil from the Standard solution
C=
S concentration of USP Mycophenolate Mofetil RS in the Standard solution (mg/mL)
C=
U nominal concentration of mycophenolate mofetil in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.10%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers, and store at
controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Mycophenolate Mofetil RS
BRIEFING
Mycophenolate Sodium. Because there is no existing USP monograph for this drug substance,
a new monograph based on validated methods of analysis is proposed. The liquid
chromatography procedure in the Assay and the test for Organic Impurities is based on
analyses performed with the Nucleosil 100 C18 brand of L1 column. The typical retention
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time for mycophenolate is about 17 min.
(SM3: F. Mao.)
Correspondence Number—C128807

Comment deadline: November 30, 2014
Add the following:
Mycophenolate Sodium

C17 H19 NaO6

342.32

4-Hexenoic acid, 6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl)-4methyl-, monosodium salt, (E)-;
Sodium (E)-6-(4-hydroxy-6-methoxy-7-methyl-3-oxo-1,3-dihydroisobenzofuran-5-yl)-4methylhex-4-enoate
[37415-62-6].
DEFINITION
Mycophenolate Sodium contains NLT 98.0% and NMT 102.0% of mycophenolate sodium
(C17 H19 NaO6 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197
[Note—Methods described in Spectrophotometric Identification Tests, Infrared Absorption
197K , 197M , or 197A may be used.]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect solutions from light.
Solvent A: Acetonitrile, phosphoric acid, and water (100: 0.2: 900)
Solvent B: Acetonitrile, phosphoric acid, and water (800: 0.2: 200)
Mobile phase: See Table 1. Return to original conditions, and re-equilibrate the system.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
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0
90
10
35
10
90
40
10
90
Diluent: Methanol and water (1:9)
Standard solution: 0.08 mg/mL of USP Mycophenolate Sodium RS in Diluent. Protect from
light.
Sample solution: 0.08 mg/mL of Mycophenolate Sodium in Diluent. Protect from light.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 216 nm
Column: 3-mm × 25-cm; 5 µm packing L1
Column temperature: 50
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 0.73%
Tailing factor: 0.7–1.5
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mycophenolate sodium (C17 H19 NaO6 ) in the portion of
Mycophenolate Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response from the Sample solution
r=
S peak response from the Standard solution
C=
S concentration of USP Mycophenolate Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Mycophenolate Sodium in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Organic Impurities
Protect solutions from light.
Mobile phase, Diluent, Standard solution, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
System suitability stock solution 1: 0.02 mg/mL of USP Mycophenolate Mofetil Related
Compound B RS prepared as follows. Transfer USP Mycophenolate Mofetil Related
Compound B RS to a suitable volumetric flask and dilute in methanol equivalent to 10% of
the final volume, and then dilute with water to volume.
System suitability stock solution 2: Transfer 4.0 mL of System suitability stock solution
1 to a 100-mL volumetric flask and dilute with Diluent to volume.
System suitability solution: 0.8 µg/mL of USP Mycophenolate Mofetil Related Compound B
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RS and 0.08 mg/mL of USP Mycophenolate Sodium RS prepared by dissolving a suitable
amount of USP Mycophenolate Sodium RS in System suitability stock solution 2
Sensitivity solution: 0.024 µg/mL of USP Mycophenolate Sodium RS in Diluent from
Standard solution
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between the mycophenolate mofetil related compound B and
mycophenolate peaks, System suitability solution
Relative standard deviation: NMT 0.73%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Mycophenolate Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response of each impurity from the Sample solution
r=
S peak response of mycophenolate from the Standard solution
C=
S concentration of USP Mycophenolate Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Mycophenolate Sodium in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Mycophenolate mofetil related compound Ba
0.9
0.1
Mycophenolate
1.0
—
Any individual unspecified impurity
—
0.07
Total impurities
—
0.4
a (RS)-7-Hydroxy-5-methoxy-4-methyl-6-[2-(5-methyl-2-oxo-tetrahydrofuran-5yl)ethyl]-3H-isobenzofuranyl-1-one.
SPECIFIC TESTS
• Sodium Content
Standard stock solution: Use commercially available sodium atomic absorption
spectroscopy standard solution of 1000 µg/mL of sodium in 0.5 M nitric acid.
Diluent: Transfer 3 mL of nitric acid to a 250-mL volumetric flask, and dilute with water to
volume.
Standard solution A: 6.0 µg/mL of sodium in Diluent from Standard stock solution
Standard solution B: 9.0 µg/mL of sodium in Diluent from Standard stock solution
Standard solution C: 12.0 µg/mL of sodium in Diluent from Standard stock solution
Sample solution: 0.14 mg/mL of Mycophenolate Sodium prepared as follows. Weigh 30–40
mg of Mycophenolate Sodium into a digestion vessel, add 3 mL of nitric acid and digest at
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150 for 5 h. Allow to cool, transfer the digestion solution to a 250-mL volumetric flask,
and dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 589.0 nm
Lamp: Sodium hollow cathode
Flame: Air–acetylene
Blank: Diluent
System suitability
Sample: Standard solution B
Suitability requirements
Relative standard deviation: NMT 5% for absorbance from three readings
Analysis
Samples: Standard solutions, Sample solution, and Blank
Plot the absorbances of the Blank and Standard solutions versus their concentrations of
sodium (0, 6.0, 9.0, and 12.0 µg/mL), and draw a calibration curve best fitting the four
points. From the graph so obtained, determine the concentration, in µg/mL, of sodium in
the Sample solution.
Calculate the percentage of sodium in the portion of Mycophenolate Sodium taken:
Result = F × (CS/CU) × 100
F=
U conversion factor (0.001 mg/µg)
C=
S concentration of sodium in the Sample solution (µg/mL)
C=
U concentration of Mycophenolate Sodium in the Sample solution (mg/mL)
Acceptance criteria: 5.7%–7.7% on the anhydrous basis
• X-Ray Diffraction 941 : Its X-ray diffraction pattern conforms to that of USP
Mycophenolate Sodium RS, similarly determined.
• Water Determination, Method Ia

921 : NMT 1.5%

• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial limit does not exceed 103 cfu/g. The total yeasts and molds count
does not exceed 102 cfu/g.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Protect from light.
• USP Reference Standards 11
USP Mycophenolate Mofetil Related Compound B RS
(RS)-7-Hydroxy-5-methoxy-4-methyl-6-[2-(5-methyl-2-oxo-tetrahydrofuran-5yl)ethyl]-3H-isobenzofuranyl-1-one.
C17 H20 O6
320.34
USP Mycophenolate Sodium RS
2S (USP38)

BRIEFING
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Mycophenolic Acid Delayed-Release Tablets. Because there is no existing USP monograph
for this drug product, a new monograph based on validated methods of analysis is proposed.
The liquid chromatographic procedure in the Assay and the test for Organic Impurities is
based on analyses performed with the Machenery Nagel Hypersil MOS brand of L7 column.
The typical retention time for mycophenolic acid is about 7 min.
(SM3: F. Mao.)
Correspondence Number—C136857

Comment deadline: November 30, 2014
Add the following:
Mycophenolic Acid Delayed-Release Tablets
DEFINITION
Mycophenolic Acid Delayed-Release Tablets contain an amount of mycophenolate sodium
equivalent to NLT 95.0% and NMT 105.0% of the labeled amount of mycophenolic acid
(C17 H20 O6 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect solutions from light.
Solution A: Dissolve 21 g of citric acid in a suitable volume of water, add 200 mL of 1 M
sodium hydroxide solution, and dilute with water to 1 L.
Buffer: Solution A and 0.1 M hydrochloric acid (399:601)
Solution B: Acetonitrile, Buffer, and water (40:15:45)
Solution C: Acetonitrile and Buffer (85:15)
Mobile phase: See Table 1. Return to original conditions, and re-equilibrate the system.
Table 1
Time
Solution B Solution C
(min)
(%)
(%)
0
100
0
9
100
0
18
0
100
22
0
100
Diluent: Solution B
Standard solution: 0.385 mg/mL of USP Mycophenolate Sodium RS in Diluent. Stir
magnetically for at least 60 min to aid dissolution.
Sample stock solution: Nominally equivalent to 9 mg/mL of mycophenolic acid in Diluent
prepared as follows. Transfer NLT 25 Tablets to a volumetric flask and add Diluent to
volume. Add a stirring bar and stir vigorously for at least 60 min. Centrifuge a portion of
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the suspension and use the clear supernatant.
Sample solution: Nominally equivalent to 0.36 mg/mL of mycophenolic acid in Diluent from
Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 251 nm or diode array. [Note—Use a diode array detector to perform
Identification test B.]
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mycophenolic acid (C17 H20 O6 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of mycophenolate from the Sample solution
rS= peak response of mycophenolate from the Standard solution
CS= concentration of USP Mycophenolate Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of mycophenolic acid in the Sample solution (mg/mL)
Mr1
= molecular weight of mycophenolic acid, 320.34
Mr2
= molecular weight of mycophenolate sodium, 342.32
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Protect solutions from light.
Acid stage
Acid stage medium: 0.1 N hydrochloric acid; 750 mL
Apparatus 2: 50 rpm
Time: 2 h
Standard solution: (L/1000) mg/mL of mycophenolic acid prepared from USP
Mycophenolate Sodium RS as follows, where L is the Tablet label claim in mg. Transfer
USP Mycophenolate Sodium RS to a suitable volumetric flask, dissolve in methanol
equivalent to 5% of the final volume, and dilute with Acid stage medium to volume.
Sample solution: Centrifuge portions of the solution under test or pass through a
suitable glass fiber filter of 1-µm pore size.
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Instrumental conditions
Mode: UV
Analytical wavelength: 250 nm
Cell path length: Use 0.2 cm for Tablets containing 180 mg of mycophenolic acid per
Tablet and 0.1 cm for Tablets containing 360 mg of mycophenolic acid per Tablet.
Blank: Acid stage medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mycophenolic acid (C17 H20 O6 )
dissolved:
Result = (AU/AS) × (CS/L) × V × (Mr1/Mr2) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Mycophenolate Sodium RS in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 750 mL
Mr1
= molecular weight of mycophenolic acid, 320.34
Mr2
= molecular weight of mycophenolate sodium, 342.32
Buffer stage
Buffer stage medium: Replace the volume withdrawal in the Acid stage if it is equal to
or greater than 2 mL. Add 250 mL of 0.2 M sodium phosphate and adjust, if necessary,
to a pH of 6.8 using either 2 M sodium hydroxide or hydrochloric acid; 1000 mL.
Apparatus 2: 50 rpm
Time: 1 h. [Note—The total time for this analysis is 3 h, where 2 h is from the Acid stage
and 1 h is from the Buffer stage.]
Standard solution: (L/1000) mg/mL of mycophenolic acid prepared from USP
Mycophenolate Sodium RS as follows, where L is the Tablet label claim in mg. Transfer
USP Mycophenolate Sodium RS to a suitable volumetric flask, dissolve in methanol
equivalent to 5% of the final volume, and dilute with Buffer stage medium to volume.
Sample solution: Centrifuge portions of the solution under test or pass through a
suitable glass fiber filter of 1-µm pore size.
Instrumental conditions
Mode: UV
Analytical wavelength: 250 nm
Cell path length: Use 0.2 cm for Tablets containing 180 mg of mycophenolic acid per
Tablet and 0.1 cm for Tablets containing 360 mg of mycophenolic acid per Tablet.
Blank: Buffer stage medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mycophenolic acid (C17 H20 O6 )
dissolved:
Result = (AU/AS) × (CS/L) × V × (Mr1/Mr2) × 100
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A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Mycophenolate Sodium RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
Mr1
= molecular weight of mycophenolic acid, 320.34
Mr2
= molecular weight of mycophenolate sodium, 342.32
Tolerances
Acid stage: NMT 5%
Buffer stage: NLT 80%
• Uniformity of Dosage Units

905 : Meet the requirements for Weight Variation

IMPURITIES
• Organic Impurities
Protect solutions from light.
Mobile phase, Standard solution, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
System suitability solution: 0.36 µg/mL of USP Mycophenolate Mofetil Related Compound
B RS and 0.385 mg/mL of USP Mycophenolate Sodium RS in Diluent. Stir magnetically for
at least 60 min to aid dissolution.
Sensitivity solution: 0.18 µg/mL of USP Mycophenolate Sodium RS in Diluent from
Standard solution
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between the mycophenolate mofetil related compound B and
mycophenolate peaks, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of mycophenolate from the Standard solution
CS= concentration of USP Mycophenolate Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of mycophenolic acid in the Sample solution (mg/mL)
Mr1
= molecular weight of mycophenolic acid, 320.34
Mr2
= molecular weight of mycophenolate sodium, 342.32
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
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Table 2

Name
Phthalic acida
Impurity 1
Phthalic acid monoethyl esterb,a
Mycophenolate mofetil related compound Bc
Mycophenolate
Ethyl ester of mycophenolated
Any individual unspecified impurity
Total impurities
a Not included in the total impurities.

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
—
0.30
0.45
0.1
—
0.55
0.90
1.0
2.3
—
—

0.1
—
0.1
0.1
0.4

b 2-(Ethoxycarbonyl)benzoic acid.
c (RS)-7-Hydroxy-5-methoxy-4-methyl-6-[2-(5-methyl-2-oxo-tetrahydrofuran-5-yl)ethyl]-3Hisobenzofuran-1-one.
d Ethyl (E)-6-(4-hydroxy-6-methoxy-7-methyl-3-oxo-1,3-dihydroisobenzofuran-5-yl)-4methylhex-4-enoate.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and protect from moisture. Store at
controlled room temperature.
• USP Reference Standards 11
USP Mycophenolate Mofetil Related Compound B RS
(RS)-7-Hydroxy-5-methoxy-4-methyl-6-[2-(5-methyl-2-oxo-tetrahydrofuran-5yl)ethyl]-3H-isobenzofuranyl-1-one.
C17 H20 O6
320.34
USP Mycophenolate Sodium RS
2S (USP38)

BRIEFING
Myrrh, USP 37 page 3907. In preparation for the omission of the general chapter Heavy Metals
231 and all references to this general chapter from individual monographs, it is proposed
to control arsenic, cadmium, lead, and mercury as described in the Limits of Elemental
Impurities section of the general chapter Articles of Botanical Origin
elsewhere in this Pharmacopeial Forum.
(DS: N. Kim.)
Correspondence Number—C149422

Comment deadline: November 30, 2014
Myrrh

561

proposed
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DEFINITION
Myrrh is the oleo-gum resin of stems and branches of Commiphora molmol Engler and other
related species of Commiphora other than Commiphora mukul (Fam. Burseraceae).
IDENTIFICATION
• A. Procedure
Analysis: Triturate 0.4 g of crushed Myrrh with 1 g of washed sand, shake for a few min
with 10 mL of ethyl ether, and filter. Evaporate the filtrate to dryness in a porcelain dish,
and add a few drops of nitric acid to the residue.
Acceptance criteria: A purplish violet color is produced instantly.
• B. Procedure
Analysis: Transfer 0.1 g of powdered Myrrh to a test tube, and add 1 mL of nitric acid.
Acceptance criteria: A red color is produced. Upon addition of a crystal of vanillin, the red
color deepens and does not diminish when water is added.
• C. Thin-Layer Chromatographic Identification Test

201

Standard solution: 7 µg/mL of (E)-anethole, 8 µg/mL of linalool, and 10 µg/mL each of (
)-bornyl acetate and (R)-( )-carvone in toluene
Sample solution: 250 mg/mL of finely powdered Myrrh in alcohol. [Note—Shake for 1 min,
centrifuge, and filter.]
Spray reagent: Dissolve 0.5 mL of p-anisaldehyde in 10 mL of glacial acetic acid. Add 85
mL of methanol, and then carefully add 5 mL of sulfuric acid. [Note—Prepare fresh
immediately before use.]
Application volume: 2 µL for the Sample solution and 1 µL for the Standard solution
Developing solvent system: Toluene and ethyl acetate (93:7)
Analysis
Samples: Standard solution and Sample solution
[Note—Wash the plate in the Developing solvent system, and air-dry before use.]
Spray the plate with Spray reagent, heat in an oven at 100 for 5 min, and examine in
white light.
Acceptance criteria
The chromatogram of the Standard solution exhibits four well-resolved spots: an olivebrown spot due to (E)-anethole at an RF value of about 0.6; an orange-brown spot due to
( )-bornyl acetate at an RF value of about 0.5; a reddish brown spot due to (R)-( )carvone at an RF value of about 0.4; and a deep gray spot due to linalool at an RF value
of about 0.2.
The chromatogram of the Sample solution exhibits an intense purplish red spot at an RF
value of about 0.7 and two moderately intense purplish red spots at RF values of about
0.5 and 0.4. The chromatogram of the Sample solution may exhibit other spots of varying
intensities, including a spot at the origin.
• D. Thin-Layer Chromatographic Identification Test 201
Standard solution: 4 µg/mL of (E)-anethole and 1 mg/mL of thymol in alcohol
Sample solution: Transfer 0.5 g of finely powdered Myrrh to a test tube containing 5.0 mL
of alcohol, and warm the mixture in a water bath for 2 to 3 min. Cool, and filter.
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Developing solvent system: Toluene and ethyl acetate (49:1)
Analysis
Samples: Standard solution and Sample solution
Proceed as directed. Allow the plate to air-dry, and examine under UV light at 365 nm.
Acceptance criteria: The chromatogram of the Sample solution shows no blue-to-violet
fluorescent zones in the lower third of the chromatogram (absence of Commiphora
mukul).
IMPURITIES
Delete the following:
• Heavy Metals, Method II

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Elemental Impurities

561 : Meets the requirements

2S (USP38)

• Articles of Botanical Origin, Acid-Insoluble Ash
• Articles of Botanical Origin, Total Ash

561 : NMT 5.0%

561 : NMT 10.0%

• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2%

SPECIFIC TESTS
• Botanic Characteristics: Myrrh occurs in rounded or irregular tears, or bumps of
agglutinated tears, of variable sizes; brownish yellow to reddish brown, covered with some
grayish or yellowish dust, externally; rich brown or reddish brown internally, sometimes
marked with white spots or lines; thin splinters, translucent or almost transparent; brittle;
waxy, granular, conchoidal fracture; characteristic and aromatic odor; aromatic, bitter,
and acrid taste.
• Loss on Drying 731 : Dry 1.0 g of powdered Myrrh between 100 and 105 for 2 h; it
loses NMT 15.0% of its weight
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2 561 : 40%–70%
• Articles of Botanical Origin, Water-Soluble Extractives, Method 2 561 : NLT 50%
• Articles of Botanical Origin, Volatile Oil Determination 561 : NLT 6.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature, in a dry place.
• Labeling: Label it to indicate the species of Commiphora from which the oleo-gum resin was
obtained. Label it to indicate that it is intended for topical and oropharyngeal use only.
BRIEFING
Naproxen Sodium and Pseudoephedrine Hydrochloride Extended-Release Tablets, PF
38(6) [Nov. 2012–Jan. 2013]. The previously published proposal is canceled and replaced
with the following proposal based on the comments received.
1.
The HPLC procedures in the Assay and in Dissolution, Test 1 are based on analyses
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performed with the Spherisorb ODS1 brand of L1 column. The typical retention times
for pseudoephedrine and naproxen in the Assay are about 5 and 11 min, respectively.
The typical retention times for pseudoephedrine and naproxen in Dissolution, Test 1
are about 4 and 8 min, respectively.
2.
The HPLC procedure in Dissolution, Test 2 is based on analysis performed with the
Zorbax SB-C18 brand of L1 column. The typical retention times for pseudoephedrine
and naproxen are about 2.5 and 10 min, respectively.
3.
The HPLC procedures in the tests for Naproxen Sodium Related Impurities and
Pseudoephedrine Hydrochloride Related Impurities are based on analyses performed
with the Symmetry Shield RP-18 brand of L1 column. The typical retention time for
naproxen in the test for Naproxen Sodium Related Impurities is about 9 min. The
typical retention time for pseudoephedrine in the test for Pseudoephedrine
Hydrochloride Related Impurities is about 17 min.
(SM2: H. Cai.)
Correspondence Number—C89101; C128566; C131568

Comment deadline: November 30, 2014
Add the following:
Naproxen Sodium and Pseudoephedrine Hydrochloride Extended-Release Tablets
DEFINITION
Naproxen Sodium and Pseudoephedrine Hydrochloride Extended-Release Tablets contain NLT
90.0% and NMT 110.0% of the labeled amounts of naproxen sodium (C14 H13 NaO3 ) and
pseudoephedrine hydrochloride (C10 H15 NO·HCl).
IDENTIFICATION
• A. The retention times of the naproxen and pseudoephedrine peaks of the Sample solution
correspond to those of the Standard solution, as obtained in the Assay.
• B. The UV absorption spectra of naproxen and pseudoephedrine peaks of the Sample solution
and those of the Standard solution exhibit maxima and minima at the same wavelengths, as
obtained in the Assay.
ASSAY
• Procedure
Buffer: Dissolve 400 mg of sodium lauryl sulfate in 1 L of water. Add 5 mL of triethylamine,
and adjust with glacial acetic acid to a pH of 4.1.
Mobile phase: Acetonitrile, methanol, and Buffer (25:25:50)
Standard solution: 0.22 mg/mL of USP Naproxen Sodium RS and 0.12 mg/mL of USP
Pseudoephedrine Hydrochloride RS in methanol. Pass a portion of the solution through a
suitable filter of 0.45-µm pore size.
Sample stock solution: Nominally 2.2 mg/mL of naproxen sodium and 1.2 mg/mL of
pseudoephedrine hydrochloride in methanol prepared as follows. Transfer NLT 5 whole
Tablets to an appropriate volumetric flask, add 70% of the final volume of methanol, and
shake to disintegrate the Tablets. Sonicate for 30 min with intermittent shaking. Allow the
solution to cool to room temperature, and dilute with methanol to volume. Centrifuge 10
mL of the solution for 10 min, and use the clear supernatant to prepare the Sample
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solution.
Sample solution: Nominally 0.22 mg/mL of naproxen sodium and 0.12 mg/mL of
pseudoephedrine hydrochloride in methanol from the Sample stock solution. Pass a portion
of the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector
Assay: UV 257 nm
Identification test B: Diode array, UV 200–400 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: NLT 6 times the retention time of pseudoephedrine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the naproxen and pseudoephedrine peaks
Relative standard deviation: NMT 2.0% for the naproxen and pseudoephedrine peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of naproxen sodium (C14 H13 NaO3 ) and
pseudoephedrine hydrochloride (C10 H15 NO·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of naproxen or pseudoephedrine from the Sample solution
rS= peak response of naproxen or pseudoephedrine from the Standard solution
C=
S concentration of USP Naproxen Sodium RS or USP Pseudoephedrine Hydrochloride RS in
the Standard solution (mg/mL)
C=
U nominal concentration of naproxen or pseudoephedrine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: 0.01% Sodium lauryl sulfate in water, degassed; 900 mL
Apparatus 1: 75 rpm
Times: 1 h for naproxen sodium; 1, 3, and 8 h for pseudoephedrine hydrochloride
Buffer: Add 5 mL of triethylamine to 1 L of 0.4 g/L of sodium lauryl sulfate in water.
Adjust with glacial acetic acid to a pH of 4.1.
Mobile phase: Acetonitrile, methanol, and Buffer (25:25:50)
Standard stock solution: 1.22 mg/mL of USP Naproxen Sodium RS and 0.66 mg/mL of
USP Pseudoephedrine Hydrochloride RS in methanol
Standard solution: 0.24 mg/mL of USP Naproxen Sodium RS and 0.13 mg/mL of USP
Pseudoephedrine Hydrochloride RS in Medium from the Standard stock solution. Pass

PF 40(5): Sep.-Oct. 2014

1621

about 2 mL of the solution through a suitable filter of 0.45-µm pore size.
Sample solution: At the times specified, withdraw 10 mL of the solution under test, and
pass through a suitable filter of 0.45-µm pore size. Replace the aliquots withdrawn for
analysis with equal volumes of fresh portions of Medium maintained at 37 .
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 40 µL
Run time: NLT 2.5 times the retention time of pseudoephedrine
System suitability
Sample: Standard solution
[Note—The relative retention times for pseudoephedrine and naproxen are 0.5 and 1.0,
respectively.]
Suitability requirements
Tailing factor: NMT 2.0 for the naproxen and pseudoephedrine peaks
Relative standard deviation: NMT 2.0% for the naproxen and pseudoephedrine
peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage (Q) of the labeled amount of naproxen sodium (C14 H13 NaO3 )
dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response of naproxen from the Sample solution
rS= peak response of naproxen from the Standard solution
C=
S concentration of USP Naproxen Sodium RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim of naproxen sodium (mg/Tablet)
Calculate the concentration (Ci) of pseudoephedrine hydrochloride (C10 H15 NO·HCl) in the
sample withdrawn from the vessel at each time point (i) (mg/mL):
Result i = (rU/rS) × CS
rU= peak response of pseudoephedrine from the Sample solution
rS= peak response of pseudoephedrine from the Standard solution
C=
S concentration of USP Pseudoephedrine Hydrochloride RS in the Standard solution
(mg/mL)
Calculate the percentage of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100
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Result 3 = {(C3 × V) + [(C2 + C1) × VS]} × (1/L) × 100
C=
i concentration of pseudoephedrine hydrochloride in Medium in the portion of the
sample withdrawn at each time point (i) (mg/mL)
V= volume of Medium, 900 mL
L= label claim of pseudoephedrine hydrochloride (mg/Tablet)
V=
S volume of the Sample solution withdrawn from the Medium (mL)
Tolerances
Naproxen sodium: NLT 80% (Q) of the labeled amount of naproxen sodium
(C14 H13 NaO3 ) is dissolved.
Pseudoephedrine hydrochloride: See Table 1.
Table 1
Time Point Time Amount of Pseudoephedrine Hydrochloride
(i)
(h)
Dissolved
1
1
35%–55%
2
3
75%–95%
3
8
NLT 85%
The percentages of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved at the times specified conform to Acceptance Table 2 in
Dissolution 711 .
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.01% Sodium lauryl sulfate in water, deaerated; 900 mL
Apparatus 1: 75 rpm
Times: 1 h for naproxen sodium; 1, 3, and 8 h for pseudoephedrine hydrochloride
Solution A: Dissolve 6.8 g of monobasic potassium phosphate in 1 L of water. Adjust with
phosphoric acid to a pH of 4.0.
Solution B: Acetonitrile
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0.0
90
10
10.0
45
55
11.0
90
10
14.0
90
10
Standard solution: 0.24 mg/mL of USP Naproxen Sodium RS and 0.13 mg/mL of USP
Pseudoephedrine Hydrochloride RS prepared as follows. Dissolve suitable quantities of
USP Naproxen Sodium RS and USP Pseudoephedrine Hydrochloride RS with 2% of the
final volume of methanol, and sonicate if necessary. Dilute with Medium to volume.
Sample solution: At the times specified, withdraw 10 mL of the solution under test, and
pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 254 nm for the pseudoephedrine peak (before relative retention time of
0.5 in relation to the naproxen peak); UV 290 nm for the naproxen peak (at relative
retention time of 0.5 and after relative retention time of 0.5 in relation to the naproxen
peak)
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.6 mL/min
Injection volume: 30 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the naproxen and pseudoephedrine peaks
Relative standard deviation: NMT 2.0% for the naproxen and pseudoephedrine
peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage (Q) of the labeled amount of naproxen sodium (C14 H13 NaO3 )
dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response of naproxen from the Sample solution
rS= peak response of naproxen from the Standard solution
C=
S concentration of USP Naproxen Sodium RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim of naproxen sodium (mg/Tablet)
Calculate the concentration (Ci) of pseudoephedrine hydrochloride (C10 H15 NO·HCl) in the
sample withdrawn from the vessel at each time point (i) (mg/mL):
Result i = (rU/rS) × CS
rU= peak response of pseudoephedrine from the Sample solution
rS= peak response of pseudoephedrine from the Standard solution
C=
S concentration of USP Pseudoephedrine Hydrochloride RS in the Standard solution
(mg/mL)
Calculate the percentage of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V
Result 3 = {C3 × [V

VS)] + (C1 × VS)} × (1/L) × 100

(2 × VS)] + [(C2 + C1) × VS]} × (1/L) × 100

C=
i concentration of pseudoephedrine hydrochloride in Medium in the portion of the
sample withdrawn at each time point (i) (mg/mL)
V= volume of Medium, 900 mL
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L= label claim of pseudoephedrine hydrochloride (mg/Tablet)
V=
S volume of the Sample solution withdrawn from the vessel, 10 mL
Tolerances
Naproxen sodium: NLT 80% (Q) of the labeled amount of naproxen sodium
(C14 H13 NaO3 ) is dissolved.
Pseudoephedrine hydrochloride: See Table 3.
Table 3
Time Point Time Amount of Pseudoephedrine Hydrochloride
(i)
(h)
Dissolved
1
1
40%–65%
2
3
75%–100%
3
8
NLT 85%
The percentages of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved at the times specified conform to Acceptance Table 2 in
Dissolution

711 .

• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Naproxen Sodium Related Impurities
Mobile phase: Acetonitrile, water, and glacial acetic acid (50:50:1)
Diluent: Acetonitrile and water (90:10)
System suitability solution: 3.1 mg/mL of USP Naproxen Sodium RS and 8 µg/mL each of
USP Naproxen Related Compound K RS and USP Naproxen Related Compound L RS in
Diluent. Pass a portion of the solution through a suitable filter of 0.45-µm pore size.
Standard solution: 0.006 mg/mL of USP Naproxen Sodium RS in Diluent. Pass a portion of
the solution through a suitable filter of 0.45-µm pore size.
Sample solution: Nominally 3.1 mg/mL of naproxen sodium in Diluent, prepared as follows.
Transfer a suitable amount of naproxen sodium from NLT 20 finely powdered Tablets to an
appropriate volumetric flask, add 70% of the final volume of Diluent, and sonicate for 20
min with intermittent shaking. Allow the solution to cool to room temperature, and dilute
with Diluent to volume. Pass a portion of the solution through a suitable filter of 0.45-µm
pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: NLT 5.6 times the retention time of naproxen
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2 between naproxen related compound K and naproxen; NLT 2
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between naproxen and naproxen related compound L, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each naproxen sodium related impurity in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each naproxen impurity from the Sample solution
rS= peak response of naproxen from the Standard solution
C=
S concentration of USP Naproxen Sodium RS in the Standard solution (mg/mL)
C=
U nominal concentration of naproxen sodium in the Sample solution (mg/mL)
F= relative response factor (see Table 4)
Acceptance criteria: See Table 4.

Name
Naproxen related compound Ka
Naproxen
Naproxen related compound Lb
Naproxen methyl esterc
Naproxen isopropyl esterd
Any unspecified impurity
Total impuritiese

Table 4
Relative
Retention
Time
0.84
1.00
1.33
2.23
4.61
—
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.2
—
6.8
0.95
0.83
1.0
—

0.2
—
0.2
0.2
0.2
0.15
1.0

a 1-(6-Methoxynaphthalen-2-yl)ethanol.
b 1-(6-Methoxynaphthalen-2-yl)ethanone.
c Methyl 2-(6-methoxynaphthalen-2-yl)propionate.
d Isopropyl 2-(6-methoxynaphthalen-2-yl)propionate.
e Exclude pseudoephedrine related peaks before the relative retention time of 0.4.
• Pseudoephedrine Hydrochloride Related Impurities
Solution A: 5 mL/L of triethylamine in water. Adjust with phosphoric acid to a pH of 3.0.
Solution B: Acetonitrile and water (90:10)
Mobile phase: See Table 5.
Table 5
Time
Solution A Solution B
(min)
(%)
(%)
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0
100
0
30
100
0
40
0
100
50
0
100
55
100
0
90
100
0
Diluent: 5 mL/L of triethylamine in water. Adjust with phosphoric acid to a pH of 6.8.
System suitability solution: 0.5 mg/mL of USP Pseudoephedrine Hydrochloride RS and 1.5
µg/mL of USP Ephedrine Hydrochloride RS in Diluent. Pass a portion of the solution through
a suitable filter of 0.45-µm pore size.
Standard solution: 0.001 mg/mL of USP Pseudoephedrine Hydrochloride RS in Diluent. Pass
a portion of the solution through a suitable filter of 0.45-µm pore size.
Sample solution: Nominally 0.5 mg/mL of pseudoephedrine hydrochloride in Diluent,
prepared as follows. Transfer a suitable amount of pseudoephedrine hydrochloride from
NLT 20 finely powdered Tablets to an appropriate volumetric flask, add 70% of the total
volume of Diluent, and sonicate for 30 min with intermittent shaking. Allow the solution to
cool to room temperature, and dilute with Diluent to volume. Centrifuge a portion of the
solution for 10 min. Pass a portion of the solution through a suitable filter of 0.45-µm pore
size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between ephedrine and pseudoephedrine
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each pseudoephedrine hydrochloride related impurity in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each pseudoephedrine hydrochloride impurity from the Sample solution
rS= peak response of pseudoephedrine from the Standard solution
C=
S concentration of USP Pseudoephedrine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U nominal concentration of pseudoephedrine hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 6)
Acceptance criteria: See Table 6.
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Name

Table 6
Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

Norephedrinea
0.62
1.0
b
Norpseudoephedrine
0.72
1.3
c
Ephedrine
0.90
0.94
Pseudoephedrine
1.00
—
Any unspecified impurity
—
1.0
—
—
Total impuritiesd
a (1R,2S)-2-Amino-1-phenylpropan-1-ol.

0.2
0.2
0.2
—
0.15
1.0

b (1S,2S)-2-Amino-1-phenylpropan-1-ol.
c (1R,2S)-2-(Methylamino)-1-phenylpropan-1-ol.
d Exclude naproxen related peaks after a relative retention time of 1.8 and blank peaks before a
relative retention time of 0.2.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in a dry place. Store at controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Ephedrine Hydrochloride RS
(1R,2S)-2-(Methylamino)-1-phenylpropan-1-ol hydrochloride.
C10 H15 NO · HCl
201.69
USP Naproxen Related Compound K RS
1-(6-Methoxynaphthalen-2-yl)ethanol.
C13 H14 O2
202.25
USP Naproxen Related Compound L RS
1-(6-Methoxynaphthalen-2-yl)ethanone.
C13 H12 O2
200.23
USP Naproxen Sodium RS
USP Pseudoephedrine Hydrochloride RS
2S (USP38)

BRIEFING
Phenylephrine Hydrochloride Tablets. Because there is no existing monograph for this drug
product, a new USP monograph based on the validated test methods is being proposed.
1.
The liquid chromatographic procedures in the Assay and Dissolution are based on
analysis performed with the Luna SCX brand of L9 column. The typical retention time
for phenylephrine is about 4 min.
2.
The liquid chromatographic procedure in the test for Organic Impurities is based on
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analysis performed with the X-Select HSS T3 brand of L1 column. The typical
retention time for phenylephrine is about 6 min.
(SM2: H. Cai.)
Correspondence Number—C135454

Comment deadline: November 30, 2014
Add the following:
Phenylephrine Hydrochloride Tablets
DEFINITION
Phenylephrine Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount
of phenylephrine hydrochloride (C9 H13 NO2 ·HCl).
IDENTIFICATION
• A. The UV absorption spectra of the phenylephrine peak of the Sample solution and that of
the Standard solution exhibit maxima and minima at the same wavelengths, as obtained in
the Assay.
• B. The retention time of the phenylephrine peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Use plastic vials for analysis.
Buffer: 3.45 g/L of monobasic ammonium phosphate in water. Adjust with 10% phosphoric
acid or 10% ammonium hydroxide solution to a pH of 4.5 ± 0.10 if necessary.
Solution A: Dilute 10 mL of glacial acetic acid with water to 1000 mL.
Mobile phase: Acetonitrile and Buffer (35:65)
Diluent: Methanol and Solution A (30:70)
Standard solution: 0.1 mg/mL of USP Phenylephrine Hydrochloride RS in Diluent
Sample solution: Nominally 0.1 mg/mL of phenylephrine hydrochloride prepared as follows.
Transfer NLT 10 Tablets to a suitable volumetric flask, add 50% of the final volume of
Solution A, and stir vigorously for NLT 30 min. Add 30% of the final volume of methanol
and stir for NLT an additional 90 min. To ensure that particles do not collect above the
solvent level, periodically rinse the particulate into solution with Solution A. Allow the
resulting solution to cool to room temperature and dilute with Solution A to volume. Pass a
portion through a suitable filter with a 0.45-µm pore size. Discard the first 2–3 mL of
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector
Assay: UV 214 nm
Identification test A: Diode array, UV 200–400 nm
Column: 4.6-mm × 10-cm; 5-µm packing L9
Flow rate: 2.0 mL/min
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Injection volume: 25 µL
Run time: NLT 1.75 times retention time of phenylephrine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.5–3.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phenylephrine hydrochloride
(C9 H13 NO2 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of phenylephrine from the Sample solution
rS= peak response of phenylephrine from the Standard solution
C=
S concentration of USP Phenylephrine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of phenylephrine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Use plastic vials for analysis.
Medium: Simulated gastric fluid without pepsin; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Buffer, Mobile phase, and System suitability: Proceed as directed in the Assay.
Standard solution: (L/900) mg/mL of USP Phenylephrine Hydrochloride RS in Medium,
where L is the label claim of phenylephrine hydrochloride in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter of 10–
20-µm pore size.
Chromatographic system: Proceed as directed in the Assay except for the following.
Injection volume: 100µL
Run time: NLT 1.5 times retention time of phenylephrine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phenylephrine hydrochloride
(C9 H13 NO2 ·HCl) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response of phenylephrine from the Sample solution
rS= peak response of phenylephrine from the Standard solution
C=
S concentration of USP Phenylephrine Hydrochloride RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
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L= label claim (mg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of phenylephrine hydrochloride
(C9 H13 NO2 ·HCl) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Solution A: Trifluoroacetic acid and water (1:1000)
Solution B: Trifluoroacetic acid and acetonitrile (1:1000)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
96.5
3.5
3
96.5
3.5
44
62.0
38.0
45
96.5
3.5
50
96.5
3.5
Diluent: Phosphoric acid and water (0.5: 1000)
System suitability solution: 0.0002 mg/mL of USP Phenylephrine Related Compound F RS,
0.0002 mg/mL of USP Phenylephrine Related Compound G RS, and 0.2 mg/mL of USP
Phenylephrine Hydrochloride RS in Diluent
Standard solution: 0.002 mg/mL of USP Phenylephrine Hydrochloride RS in Diluent
Sensitivity solution: 0.0002 mg/mL of USP Phenylephrine Hydrochloride RS in Diluent from
the Standard solution
Sample solution: Nominally 0.2 mg/mL of phenylephrine hydrochloride prepared as follows.
Transfer NLT 10 Tablets to a suitable volumetric flask, add about 50% of the final volume
of Diluent, and shake for NLT 1 h. Dilute with Diluent to volume. Pass a portion through a
suitable filter with a 0.45-µm pore size. Discard the first 2 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 35.0
Flow rate: 1.2 mL/min
Injection volume: 50µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.0 between phenylephrine related compound G and phenylephrine,
System suitability solution
Relative standard deviation: NMT 6.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
r=
U peak response of each individual degradation product from the Sample solution
r=
S peak response of phenylephrine in the Standard solution
C=S concentration of USP Phenylephrine Hydrochloride RS in the Standard solution (mg/mL)
C=U nominal concentration of phenylephrine hydrochloride in the Sample solution (mg/mL)
F= relative response factor of each individual degradation product (see Table 2)
Acceptance criteria: See Table 2. Disregard any peaks below 0.1%.
Table 2

Name

Relative
Retention
Time

Isoquinoline 4,6-diol analoga
Phenylephrine related compound F b
Phenylephrine related compound Gc
Phenylephrine
Phenylephrone (Phenylephrine related
compound C)d
3-Hydroxybenzaldehyde
Phenylephrine isoquinolinone analoge
Any unspecified degradation product
Total degradation products
a 2-Methyl-1,2,3,4-tetrahydroisoquinoline-4,6-diol.

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

0.67
0.88
0.94
1.00

0.70
1.0
1.0
1.0

1.0
0.3
0.3
—

1.29
3.00
4.19
—
—

1.8
3.1
8.0
1.0
—

0.5
0.3
0.3
0.3
2.4

b 2-Methyl-1,2,3,4-tetrahydroisoquinoline-4,8-diol.
c (R)-N-(2-Hydroxy-2-(3-hydroxyphenyl)ethyl)-N-methylglycine.
d 1-(3-Hydroxyphenyl)-2-(methylamino)ethan-1-one.
e 1-(3-Hydroxybenzoyl)-2-methylisoquinolin-6(2H)-one.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at 20 –25 .
• USP Reference Standards 11
USP Phenylephrine Hydrochloride RS
USP Phenylephrine Related Compound F RS

PF 40(5): Sep.-Oct. 2014

1632

2-Methyl-1,2,3,4-tetrahydroisoquinoline-4,8-diol.
C10 H13 NO2
179.22
USP Phenylephrine Related Compound G RS
(R)-N-(2-Hydroxy-2-(3-hydroxyphenyl)ethyl)-N-methylglycine.
C11 H15 NO4
225.24
2S (USP38)

BRIEFING
Phenylpropanolamine Bitartrate, USP 37 page 4281. It is proposed to omit the monograph
because the products containing phenylpropanolamine are no longer considered safe for use in
humans, and the FDA withdrew the approval of the related products for use in humans. No drug
products formulated with the drug substance as defined in Phenylpropanolamine Bitartrate are
currently marketed as human or veterinary medicine in the United States.
(SM2: H. Cai.)

Correspondence Number—C143887

Comment deadline: November 30, 2014
Delete the following:
Phenylpropanolamine Bitartrate
C9 H13 NO·C4 H6 O6
301.29
(R*,S*)-(±)- -(1-Aminoethyl)benzenemethanol bitartrate

[[67244-90-0]].

» Phenylpropanolamine Bitartrate contains not less than 98.0 percent and
not more than 101.0 percent of C 9 H 13 NO·C 4 H 6 O 6 , calculated on the dried
basis.
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 11 —
USP Cathinone Hydrochloride RS
-Aminopropiophenone hydrochloride.
C9 H11 NO·HCl
185.65
USP Dextroamphetamine Sulfate RS
USP Phenylpropanediol RS
1-Phenyl-1,2-propanediol.
C9 H12 O2
152.19
USP Phenylpropanolamine Bitartrate RS
USP Phenylpropanolamine Hydrochloride RS
Identification—
A: Infrared Absorption

197K .

B: It responds to the test for Tartrate
Melting range, Class I
pH

191 .

741 : between 150 and 164 .

791 : between 3.1 and 3.7, in a solution (3 in 100).
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731 —Dry it at 65 for 3 hours: it loses not more than 1.0% of its weight.

Residue on ignition

281 : not more than 0.1%.

Heavy metals, Method I 231 —Dissolve 1 g in 5 mL of water, add 1 mL of 1 N acetic acid,
and dilute with water to 25 mL: the limit is 0.002%.
Limit of cathinone hydrochloride—Proceed as directed for Limit of cathinone hydrochloride
under Phenylpropanolamine Hydrochloride.
Limit of amphetamine hydrochloride and phenylpropanediol—
Mobile phase— Prepare a mixture of 20 mL of 10% tetramethylammonium hydroxide and 5 mL of
phosphoric acid, dilute with water to a volume of 1000 mL, and mix. To 896 mL of the resulting
solution add 100 mL of methanol, 4 mL of tetrahydrofuran, and mix. Filter and degas the
mixture. Make adjustments if necessary (see System Suitability under Chromatography
).

621

Standard solution A— Dissolve accurately weighed quantities of USP Phenylpropanolamine
Hydrochloride RS and USP Dextroamphetamine Sulfate RS in water to obtain a solution having
known concentrations of about 100 mg of USP Phenylpropanolamine Hydrochloride RS per mL
and 1 µg of USP Dextroamphetamine Sulfate RS per mL.
Standard solution B— Dissolve an accurately weighed quantity of USP Phenylpropanediol RS in
water, and dilute quantitatively, and stepwise if necessary, with water to obtain a solution
having a known concentration of about 0.1 mg per mL.
Resolution solution— Dissolve accurately weighed quantities of USP Phenylpropanolamine
Hydrochloride RS and USP Dextroamphetamine Sulfate RS in water to obtain a solution
containing about 5 µg of each per mL.
Test solution— Transfer about 1000 mg of Phenylpropanolamine Bitartrate, accurately weighed,
to a 10-mL volumetric flask, dilute with water to volume, and mix.
Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 215-nm detector and a 4.6-mm × 15-cm column that contains spherical 5-µm packing
L1. The flow rate is about 2.0 mL per minute. Separately chromatograph the Resolution solution
and each Standard solution, and record the peak responses as directed for Procedure: the
relative retention times are about 1.0 for phenylpropanolamine, between 1.9 and 2.1 for
dextroamphetamine, and between 2.3 and 2.7 for phenylpropanediol; the resolution, R, between
phenylpropanolamine and dextroamphetamine in the chromatogram of the Resolution solution is
not less than 5.0; and the relative standard deviation for replicate injections of the Standard
solutions is not more than 3.0%.
Procedure— Separately inject equal volumes (about 20 µL) of Standard solution A, Standard
solution B, and the Test solution into the chromatograph, record the chromatograms, and
measure the responses for the major peaks. Calculate the percentage of phenylpropanediol in
the portion of Phenylpropanolamine Bitartrate taken by the formula:
1000C / W(rU / rS)
in which C is the concentration, in mg per mL, of USP Phenylpropanediol RS in Standard solution
B; W is the weight, in mg, of Phenylpropanolamine Bitartrate taken to prepare the Test
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solution; and rU and rS are the peak responses obtained from the Test solution and the
Standard solution B, respectively. The limit of phenylpropanediol is not more than 0.2%.
Calculate the percentage of amphetamine hydrochloride in the portion of Phenylpropanolamine
Bitartrate taken by the formula:
(343.34 / 368.49)(C / W)(rU / rS)
in which 343.34 is twice the molecular weight of amphetamine hydrochloride; 368.49 is the
molecular weight of dextroamphetamine sulfate; C is the concentration, in µg per mL, of USP
Dextroamphetamine Sulfate RS in Standard solution A; W is the weight, in mg, of
Phenylpropanolamine Bitartrate taken to prepare the Test solution; and rU and rS are the
amphetamine peak responses obtained from the Test solution and Standard solution A,
respectively. The limit of amphetamine hydrochloride is not more than 0.001%.
Assay—Dissolve about 500 mg of Phenylpropanolamine Bitartrate, previously dried and
accurately weighed, in 50 mL of glacial acetic acid. Add 10 mL of mercuric acetate TS and 2
drops of crystal violet TS, and titrate with 0.1 N perchloric acid VS to a green endpoint.
Perform a blank determination, and make any necessary correction. Each mL of 0.1 N perchloric
acid is equivalent to 30.13 mg of C9 H13 NO·C4 H6 O6 . 2S (USP38)
BRIEFING
Phenylpropanolamine Hydrochloride, USP 37 page 4281. The products containing
phenylpropanolamine are no longer considered safe for use in humans, and FDA withdrew the
approval of the related products for use in humans. However, the drug substance is still
used in veterinary medicine in the United States. The monograph is revised to add a Labeling
section to indicate that it is for veterinary use only.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Interested parties are invited to submit comments by Nov. 30, 2014.
(SM2: H. Cai.)
Correspondence Number—C146220

Comment deadline: November 30, 2014
Phenylpropanolamine Hydrochloride

C9 H13 NO·HCl

187.67
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Benzenemethanol, -(1-aminoethyl)-, hydrochloride, (R*,S*)-, (±);
(±)-Norephedrine hydrochloride
[154-41-6].
DEFINITION
Phenylpropanolamine Hydrochloride contains NLT 98.0% and NMT 101.0% of
phenylpropanolamine hydrochloride (C9 H13 NO·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Solution: 500 µg/mL
Medium: Water
Analytical wavelength: 256 nm
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
• C. Melting Range or Temperature 741
Sample: Dissolve 1 g in 10 mL of water, add 10 mL of saturated sodium carbonate solution,
and mix. Separate the precipitate by vacuum filtration, using a sintered-glass filter of
medium pore size. Wash with three 5-mL portions of ice-cold water. Dry the crystals at 80
for 1 h.
Acceptance criteria: The Sample melts between 101 and 104 .
ASSAY
• Procedure
Sample: 500 mg
Analysis: Dissolve the Sample in 50 mL of glacial acetic acid. Add 10 mL of mercuric
acetate TS and 2 drops of crystal violet TS, and titrate with 0.1 N perchloric acid VS to a
green endpoint. Perform a blank determination, and make any necessary correction. Each
mL of 0.1 N perchloric acid is equivalent to 18.77 mg of phenylpropanolamine hydrochloride
(C9 H13 NO·HCl).
Acceptance criteria: 98.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method I 231
Sample solution: Dissolve 1 g in 5 mL of water, add 1 mL of 1 N acetic acid, and dilute
with water to 25 mL.
Acceptance criteria: NMT 0.002%
• Limit of Cathinone Hydrochloride
Diluent: Dilute hydrochloric acid (1 in 120)
Standard solution: 100 µg/mL of USP Cathinone Hydrochloride RS in Diluent
Sample solution: 100 mg/mL of Phenylpropanolamine Hydrochloride in Diluent
Instrumental conditions
Mode: UV
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Analytical wavelength: Maximum absorbance at about 285 nm
Cell: 1 cm
Blank: Diluent
Analysis: Concomitantly determine the absorbances of the Sample solution and the
Standard solution, using the Blank.
Acceptance criteria: The absorbance of the Sample solution is NMT than that of the
Standard solution (NMT 0.10%).
• Limit of Amphetamine Hydrochloride
Mobile phase: Acetonitrile, phosphoric acid, triethylamine, and water (50:8:5:950)
System suitability solution: 5 µg/mL each of USP Phenylpropanolamine Hydrochloride RS
and USP Dextroamphetamine Sulfate RS in water
Sample stock solution: 250 mg/mL of Phenylpropanolamine Hydrochloride in water.
Sonicate if necessary.
Sample solution: 100 mg/mL of Phenylpropanolamine Hydrochloride in water from Sample
stock solution
Amphetamine standard stock solution: 2.5 µg/mL of USP Dextroamphetamine Sulfate RS
in water
Standard solution: 1 µg/mL of USP Dextroamphetamine Sulfate RS and 100 mg/mL of
Phenylpropanolamine Hydrochloride in water from Amphetamine standard stock solution
and Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 206 nm
Column: 4.6-mm × 25-cm; 5-µm base-deactivated packing L1
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for phenylpropanolamine and amphetamine are 1.0 and
2.1, respectively.]
Suitability requirements
Resolution: NLT 15 between phenylpropanolamine and amphetamine, System suitability
solution
Column efficiency: NLT 10,000 theoretical plates, System suitability solution
Relative standard deviation: NMT 3.0% for amphetamine, Standard solution
Analysis
Samples: Sample solution and Standard solution
Record the chromatograms, and measure the responses at the locus of the amphetamine
peak.
Calculate the percentage of amphetamine hydrochloride in the portion of
Phenylpropanolamine Hydrochloride taken:
Result = [rU/(rS

rU)] × (CS/CU) × (Mr1/Mr2) × 0.2

rU= amphetamine peak response from the Sample solution
rS= amphetamine peak response from the Standard solution
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CS= concentration of
CU= concentration of
Mr1
= molecular weight
Mr2
= molecular weight

USP Dextroamphetamine Sulfate RS in the Standard solution (µg/mL)
Phenylpropanolamine Hydrochloride in the Sample solution (mg/mL)
of amphetamine hydrochloride, 171.67
of amphetamine sulfate, 368.49

Acceptance criteria: NMT 0.001%
SPECIFIC TESTS
• Melting Range or Temperature, Class I

741 : 191 –196

• pH 791
Sample solution: A solution (3 in 100)
Acceptance criteria: 4.2–5.5
• Loss on Drying 731
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
Add the following:
• Labeling: Label it to indicate that it is for veterinary use only.

2S (USP38)

• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP Cathinone Hydrochloride RS
-Aminopropiophenone hydrochloride.
C9 H11 NO·HCl
185.65
USP Dextroamphetamine Sulfate RS
USP Phenylpropanolamine Hydrochloride RS
BRIEFING
Phenylpropanolamine Hydrochloride Capsules, USP 37 page 4282. It is proposed to omit
the monograph because the products containing phenylpropanolamine are no longer considered
safe for use in humans, and the FDA withdrew the approval of the related products for use in
humans. No drug products formulated as defined in Phenylpropanolamine Hydrochloride
Capsules are currently marketed as human or veterinary medicine in the United States.
(SM2: H. Cai.)

Correspondence Number—C143894

Comment deadline: November 30, 2014
Delete the following:
Phenylpropanolamine Hydrochloride Capsules

» Phenylpropanolamine Hydrochloride Capsules contain not less than 90.0
percent and not more than 110.0 percent of the labeled amount of
phenylpropanolamine hydrochloride (C 9 H 13 NO·HCl).
Packaging and storage—Preserve in tight, light-resistant containers.
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Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 11 —
USP Phenylpropanolamine Hydrochloride RS
Identification—The retention time of the major peak in the chromatogram of the Assay
preparation corresponds to that in the chromatogram of the Standard preparation, as obtained
in the Assay.
Dissolution, Procedure for a pooled sample

711 —

Medium: water; 900 mL.
Apparatus 1: 100 rpm.
Time: 45 minutes.
Procedure— Determine the amount of phenylpropanolamine hydrochloride dissolved, employing
the procedure set forth in the Assay, making any necessary volumetric adjustments.
Tolerances— Not less than 75% (Q) of the labeled amount of C9 H13 NO·HCl is dissolved in 45
minutes.
Uniformity of dosage units

905 : meet the requirements.

Assay—
Mobile phase— [Note—Prepare the Mobile phase one day prior to use.] Prepare a filtered and
degassed mixture of water, methanol, tetramethylammonium hydroxide solution (1 in 10), and
phosphoric acid (700:300:14:3.5). Make adjustments if necessary (see System Suitability under
Chromatography

621 ).

Internal standard solution— Prepare a solution of theophylline in methanol containing 0.1 mg
per mL.
Standard preparation— Dissolve an accurately weighed quantity of USP Phenylpropanolamine
Hydrochloride RS in Internal standard solution to obtain a solution having a known
concentration of about 3 mg per mL.
Assay preparation— Remove as completely as possible the contents of not fewer than 20
Capsules, weigh, and mix. Transfer an accurately weighed portion of the combined contents,
equivalent to about 750 mg of phenylpropanolamine hydrochloride, to a suitable container. Add
250.0 mL of Internal standard solution, mix, sonicate for 30 minutes, allow to stand overnight,
and filter.
Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 254-nm detector and a 4-mm × 30-cm column that contains packing L11. The flow rate
is about 1.5 mL per minute. Chromatograph the Standard preparation, and record the peak
responses as directed for Procedure: the relative retention times are about 0.6 for
phenylpropanolamine and 1.0 for theophylline; the resolution, R, between phenylpropanolamine
and theophylline is not less than 5.0; and the relative standard deviation for replicate injections
is not more than 2.0%.
Procedure— Separately inject equal volumes (about 5 µL) of the Standard preparation and the
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Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. Calculate the quantity, in mg, of phenylpropanolamine
hydrochloride (C9 H13 NO·HCl) in the portion of Capsules taken by the formula:
(250C)(RU / RS)
in which C is the concentration, in mg per mL, of USP Phenylpropanolamine Hydrochloride RS in
the Standard preparation; and RU and RS are the peak response ratios of phenylpropanolamine
and theophylline obtained from the Assay preparation and the Standard preparation,
respectively. 2S (USP38)
BRIEFING
Phenylpropanolamine Hydrochloride Extended-Release Capsules, USP 37 page 4283.
It is proposed to omit the monograph because the products containing phenylpropanolamine are
no longer considered safe for use in humans, and the FDA withdrew the approval of the related
products for use in humans. No drug products formulated as defined in Phenylpropanolamine
Hydrochloride Extended-Release Capsules are currently marketed as human or veterinary
medicine in the United States.
(SM2: H. Cai.)

Correspondence Number—C143893

Comment deadline: November 30, 2014
Delete the following:
Phenylpropanolamine Hydrochloride Extended-Release Capsules

» Phenylpropanolamine Hydrochloride Extended-Release Capsules contain
not less than 90.0 percent and not more than 110.0 percent of the labeled
amount of phenylpropanolamine hydrochloride (C 9 H 13 NO·HCl).
Packaging and storage—Preserve in tight, light-resistant containers.
Labeling—The labeling indicates the USP Dissolution Test with which the product complies.
USP Reference standards 11 —
USP Phenylpropanolamine Hydrochloride RS
Identification—The retention time of the phenylpropanolamine peak in the chromatogram of
the Assay preparation corresponds to that in the chromatogram of the Standard preparation,
both relative to the internal standard, as obtained in the Assay.
Dissolution

711 —

test 1— If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 1.
Medium: water; 1000 mL.
Apparatus 1: 100 rpm.
Times: 3, 6, and 12 hours.
Determine the amount of C9 H13 NO·HCl dissolved by employing the following method.
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Solvent A— Dissolve 1.9 g of sodium 1-hexanesulfonate in 700 mL of water, add 50 mL of 1 M
monobasic sodium phosphate and 20 mL of 0.25 N triethylammonium phosphate (prepared by
mixing 500 mL of a solution containing 25.3 g of triethylamine and 500 mL of a solution
containing 9.6 g of phosphoric acid), and mix. Dilute with water to 1 L, and mix.
Mobile phase— Prepare a filtered and degassed mixture of Solvent A and methanol (100:82).
Make adjustments if necessary (see System Suitablity under Chromatography

621 ).

Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 210-nm detector and a 4.6-mm × 25-cm column that contains packing L1. The flow rate
is about 1.5 mL per minute. Chromatograph replicate injections of a Standard solution, and
record the peak responses as directed for Procedure: the tailing factor for the analyte peak is
not more than 1.5, and the relative standard deviation for replicate injections is not more than
2%.
Procedure— Inject an accurately measured volume (about 50 µL) of a filtered portion of the
solution under test into the chromatograph, record the chromatogram, and measure the
response for the major peak. Calculate the quantity of C9 H13 NO·HCl dissolved by comparison
with a Standard solution having a known concentration of USP Phenylpropanolamine
Hydrochloride RS in the same Medium and similarly chromatographed.
Tolerances— The percentages of the labeled amount of C9 H13 NO·HCl dissolved at the times
specified conform to Acceptance Table 2.
Time (hours)
Amount dissolved
3
between 15% and 45%
6
between 40% and 70%
12
not less than 70%
Uniformity of dosage units

905 : meet the requirements.

Assay—
Mobile phase— [Note—Prepare the Mobile phase one day prior to use.] Prepare a filtered and
degassed mixture of water, methanol, 10% tetramethylammonium hydroxide, and phosphoric
acid (700:300:14:3.5). Make adjustments if necessary (see Chromatography

621 ).

Internal standard solution— Prepare a solution of Theophylline in methanol having a final
concentration of about 0.1 mg per mL.
Standard preparation— Prepare a solution of USP Phenylpropanolamine Hydrochloride RS in
Internal standard solution having an accurately known concentration of 3 mg per mL.
Assay preparation— Transfer the accurately weighed contents of a counted number of
Capsules, equivalent to about 750 mg of phenylpropanolamine hydrochloride, to a container.
Add 250.0 mL of Internal standard solution, mix, sonicate for 30 minutes, allow to stand
overnight, and filter.
Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 254-nm detector and a 4-mm × 30-cm column that contains packing L11. The flow rate
is about 1.5 mL per minute. Chromatograph replicate injections of the Standard preparation,
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and record the peak responses as directed for Procedure: the relative standard deviation is not
more than 2.0%, and the resolution, R, between phenylpropanolamine and theophylline is not
less than 5.0.
Procedure— Separately inject equal volumes (about 5 µL) of the Standard preparation and the
Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. The relative retention times are about 0.6 for
phenylpropanolamine and 1.0 for theophylline. Calculate the quantity, in mg, of
phenylpropanolamine hydrochloride (C9 H13 NO·HCl) in each of the Capsules taken by the
formula:
(250C/N)(RU / RS)
in which C is the concentration, in mg per mL, of USP Phenylpropanolamine Hydrochloride RS in
the Standard preparation; N is the number of Capsules taken; and RU and RS are the peak
response ratios obtained from the Assay preparation and the Standard preparation,
respectively. 2S (USP38)
BRIEFING
Phenylpropanolamine Hydrochloride Oral Solution, USP 37 page 4284. It is proposed to
omit the monograph because the products containing phenylpropanolamine are no longer
considered safe for use in humans and FDA withdrew the approval of the related products for
use in humans. No drug products formulated as defined in Phenylpropanolamine Hydrochloride
Oral Solution are currently marketed as human or veterinary medicine in the United States.
(SM2: H. Cai.)

Correspondence Number—C143892

Comment deadline: November 30, 2014
Delete the following:
Phenylpropanolamine Hydrochloride Oral Solution

» Phenylpropanolamine Hydrochloride Oral Solution contains not less than
90.0 percent and not more than 110.0 percent of the labeled amount of
phenylpropanolamine hydrochloride (C 9 H 13 NO·HCl).
Packaging and storage—Preserve in tight containers.
USP Reference standards 11 —
USP Phenylpropanolamine Hydrochloride RS
Identification—The retention time of the major peak in the chromatogram of the Assay
preparation corresponds to that of the Standard preparation, as obtained in the Assay.
Uniformity of dosage units

905 —

for oral solution packaged in single-unit containers: meets the requirements.
Deliverable volume

698 —

for oral solution packaged in multiple-unit containers: meets the requirements.
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Alcohol content (if present)
C2 H5 OH.

611 : between 90.0% and 110.0% of the labeled amount of

Assay—
Solvent A, Mobile phase, Standard preparation, and Chromatographic system— Proceed as
directed in the Assay under Phenylpropanolamine Hydrochloride Tablets.
Assay preparation— Transfer an accurately measured volume of Oral Solution, equivalent to
about 750 mg of phenylpropanolamine hydrochloride, to a 200-mL volumetric flask, dilute with
methanol to volume, and mix. Transfer 1.0 mL of this solution to a 10-mL volumetric flask, dilute
with methanol to volume, and mix.
Procedure— Proceed as directed for Procedure in the Assay under Phenylpropanolamine
Hydrochloride Tablets. Calculate the quantity, in mg per mL, of phenylpropanolamine
hydrochloride (C9 H13 NO·HCl) in the portion of Oral Solution taken by the formula:
2(C/V)(rU / rS)
in which C is the concentration, in µg per mL, of USP Phenylpropanolamine Hydrochloride RS in
the Standard preparation; V is the volume, in mL, of Oral Solution taken; and rU and rS are the
peak responses obtained from the Assay preparation and the Standard preparation,
respectively. 2S (USP38)
BRIEFING
Phenylpropanolamine Hydrochloride Tablets, USP 37 page 4284. It is proposed to omit
the monograph because the products containing phenylpropanolamine are no longer considered
safe for use in humans, and the FDA withdrew the approval of the related products for use in
humans. No drug products formulated as defined in Phenylpropanolamine Hydrochloride Tablets
are currently marketed as human or veterinary medicine in the United States.
(SM2: H. Cai.)

Correspondence Number—C143890

Comment deadline: November 30, 2014
Delete the following:
Phenylpropanolamine Hydrochloride Tablets

» Phenylpropanolamine Hydrochloride Tablets contain not less than 90.0
percent and not more than 110.0 percent of the labeled amount of
phenylpropanolamine hydrochloride (C 9 H 13 NO·HCl).
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 11 —
USP Phenylpropanolamine Hydrochloride RS
Identification—The retention time of the major peak in the chromatogram of the Assay
preparation corresponds to that in the chromatogram of the Standard preparation, as obtained
in the Assay.
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Dissolution, Procedure for a pooled sample

711 —

Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Time: 45 minutes.
Procedure— Determine the amount of phenylpropanolamine hydrochloride dissolved, employing
the procedure set forth in the Assay, making any necessary volumetric adjustments.
Tolerances— Not less than 75% (Q) of the labeled amount of C9 H13 NO·HCl is dissolved in 45
minutes.
Uniformity of dosage units

905 : meet the requirements.

Assay—
Solvent A— Dissolve 1.9 g of sodium 1-hexanesulfonate in 700 mL of water, add 50 mL of 1 M
monobasic sodium phosphate and 20 mL of 0.25 N triethylammonium phosphate (prepared by
mixing 500 mL of a solution containing 25.3 g of triethylamine and 500 mL of a solution
containing 9.6 g of phosphoric acid), and mix. Dilute with water to 1 liter, and mix.
Mobile phase— Prepare a filtered and degassed mixture of Solvent A and methanol (100:82).
Make adjustments if necessary (see Chromatography

621 ).

Standard preparation— Dissolve an accurately weighed quantity of USP Phenylpropanolamine
Hydrochloride RS in methanol, and dilute quantitatively with methanol to obtain a solution
having a known concentration of about 375 µg per mL.
Assay preparation— Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 750 mg of phenylpropanolamine
hydrochloride, to a 200-mL volumetric flask. Add about 150 mL of methanol, and sonicate for
about 10 minutes. Dilute with methanol to volume, and mix. Transfer 10.0 mL of this solution to
a 100-mL volumetric flask, dilute with methanol to volume, mix, and filter.
Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a 254-nm detector and a 3.9-mm × 30-cm column that contains packing L1. The
flow rate is about 1.5 mL per minute. Chromatograph the Standard preparation, and record the
peak responses as directed for Procedure: the tailing factor for the analyte peak is not more
than 2.5; and the relative standard deviation for replicate injections is not more than 2.0%.
Procedure— Separately inject equal volumes (about 70 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. Calculate the quantity, in mg, of C9 H13 NO·HCl in the portion of
Tablets taken by the formula:
2C(rU / rS)
in which C is the concentration, in µg per mL, of USP Phenylpropanolamine Hydrochloride RS in
the Standard preparation; and rU and rS are the peak responses obtained from the Assay
preparation and the Standard preparation, respectively. 2S (USP38)
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BRIEFING
Phenylpropanolamine Hydrochloride Extended-Release Tablets, USP 37 page 4285. It
is proposed to omit the monograph because the products containing phenylpropanolamine are
no longer considered safe for use in humans, and the FDA withdrew the approval of the related
products for use in humans. No drug products formulated as defined in Phenylpropanolamine
Hydrochloride Extended-Release Tablets are currently marketed as human or veterinary
medicine in the United States.
(SM2: H. Cai.)

Correspondence Number—C143891

Comment deadline: November 30, 2014
Delete the following:
Phenylpropanolamine Hydrochloride Extended-Release Tablets

» Phenylpropanolamine Hydrochloride Extended-Release Tablets contain not
less than 90.0 percent and not more than 110.0 percent of the labeled
amount of phenylpropanolamine hydrochloride (C 9 H 13 NO·HCl).
Packaging and storage—Preserve in tight, light-resistant containers.
Labeling—The labeling states the in vitro Dissolution test conditions of Times and Tolerances,
as directed under Dissolution.
USP Reference standards 11 —
USP Phenylpropanolamine Hydrochloride RS
Identification—The retention time of the phenylpropanolamine peak in the chromatogram of
the Assay preparation corresponds to that in the chromatogram of the Standard preparation,
both relative to the internal standard, as obtained in the Assay.
Dissolution

711 —

Medium: water; 1000 mL.
Apparatus 1: 100 rpm.
Times and Tolerances: as specified in the Labeling; use Acceptance Table 2.
Determine the amount of C9 H13 NO·HCl dissolved, employing the following method.
Solvent A , Mobile phase, Chromatographic system, and Procedure—Proceed as directed in
Test 1 for Dissolution under Phenylpropanolamine Hydrochloride Extended-Release Capsules.
Uniformity of dosage units

905 : meet the requirements.

Assay—
Solvent A— Dissolve 1.9 g of sodium 1-hexanesulfonate in 700 mL of water, add 50 mL of 1 M
monobasic sodium phosphate and 20 mL of 0.25 N triethylammonium phosphate (prepared by
mixing 500 mL of a solution containing 25.3 g of triethylamine and 500 mL of a solution
containing 9.6 g of phosphoric acid), and mix. Dilute with water to 1 L, and mix.
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Mobile phase— Prepare a filtered and degassed mixture of Solvent A and methanol (100:82).
Make adjustments if necessary (see Chromatography

621 ).

Standard preparation— Dissolve an accurately weighed quantity of USP Phenylpropanolamine
Hydrochloride RS in methanol, and quantitatively dilute with methanol to obtain a solution
having a known concentration of about 375 µg per mL.
Assay preparation— Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 750 mg of phenylpropanolamine
hydrochloride, to a 200-mL volumetric flask. Add about 150 mL of methanol and sonicate for
about 10 minutes. Dilute with methanol to volume, and mix. Transfer 10.0 mL of this solution to
a 100-mL volumetric flask, dilute with methanol to volume, and mix. Use a filtered portion of the
solution.
Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 254-nm detector and a 3.9-mm × 30-cm column that contains packing L1. The flow rate
is about 1.5 mL per minute. Chromatograph the Standard preparation, and record the peak
responses as directed for Procedure: the tailing factor for the analyte peak is not more than
2.5, and the relative standard deviation for replicate injections is not more than 2.0%.
Procedure— Inject an accurately measured volume (about 70 µL) of the Standard preparation
and the Assay preparation into the chromatograph, record the chromatograms, and measure
the responses for the major peaks. Calculate the quantity, in mg, of phenylpropanolamine
hydrochloride (C9 H13 NO·HCl) in the portion of Tablets taken by the formula:
2C(rU / rS)
in which C is the concentration, in µg per mL, of USP Phenylpropanolamine Hydrochloride RS;
and rU and rS are the peak responses obtained from the Assay preparation and the Standard
preparation, respectively. 2S (USP38)
BRIEFING
Psyllium Husk, USP 37 page 4489. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin
proposed elsewhere in this Pharmacopeial Forum.

561

(DS: N. Kim.)
Correspondence Number—C149423

Comment deadline: November 30, 2014
Psyllium Husk
DEFINITION
Psyllium Husk is the cleaned, dried seed coat (epidermis) separated by winnowing and thrashing
from the seeds of Plantago ovata Forssk., known in commerce as Blond Psyllium, Indian
Psyllium, or Ispaghula, or from Plantago arenaria Waldst. & Kit. (Plantago psyllium L.) known in
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commerce as Spanish or French Psyllium (Fam. Plantaginaceae), in whole or in powdered form.
IDENTIFICATION
• A. Mounted in cresol, cells, viewed microscopically, are composed of polygonal prismatic cells
having 4–6 straight or slightly wavy walls.
• B. Mounted in alcohol and irrigated with water, viewed microscopically, the mucilage in the
outer part of the epidermal cells swells rapidly and goes into solution.
IMPURITIES
• Articles of Botanical Origin, Acid-Insoluble Ash 561 : NMT 1.0%
Delete the following:
• Heavy Metals, Method II 231 : 2 ppm; use 10 g of Psyllium Husk.

2S (USP38)

Add the following:
• Articles of Botanical Origin, Elemental Impurities

561 : Meets the requirements

2S (USP38)

• Organic Impurities Procedure 1: Light Extraneous Matter
[Note—Perform this test in a well-ventilated hood.]
Sample: 99–101 g of Psyllium Husk, weighed to 0.1 g accuracy
Analysis: Transfer the Sample to a 1000-mL tall-form beaker. Add 800 mL of
trichloroethylene, previously adjusted to a temperature of 24 –26 , and maintain this
temperature throughout the test. Stir the husk for 5 s, and allow it to settle while
protecting the surface from drafts in the hood. Remove the floating material with a spoon
made of 50-mesh screen, and transfer the material to a piece of filter paper in a dish. Stir
the husk mixture again, allow it to settle, remove the floating material again, and combine
it with the material on the paper. Repeat this procedure until no more material appears on
the surface. Dry the removed material with the paper in a hood and then in an oven at 40
for 3 h. Cool to room temperature. Weigh the filter paper with the material. Brush the
material off the paper, weigh the paper, and then calculate the percentage of light
extraneous matter.
Acceptance criteria: NMT 5%
• Organic Impurities Procedure 2: Insect Infestation
Sample: 25 g
Analysis: Transfer the Sample to a 250-mL beaker, add sufficient solvent hexane to
saturate, add an additional 75–100 mL of solvent hexane, and allow to stand for 10 min,
stirring occasionally with a stirring rod. Wet a sheet of filter paper with alcohol, and filter
the mixture with the aid of vacuum. Discard the filtrate. Transfer the residue to the
original beaker with the aid of alcohol. Add alcohol to bring the volume to 150 mL above
the level of the transferred residue. Boil for 10 min. Filter through alcohol-wetted paper as
above. Prepare a trap flask consisting of a 2000-mL graduated, narrow-mouth conical
flask into which is inserted a rubber disk supported on a stiff metal rod 4 mm in diameter
and longer than the height of the flask, the rod being threaded at the lower end and
furnished with nuts and washers to hold the disk in place, and the disk being of the proper
shape and size to prevent liquid in the body of the flask from spilling when it is pressed up
against the neck from the inside. Transfer the residue to the trap flask, completing the
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transfer with the aid of hot water. Add sufficient hot water to bring the volume to 1000
mL. Add 20 mL of hydrochloric acid. Raise the rod, and support it so that the rubber disk is
held above the liquid level. Rinse the rubber disk with hot water. Spray the inside of the
neck of the flask with an antifoam spray. Boil for 30 min, and cool to room temperature.
Add 40 mL of solvent hexane, and agitate for 1 min by tilting the flask and moving the rod
vertically with wrist action. Allow to stand for 5 min. Add water to bring the level of liquid
to the neck of the flask, and allow to stand for 20 min. Simultaneously rotate the disk to
free it from settled material, and raise it as far as possible into the neck of the flask.
Prepare a sheet of ruled filter paper with lines approximately 5 mm apart for filtration by
moistening it with water and placing it on a vacuum funnel. Transfer the material trapped
in the neck of the flask to the filter with the aid of water. If necessary, wash the paper
with alcohol to remove traces of hexane. Place the paper on a 100-mm petri dish that has
been wetted with a solution containing equal volumes of glycerin and alcohol. Add 35 mL
of solvent hexane to the flask, and gently stir with the trapping rod. Add water to bring
the liquid level into the neck of the flask. Allow to stand for 15 min. Using the same
technique as before, transfer the trapped material onto a separate paper. Examine the
papers at 30× magnification.
Acceptance criteria
Powdered Psyllium Husk: NMT 400 insect fragments, including mites and psocids
Whole Psyllium Husk: NMT 100 insect fragments, including mites and psocids
• Articles of Botanical Origin, Pesticide Residues

561 : Meets the requirements

SPECIFIC TESTS
• Botanic Characteristics
Histology—Husk: The epidermis is composed of large cells having transparent walls filled
with mucilage, and the cells swell rapidly in aqueous mounts and appear polygonal to
slightly rounded in a surface view when viewed from above (from below they appear
elongated to rectangular). The swelling takes place mainly in the radial direction. The
mucilage of the epidermal cells stains red with ruthenium red and lead acetate TS. The
very occasional starch granules that are present in some of the epidermal cells and that
may be found embedded in the mucilage are small and simple or compounded with four or
more components.
Powdered psyllium seed husk: It is a pale to medium buff-colored powder having a slight
pinkish tinge and a weak characteristic odor. Occasional single and 2- to 4-compound
starch granules, the individual grains being spheroidal plano to angular convex from 2–10
µm in diameter, are found embedded in the mucilage. Entire or broken epidermal cells are
filled with mucilage. In surface view, the epidermal cells appear polygonal to slightly
rounded. Mucilage stains red with ruthenium red TS and lead acetate TS. Some of the
elongated and rectangular cells representing the lower part of epidermis and also radially
swollen epidermal cells can be found.
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total combined molds and yeasts count does not exceed 1000 cfu/g, and it meets the
requirements of the test for absence of Salmonella species and Escherichia coli.
• Articles of Botanical Origin, Total Ash 561 : NMT 4.0%
• Water Determination, Method II 921 : NMT 12.0%
• Swell Volume
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Sample: 3.5 g of Psyllium Husk
Analysis: Transfer 250 mL of simulated intestinal fluid TS without enzymes to a glassstoppered 500-mL graduated cylinder. Gradually, with shaking, add the Sample until a
uniform, smooth suspension is obtained. Dilute with the same fluid to 500 mL. Shake the
cylinder for 1 min every 30 min for 8 h. Allow the gel to settle for 16 h (total time is 24 h).
Determine the volume of the gel.
Acceptance criteria
Powdered Psyllium Husk: NLT 40 mL/g
Whole Psyllium Husk: NLT 35 mL/g
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, secured against insect attack.
BRIEFING
Scaffold Porcine Bladder. Because there is no existing USP monograph for this product, a new
monograph based on validated analytical methods is being proposed.
(BIO2: M. Kibbey.)
Correspondence Number—C83326

Comment deadline: November 30, 2014
Add the following:
Scaffold Porcine Bladder
DEFINITION
Scaffold Porcine Bladder is derived from porcine urinary bladder walls obtained from a certified
closed pathogen-free herd. The bladder walls are processed by both mechanical and chemical
methods that result in a sterile, decellularized material retaining a basement membrane with
type IV collagen. Scaffold Porcine Bladder is manufactured in single and multi-layered lyophilized
sheets as well as powder forms.
IDENTIFICATION
[Note—Powdered and multi-layered product forms must meet the requirements for Identification
as single sheets before conversion to the other product types.]
• A. Immunohistochemistry for Type IV Collagen
Diluent: Tris-buffered saline (TBS) containing suitable amounts of normal serum,
surfactant, and a preservative1
Primary antibody: Rabbit anti-human collagen IV,2 cross-reactive with the corresponding
porcine protein, diluted 1:500 in Diluent
Negative control solution: Diluted normal rabbit serum3
Secondary antibody: About 25 µg/mL of polymerized alkaline phosphatase-labeled antirabbit IgG4 in Diluent
Sample preparations: Formalin-fixed, paraffin-embedded tissue samples are prepared, one
per device, and sectioned at a thickness of 5 µm using suitable, validated methods. [Note
—See also Preparation of Biological Specimens for Histologic and Immunohistochemical
Analysis 1285 for helpful but not mandatory guidance.] Positive controls include normal
porcine bladder, which is known to contain collagen IV at the location of the epithelial

PF 40(5): Sep.-Oct. 2014

1649

basement membrane. An additional sample of Scaffold Porcine Bladder is used as a
negative control and incubated with Negative control solution rather than Primary
antibody in the Analysis. One negative and one positive control section are used per test
group. Before staining, sections are dewaxed with a suitable solvent 5 for 5 min, immersed
in 100% ethanol for 5 min, then washed after the alcohol step and between each
subsequent immunohistochemical step in a suitable buffer6 three times for 5 min each.
Note that all immersions and washes are done at ambient temperatures.
Analysis: Sample preparations are then treated for 10 min with a suitable enzyme7 to
retrieve the type IV collagen antigen followed by rinsing as above. Except for the negative
control sample, the Primary antibody is then added for 30 min followed by rinsing as
described above. For the negative control sample, Negative control solution is added to
the sample for this incubation, rather than Primary antibody. Next the Secondary antibody
is added for 30 min followed by rinsing as described above and then a final rinse in
deionized water for 5 min. A suitable enzyme8 substrate is added for 5 min followed by
three rinses of 5 min each in deionized water to stop the reaction. The tissue is then
stained with a hematoxylin solution9 for 5 min followed by two rinses of 5 min each in
deionized water then one rinse in a suitable buffer10 for 5 min. The tissue is then placed in
a clarifying buffer11 for 10 min, followed by three washes for 5 min each in a suitable
buffer. The tissue sections are then dehydrated in 100% alcohol, followed by xylene, and
then a coverslip is mounted on each section using a suitable mounting medium.12 Sections
are examined with a light microscope at 40× magnification.
System suitability criteria: Negative controls should not contain any magenta staining,
and positive controls should have magenta staining.
Acceptance criteria: Intense magenta staining (intensity of magenta staining should be
similar to that observed with the positive controls) for the basement membrane protein
type IV collagen must be observed on the luminal surface of the Scaffold Porcine Bladder
sample.
• B. Periodic Acid-Schiff Stain for Basement Membrane Structure
Sample preparations: Formalin-fixed, paraffin-embedded tissue samples are prepared, one
per device, and sectioned at a thickness of 5 µm using suitable, validated methods. [Note
—See also 1285 for helpful but not mandatory guidance.] Positive controls include
normal porcine bladder and a canine positive tissue control. Two positive control sections
are used per test group. Before staining, sections are dewaxed with a suitable solvent 13
for 5 min, then immersed in 100% ethanol for 5 min, followed by a graded series of
alcohols of 5 min each, ending in distilled water for 5 min.
Analysis: Sample preparations are placed in a 0.5% periodic acid solution14 for 5 min
followed by several washes in distilled water. The sections are then placed in a room
temperature Schiff reagent solution15 for 15 min, followed by rinsing with running,
lukewarm water for 10 min. The sections are then immersed in a hematoxylin solution16 for
about 1 min, followed by rinsing in distilled water for 30 s. Sections are then placed in a
bluing reagent 17 for 1 min, followed by rinsing in distilled water for 30 s. The stained
sections are then placed in 95% ethanol for 1 min, then 100% ethanol for 1 min, then
three washes in xylene for 1 min each, followed by mounting a coverslip over each section
using a suitable mounting medium.18 Stained sections are examined with a light microscope
at 40× magnification.
System suitability criteria: Positive controls should have dark purple staining.
Acceptance criteria: Intense dark purple staining (intensity of dark purple staining should
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be similar to that observed with the positive controls) for basement membrane must be
observed on the luminal surface of a single layer of scaffold.
SPECIFIC TESTS
• Tensile Strength of Sheet Forms
[Note—Powdered products must meet the requirement for Tensile Strength of Sheet Forms
before conversion to powder.]
Sample preparation: Cut the test specimens using a dogbone die template with a narrow
width of 0.125 in and an overall length of 2.50 in, from a representative of the final
product.
Analysis: Hydrate the material. Test using an Instron material testing system. Set the
distance between the grips to 1 in and the crosshead speed to 0.5 in/min (12.7 mm/min).
Secure the test sample in the bottom and top test grips. Start the test and run until
sample failure.
Calculations: To determine strain, take the extension at failure (lf ), subtract the extension
at pre-load (li), and divide the difference by extension at pre-load (li). Multiply by 100 to
convert to a percentage.
Acceptance criteria: >10% strain
• Sterility Tests

71 : Meets the requirements

• Bacterial Endotoxins Test
1000 mg of powder.

85 : It contains NMT 20 USP Endotoxin Units/device or per

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Sheets are packaged in single-use, double barrier, peel-open
pouches. Powder forms are stored in a glass vial or other container within a peel-open
package. Store under clean, dry conditions, between 15 and 30 .
• Labeling: The package label indicates dimensions or mg, as applicable, of the Scaffold
Porcine Bladder device, as well as the lot number, expiration date, and required storage
conditions. The label is also marked “Sterile” followed by an “R” for irradiation method of
sterilization.
• USP Reference Standards
USP Endotoxin RS

11

2S (USP38)

1 Included in Leica Biosystems kit catalog #AR9352 or a suitable alternative.

2 Abcam catalog #ab6586 or a suitable alternative.
3 Leica Biosystems catalog #PA0777 or a suitable alternative.
4 A suitable antibody source is catalog #BA-1000, from Vector, Burlingame, CA.
5 Leica Biosystems catalog #AR9222 or a suitable alternative.
6 Leica Biosystems catalog #AR9590 or a suitable alternative.
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7 Leica Biosystems catalog #AR9551 or a suitable alternative.
8 Included in Leica Biosystems kit catalog #DS9390 or a suitable alternative.
9 Dako catalog #CS700 or a suitable alternative.
10 Leica Biosystems catalog #AR9590 or a suitable alternative.
11 Leica Biosystems catalog #3802918 or a suitable alternative.
12 ThermoScientific catalog #8312-4 or a suitable alternative.
13 Leica Biosystems catalog #AR9222 or a suitable alternative.
14 Richard Allen catalog #87007 or a suitable alternative.
15 Richard Allen catalog #87007 or a suitable alternative.
16 Richard Allen catalog #87007 or a suitable alternative.
17 Richard Allen catalog #7301 or a suitable alternative.
18 ThermoScientific catalog #8312-4 or a suitable alternative.
BRIEFING
Scaffold Porcine Small Intestinal Submucosa, USP 37 page 5178. The proposed revision is to
change the previous title of this monograph Small Intestinal Submucosa Wound Matrix to
Scaffold Porcine Small Intestinal Submucosa to align with the current naming scheme for
tissue-based product monographs.
Additionally, minor editorial changes have been made to update the monograph to the current
USP style.
(BIO2: R. Potts.)
Correspondence Number—C143305

Comment deadline: November 30, 2014
Change to read:
Small Intestinal Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa

2S (USP38)

(Monograph title change—to become official December 1, 2015)
DEFINITION
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Change to read:
Small Intestinal Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa

2S (USP38)

is a biologically derived,
2S (USP38)

collagen-based wound care product
scaffold, 2S (USP38)
translucent and off-white in color. It is obtained from the small intestinal submucosa layer of
the domestic pig (Sus scrofa L.). This layer has been mechanically separated from the adjoining
layers of the intestine to remove the serosal, mucosal, and muscular elements. The isolated
submucosa is chemically cleaned, decellularized, freeze-dried, and terminally sterilized. Small
Intestinal Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa 2S (USP38)
also undergoes a viral inactivation; the inactivation method is validated using parvovirus,
reovirus, pseudorabies virus, and leukemia retrovirus as the test viruses. By dried weight, Small
Intestinal Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa 2S (USP38)
consists of about 70% protein, about 20% carbohydrate, and about 7% lipid. The protein
component is primarily collagen type I, (approximately 90%)
2S (USP38)

with minor amounts of elastin and collagen type III, collagen type IV, and collagen type VI. In
addition to these components, additional extracellular matrix components, such as
glycosaminoglycans and basic
2S (USP38)

fibroblast growth factor-2, are also retained.
SPECIFIC TESTS
Change to read:
• Fibroblast Growth Factor-2 Content
Sterile PBS solution: 8.065 g/L of sodium chloride and 0.2 g/L of potassium chloride in
0.01 M sodium phosphate buffer, pH 7.4
Sample solution: Obtain a 1-cm2 sample of Small Intestinal Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa, 2S (USP38)
weigh, and submerge in 400 µL of Sterile PBS solution. Pulverize the tissue for 90 s using a
tissue grinder, intermittently checking to be sure that the tissue remains immersed in the Sterile
PBS solution and becomes homogenized. Centrifuge at 12,000 × g for 5 min at 4 . Use
immediately upon preparation. [Note—The Sample solution may be stored for short periods at 4
or on ice.]
2S (USP38)

Analysis: Examine duplicate aliquots of the Sample solution by a suitably sensitive ELISA
method.1
System suitability: The analysis is considered valid if the ELISA kit generates a linear
standard curve with the square of the correlation coefficient (r2) NLT 0.95, and if the
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duplicate aliquots of the Sample solution yield results that are within 20% of each other.
Acceptance criteria: The average content of fibroblast growth factor-2 is NLT 10,000 pg/g of
Small Intestinal Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa. 2S (USP38)

Change to read:
• Glycosaminoglycan Content
1,9-Dimethylmethylene blue solution: Mix 95 mL of 0.1 M hydrochloric acid in 500 mL of
water. Add 16 mg of 1,9-dimethylmethylene blue, 3.04 g of aminoacetic acid, and 2.37 g
of sodium chloride. Dilute with water to 1 L, and adjust to a pH of 3.0 with sterile
solutions of either 1.0 M sodium hydroxide or 1.0 M hydrochloric acid. Store in low-actinic
glassware.
Sterile PBS solution: 8.065 g/L of sodium chloride and 0.2 g/L of potassium chloride in
0.01 M sodium phosphate buffer, pH 7.4
Proteinase K solution: 600 Units/mL of Tritirachium album proteinase K
Stock heparin standard solution: 1 mg/mL of heparin
Heparin standard curve solutions: Use Stock heparin standard solution to prepare three
solutions containing 20, 50, and 100 µg/mL of heparin.
Sample solution: Prepare samples in duplicate. Accurately weigh about 25 mg of Small
Intestinal Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa 2S (USP38)
and cut into small pieces (roughly 2 mm × 2 mm). Transfer to a 1.5-mL microcentrifuge tube,
and add 180 µL of Sterile PBS solution and 20 µL of Proteinase K solution. Mix, and incubate the
sample at 56 for 15 min; during the incubation, mix intermittently on a vortex mixer. Cool the
sample to room temperature. Dilute with water to obtain a concentration of 12.5 mg/mL of
digested Small Intestinal Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa. 2S (USP38)
Blank solution: Water
Collagen control solution: Accurately weigh about 25 mg of a bovine collagen, type I, that
contains less than 1 µg of glycosaminoglycan/mg. Transfer to a 1.5-mL microcentrifuge tube,
and add 180 µL of Sterile PBS solution and 20 µL of Proteinase K solution. Mix, and incubate
the sample at 56 for 15 min; during the incubation, mix intermittently on a vortex mixer. Cool
the sample to room temperature. Dilute with water to obtain a concentration of 12.5 mg/mL of
digested bovine collagen.
Analysis
(See Spectrophotometry and Light-Scattering 851 .)
Add 2.5 mL of 1,9-Dimethylmethylene blue solution to triplicate 100-µL aliquots each of
Heparin standard curve solutions, Sample solution, Blank solution, and Collagen control
solution. Mix on a vortex mixer for 1 s and immediately read the absorbance at 525 nm.
Generate a standard curve of absorbance versus concentration using the averages of each
Heparin standard curve solution, correcting for the blank, and calculate the regression line and
regression coefficient. The concentration of glycosaminoglycan in the Sample solution and the
Collagen control solution is determined directly from the regression line. If the absorbance of
the Sample solution is greater than the highest Heparin standard curve solution, then dilute
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the Sample solution appropriately, and repeat the Analysis detailed in this section.
System suitability: The test is considered valid if the regression curve has a square of the
correlation coefficient (r2) NLT 0.95; the triplicate aliquots of the Sample solution and Collagen
control solution yield results that are within 20% of each other, respectively; and the average
glycosaminoglycan content of the Sample solution is statistically greater than the Collagen
control solution using one-tailed, unequal variances, t-test at = 0.05.
Acceptance criteria: The average glycosaminoglycan content of the Sample solution is NLT 2
µg/mg.
Change to read:
• Bioactivity
[Note—Aseptic cell culture techniques should
must 2S (USP38)
be used throughout the performance of this test.]
Modified RPMI-1640 culture medium: Prepare a sterile solution that contains the components
included in Table 1.
Table 1
Content
(mg/L)
Calcium chloride
264.9
Ferric nitrate, nonahydrate
0.10
Potassium chloride
400.0
Magnesium sulfate, heptahydrate
200.0
Sodium chloride
6,400.0
Sodium bicarbonate
3,700.0
Sodium phosphate, monobasic, monohydrate 125.0
Glucose
4,500.0
Phenol red
15.0
Sodium pyruvate
110.0
l-Arginine hydrochloride
84.0
l-Cystine
48.0
Aminoacetic acid
30.0
l-Histidine hydrochloride, monohydrate
42.0
l-Isoleucine
104.8
l-Leucine
104.8
l-Lysine hydrochloride
146.2
l-Methionine
30.0
l-Phenylalanine
66.0
l-Serine
42.0
l-Threonine
95.2
l-Tryptophan
16.0
l-Tyrosine
72.0
l-Valine
93.6
l-Calcium pantothenate
4.0
Component
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Choline chloride
4.0
Folic acid
4.0
Inositol
7.0
Nicotinamide
4.0
Pyridoxine hydrochloride
4.0
Riboflavin
0.40
Thiamine hydrochloride
4.0
Sodium 1-heptanesulfonic acid
2383.0
Penicillin–streptomycin solution: 10,000 USP Penicillin Units of penicillin/mL and 10 mg of
streptomycin/mL in a suitable buffer2
PC12 cell line culture medium: Mix 420 mL of Modified RPMI-1640 culture medium, 50 mL of
horse serum,3 25 mL of fetal bovine serum,4 and 5 mL of Penicillin–streptomycin solution.
Sterilize by passing through a 0.22-µm filter.
Sterile PBS solution: 8.065 g/L of sodium chloride and 0.2 g/L of potassium chloride in 0.01 M
sodium phosphate buffer, pH 7.4
Rat tail collagen solution: Prepare a suspension containing 0.2 mg/mg
mL 2S (USP38)
of rat tail collagen, type I, in sterile water.
Cell culture apparatus: Prepare by adding a sufficient volume of Rat tail collagen solution to
completely cover the bottom of each well of a 12-well cell culture plate (dimension of each
well is about 22–23 mm in diameter and about 17–18 mm in depth). Incubate under sterile
conditions for 2 h at 37 or overnight at room temperature. Remove the Rat tail collagen
solution by aspiration. Rinse with Sterile PBS solution that has been preheated to 37 .
PC12 cells: Use cultured rat pheochromocytoma cells (ATCC CRL-1721).
Cultivation of PC12 cells: Starting from a frozen culture, prewarm
Prewarm 2S (USP38)
PC12 cell line culture medium to 37 . Add 15 mL of prewarmed PC12 cell line culture medium to
a T-75 culture flask. Place a single vial containing the frozen PC12 cells in a 37 water bath
with gentle agitation until they start to thaw (about 1 min). Complete the thawing procedure
by slowly rotating the vial between the hands. Rinse the outside of the vial with 70% alcohol.
Transfer the contents of the vial to the T-75 flask, and mix. Incubate the cells overnight at 37
in a 5% carbon dioxide atmosphere. Transfer the contents of the T-75 culture flask to a
sterile centrifuge tube, centrifuge at 200 × g for 5 min at 37 , and discard the supernatant.
Resuspend the cells in 15 mL of PC12 cell line culture medium, and transfer the contents back
to the T-75 culture flask. Incubate the cells at 37 in a 5% carbon dioxide atmosphere for 3
days.
Cell feeding: At the end of 3 days, the cells will need to be fed for optimal growth. To feed the
cells, remove a flask of cells from the incubator, tightening the cap in the process. Examine
the T-75 flask under the microscope and check for microbial contamination and confluency. If
there is microbial contamination, then discard the flask. If the cells appear confluent, follow
the instructions below for perpetuating the PC12 cell line (see Culture perpetuation).
Otherwise, harvest the cells from the flask by pipetting the contents of the flask across the
bottom of the flask several times. Transfer the cell suspension to a sterile 50-mL centrifuge
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tube. Centrifuge the cells at 200 × g for 5 min at 37 , and discard the supernatant. Resuspend
the cells in 13 mL of PC12 cell line culture medium, prewarmed to 37 . Transfer the cell
suspension back to the T-75 flask, and mix. Loosen the cap of the flask, and return to the
incubator; incubate the cells at 37 in a 5% carbon dioxide atmosphere for another 3–7 days.
Culture perpetuation: To perpetuate a line of PC12 cells for culture, examine under the
microscope a T-75 flask containing cells and check for microbial contamination and confluency.
If there is microbial contamination, discard the flask and use another. If the cells do not
appear confluent, then follow the instructions above for feeding the PC12 cell line (see Cell
feeding), beginning with “Otherwise, harvest the cells from the flask by pipetting the contents
of the flask across the bottom of the flask several times.” If the cells are confluent and there
is no contamination, harvest the cells from the flask by pipetting the contents of the flask
across the bottom of the flask several times to loosen up the cells from their attachment to
the bottom of the flask and to break up cell clusters. Check under the microscope before
proceeding to ensure that most of the cells have detached from the plastic. Transfer the cell
suspension to a sterile 50-mL centrifuge tube, and centrifuge the cells at 200 × g for 5 min at
37 . Discard the supernatant and resuspend the cells with 10 mL of PC12 cell line culture
medium, prewarmed to 37 . Dispense an equal amount of the cell suspension into each of 3–5
T-75 flasks, each flask containing 10 mL of PC12 cell line culture medium, prewarmed to 37 ,
and mix. Return the passaged cells to the incubator, being sure to loosen the cap of the
flasks. Incubate the cells at 37 in a 5% carbon dioxide atmosphere. Feed the cells after 3
days as directed above, beginning with “To feed the cells, remove a flask of cells from the
incubator, tightening the cap in the process.” [Note—Do not use cells that have undergone
more than 15 passages after obtaining them from ATCC.]
Positive control solution: Prepare a solution containing about 10 ng of fibroblast growth
factor-2/mL of PC12 cell line culture medium.
Negative control solution: Use PC12 cell line culture medium.
Sample solution: Immerse 70 cm2 of Small Intestinal Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa 2S (USP38)
in sterile water for 5 min. Remove the Small Intestinal Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa, 2S (USP38)
and blot excess water using sterile gauze. Weigh the rehydrated Small Intestinal Submucosa
Wound Matrix
Scaffold Porcine Small Intestinal Submucosa 2S (USP38)
to the nearest 0.1 g and add Modified RPMI-1640 culture medium at a ratio of 7.5 mL of
Modified RPMI-1640 culture medium for each 1.0 g of Small Intestinal Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa. 2S (USP38)
Incubate for 24 h at 37 with constant shaking. Remove the Small Intestinal Submucosa
Wound Matrix
Scaffold Porcine Small Intestinal Submucosa, 2S (USP38)
and pass the solution through a 0.22-µm filter. Add sufficient quantities of sterile horse serum
and sterile fetal bovine serum to concentrations of 10% and 5%, respectively, and add a
sufficient quantity of Penicillin–streptomycin solution such that there are 100 USP Penicillin
Units and 0.1 mg of streptomycin/mL. Adjust the pH of the Sample solution to 7.4, using a
sterile solution of either 1.0 M sodium hydroxide or 1.0 M hydrochloric acid.
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Analysis: Harvest a flask of confluent PC12 cells by
pipetting the contents of the flask accross the bottom of the flask to loosen the cells, then
transfer the cell suspension to a centrifuge tube and 2S (USP38)
centrifuge at 200 × g for 5 min. Remove the supernatant by aspiration, and resuspend the
pellet to obtain a concentration of about 1 × 106 cells/mL of PC12 cell line culture medium.
Add to each of three wells of the Cell culture apparatus 1.0 mL of Negative control solution. To
a second set of three wells, add to each well 1.0 mL of Positive control solution, and to a third
set of three wells, add to each well 1.0 mL of Sample solution. Add to each well about 20,000
cells, mix by gentle rocking, and incubate for 48 h at 37 . For each well, count three random
microscopic fields of cells using a microscope with a 10× ocular lens and a 20× objective lens.
Each field should have at least 20 cells; avoid large clumps of cells where individual cell bodies
cannot be ascertained. Determine the total number of cells in the field and, using USP Cultured
Rat Pheochromocytoma Reference Photomicrographs of normal and differentiated rat
pheochromocytoma cells for comparison, determine the total number of cells that have formed
at least one neurite-like extension at least twice the diameter of a normal, undifferentiated cell
body. For each experimental group, record the total number of cells counted and the total
number of cells differentiated across all three wells, and calculate the total percentage of cells
that have differentiated.
System suitability: For a test to be valid, the following criteria must be met: (1) none of the
wells are microbially contaminated; (2) the weighted percentage of differentiated cells across
the Negative control solution wells is NMT 5%; (3) the weighted percentage of differentiated
cells across the Positive control solution wells is NLT 6%; and (4) the weighted percentage of
differentiated cells across the Negative control solution wells is statistically less than the
weighted percentage of differentiated cells across the Positive control solution wells, using a
one-sided, two-sample test for proportions at = 0.05.
Acceptance criteria: The weighted percentage of differentiated cells incubated in the Sample
solution wells is statistically greater than those incubated in the Negative control solution
wells, using a one-sided, two-sample test for proportions at = 0.05.
Change to read:
• Metabolic Activity Assessment
Dulbecco's modified Eagle's tissue culture medium: Prepare a solution that contains
the components included in Table 2.
Table 2
Component
Calcium nitrate, tetrahydrate
Ferric nitrate, nonahydrate
Potassium chloride
Magnesium sulfate, anhydrous
Sodium chloride
Sodium bicarbonate
Sodium phosphate, dibasic (anhydrous)
Glucose
Glutathione (reduced)

Content
(mg/L)
100.0
0.10
400.0
48.840
6,000.0
1,500.0
800.0
4,500.0
1.0
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Phenol red
5.0
Sodium pyruvate
110.0
l-Arginine (free base)
200.0
l-Asparagine, monohydrate
56.620
l-Aspartic Acid
20.0
l-Cystine dihydrochloride
65.20
Aminoacetic acid
10.0
l-Histidine (free base)
15.0
Hydroxy-l-proline
20.0
l-Isoleucine
50.0
l-Leucine
50.0
l-Lysine hydrochloride
40.0
l-Methionine
15.0
l-Phenylalanine
15.0
l-Proline
20.0
l-Serine
30.0
l-Threonine
20.0
l-Tryptophan
5.0
l-Tyrosine, disodium, dihydrate
28.830
l-Valine
20.0
d-Biotin
0.20
d-Calcium pantothenate
2.50
Choline chloride
3.0
Folic acid
1.0
Inositol
35.0
Nicotinamide
1.0
p-Aminobenzoic acid
1.0
Pyridoxine hydrochloride
1.0
Riboflavin
0.20
Thiamine hydrochloride
1.0
Cyanocobalamine
0.0050
MTT reagent: A suitable solution of 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium
bromide.5
Detergent reagent: A suitable sodium dodecyl sulfate detergent solution.6
Analysis: Remove three 12-mm diameter circular sections of Small Intestinal Submucosa
Wound Matrix
Scaffold Porcine Small Intestinal Submucosa, 2S (USP38)
using the appropriate size biopsy punch. Immerse each section into individual wells of a 12-well
cell culture plate (dimension of each well is about 22–23 mm in diameter and about 17–18 mm in
depth), each containing 1 mL of Dulbecco's modified Eagle's tissue culture medium. Prepare a
positive control by harvesting a full-thickness section of porcine jejunum immediately following
slaughter. Rinse the section of jejunum at 37 in isotonic sodium chloride solution for 5 min to
remove intestinal debris. Using scissors, split open the section of jejunum to form a sheet.
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Remove three 12-mm diameter circular sections of jejunum, using the appropriate size biopsy
punch. Immerse each section into individual wells of a 12-well cell culture plate, each well
containing 1 mL of Dulbecco's modified Eagle's tissue culture medium. Treat these positive
control wells in the same manner as the sample wells. Prepare a Blank solution using 1 mL of
Dulbecco's modified Eagle's tissue culture medium. Allow sections to hydrate for 5 min, add 50
µL of MTT reagent to each of the sections and the blank, and mix. Incubate for 3 h at 37 in
an atmosphere containing 5% carbon dioxide. Add 100 µL of Detergent reagent to each well,
and mix. Leave the samples at ambient temperature in the dark for 2 h. Measure the
absorbance of the resulting solution at 570 nm, adjusting for the blank.
System suitability: The average absorbance in the positive control wells is greater than 0.100.
Acceptance criteria: The average absorbance reading for the Small Intestinal Submucosa
Wound Matrix
Scaffold Porcine Small Intestinal Submucosa 2S (USP38)
wells is less than 0.100.
• Sterility Tests

71 : Meets the requirements

Change to read:
• Bacterial Endotoxins Test 85
Sample: 70 cm2 of Small Intestinal Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa 2S (USP38)

Analysis: Immerse the Sample in 40 mL of LAL Reagent Water. Extract for 60 min at 37 with
shaking. Remove a 100-µL aliquot to measure the amount of bacterial endotoxins.
Acceptance criteria: NMT 20.0 USP Endotoxin Units/70 cm2
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in single-use, peel-open pouches that are gas permeable
for sterilization purposes. Store under clean, dry conditions at 25 , excursions permitted
between 15 and 30 .
Change to read:
• Labeling: The package is labeled to indicate the dimensions of the enclosed Small Intestinal
Submucosa Wound Matrix
Scaffold Porcine Small Intestinal Submucosa, 2S (USP38)
the expiry date, required storage conditions, and the lot number. The label indicates that the
Wound Matrix
Scaffold Porcine Small Intestinal Submucosa 2S (USP38)
is sterile if the package is intact, and that the Wound Matrix
Scaffold Porcine Small Intestinal Submucosa 2S (USP38)
is designed for single patient, one-time use.
• USP Reference Standards, Authentic Visual References 11
USP Cultured Rat Pheochromocytoma Reference Photomicrographs. These photomicrographs
represent examples of normal and differentiated rat pheochromocytoma cells and are
used to assist in ascertaining bioactivity.
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1 A suitably sensitive ELISA test kit for the quantitation can be obtained from R&D Systems Inc., 614 McKinley
Place N.E., Minneapolis, MN;(www.bioscience.org/company/r&d.htm);
2S (USP38)

product number DFB50.
2 A suitable buffered solution containing 10,000 USP Penicillin Units of penicillin/mL and 10 mg
of streptomycin/mL can be obtained from Sigma-Aldrich Corp., St. Louis, MO.(www.sigmaaldrich.com).
2S (USP38)

3 A suitable horse serum can be obtained from American Type Culture Collection, P.O. Box
1549, Manassas, VA (www.atcc.org).
4 A suitable fetal bovine serum can be obtained from American Type Culture Collection, P.O.
Box 1549, Manassas, VA (www.atcc.org).
5 A suitable solution of 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide can be
obtained
as part of the MTT Cell Proliferation Assay (Catalog # 30-1010K) 2S (USP38)
from American Type Culture Collection, P.O. Box 1549, Manassas, VA (www.atcc.org)
or equivalent. 2S (USP38)
6 A suitable sodium dodecyl sulfate detergent reagent can be obtained
as part of the MTT Cell Proliferation Assay (Catalog #30-1010K) 2S (USP38)
from American Type Culture Collection, P.O. Box 1549, Manassas, VA (www.atcc.org)
or equivalent. 2S (USP38)
BRIEFING
Scaffold Silk Fibroin. Because there is no existing USP monograph for this product, a new
monograph is proposed. The liquid chromatographic procedure for Fibroin Content is based
on analyses performed with the Waters AccQ-Tag Ultra RP brand of L1 column.
(BIO2: R. Potts.)
Correspondence Number—C143124

Comment deadline: November 30, 2014
Add the following:
Scaffold Silk Fibroin
DEFINITION
Scaffold Silk Fibroin is a surgical scaffold device made from the silk of the Bombyx Mori
silkworm. Raw silk filaments are comprised of a fibroin protein core that is naturally coated with
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the globular protein sericin. The sericin is removed from the fiber by aqueous extraction leaving
the fibroin protein behind, consisting of layers of anti-parallel beta sheets, which give the fiber
strength. The fiber is then assembled into a three dimensional patterned scaffold. The scaffold
is a mechanically strong, flexible, single use device that can be produced in a variety of
shapes, sizes, and thicknesses, and is terminally sterilized.
IMPURITIES
• Nonpolar Solvent Extraction
Positive control: 20 mg of mineral oil1
Negative control: 45 mL of n-hexane
Sample: Scaffold Silk Fibroin
Analysis: [Note—Gloves should be worn throughout the procedure as natural skin oil may
affect the results. Glassware preparation: Each sample or control requires one 60-mL
bottle and cap and one glass Petri dish. Wash glass Petri dishes (10 cm × 2 cm) and a
corresponding number of 60-mL glass jars with lids with liquid detergent and rinse well with
tap water. Rinse again with deionized water. Transfer glassware in the chemical hood and
rinse all glassware with hexane. Air-dry glassware in the chemical hood for at least 15 min.
Transfer dried glassware to a desiccator for NLT 30 min before weighing.] Ensure the
relative humidity of the room is between 30% and 80% before weighing or labeling bottles
and petri dishes. Label and pre-weigh 60-mL bottles. For the Positive control, add 20 mg
of mineral oil to a 60-mL bottle and for the Negative control, add 45 mL of hexane to a
60-mL bottle. For the Sample, use stainless steel tweezers to place one device per 60-mL
bottle and cap. Re-weigh bottles and calculate the sample weight (SW) by subtracting
the initial mass of the bottle from the mass of the sample-containing bottle. In the
chemical hood, open the bottles and add 45 mL of n-hexane to each, then re-close
making sure that the hexane does not come in contact with the caps. Prepare an
ultrasonic water bath for sample processing by degassing it. For this, use the “degas”
setting of the equipment for 10 min. Place all 60-mL bottles, prepared as above, in the
water bath. Ensure that the water level is 0.5-cm below the lids of the bottles. Sonicate
bottles for 5 min on the “sonication” setting (frequency of 40 KHz). Label Petri dishes so
that each bottle has a correspondingly labeled Petri dish. Weigh each dish individually and
record the mass (minitial). Pour the hexane solution from each bottle into the
corresponding pre-labeled Petri dish. Add 15 mL of n-hexane to each bottle, rinse then
pour in the corresponding Petri dish. Repeat this rinsing step and collect the solution. The
final hexane volume in each of the Petri dishes should be approximately 75 mL (45 mL from
extraction + 15 mL from first rinse + 15 mL from second rinse). Leave Petri dishes
uncovered in the chemical hood for 12 h to evaporate the n-hexane. Re-weigh each Petri
dish after hexane evaporation and record mass (mfinal).
Calculate the recovery of the Positive control in percentage with the following formula:
Result = [(mF

mI )/WO] × 100

m=
F final mass of Petri dish after n-hexane evaporation in mg
m=
I initial mass of empty Petri dish in mg
W=
O weight of oil added, mg
Calculate the concentration of organic residuals, in ppm, in each tested device:
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Result = [(mF

mI )/WS] × F

m=F final mass of Petri dish after n-hexane evaporation in mg
m=I initial mass of empty Petri dish in mg
W=
S sample weight, g (calculated by subtracting the initial mass of the bottle from the mass
of the sample-containing bottle)
F = conversion factor for kg to g, 1000
System suitability criteria: The determined mF for the Negative control should be NMT
0.2 mg and the Positive control recovery should be 95%–105%.
Acceptance criteria: Hexane extractable residues should be NMT 1106 ppm per tested
device.
• Elemental Impurities—Limits 232 and Elemental Impurities—Procedures 233
Nitric acid solution: 2% (v/v) nitric acid in water
Sample solution: Weigh 3–4 g of Scaffold Silk Fibroin, record the mass, then place in a
50-mL conical tube. Add 25 mL of Nitric acid solution to the tube. Incubate for 16 h at
room temperature.
Analysis: Transfer 5 mL of the Sample solution to a tube that is compatible for testing.
The levels of chromium, cadmium, nickel, vanadium, lead, and arsenic are determined by
an inductively coupled plasma–atomic emission spectroscopy (ICP-AES) (see Plasma
Spectrochemistry 730 ) normalized to the mass of the tested device and reported in
parts per million (ppm).
Acceptance criteria: Meets the requirements of the Parental Daily Dose PDE (µg/day) in
Elemental Impurities—Limits

232

SPECIFIC TESTS
• Fibroin Content
Digestion solution: 6 N hydrochloric acid
Reconstitution solution: 0.02 N hydrochloric acid
Borate buffer: 0.2 M sodium borate, pH 8.8 with 5 mM calcium disodium
ethylenediaminetetraacetic acid (EDTA). Prepare the buffer by dissolving 124 g boric acid
in 80 mL of deionized water; add 187 mg calcium disodium EDTA then titrate with 1 N
sodium hydroxide to a pH of 8.8. Add deionized water to a final volume of 100 mL.
Derivatization reagent: 10 mM of 6-aminoquinolyl-n-hydroxysuccinimidyl carbamate in
acetonitrile. Vortex for 10 s at 2700 rpm. Incubate the solution for 10 min at 55 , and
vortex occasionally until the powder dissolves.
Preparation of hydrolysis sample vials and tubes: Clean glass acid hydrolysis sample
vials (30 × 120 mm) and hydrolysis tubes (6 × 50 mm) used for sample preparation with a
phosphate-free detergent 2, rinse with purified water then pyrolyze at 220 for 24 h. Allow
vials to cool to room temperature then add 200 µL of constant boiling 6 N hydrochloric
acid3 to each hydrolysis tube along with a single phenol crystal.4 Cap tubes with a
polytetrafluoroethyl (PTFE) cap with a chlorotrifluoroethylene (CTFE) screw type on-off
valve until needed.
System suitability solution: 25 µM in water from commercially available amino acid
standard5
Fibroin solution: Bring 2 L of water to a boil in a glass beaker, then add 4.24 g of sodium

PF 40(5): Sep.-Oct. 2014

1663

carbonate. Add 5 g of raw silk yarn6 and boil for 1 h. Remove yarn containing fibroin with a
spatula and rinse in 2 L of water. Squeeze yarn with gloved hands to remove excess
water. Rinse yarn 3 more times in 2 L of water for 20 min under agitation (use a stir bar
for agitation and set the stir plate to 250 rpm). Squeeze yarn with gloved hands to
remove excess water, place the fibroin yarn on a clean sheet of aluminum foil and dry for
16 h in a chemical hood. Transfer 1 mg of the fibroin yarn to a hydrolysis tube to obtain 5
mg/mL of fibroin in 6 N hydrochloric acid. Prepare three replicates. Incubate at 115 for 16
h. Allow the tubes to cool for 1 h at room temperature. Remove acid with a speed
vacuum. Add 20 µL of Reconstitution solution to each tube and incubate at 50 for 10
min. Dilute each solution 5-fold (to 0.1 µg/µL) with Reconstitution solution.
Sericin solution: Add 1 mg of sericin7 per hydrolysis tube to obtain 5 mg/mL sericin in 6 N
hydrochloric acid. Prepare three replicates. Incubate at 115 for 16 h. Allow the tubes to
cool for 1 h at room temperature. Remove acid with a speed vacuum. Add 20 µL of
Reconstitution solution to each tube and incubate at 50 for 10 min. Dilute each solution
5-fold (to 0.1 g/µL) with Reconstitution solution.
Standard solutions: Prepare amino acid standards at the following concentrations: 600,
500, 400, 300, 200, 100, 50, 10, 5, and 1 µM in water from commercially available amino
acid standard.8
Sample solutions: Add 1 mg of Scaffold Silk Fibroin per hydrolysis tube to obtain 5 mg/mL
of Scaffold Silk Fibroin in 6 N hydrochloric acid. Prepare six replicates. Incubate at 115
for 16 h. Allow the tubes to cool for 1 h at room temperature. Remove acid with a speed
vacuum. Add 20 µL of Reconstitution solution to each tube and incubate at 50 for 10
min. Dilute each solution 5-fold (to 0.1 µg/µL) with Reconstitution solution.
Amino acid derivatization: Standard solutions and reconstituted Fibroin solution, Sericin
solution, and Sample solutions are derivatized. Borate buffer (70 µL) is added to 12- ×
32-mm screw neck total recovery vials (the number of vials needed is equal to the number
of Standards, samples, fibroin and sericin solutions, and one blank solution). An aliquot of
10 µL of each amino acid standard (one standard sample for each concentration) and
each control (triplicates of Fibroin solution and Sericin solution) and sample (one sample
per finished Scaffold Silk Fibroin) are added to the respective vials. The vials are vortexed
for 5 s at 2700 rpm, followed by the addition of 20 µL of Derivatization reagent. The vials
are capped and vortexed again for 5 s. The vials are then heated for 10 min at 55 . A
blank is also prepared using 10 µL of Reconstitution solution instead of amino acid
standard.
Solution A: Prepare a mixture of acetonitrile, formic acid, and 100 mM ammonium formate
(10:6:84). Dilute this mixture with water (5:95).
Solution B: Acetonitrile and formic acid (98:2)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
99.9
0.1
0.54
99.9
0.1
5.74
90.9
9.1
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7.74
8.04
8.64
8.73
9.5

78.8
40.4
40.4
99.9
99.9

21.2
59.6
59.6
0.1
0.1

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 2.1-mm × 10-cm; L1 with particle size 1.7 µm and pore size 130 Å
Column temperature: 55
Flow rate: 0.7 mL/min
Injection volume: 1 µL
Run time: 10 min
System suitability
Sample: System suitability solution
Suitability requirements
Plate count: NLT 2000 for all the amino acids
Tailing factor: NMT 2
Resolution: NLT 2
Signal-to-noise ratio: NLT 10 for all the amino acids
Analysis
Samples: Fibroin solution, Sericin solution, Standard solutions, and Sample solutions
Create a calibration curve for each amino acid by integrating the peak area obtained from
the chromatograph for each concentration of Standard solution then plot the integrated
peak area as a function of concentration. Run each replicate of Fibroin solution and
Sericin solution. Perform one run for each of the six Sample solutions. Determine the
concentration of each constituent amino acid of each control solution and Sample solution
from the calibration curves of the amino acid standards.
A mathematical algorithm development software is used to set up a matrix based
calculation for fibroin purity.9 The algorithm uses 7 out of the 16 detected amino acids:
glycine (Gly), alanine (Ala), tyrosine (Tyr), serine (Ser), asparagine (Asx),
glutamate/glutamic acid (Glx), and threonine (Thr). [Note—The 7 amino acids were
selected because the magnitude difference in weight percent of each found in sericin
compared to fibroin is at least 2-fold.]
Convert the fibroin and sericin reference data into a [7 × 2] matrix (Matrix A), with 7
(columns) representing each of the selected amino acids and 2 (rows) representing the
number of Reference Standards analyzed. Represent the amino acid composition of the silk
samples being analyzed as a [7 × 6] matrix (Matrix B), where 7 (columns) represent each
of the selected amino acids and 6 (rows) for each of the total number of samples
analyzed. Specifically,
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Where:
the first row is the sericin reference amino acid average from the three runs
the second row is the fibroin reference amino acid average from the three runs

Where:
the rows indicated the amino acid averages for the six samples analyzed
The mass proportion of fibroin and sericin from each Sample solution is calculated by
performing the matrix operation B × (A 1). The percent weight compositions of fibroin and
sericin for each analyzed Sample solution are calculated by the software from the mass
proportions.
Acceptance criteria: NLT 95% for fibroin content and NMT 5% for sericin content
• Dimensional Analysis
Sample: Scaffold Silk Fibroin
Analysis: Before testing, measure the length and width of intact Scaffold Fibroin Silk
devices with a NIST traceable caliper with an accuracy of at least 0.02 mm.10 Take three
measurements at the top, the center, and the bottom of the device for each parameter.
Measure the length of the scaffold in the longest direction. Measure the width of the
scaffold along the shortest direction. Measure the thickness of the sample (single
measurement) using a NIST traceable thickness gauge with accuracy of at least 0.01
mm.11 Place the sample (either intact scaffold or sectioned piece) between the gauge
feelers taking care to avoid creases and folds. Close the feelers and take the
measurement. [Note—Test between 13 and 50 devices.]
Acceptance criteria: Each device is NLT 15 ± 1.5 cm in length and NLT 5 ± 0.5 cm wide,
with a thickness range of 0.6–1.0 mm.
• Density Determination
Sample: Scaffold Silk Fibroin
Analysis: Determine the mass of the sample by a single measurement using a scientific
calibrated balance that can be read to at least 0.1 mg.12 The average length and width is
determined by averaging the three measurements from the Dimensional Analysis. The
thickness is measured as described in the Analysis of the Dimensional Analysis.
Calculate the density, mg/mm3 of each sample by using the equation:
Result = M/(L × W × T)
M= mass, mg
L= average length, mm
W
= average width, mm
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T= thickness, mm
Acceptance criteria: NLT 0.14 mg/mm3 and NMT 0.18 mg/mm3
• Pore Characterization
Sample: Scaffold Silk Fibroin
Analysis: The assembled scaffold has a lattice-like appearance, with open spaces (pores)
between the length and width constituent fibers that run perpendicular to each other.
Measure the pore dimensions of the scaffold by using a stereo microscope with sufficient
magnification and image capture capability. Select a magnification based upon the
resolution of the pore in the scaffold pattern being examined (typical range is 0.5–2×).
Take images under magnification. Randomly select eight pore images, determine the pore
area and average the results. Measure pore size and analyze with a suitable image
analysis software package.
Acceptance criteria: The pore area of each device is NLT 1 × 104 µm2.
• Ball Burst Testing
0.01 M phosphate buffered saline: Dissolve 8 g of sodium chloride, 0.2 g of potassium
chloride, 1.44 g of monobasic sodium phosphate, and 0.24 g of dibasic potassium
phosphate in 800 mL of deionized water. Adjust with 1 N hydrochloric acid to a pH of 7.4,
add deionized water to a final volume of 1000 mL.
Sample: Sections (40 × 40 mm) that are cut from the full sized, Scaffold Silk Fibroin. [Note
—Test one section per device. Test between 13 and 50 devices.]
Analysis: Submerge the Sample fully in 0.01 M phosphate buffered saline and incubate at
37 for 2 h. Use a suitable mechanical testing instrument and test frame.13 Compress each
device sample tested between the two circular fixation brackets (inner diameter of 18.6
mm) of the mechanical testing instrument. Secure the Sample with a torque wrench to a
value of 0.2 ± 0.1 N/m.14 Ensure that the lattice structure of the Sample is evenly
distributed across the inner fixture diameter and not skewed or sheared (the Sample
should remain taut within the fixation brackets with even distribution of tension). Attach
the ball burst fixture (10 mm diameter) to the mechanical testing instrument with a
calibrated load cell. Insert the fixture ball through the center of the fixation brackets at a
constant rate of 60 mm/min until the Sample fails. The resulting instrument output
represents the maximum load sustained by the test sample.
Calculate the ultimate burst stress of the Sample in MPa:
Result = [B/(EA)] × F
B= maximum burst load, N
E=
A exposed area, m2
F= conversion factor, 10 6
The exposed area is the circular area of the test article covering the radius (r) of the
inner fixture diameter and is calculated using the equation below:
Exposed area = r2
An additional sample parameter, burst stiffness that is reflective of elastic properties and
indicative of the scaffold's capacity to withstand anatomical forces before failure is
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calculated by determining the slope of the middle of the linear region of the compressive
load versus extension curve.
Acceptance criteria: The ultimate burst stress for each tested sample is NLT 0.5 MPa.
The burst stiffness for each tested sample is NLT 30 N/mm.
• Tensile Testing
Sample: Cut two sample sections of 10 × 60 mm from each Scaffold Silk Fibroin tested,
one in length direction and one in the width direction. Fully immerse samples in phosphate
buffered saline and incubate at 37 for 2 h.
Analysis: Use a suitable mechanical testing instrument.15 The tensile testing is done
following the same principles as outlined in Tensile Strength 881 , but modified as
specified below. Clamp device samples in the mechanical test frame. Mount the upper
clamp to the load cell, which is attached to the actuator. Mount the lower clamp to the
support plate. Align the upper clamp to make the faces of both clamps parallel to each
other. Adjust the height of the mechanical equipment crosshead so that the actuator is
positioned to allow for a defined amount of upward movement and a specific sample gauge
length resides between the upper and lower sample clamps.
Given a device sample of 60-mm long by 10-mm wide, load the sample by clamping the
first 10 mm length of the Sample into the upper clamp and allowing the remainder of the
Sample to fall unrestrained into the bottom clamp opening. Fix the last 10 mm of the
Sample with the bottom clamp. Avoid pre-straining the Sample. Once the Sample is
clamped, adjust the actuator height so that the Sample has a preload of 2 Newtons.
Adjust the actuator position to achieve a 40-mm gauge length then reset to the zeroposition. Strain the test sample at a rate of 2400 mm/min until it experiences ultimate
tensile failure. The instrument output will provide maximum load value that was sustained
by the Sample. [Note—The straining rate represents 100% of the gauge length/s and
ensures that the Sample fails within 1 s (40 mm × 60 s = 2400 mm/min). Depending on
the manufactured lot size, test between 13 and 50 devices. Use the maximum load value
to calculate the ultimate tensile stress and percent elongation at break.]
Calculate the ultimate tensile stress in MPa using the equation:
Result = [ML/(SW × ST)] × F
M=L maximum load, N
S=
w sample width, m
S=
T sample thickness, m
F= conversion factor mm2 to m2, 10 6
The sample width (SW) is equal to 10 mm, and the sample thickness is determined as
described in the Analysis section of the Dimensional Analysis.
The elongation at break in percentage is determined using the equation:
Result = [(LB
L=
B length at break, mm
O=L original length, mm

OL)/OL] × 100
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original length) is measured and indicated by the

instrument length = 40 mm (60 mm total length 10 mm held by the upper clamp 10
mm held by the lower clamp). Tensile stiffness is calculated by determining the slope of
the trend line of the linear portion of the tensile load vs. elongation curve bound by an
upper and lower tensile load.
Acceptance criteria: The maximum load for each tested sample along the scaffold length
is NLT 31 N. The ultimate tensile stress (the force at which the device fails) for each
tested sample is NLT 5 MPa. The percent elongation at break for each tested sample is
NLT 35% in the direction of length. In the same direction, the tensile stiffness for each
tested sample is NLT 0.8 N/mm.
• Suture Retention Force
Sample: Cut two sample sections of 20 × 40 mm from each Scaffold Silk Fibroin tested,
one in the length direction and one in the width direction. Rehydrate all samples by
completely submerging in phosphate buffered saline and incubating for 2 h at 37 .
Analysis: Use a suitable mechanical testing instrument.16 Insert the upper part of the
Sample into the upper clamp with the top 10 mm of the Sample gripped by the clamp with
a pressure of 85 psi. Assess the overall suture retention strength of the samples in both
orientations. Using 2-0 polypropylene,17 guide the first suture 10 mm from both sides of
the Sample and approximately 3 mm from the lower edge. Loop the suture through a pore.
Guide two more polypropylene sutures through the same way, but at a distance of 6 mm
to the left and right of the center suture loop. Lower the upper actuator to maintain a
distance of 10 mm between bottom edge of the Sample and lower clamp. Clamp the ends
of the three sutures into the bottom clamp with a pressure of 85 psi. The created gauge
length is 27 mm. Preload the Sample with 1 Newton. Strain the Sample at a constant rate
of 1620 mm/min until the device sample breaks from the sutures or the sutures pulls
through the Sample. The instrument output represents the maximum load at failure. [Note
—The straining rate represents 100% of the gauge length/s (27 mm × 60 s = 1620
mm/min) and ensures that the Sample fails within 1 s. Depending on the manufactured lot
size, test between 13 and 50 devices.]
Calculate the average suture retention strength is determined using the equation:

Acceptance criteria: The average suture retention force is NLT 13 N/suture in both
vertical and horizontal orientations.
• Tear Testing
Sample: Cut two sample sections of 20 × 40 mm from each Scaffold Silk Fibroin tested,
one in the length direction, and one in the width direction. Make a small cut one fourth
the size of the test sample width in the center of the sample perpendicular to the length.
Submerge all samples completely and incubate for 2 h in phosphate buffered saline at 37 .
Analysis: Use a material characterization mechanical testing instrument.18 Affix clamps to
the test frame of the mechanical testing equipment with tear testing capability. Mount
the upper clamp to the actuator and the lower clamp to the load cell that is attached to
the base support plate. Align the two clamps parallel to each other. Adjust the height of
the mechanical equipment crosshead to position the actuator to allow for a defined
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amount of upward movement (minimum of 57 mm) and to ensure that a sample gauge
length of 40 mm resides between the upper and lower clamps. Place the device sample in
the upper clamp. The clamp should cover the top 10 mm of the Sample. Align the Sample
perpendicular with the clamp before the clamp is closed. Allow the bottom portion of the
Sample to fall unrestrained into the bottom clamp opening. Close the clamp and preload
the Sample with 2 Newtons. Strain the Sample at a constant rate 2400 mm/min until it
tears at the cut point. The maximum tear resistance load is calculated by the software
from mechanical instrument.19 [Note—The strain rate represents 100% of the gauge
length/s and was chosen to ensure that the Sample fails within 1 s (40 mm × 60 s = 2400
mm/min). Depending on the manufactured lot size, test between 13 and 50 samples.]
Acceptance criteria: The tear strength for each sample is NLT 109 N.
• Sterility Tests

71 : Meets the requirements

• Bacterial Endotoxins Test 85
Sample: Scaffold Silk Fibroin
Analysis: Using depyrogenated forceps, place a 70-cm2 sample of Scaffold Silk Fibroin in a
depyrogenated 250-mL Erlenmeyer flask. Add 27 mL of limulus amebocyte lysate reagent
water and 3 mL of tetrahydrofuran to the flask and cover with parafilm. Place on an orbital
shaker at 250 rotations/min for 1 h at room temperature. Collect 0.5-mL samples from
each flask and further dilute 20-fold with limulus amebocyte lysate reagent water. Analyze
each sample in duplicate for bacterial endotoxin following Turbidimetric Technique in the
chapter.
Acceptance criteria: Each sample should contain NMT 20.0 USP Endotoxin Units/device.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in single-use, peel-open pouches that are gas permeable
for sterilization purposes. Store under clean, dry conditions at room temperature, between
15 and 25 .
• Labeling: The package label indicates the dimensions of the enclosed Scaffold Silk Fibroin,
the lot number, the expiry date, the required storage conditions, the trade name, the
product manufacturer, and the manufacturer's contact information. In addition, the label
indicates the product has been sterilized by EO and provides a date when the sterilization
has taken place. It also lists some precautionary statements such as the product should
not be reused, it should not be re-sterilized, or used if the package is damaged or open
upon receipt. The instructions for use are included with each unit.
• USP Reference Standards
USP Endotoxin RS

11

2S (USP38)

1 A suitable mineral oil can be obtained from Avantor Performance Materials, Inc. (Mallinckrodt C hemicals,
Inc.), C enter Valley, PA or equivalent.

2 A suitable detergent can be obtained from EMD Biosciences, Inc., Darmstadt, Germany or
equivalent.
3 Suitable acid can be obtained from Pierce Biotechnology, Inc., Rockford, IL or equivalent.
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4 Suitable phenol crystals can be obtained from Sigma-Aldrich, St. Louis, MO or equivalent.
5 Suitable amino acid standards can be obtained from Pierce Biotechnology, Inc., Rockford, IL
or equivalent.
6 Suitable raw silk yarn can be obtained from Bratac S.A, Londrina, Brazil or equivalent.
7 A suitable sericin standard/reference can be obtained from Silk Biochemical Co., Ltd.,
Zhejiang, China or equivalent.
8 Suitable amino acid standards can be obtained from Pierce Biotechnology, Inc., Rockford, IL
or equivalent.
9 A suitable software can be obtained from MathWorks, Natick, MA or equivalent.
10 A suitable ruler can be obtained from Mitutoyo American Corporation, Aurora, IL or
equivalent.
11 A suitable thickness gauge can be obtained from Käfer Messuhrenfabrik GmbH & Co. KG,
Villingen-Schwenningen, Germany or equivalent.
12 A suitable balance can be obtained from Denver Instrument, Bohemia, NY or equivalent.
13 Suitable mechanical testing instrument can be obtained from Instron Corporation, Norwood,
MA or equivalent.
14 A suitable torque wrench can be obtained from CDITorque Products, City of Industry, CA or
equivalent.
15 A suitable mechanical testing instrument can be obtained from Instron Corporation,
Norwood, MA or equivalent.
16 Suitable mechanical testing equipment and data processing software can be obtained from
Instron Corporation, Norwood, MA or equivalent.
17 A suitable suture (2-0 FiberWire, cat # AR-7220) can be obtained from Arthrex, Inc.,
Naples, FL or equivalent.
18 Suitable mechanical testing equipment can be obtained from Instron Corporation, Norwood,
MA or equivalent.
19 Suitable data processing software can be obtained from Instron Corporation, Norwood, MA
or equivalent.
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BRIEFING
Sennosides, USP 37 page 4675. On the basis of comments received, it is proposed to add a
test for the selective determination of sennosides A and B as the main active components of
the total sennosides. A stability-indicating and specific HPLC procedure for the Content of
Sennosides A and B is proposed. The procedure has been validated using the Hypersil Gold
C18 brand of L1 column. The typical retention times for sennosides A and B are 34.0 and
30.0, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: N. Kim.)
Correspondence Number—C125686

Comment deadline: November 30, 2014
Sennosides
DEFINITION
Sennosides is a partially purified natural complex of anthraquinone glucosides, isolated from
senna leaflets and/or senna pods, Senna alexandrina Mill. (Cassia acutifolia Vahl or C.
angustifolia Delile), as calcium salts. It contains NLT 90.0% and NMT 110.0% of the labeled
amount of sennosides. The labeled amount is NLT 60.0% (w/w), calculated on the dried basis.
IDENTIFICATION
• A. Thin-Layer Chromatography
Solvent: Ethyl acetate, n-propyl alcohol, and water (1:1:1). Shake well, and discard the
upper layer.
Standard solution: 1 mg/mL of USP Sennosides RS in Solvent
Sample solution: 1 mg/mL of Sennosides in Solvent
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Ethyl acetate, n-propyl alcohol, and water (4:4:3)
Analysis: Apply the solutions, as 1-cm bands, on a line 2.5 cm from the bottom edge of a
thin-layer chromatographic plate. Develop and dry. Examine the plate under longwavelength UV light. Expose the plate to ammonium hydroxide vapor until color develops
(about 5 min). Cover the plate with a piece of glass, and heat at 120 for 5 min.
Acceptance criteria: The two most prominent spots of the Sample solution correspond in
color and position to those of the Standard solution.
COMPOSITION
Change to read:
• Procedure
Content of Total Sennosides

2S (USP38)
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Buffer: Dissolve 4.54 g of monobasic potassium phosphate in water to make 500 mL of solution.
Dissolve 4.73 g of anhydrous dibasic sodium phosphate in water to make 500 mL of solution.
Mix 38.9 mL of the monobasic potassium phosphate solution with 61.1 mL of the dibasic sodium
phosphate solution. Adjust, if necessary, with the dibasic sodium phosphate solution to a pH of
7.0.
Borate solution: 37.9 g/L of sodium borate in water
Sodium dithionite solution: 15 g/L of sodium dithionite in water
Standard solution: 1 mg/mL of USP Sennosides RS in Buffer. Dissolve with the aid of an
ultrasonic bath.
Sample solution: 1 mg/mL of Sennosides in Buffer
Instrumental conditions
(See Spectrometry and Light Scattering 851 , Fluorescence Spectrophotometry.)
Mode: Fluorescence
Excitation wavelength: 392 nm
Emission wavelength: 505 nm
Analysis
Samples: Standard solution and Sample solution
Pipet 1-mL portions of the Standard solution and the Sample solution into separate 100-mL
volumetric flasks, and dilute with Borate solution to volume. Transfer 5.0-mL portions of each
of the resulting solutions to separate, low-actinic glass, 50-mL volumetric flasks. Add 15.0 mL
of Borate solution and 15.0 mL of Sodium dithionite solution. Pass nitrogen through the
solutions, seal the flasks with nitrogen-filled balloons, and heat in a water bath for 30 min.
Cool the flasks for 15 min in a water bath thermostatically controlled at 20 . Dilute the
solutions with Borate solution to volume. Determine, without delay, the fluorescence
intensities of the resulting solutions, for which the time elapsed between the addition of
Sodium dithionite solution and the measurement is the same.
Calculate the percentage of the labeled amount of sennosides in the Sample taken:
Result = (IU/IS) × (CS/CU) × 10
Result = (IU/IS) × (CS/CU) × (100/L)

2S (USP38)

IU = fluorescence value observed in the Sample solution
IS = fluorescence value observed in the Standard solution
CS = concentration of USP Sennosides RS in the Standard solution, corrected for loss on drying
(mg/mL)
CU = concentration of sennosides in the Sample solution (mg/mL)
L = labeled amount of total sennosides (mg/mg) 2S (USP38)
Acceptance criteria: 90.0%–110.0% of the labeled amount of sennosides
Add the following:
• Content of Sennosides A and B
Solvent: 1% sodium acetate in water
Buffer solution: Dissolve 3.6 g of dibasic sodium phosphate dodecahydrate in 50 mL of
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water, add to a solution of 6.2 g monobasic sodium phosphate dihydrate in 200 mL of
water, mix, and adjust the pH to 5.0. Dilute the final solution 1:10 in water.
Solution A: Use a filtered and degassed mixture of Buffer solution and acetonitrile (1:1),
containing 0.5% of benzyldimethylstearylammonium chloride.
Solution B: Use filtered and degassed acetonitrile.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
Elution
0–35
100
0
Isocratic
35–40
100®30
0®70 Linear gradient
40–50
30
70
Isocratic
50–55
30®100
70®0 Linear gradient
55–60
100
0
Isocratic
Standard solution A: 0.3 mg/mL of USP Sennosides RS in Solvent. Pass through a
membrane filter of 0.45-µm pore size, discarding the first few mL of the filtrate.
Standard solution B: 0.1 mg/mL of USP Sennoside A RS in Solvent. Pass through a
membrane filter of 0.45-µm pore size, discarding the first few mL of the filtrate.
Standard solution C: 0.1 mg/mL of USP Sennoside B RS in Solvent. Pass through a
membrane filter of 0.45-µm pore size, discarding the first few mL of the filtrate.
Sample solution: 0.3 mg/mL of Sennosides in Solvent. Pass through a membrane filter of
0.45-µm pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 360 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: About 1 mL/min, adjusted so the retention time of the sennoside B peak is 30
min
Injection volume: 10 µL
System suitability
Sample: Standard solution A
Suitability requirements
Chromatogram similarity: The chromatogram obtained is similar to the reference
chromatogram provided with the lot of USP Sennosides RS being used.
Resolution: NLT 1.5 between sennoside B and preceding peaks, between sennoside B
and sennoside A peaks, and between sennoside A and subsequent peaks
Relative standard deviation: NMT 2.0% determined for the sum of the areas of
sennoside A and sennoside B peaks in replicate injections
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Calculate the percentages of sennosides A and B in the portion of Sennosides taken:
Result = (rU/rS) × (C ×V/W) × 100 × F
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r=
U peak area of relevant sennoside in the Sample solution
r=
S peak area of relevant sennoside in the corresponding Standard solution
C= concentration of relevant sennoside in the corresponding Standard solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Sennosides, corrected for the loss on drying, taken to prepare the Sample
solution (mg)
F= conversion factor for the molecular weights of sennoside A or sennoside B to the
corresponding calcium salt, 1.044
Calculate the total percentage of sennoside A and sennoside B relative to the labeled
amount of total sennosides:
Result = [(A + B)/L] × 100
A= percentage of sennoside A
B= percentage of sennoside B
L= labeled amount of total sennosides in percentage
Acceptance criteria: The total percentage of sennosides A and B is NLT 60% of the
labeled amount of total sennosides. 2S (USP38)

CONTAMINANTS
• Heavy Metals, Method II

231 : 60 µg/g

SPECIFIC TESTS
• pH

791 : 6.3–7.3, in a 100-mg/mL solution

• Residue on Ignition 281 : 5.0%–8.0%, ignited at 800 ± 25 , the use of sulfuric acid
being omitted
• Loss on Drying 731
Analysis: Dry under vacuum at 100 to constant weight.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store protected from light and
moisture, at controlled room temperature.
Change to read:
• USP Reference Standards 11
USP Sennoside A RS
USP Sennoside B RS 2S (USP38)
USP Sennosides RS
BRIEFING
Sodium Nitrite, USP 37 page 4721. On the basis of comments received, the following changes
are proposed to modernize the monograph:
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1.
The titration-based Assay is replaced with an ion-chromatographic procedure, and
accordingly the acceptance criteria are widened to 98.0%–102.0%. The ion
chromatographic procedure is validated with the Dionex Ion Pac AS 12 A brand of
packing L##. The typical retention time of nitrite is about 4.5 min.
2.
The following changes are proposed in the Impurities section:
a.
The Limit of Sodium Nitrate test based on the ion chromatographic procedure is
added. The proposed ion chromatographic procedure is validated using the
Dionex Ion Pac AS 12 A brand of packing L##. The typical retention time of
nitrate is about 8.4 min.
b.
The Limit of Alkyl Naphthalene Sulfonates test based on the LC-MS/MS
technique is added. The liquid chromatographic procedure is validated using
the 3-µm Waters Atlantis d C18 brand of packing L1. The mass spectral
analysis was performed using the Applied Biosystems Q-TRAP, triple
quadrupole/linear ion trap mass spectrometer with Turbo V ion spray. The
typical retention time of alkyl naphthalene sulfonate is about 7.6 min.
c.
The Limit of Carbonate test and Total Non-Purgeable Organic Content test are
included.
d.
Two element specific tests for heavy metals and Limit of Calcium and Potassium
based on inductively coupled plasma–mass spectrometry are included.
3.
Several tests for bacterial endotoxins, water determination, microbial limits, chloride,
sulfate, and insoluble matter, and pH are proposed to be included in the Specific
Tests section.
4.
A USP Reference Standards section with four USP Reference Standards is added.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: S. Ramakrishna.)
Correspondence Number—C109886

Comment deadline: November 30, 2014
Sodium Nitrite
NaNO2
69.00
Nitrous acid, sodium salt;
Sodium nitrite
[7632-00-0].
DEFINITION
Change to read:
Sodium Nitrite contains NLT 97.0% and NMT 101.0%
NLT 98.0% and NMT 102.0% 2S (USP38)
of sodium nitrite (NaNO2 ), calculated on the dried basis.
IDENTIFICATION
• A. Identification Tests—General, Sodium
tests.

191 : A solution meets the requirements of the
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• B. Identification Tests—General, Nitrite
tests.

191 : A solution meets the requirements of the

Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: 10 mg/mL
Analysis: Pipet 10 mL of the Sample solution into a mixture of 50.0 mL of 0.1 N potassium
permanganate VS, 100 mL of water, and 5 mL of sulfuric acid. When adding the Sample
solution, immerse the tip of the pipet beneath the surface of the permanganate mixture.
Warm the liquid to 40 , allow it to stand for 5 min, and add 25.0 mL of 0.1 N oxalic acid
VS. Heat the mixture to about 80 , and titrate with 0.1 N potassium permanganate VS.
Each mL of 0.1 N potassium permanganate is equivalent to 3.450 mg of NaNO2 .
Acceptance criteria: 97.0%–101.0% on the dried basis
Mobile phase: 2.7 mM sodium carbonate and 0.3 mM sodium bicarbonate in water
Standard solution: 0.12 mg/mL of USP Sodium Nitrite RS in water
Sample solution: 0.12 mg/mL of Sodium Nitrite in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Columns
Guard: 4-mm × 50-mm, packing L##
Analytical: 4-mm × 200-mm; 9-µm packing L##
Flow rate: 1.5 mL/min
Injection volume: 25 µL
Run time: NLT 4 times the retention time of nitrite
System suitability
Sample: Standard solution
[Note—Relative retention times for sodium and nitrite ions are 1.0 and 1.85,
respectively.]
Suitability requirements
Tailing factor: NMT 2.0
Column efficiency: NLT 3000 theoretical plates
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sodium nitrite (NaNO2 ) in the portion of Sodium Nitrite taken:
Result = (rU/rS) × (CS/CU) × 100
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rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Sodium Nitrite RS in the Standard solution (mg/mL)
CU
= concentration of Sodium Nitrite in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

2S (USP38)

IMPURITIES
Add the following:
• Limit of Aluminum, Iron, and Selenium
Internal standard stock solution: To 2 mL of each of commercially available 1000 ppm
scandium (for aluminum) and yttrium (for iron) and 10000 ppm germanium (for selenium)
standards in a 100-mL volumetric flask, add 2 mL of nitric acid and dilute with water to
volume.
Internal standard solution: To 0.5 mL of Internal standard stock solution in a 10-mL
volumetric flask, add 0.5 mL of nitric acid and dilute with water to volume.
Blank solution: Dilute with water to volume, 0.125 mL of Internal standard solution, 0.5
mL of nitric acid, and 0.5 mL of 80 ppm gold solution in a 50-mL volumetric flask.
Standard solutions: 2, 5, 50, and 100 ppb solutions for aluminum and selenium; 0, 50,
100, 500, and 1000 ppb for iron as follows. To suitable amounts of commercially available
aluminum, selenium, and iron standard solutions in a 50-mL volumetric flask, add 0.125 mL
of Internal standard solution, 0.5 mL of nitric acid, and 0.5 mL of 80 ppm gold solution,
and dilute with water to volume.
Sample solution: To 1 g of sodium nitrite in a 50-mL volumetric flask, add 0.125 mL of
Internal standard solution, 2.5 mL of nitric acid, and 0.5 mL of 80 ppm gold solution, and
dilute with water to volume.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma–mass spectrometer (ICP–MS)
Spectrometer: Quadrupole mass spectrometer
Detector: Ion detector
System suitability
Sample: Standard solutions
Suitability requirements: Before analyzing samples, the instrument must pass a suitable
performance check. Generate the calibration curve using the corresponding Standard
solutions for each element under test. The linear regression coefficient is NLT 0.999.
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Analysis
Sample: Sample solution
Determine the concentration of each element in the Sample solution using the calibration
curve.
Acceptance criteria: See Table 1.
Table 1

Element
Alumium
Iron
Selenium

Isotope
(amu)
27
57
82

Acceptance
Criteria,
NMT (ppm)
2
10
30

2S (USP38)

Add the following:
• Limit of Sodium Nitrate
Mobile phase, Sample solution, and Chromatographic system: Proceed as directed in
the Assay.
System suitability: Proceed as directed in the Assay.
[Note—The relative retention times for nitrite and nitrate are 1.00 and about 1.85,
respectively.]
Analysis
Sample: Sample solution
Calculate the percentage of sodium nitrate (NaNO3 ) in the portion of the sample taken:
Result = (rU/rS) × (1/F) × 100
r=
U peak response of nitrate from the Sample solution
r=
S peak response of nitrite from the Sample solution
F= response factor for nitrate, 0.7
Acceptance criteria: NMT 0.4%

2S (USP38)

Add the following:
• Limit of Calcium and Potassium
Internal standard solution: 40 ppm scandium solution prepared from a suitable
commercially available 1000 ppm high purity scandium standard solution in water.
Blank solution: To 0.5 mL of Internal standard solution in a 50-mL volumetric flask, add
0.5 mL of nitric acid and dilute with water to volume.
Standard solutions: 2.5, 5.0, 7.5, and 10.0 ppm of calcium and potassium prepared as
follows. To suitable amounts of the respective commercially available calcium and
potassium standard solutions in a suitable volumetric flask, add 0.5 mL of Internal
standard solution, and 0.5 mL of nitric acid and dilute with water to 50 mL.
Sample solution: To 1 g of sodium nitrite in a 50-mL volumetric flask, add 0.5 mL of
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Internal standard solution, and 2.5 mL of nitric acid and dilute with water to volume.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma–mass spectrometer (ICP–MS)
Spectrometer: Quadrupole mass spectrometer
Detector: Ion detector
System suitability
Sample: Standard solutions
Suitability requirements: Before analyzing samples, the instrument must pass a suitable
performance check. Generate the calibration curve using the Standard solutions of the
corresponding elements. The linear regression coefficient is NLT 0.999.
Analysis
Sample: Sample solution
Determine the concentration of each element in the Sample solution using the calibration
curve.
Acceptance criteria: See Table 2.
Table 2

Element
Calcium
Potassium

Isotope
(amu)
44
39

Acceptance
Criteria,
NMT (ppm)
100
50

2S (USP38)

Add the following:
• Limit of Alkyl Naphthalene Sulfonates (if present)
Solvent A: Water
Solvent B: Acetonitrile
Mobile phase: See Table 3.
Table 3
Time
Solvent A Solvent B
(min)
(%)
(%)
0
100
0
5
100
0
6
10
90
9
10
90
10
100
0
16
100
0
Standard stock solution: 1 mg/mL of USP Alkyl Naphthalene Sulfonates RS in methanol
Spiking standard solutions: 100, 10, and 1 µg/mL of USP Alkyl Naphthalene Sulfonates RS
in water from Standard stock solution
Blank: 50 mg/mL of USP Sodium Nitrite RS in water
Calibration standard solutions: 10, 5, 2.5,1, 0.25, and 0.05 ug/mL (corresponding to
200, 100, 50, 20, 5, and 1 ppm) of USP Alkyl Naphthalene Sulfonates RS in Blank from
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Spiking standard solutions.
Sample solution: 50 mg/mL of Sodium Nitrite in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV/Vis and triple quadrupole/linear ion trap mass spectrometer
Wavelength range: 210–400 nm. The flow is diverted to waste and acquisition to the
diode array from 0 to 4 min and from 14 to 16 min.
Mass spectrometry: Negative electrospray ionization (-ESI). Precursors of m/z 80.1
from m/z 75 to 775
Column: 2.1- × 30-mm; 3-µm packing L1
Temperatures
Column: 40
Autosampler: 15
Flow rate: 0.4 mL/min
Injection volume: 40 µL
System suitability Before analyzing samples, the instrument must pass a suitable
performance check. Generate the calibration curve using the Spiking standard solution and
Calibration Standard solutions. The linear regression coefficient is NLT 0.996.
Analysis
Sample: Sample solution
Determine the amount of alkyl naphthalene sulfonates present in the sample, as free base,
in ppm, using the calibration curve.
Acceptance criteria: NMT 10 ppm 2S (USP38)

Add the following:
• Limit of Carbonate
All carbonate solutions must be be prepared fresh and stored in tightly sealed vials and
stored in a cool area away from excessive heat.
Standard stock solution: 1 mg/mL of carbonate, prepared as follows. Dissolve 0.177 g of
sodium carbonate in a 100-mL volumetric flask, and dilute with water to volume.
Standard solutions: Prepare solutions of 0.50, 1.0, 2.0, 4.0, and 5.0 µg/mL carbonate in
water from Standard stock solution.
Sample solution: Transfer 1.0 g of Sodium Nitrite into a 100-mL volumetric flask, and
dilute with water to volume.
System suitability: Before analyzing samples, the TOC analyzer must pass a suitable
performance check. Generate the calibration curve using the Standard solutions. The
linear regression coefficient is NLT 0.995; % RSD for each standard is NMT 10%.
Analysis
Sample: Sample solution
Calculate the percentage of carbonate present in the sample taken:
Result = [(Ct × D)/W] × 100
C=t concentration of carbonate (g/mL)
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D= sample dilution, 100 mL
W= weight of sample taken (g)
Acceptance criteria: NMT 0.02%

2S (USP38)

Add the following:
• Total Non-Purgeable Organic Content
Standard stock solution: Equivalent to 250 µg/mL of total organic carbon prepared as
follows. Weigh 9 mg of USP Sucrose RS in a suitable flask, and add 15 mL of water.
Standard solutions: 0.5, 2.0, and 10 µg/mL of total organic carbon in water from Standard
stock solution
Sample solution: Dissolve and dilute with water to volume, 5.0 g of Sodium Nitrite in a
100-mL volumetric flask.
System suitability: Before analyzing samples, the TOC analyzer instrument must pass a
suitable performance check. Generate the calibration curve using the Standard solutions.
The linear regression coefficient is NLT 0.99; % RSD for the 2 µg/mL and 10 µg/mL
calibration standards is NMT 15%.
Analysis
Sample: Sample solution
Calculate the amount, in ppm, of non-purgeable organic content present in the sample
taken:
Result = [(Ct × D)/W]
C=t amount of non-purgeable organic content as determined by the analyzer (µg/g)
D= sample dilution, 100 mL
W= weight of sample taken (g)
Acceptance criteria: NMT 10 ppm

2S (USP38)

Add the following:
• Limit of Sulfate
Standard solution: 0.0148 mg/mL of anhydrous sodium sulfate in water
Sample solution: 100 mg/mL of Sodium Nitrite in water
Analysis
Sample: Sample solution
Evaporate 5 mL of the Sample solution to dryness. Add 1 mL of dilute hydrochloric acid
(prepared by adding 1 mL of hydrochloric acid to 19 mL water). Pass through a prewashed
small filter paper, and wash with two 2-mL portions of water. Dilute to 10 mL, and add 1
mL of barium chloride TS. Compare turbidity in the Standard solution and Sample solution,
10 min after adding the barium chloride TS.
Acceptance criteria: Any turbidity in the Sample solution should not exceed the turbidity
in the Standard solution (NMT 0.01%). 2S (USP38)
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Add the following:
• Limit of Chloride
Standard solution: 0.0165 mg/mL of sodium chloride in water
Sample solution: 100 mg/mL of Sodium Nitrite in water
Analysis
Samples: Standard solution and Sample solution
To 2.0 mL of the Sample solution in a suitable test tube add 10 mL of water and 1 mL of
glacial acetic acid and boil for 5 min. Pass through a chlorine-free filter paper, and dilute
with water to 20 mL. Dilute 1 mL of the Standard solution with water to 20 mL in a
separate test tube. Add 1 mL of nitric acid and 1 mL of 0.1 N silver nitrate. Allow to stand
for 5 min protected from light and compare using a black background.
Acceptance criteria: Any turbidity in the Sample solution should not exceed the turbidity
in the Standard solution (NMT 50 ppm). 2S (USP38)

SPECIFIC TESTS
Add the following:
• Bacterial Endotoxins Test

85 : NMT 0.1 USP Endotoxin Units/mg of sodium nitrite

2S (USP38)

Add the following:
• Microbial Enumeration Tests 61 : NMT 100 cfu/g, total aerobic microbial count and
NMT 20 cfu/g, total yeasts and molds 2S (USP38)
Add the following:
• pH

791 : 7.0–9.0

2S (USP38)

Add the following:
• Insoluble Matter
Sample solution: 100 mg/mL of Sodium Nitrite in water
Analysis: Heat the Sample solution to boiling in a covered beaker at about 100 for 1 h.
Pass the hot solution through a suitable crucible filter of 10–15 µm pore size. Wash the
beaker and filter with hot water, dry at 105 , cool in a desiccator, and weigh the residue.
Acceptance criteria: NMT 50 ppm 2S (USP38)

• Loss on Drying 731
Analysis: Dry over silica gel for 4 h.
Acceptance criteria: NMT 0.25%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers and store at 25 , excursions permitted
between 15 and 30 .
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Add the following:
• USP Reference Standards 11
USP Alkyl Naphthalene Sulfonates RS
USP Endotoxin RS
USP Sodium Nitrite RS
USP Sucrose RS
2S (USP38)

BRIEFING
Sodium Nitrite Injection, USP 37 page 4721. On the basis of comments received, the following
changes are proposed to modernize the monograph:
1.
An Identification test C is included based on the retention time agreement as obtained
from the Assay.
2.
The titration-based Assay is replaced with an ion-chromatographic procedure. The ion
chromatographic procedure is validated using the Dionex Ion Pac AS 12 A brand of
packing L##. The typical retention time of nitrite is about 4.5 min.
3.
The following changes are proposed in the Impurities section:
a.
The Limit of Sodium Nitrate test based on the ion chromatographic procedure is
added. The proposed ion chromatographic procedure is validated using the
Dionex Ion Pac AS 12 A brand of packing L##. The typical retention time of
nitrate is about 8.4 min.
b.
The Limit of Nitric Oxide (NOx) Related Impurities test based on pH using the
NOx electrode is added.
4.
The limit in the Bacterial Endotoxins Test is revised to NMT 4.0 USP Endotoxin Units/mL.
5.
A new USP Reference Standard has been added to the USP Reference Standards
section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: S. Ramakrishna.)
Correspondence Number—C109888

Comment deadline: November 30, 2014
Sodium Nitrite Injection
DEFINITION
Sodium Nitrite Injection is a sterile solution of Sodium Nitrite in Water for Injection. It contains
NLT 95.0% and NMT 105.0% of the labeled amount of sodium nitrite (NaNO2 ).
IDENTIFICATION
• A. Identification Tests—General, Sodium
• B. Identification Tests—General, Nitrite
Add the following:

191 : Meets the requirements
191 : Meets the requirements
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• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
ASSAY
Change to read:
• Procedure
Sample solution: Pipet a volume of Injection, containing 150 mg of sodium nitrite, into a
mixture of 50.0 mL of 0.1 N potassium permanganate VS, 100 mL of water, and 5 mL of
sulfuric acid. [Note—Immerse the tip of the pipet beneath the surface of the mixture
during the addition. Warm the liquid to 40 , and allow it to stand for 5 min.]
Analysis: Add 25.0 mL of 0.1 N oxalic acid VS to the Sample solution. Heat the mixture to
about 80 , and titrate with 0.1 N potassium permanganate VS. Each mL of 0.1 N
potassium permanganate is equivalent to 3.450 mg of NaNO2 .
Mobile phase: 2.7 mM sodium carbonate and 0.3 mM sodium bicarbonate in water
Standard solution: 0.12 mg/mL of USP Sodium Nitrite RS in water
Sample solution: Nominally equivalent to 0.12 mg/mL of sodium nitrite in water from a
suitable volume of Injection
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: Ion chromatography
Detector: Conductivity with suppression
Columns
Guard: 4-mm × 50-mm; packing L##
Analytical: 4-mm × 200-mm; 9-µm packing L##
Flow rate: 1.5 mL/min
Injection volume: 25 µL
Run time: NLT 4 times the retention time of nitrite
System suitability
Sample: Standard solution
[Note—Relative retention times for sodium and nitrite ions are 1.0 and 1.85,
respectively.]
Suitability requirements
Tailing factor: NMT 2.0
Column efficiency: NLT 3000 theoretical plates
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sodium nitrite (NaNO2 ) in the portion
of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
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rS
= peak response from the Standard solution
CS
= concentration of USP Sodium Nitrite RS in the Standard solution (mg/mL)
CU
= nominal concentration of sodium nitrite in the Sample solution (mg/mL)
2S (USP38)

Acceptance criteria: 95.0%–105.0%
IMPURITIES
Add the following:
• Limit of Sodium Nitrate
Mobile phase, Sample solution, and Chromatographic system: Proceed as directed in
the Assay.
System suitability: Proceed as directed in the Assay.
[Note—The relative retention times for nitrite and nitrate are 1.00 and about 1.85,
respectively.]
Analysis
Sample: Sample solution
Calculate the percentage of sodium nitrate (NaNO3 ) in the portion of Injection taken:
Result = (rU/rS) × (1/F) × 100
r=
U peak response of nitrate from the Sample solution
r=
S peak response of nitrite from the Sample solution
F= relative response factor of sodium nitrate, 0.7
Acceptance criteria: NMT 0.5%

2S (USP38)

Add the following:
• Limit of Nitrogen Oxide (NOx) Related Impurities
Blank solution 1: 0.1 N potassium chloride prepared as follows. Dissolve 7.46 g of
potassium chloride in 1 L water.
Blank solution 2: Acidified 0.1 N potassium chloride prepared as follows. In a 500-mL
volumetric flask pipet 15-mL of 1 N hydrochloric acid and dilute with 0.1 N potassium
chloride to volume.
Standard solution: 4.920 mg/mL of sodium nitrate in water equivalent to 1000 µg/mL of
nitrogen
Sample solution: Dilute 10.0 mL of Injection with water to 50.0 mL. Store between 2 and
8 . Use 40 mL for each measurement.
System suitability
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[Note—Under acidic conditions of pH less than 1.8, the nitrite is converted to equivalent
amounts of nitrogen oxides with different oxidation states.]
Samples: Blank solution 2 and Standard solution
Suitability requirements: Generate a calibration curve of the mV readings for Blank
solution 2, and a sequential addition of 100 µL, 100 µL, 800 µL, and 9 mL of the
Standard solution to Blank solution 2 versus the log of the concentrations of the nitogen
oxide (NOx ) in the solution. Use a pH meter equipped with a suitable nitrogen oxide
(NOx) electrode to obtain the mV readings. Perform a linear regression without the zero
concentration point and determine the slope and correlation coefficient (R). The slope
must be between 54 and 60 mV and the linear regression coefficient is NLT 0.995.
Analysis
Samples: Blank solution 1, Blank solution 2, Standard solution, and Sample solution
Analyze the samples in the following order and obtain the pH meter readings in mV for 40mL portions each of Blank solution 1 in duplicate, Sample solution in duplicate, and Blank
solution 1; and 100 mL portions each of Blank solution 2, and Blank solution 2 plus 100 µL
of Standard solution. [Note—This solution contains 1 µg/mL of nitrogen oxide (NOx).]
Repeat the measurements.
Acceptance criteria: The mV reading obtained for the Sample solution is NMT the mV
reading obtained for Blank solution 2 with 100 µL of the Standard solution (NMT 1 ppm).
2S (USP38)

SPECIFIC TESTS
• pH

791 : 7.0–9.0

Change to read:
• Bacterial Endotoxins Test 85 : NMT 0.33 USP Endotoxin Unit per mg
NMT 4.0 USP Endotoxin Units/mL 2S (USP38)
of sodium nitrite
• Other Requirements: It meets the requirements in Injections

1 .

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose containers of Type I glass.
Protect from direct light. Do not freeze. Store at controlled room temperature.

Change to read:
• USP Reference Standards 11
USP Endotoxin RS
USP Sodium Nitrite RS 2S (USP38)

BRIEFING

2S (USP38)
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Teriparatide Acetate. Because there is no existing USP monograph for this drug substance, a
new monograph based on validated methods is being proposed. The liquid chromatographic
procedure for Identification test B, the Assay, and the test for Product-Related Impurities is
based on analyses performed with the Zorbax 300SB-C18 brand of L1 column. The liquid
chromatographic procedure for Acetate Content is based on analyses performed with the
Dionex IonPac ICE-AS1 brand of L22 column. The liquid chromatographic procedure for
Chloride Content is based on analyses performed with the Dionex IonPac AG4A brand of L##
guard column and an AS4A brand of L## column, coupled with an anion suppressor such as
Dionex ASRS-1.In the Assay, the retention time for the teriparatide peak is 7.5–11.7 min.
The USP Monographs—Biologics and Biotechnology 1 Expert Committee invites feedback from all
stakeholders on this proposal and specifically on the need to include a bioidentity test.
Stakeholders who believe that there is need for such a test are encouraged to submit a
validated bioidentity test to USP.
(BIO1: E. Chang.)
Correspondence Number—C142137

Comment deadline: November 30, 2014
Add the following:
Teriparatide Acetate

C181 H291 N55 O51 S2
[52232-67-4].

4117.8 (as free base)

DEFINITION
Teriparatide Acetate is the acetate salt of teriparatide. Teriparatide, also called rhPTH (1-34),
is a single chain peptide containing 34 amino acids identical to the 34 N-terminal amino acids of
human parathyroid hormone. Teriparatide is produced by a method based on recombinant DNA
(rDNA) technology. The host cell–derived protein content is below the limit approved by the
competent authority. In addition, the host cell–derived and vector-derived DNA are below the
limit approved by the competent authority. Teriparatide Acetate is a white to almost white
powder. It contains NLT 95.0% and NMT 105.0% of teriparatide (C181 H291 N55 O51 S2 ),
calculated on the anhydrous, acetic acid–free, chloride-free basis.
IDENTIFICATION
• A. The ratio of the retention time of the major peak of the Sample solution to that of the
Standard solution, as obtained in the Assay, is 1.00 ± 0.03.
• B. Peptide Mapping
Solution A: 0.1% (v/v) Trifluoroacetic acid in water
Solution B: Acetonitrile, trifluoroacetic acid, and water (60: 0.1: 40)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
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0
96
4
6
96
4
20
45
55
25
0
100
25.1
96
4
35
96
4
20 mM Sodium phosphate buffer: 2.30 mg/mL of anhydrous dibasic sodium phosphate
and 0.60 mg/mL of monobasic sodium phosphate in water. Adjust with sodium hydroxide or
phosphoric acid to a pH of 7.8 before final dilution.
Enzyme solution: About 0.25 mg/mL of Staphylococcus aureus V8 protease in 20 mM
Sodium phosphate buffer. Stable for 72 h when stored at 2 –8 .
Standard solution: Prepare a 1.5 ± 0.15 mg/mL solution of USP Teriparatide Acetate RS in
20 mM Sodium phosphate buffer. Combine this solution with Enzyme solution for a
Teriparatide Acetate to protease ratio of 1:10 (w/w). Mix and incubate at 37 for 18–24
h. Quench the digestion by adding the volume of Solution A needed to reach a final
digested teriparatide concentration of approximately 0.25 mg/mL. Stable for 72 h when
stored at 2 –8 .
Sample solution: Prepare a 1.5 ± 0.15 mg/mL solution of Teriparatide Acetate in 20 mM
Sodium phosphate buffer. Combine this solution with Enzyme solution for a Teriparatide
Acetate to protease ratio of 1:10 (w/w). Mix and incubate at 37 for 18–24 h. Quench
the digestion by adding the volume of Solution A needed to reach a final digested
teriparatide concentration of approximately 0.25 mg/mL. Stable for 72 h when stored at 2
–8 .
Blank: Combine 20 mM Sodium phosphate buffer with Enzyme solution in the same
proportions used for the Standard solution and the Sample solution. Mix and incubate at
37 for 18–24 h. Quench by adding the same volume of Solution A as for the Standard
solution and the Sample solution. Stable for 72 h when stored at 2 –8 .
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The system suitability procedure must be performed both before starting sample
testing and at the end of each sample run.]
Suitability requirements
Chromatogram similarity: In the chromatogram from the Standard solution, identify
the peaks due to digest fragments I, II, III, IV, and V. The chromatogram of the
Standard solution corresponds to that of the typical chromatogram provided with USP
Certificate for USP Teriparatide Acetate RS.
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Resolution: NLT 1.5 between peaks indicated as fragments III and I
Tailing factor: < 2.3 for the peak indicated as fragment IV
Analysis
Samples: Standard solution, Sample solution, and Blank
Record the chromatograms. For each of the five fragments, determine the ratio of the
fragment retention time from the Sample solution to the corresponding fragment retention
time from the Standard solution obtained from the first system suitability injection.
Acceptance criteria: The chromatographic profile of the Sample solution corresponds to
that of the Standard solution. All five fragments, I, II, III, IV, and V must be present. The
fragment retention time ratio is 1.00 ± 0.03 for all five fragments.
ASSAY
• Procedure
0.2 M Sulfate buffer: 28.4 g/L of anhydrous sodium sulfate in water. Adjust with 85%
phosphoric acid to a pH of 2.3.
Solution A: Acetonitrile and 0.2 M Sulfate buffer (10:90)
Solution B: Acetonitrile and 0.2 M Sulfate buffer (50:50)
Mobile phase: Solution A and Solution B (63:37). [Note—The Mobile phase composition
may be adjusted to obtain the desired retention time for the teriparatide main peak.]
Diluent: Acetonitrile and 0.2 M Sulfate buffer (25:75)
Standard solutions: Prepare in triplicate a 250-µg/mL solution of USP Teriparatide Acetate
RS in Diluent. Stable for 72 h when stored at 2 –8 in a sealed container.
Sample solutions: Prepare in duplicate a 250-µg/mL solution of Teriparatide Acetate in
Diluent. Stable for 72 h when stored at 2 –8 in a sealed container. [Note—Teriparatide
Acetate should be equilibrated and weighed in a controlled humidity chamber of 25 ± 5%
relative humidity, then dissolved in Diluent. Determine the water content within 24 h of
weighing.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Temperatures
Column: 40 ± 5
Autosampler: 2 –8
Flow rate: 1.0 mL/min
Injection volume: 20 µL
Run time: 15 min
System suitability
Samples: Standard solutions
[Note—The retention time for teriparatide is 7.5–11.7 min.]
Suitability requirements
Tailing factor: NMT 1.5 for the teriparatide peak
Relative standard deviation: NMT 1.25% calculated from the injection of three
separate Standard solutions
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Analysis
Samples: Standard solutions and Sample solutions
Calculate the concentration of teriparatide (CS), in µg/mL, in each of the Standard
solutions:
CS = (LS/VS)
L=
S content of teriparatide in USP Teriparatide Acetate RS (µg)
V=
S volume of Mobile phase used for Standard solution (mL)
For each injection of the Standard solution, calculate a response factor (F R):
F R = (rS/CS)
rS= peak response of teriparatide from the Standard solution
C=
S concentration of teriparatide in the Standard solution (µg/mL)
Calculate the mean response factor (F M) for all three Standard solutions.
Calculate the percentage (PU) of teriparatide (C181 H291 N55 O51 S2 ) in the portion of
Teriparatide Acetate taken:
PU = (rU/F M) × [VU/(W × F)] × 100
rU= peak response of teriparatide from the Sample solution
F=
M mean response factor for all three Standard solutions
V=
U volume of Mobile phase used to prepare the Sample solution (mL)
W= weight of Teriparatide Acetate taken to prepare the Sample solution (mg)
F= conversion factor from mg to µg, 1000
Calculate the percentage of teriparatide (C181 H291 N55 O51 S2 ) corrected for water,
acetate, and chloride contents:
Result = {PU/[(100

% of water

% of acetate

% of chloride)/100]}

Acceptance criteria: 95.0%–105.0% on an anhydrous, acetic acid–free, chloride-free
basis
OTHER COMPONENTS
• Acetate Content
Mobile phase: 0.01 N sulfuric acid in water
Standard solution 1: 0.072 mg/mL of acetate in Mobile phase prepared as follows. Weigh
approximately 100 mg of anhydrous sodium acetate, place in a 100-mL volumetric flask,
and dilute with Mobile phase to volume. Dilute 1 mL of this solution with Mobile phase to
10.0 mL. Stable for 72 h when stored at 2 –8 .
Standard solution 2: 0.144 mg/mL of acetate in Mobile phase prepared as follows. Weigh
approximately 200 mg of anhydrous sodium acetate, place in a 100-mL volumetric flask,
and dilute with Mobile phase to volume. Dilute 1 mL of this solution with Mobile phase to
10.0 mL. Stable for 72 h when stored at 2 –8 .
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Standard solution 3: 0.216 mg/mL of acetate in Mobile phase prepared as follows. Weigh
approximately 300 mg of anhydrous sodium acetate, place in a 100-mL volumetric flask,
and dilute with Mobile phase to volume. Dilute 1 mL of this solution with Mobile phase to
10.0 mL. Stable for 72 h when stored at 2 –8 .
Sample solution: Under controlled relative humidity of 25 ± 5%, prepare in duplicate
approximately 5 mg/mL of Teriparatide Acetate in Mobile phase. Stable for 72 h when
stored at 2 –8 .
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 9.0-mm × 25-cm; packing L22
Temperatures
Column: Ambient
Autosampler: 2 –8
Flow rate: 1.0 mL/min
Injection volume: 100 µL
Run time: 12–15 min
System suitability
Samples: Standard solution 1, Standard solution 2, and Standard solution 3
[Note—The retention time of acetate is 9.2–11.6 min.]
Suitability requirements
Tailing factor: NMT 1.5, Standard solution 2
Relative standard deviation: NMT 1.25% from triplicate injections, Standard solution
2
Percentage of deviation: NMT 2.0 for each concentration from triplicate injections,
Standard solution 1, Standard solution 2, and Standard solution 3
Result = {[(rS

b)/a]CS} × 100

rS= peak response of acetate from Standard solution 1, Standard solution 2, or Standard
solution 3
b= y-intercept of the calibration curve described in the Analysis
a= slope of the calibration curve described in the Analysis
C=
S concentration of acetate in Standard solution 1, Standard solution 2, or Standard
solution 3 (mg/mL)
Analysis
Samples: Standard solutions and Sample solution
Determine the peak response of acetate.
Calculate the concentration of acetate (CS), in mg/mL, in the Standard solutions:
CS = (WS/VS) × F × D
W=
S weight of anhydrous sodium acetate (corrected for purity) (mg)
VS= initial volume of Mobile phase, 100 mL
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F = ratio of molecular weight of acetate (59.04 g/mol) to molecular weight of anhydrous
sodium acetate (82.03 g/mol), 0.7197
D= dilution factor from 1 mL to 10 mL, 0.1
Construct a least-squares calibration curve, using the peak area of the Standard solutions
versus their acetate concentrations (mg/mL). Determine the concentration of acetate
(CU), in mg/mL, in the Sample solution, using the equation of a line for the calibration
curve.
Calculate the percentage of acetate in the portion of Teriparatide Acetate taken:
Result = CU × (VU/WU) × 100
CU= concentration of acetate in the Sample solution (mg/mL)
VU= volume of the Sample solution (mL)
W=
U weight of Teriparatide Acetate taken (mg)
Acceptance criteria: NMT 5.0%
• Chloride Content
Mobile phase: 1.7 mM sodium bicarbonate and 1.8 mM sodium carbonate in water
Standard stock solution: Dry a sufficient quantity of sodium chloride at 105 for
approximately 30 min. Weigh about 165.9 mg of previously dried sodium chloride, and place
in a 100-mL volumetric flask. Dilute with water to volume. Mix until completely dissolved.
This solution contains the equivalent of 1000 µg/mL of chloride.
System suitability solution: Weigh approximately 150 mg of sodium nitrite, and place in a
100-mL volumetric flask. Dilute with water to volume. Transfer 1.0 mL of this solution to a
100-mL volumetric flask. Transfer 2.5 mL of the Standard stock solution to the same flask.
Dilute with water to volume, and mix well.
Standard solutions: Transfer 1.0, 2.0, 3.0, and 4.0 mL of Standard stock solution to
separate 100-mL volumetric flasks. Dilute with water to volume, and mix well.
Sample solution: Under controlled relative humidity of 25 ± 5%, prepare in duplicate 1.0
mg/mL of Teriparatide Acetate in water. Stable for 72 h when stored at ambient
temperature.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: IC
Detector: Conductivity with anion suppressor current at 100 mA
Columns
Guard: 4.0-mm × 5.0-cm; packing L##
Analytical: 4.0-mm × 25-cm; 13-µm packing L##
Column temperature: Ambient
Flow rate: 2 mL/min
Injection volume: 50 µL
Run time: 10 min
System suitability
Sample: System suitability solution
[Note—Chloride elutes earlier than nitrite.]
Suitability requirements
Resolution: NLT 1.5 between chloride and nitrite peaks
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Tailing factor: < 2.0 for chloride and nitrite peaks
Relative standard deviation: < 2.0% for chloride and nitrite peaks from five replicate
injections
Analysis
Samples: Standard solutions and Sample solution
Inject the Standard solutions followed by the Sample solution.
Calculate the concentration of chloride (Cs ), in µg/mL, in the Standard stock solution:
CS = (WS/VS) × F × D
W=
S weight of sodium chloride (corrected for purity) (mg)
VS= volume of water, 100 mL
F = ratio of molecular weight of chloride (35.46 g/mol) to molecular weight of sodium
chloride (58.45 g/mol), 0.607
D= conversion factor from mg to µg, 1000
Determine the concentrations of chloride, in µg/mL, in the Standard solutions.
Construct a least-squares calibration curve, using the peak area of the Standard solutions
versus their chloride concentrations (µg/mL). Determine the concentration of chloride
(CU), in µg/mL, in the Sample solution, using the equation of a line for the calibration
curve.
Calculate the percentage of chloride in the portion of Teriparatide Acetate taken:
Result = [(CU × VU × F)/WU] × 100
CU= concentration of chloride in the Sample solution (µg/mL)
VU= volume of the Sample solution (mL)
F = conversion factor from µg to mg, 0.001
W=
U weight of Teriparatide Acetate (mg)
Acceptance criteria: NMT 4.0%
PRODUCT RELATED SUBSTANCES IMPURITIES
• Product-Related Impurities
0.2 M Sulfate buffer: 28.4 g/L of anhydrous sodium sulfate in water. Adjust with 85%
phosphoric acid to a pH of 2.3.
Solution A: Acetonitrile and 0.2 M Sulfate buffer (10:90)
Solution B: Acetonitrile and 0.2 M Sulfate buffer (50:50)
[Note—If the sodium sulfate precipitates, gentle heating and continuous stirring may be
required. The sodium sulfate should not re-precipitate if this procedure is followed.]
Mobile phase: See Table 2. [Note—The Mobile phase composition may be adjusted to
obtain the desired retention time of the teriparatide peak. Solution B (%) at 5 and 35 min
should be changed to alter the retention time, but the same gradient slope should be
maintained.]
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
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0
100
0
5
65
35
35
60
45
45
0
100
45.1
100
0
55
100
0
System suitability solution: Use an appropriate solution containing approximately 0.8% of
the first post-main peak in Solution A. [Note—Teriparatide Acetate containing the first
post-main peak may be prepared by adjusting 0.5 mg/mL of Teriparatide Acetate in
Solution A with 5 N hydrochloric acid to a pH of 3.0. Incubate this solution at 50 for 9
days. The first post-main peak is a degradation product resulting from this process and
elutes immediately after the teriparatide peak.]
Sample solution: 0.7 mg/mL of Teriparatide Acetate in Solution A
Blank: Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Temperatures
Column: 40
Autosampler: 5
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution, triplicate injections
[Note—The retention time for teriparatide is 19.8–24.8 min.]
Suitability requirements
Resolution: NLT 1.5 between teriparatide and first post-main peaks (height-to-valley
resolution)
Tailing factor: NMT 2.0 for the teriparatide peak
Relative standard deviation: NMT 2.37%
Analysis
Sample: Sample solution
Measure the peak responses for all integrated peaks.
Calculate the percentage of methionyl sulfoxides of teriparatide in the portion of
Teriparatide Acetate taken:
Result = [(rMet+O(8) + rMet+O(18) + rMet+O(8,18))/rT] × 100
rMet+O(8) = peak response of Met+O(8) teriparatide (oxidized on Met 8)
rMet+O(18) = peak response of Met+O(18) teriparatide (oxidized on Met 18)
rMet+O(8,18)
= peak response of Met+O(8,18) teriparatide (oxidized on Met 8 and Met 18)
rT
= sum of all the peak responses
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Calculate the percentage of the largest other related impurity of teriparatide in the portion
of Teriparatide Acetate taken:
Result = (ri/rT) × 100
r=
i peak response of the largest other related impurity of teriparatide
r=
T sum of all the peak responses
Calculate the total percentage of teriparatide related impurities in the portion of
Teriparatide Acetate taken:
Result = (rI /rT) × 100
r=
I sum of the peak responses of the teriparatide related impurities
r=
T sum of all the peak responses
Acceptance criteria
Methionyl sulfoxides of teriparatide: NMT 0.5%
Largest other individual related impurities: NMT 0.5%
Total impurities: NMT 2.5%
SPECIFIC TESTS
• Bacterial Endotoxins Test

85 : NMT 50 USP Endotoxin Units/mg of Teriparatide Acetate

• Microbial Enumeration Tests

61 : The total microbial count is NMT 100 cfu/g.

• Water Determination, Method Ic

921 : NMT 10.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Unless otherwise prescribed, store in an airtight container,
protected from light, at a temperature lower than 10 .
• Labeling: Label it to indicate that the material has been produced by methods based on
recombinant DNA technology.
• USP Reference Standards 11
USP Endotoxin RS
USP Teriparatide Acetate RS
2S (USP38)

BRIEFING
Thimerosal, USP 37 page 4930. As a part of USP monograph modernization efforts, the
following revisions are proposed:
1.
Revise the Definition from 97.0%–101.0% to 97.0%–102.0%, which is typical for a
chromatographic assay procedure.
2.
Add Identification test C based on the chromatographic retention time agreement
proposed in the Assay.
3.
Replace the Assay based on the atomic absorption of mercury with a stability-indicating
UHPLC procedure. The liquid chromatographic procedure is performed using the ACE
Excel C18-AR brand of L1 column. The typical retention time for thimerosal is about 5
min.
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4.
Add a UHPLC procedure in the test for Organic Impurities using the same
chromatographic system as proposed in the Assay.
5.
Delete the nonspecific tests for Ether Soluble Substances and Readily Carbonizable
Substances because a stability-indicating UHPLC procedure is sufficient to monitor
impurities.
6.
Add a new USP Reference Standard used in the Assay and test for Organic Impurities
to the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: R.-H. Yeh.)
Correspondence Number—C123398

Comment deadline: November 30, 2014
Thimerosal

C9 H9 HgNaO2 S

404.81

Mercury, ethyl(2-mercaptobenzoato-S)-, sodium salt;
Ethyl (sodium o-mercaptobenzoato)mercury
[54-64-8].
DEFINITION
Change to read:
Thimerosal contains NLT 97.0% and NMT 101.0%
102.0% 2S (USP38)
of thimerosal (C9 H9 HgNaO2 S), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B.
Sample solution: 10 mg/mL
Analysis: To the Sample solution add a few drops of silver nitrate TS.
Acceptance criteria: A pale yellow precipitate is formed.
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP38)
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ASSAY
Change to read:
• Procedure
The Standard solution and the Sample solution may be diluted with water, if necessary, to
obtain solutions of suitable concentrations adaptable to the linear or working range of the
instrument.
Standard solution: 1 mg/mL of USP Thimerosal RS
Sample solution: 1 mg/mL of Thimerosal
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: Atomic absorption spectrophotometry
Analytical wavelength: 254 nm
Lamp: Mercury hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of thimerosal (C9 H9 HgNaO2 S) in the portion of Thimerosal taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Thimerosal RS in the Standard solution (mg/mL)
C=
U concentration of Thimerosal in the Sample solution (mg/mL)
Solution A:
0.05% Trifluoroacetic acid, prepared by adding 1.0 mL of trifluoroacetic acid to 2 L of
water
Mobile phase: Methanol and Solution A (60:40)
Standard stock solution: 250 µg/mL of USP Thimerosal RS in water
Impurity stock solution: 250 µg/mL of USP Thimerosal Related Compound A RS in
methanol and water (90:10)
System suitability solution: 25 µg/mL each of USP Thimerosal RS and USP Thimerosal
Related Compound A RS from Standard stock solution and Impurity stock solution,
respectively, in water
Standard solution: 25 µg/mL of USP Thimerosal RS in water from Standard stock solution
Sample solution: 25 µg/mL of Thimerosal in water
[Note—Prepare both the Standard solution and Sample solution at a concentration of NMT
±10% of the specified concentration.]
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 2.1-mm × 10-cm; 2-µm packing L1
Autosampler temperature: 4
Flow rate: 0.35 mL/min
Injection volume: 2.5 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times of thimerosal and thimerosal related compound A are
1.0 and 1.3, respectively. ]
Suitability requirements
Resolution: NLT 3.5 between the thimerosal and thimerosal related compound A
peaks, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of thimerosal (C9 H9 HgNaO2 S) in the portion of Thimerosal taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Thimerosal RS in the Standard solution (µg/mL)
CU
= concentration of Thimerosal in the Sample solution (µg/mL)
2S (USP38)

Acceptance criteria: 97.0%–101.0%
102.0% 2S (USP38)
on the dried basis
IMPURITIES
Change to read:
• Mercury Ions
Iodide reagent: 332 mg/mL of potassium iodide. Prepare fresh daily. Keep the stopper in
the flask, and protect from light.
Standard solution: 95 µg/mL of mercuric chloride
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Sample stock solution: 5 mg/mL of Thimerosal
Sample solution A: 1 mg/mL of Thimerosal from Sample stock solution
Sample solution B: 1 mg/mL of Thimerosal from Sample stock solution and 9.5 µg/mL of
mercuric chloride from Standard solution
Instrumental conditions
Mode: UV
Analytical wavelength: Determine the wavelength of maximum absorbance for the
tetraiodomercurate ion at about 323 nm using the solution prepared by mixing 1.0 mL of
the Standard solution and 5.0 mL of the Iodide reagent, and diluting with water to 10.0
mL.
Cell: 1 cm
Blank: Water
Analysis
Protect all solutions from light before determining their absorbances.
Samples: Label five 10-mL volumetric flasks C, D, E, F, and R. Transfer 5.0 mL of Sample
solution A to flasks C and D, 5.0 mL of Sample solution B to flasks E and F, and 5.0 mL
of water to flask R. Dilute flasks C and E with water to volume. Dilute flasks D, F, and R
with Iodide reagent to volume.
Determine the absorbances of the solutions in flasks C, D, E, F, and R as AC, AD, AE, AF,
and AR, respectively.
Calculate the percentage of mercury ions in the portion of Thimerosal taken:
Result = (AU/AS) × (CS/CU) × (Ar/Mr) × 100
AU = absorbance of the Sample solution obtained by: A = A
U
D
AS = absorbance of the Standard solution obtained by: A = A

AR

AC

AR AE AU
CS= concentration of mercuric chloride in Sample solution B (mg/mL) (ERR 1-Apr-2014)
CU= concentration of Thimerosal in Sample solution B (mg/mL) Ar= atomic weight of mercury,
200.59 Mr= molecular weight of mercuric chloride, 271.50
Acceptance criteria: NMT 0.70%
S

F

Add the following:
• Organic Impurities
Solution A: 0.05% Trifluoroacetic acid, prepared by adding 1.0 mL of trifluoroacetic acid to
2 L of water
Mobile phase: Methanol and Solution A (60:40)
Stock solution 1: 250 µg/mL of USP Thimerosal RS in water
Stock solution 2: 250 µg/mL of USP Thimerosal Related Compound A RS in methanol and
water (90:10)
System suitability solution: 25 µg/mL each of USP Thimerosal RS and USP Thimerosal
Related Compound A RS from Stock solution 1 and Stock solution 2, respectively, in water
Standard solution: 0.25 µg/mL of USP Thimerosal Related Compound A RS from Stock
solution 2 in water
Sample solution: 250 µg/mL of Thimerosal in water
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 222 nm
Column: 2.1-mm × 10-cm; 2-µm packing L1
Autosampler temperature: 4
Flow rate: 0.35 mL/min
Injection volume: 2.5 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.5 between the thimerosal and thimerosal related compound A peaks,
System suitability solution
Relative standard deviation: NMT 3%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Thimerosal taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of thimerosal related compound A from the Standard solution
C=
S concentration of USP Thimerosal Related Compound A RS in the Standard solution
(µg/mL)
C=
U concentration of Thimerosal in the Sample solution (µg/mL)
Acceptance criteria: See Table 1. Disregard peaks less than 0.05%.
Table 1

Name
acida

Thiosalicylic
Thimerosal
Thimerosal related compound A
Any other individual unspecified impurity
Total impurities
a 2-Sulfanylbenzoic acid.

Relative
Retention
Time
0.36
1.0
1.3
—
—

Acceptance
Criteria,
NMT (%)
0.10
—
0.10
0.10
1.0

2S (USP38)

Delete the following:
• Ether-Soluble Substances
Sample: 500 mg
Analysis: Shake the Sample with 20 mL of anhydrous ethyl ether for 10 min. Filter,
evaporate the ether in a tared container, dry the residue under vacuum over phosphorus
pentoxide, and weigh.
Acceptance criteria: NMT 4 mg (0.8%) 2S (USP38)
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Delete the following:
• Readily Carbonizable Substances Test 271
Sample solution: Dissolve 200 mg in 5 mL of sulfuric acid
Acceptance criteria: The Sample solution has no more color than Matching Fluid J.
2S (USP38)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry to constant weight under vacuum over phosphorus pentoxide.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Thimerosal RS
USP Thimerosal Related Compound A RS
2,2'-Disulfanediyldibenzoic acid.
C14 H10 O4 S2
306.35
2S (USP38)

BRIEFING
Thyroid, USP 37 page 4947. On the basis of comments received, the following changes are
proposed:
1.
The instructions for Sample solution preparation have been modified in the test for Limit
of Inorganic Iodides to account for the replacement of the organic iodine test with
the Assay measuring levothyroxine and liothyronine.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BB1: K. Carrick.)
Correspondence Number— C142806

Comment deadline: November 30, 2014
Thyroid
DEFINITION
Thyroid is the cleaned, dried, and powdered thyroid gland previously deprived of connective
tissue and fat. It is obtained from domesticated animals that are used for food by humans.
On hydrolysis it yields NLT 90.0% and NMT 110.0% each of the labeled amounts of
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levothyroxine (C15 H11 I4 NO4 ) and liothyronine (C15 H12 I3 NO4 ), calculated on the dried basis. It is
free from iodine in inorganic or any form of combination other than that peculiar to the thyroid
gland. It may contain a suitable diluent such as lactose, sodium chloride, starch, sucrose, or
dextrose.
IDENTIFICATION
• The retention times of the peaks for liothyronine and levothyroxine of the Sample solution
correspond to those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, water, and phosphoric acid (350:650:5), filtered and degassed
Reducing buffer solution: Freshly prepare 0.04 M tris(hydroxymethyl)aminomethane and
0.05 M methimazole in 0.11 M sodium chloride. Adjust, if necessary, with 6 N hydrochloric
acid or 0.1 N sodium hydroxide to a pH of 8.4 ± 0.05.
Proteolytic enzyme: Freshly prepare a solution containing 3 mg/mL of bacterial protease
in Reducing buffer solution.1
Enzyme deactivating solution: Phosphoric acid in acetonitrile (1:99)
Standard stock solution: Transfer accurately weighed quantities of about 9 mg of USP
Liothyronine RS and about 38 mg of USP Levothyroxine RS to a 100-mL volumetric flask,
add 50 mL of a mixture of acetonitrile, water, and ammonium hydroxide (500:500:1) and
swirl to dissolve. Dilute with a mixture of acetonitrile and water (1:1) to volume, and mix.
[Note—Protect solutions from light.]
Standard solution: Pipet 5 mL of the freshly prepared Standard stock solution into a 250mL volumetric flask, dilute with Reducing buffer solution to volume, and mix to obtain a
solution having known concentrations of about 1.8 µg/mL of liothyronine and 7.6 µg/mL of
levothyroxine. Pipet 5 mL of this solution into a screw-capped 16- × 125-mm culture
tube. Pipet 2 mL of Enzyme deactivating solution into the tube, place the cap on the
tube, and shake the mixture vigorously. [Note—Prepare on the day of use.]
Sample solution: Transfer an accurately weighed portion of finely powdered Thyroid,
equivalent to about 38 µg of levothyroxine, to a screw-capped 16- × 125-mm culture
tube that has been flushed previously with nitrogen. Taking precautions to avoid
unnecessary exposure to air, pipet 5 mL of Proteolytic enzyme into the tube. Allow
nitrogen to flow gently over the mixture for 5 min. Place the cap on the tube, mix to
disperse the contents, and place in a covered water bath maintained at a temperature of
37 ± 1 for 28 h. [Note—Protect the contents of the tubes from light.]
Examine occasionally, and mix as necessary to ensure dispersion. At the end of the
incubation period, pipet 2 mL of Enzyme deactivating solution into the tube, place the cap
on the tube, mix vigorously, and centrifuge at about 2000 rpm for 5 min. Pass the
supernatant through a filter of 0.45-µm pore size, discarding the first 1 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-cm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 200 µL
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System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.8 for liothyronine and levothyroxine peaks
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg, of levothyroxine (C15 H12 I3 NO4 ) and liothyronine
(C15 H11 I4 NO4 ) in the portion of Thyroid taken:
Result = (V × C) × (rU/rS)
V= volume of Sample solution, 7 mL
C= concentration of the corresponding reference standard in the Standard solution (µg/mL)
r=
U peak response of the corresponding analytes from the Sample solution
r=
S peak response of the corresponding analytes from the Standard solution
Acceptance criteria: 90.0%–110.0% each of the labeled amounts of levothyroxine
(C15 H12 I3 NO4 ) and liothyronine (C15 H11 I4 NO4 ) on the dried basis
IMPURITIES
Change to read:
• Limit of Inorganic Iodides
Extracting solution: Sulfuric acid and water (1:99)
Standard solution: Dissolve an accurately weighed quantity of potassium iodide in water
to obtain a stock solution containing 0.131 mg, equivalent to 0.100 mg of iodide, per mL.
Transfer 1.0 mL of this stock solution into a 100-mL volumetric flask, dilute with
Extracting solution to volume, and mix. Each mL of the Standard solution contains 1.0 µg
of iodide. [Note—Prepare this solution on the day of use.]
Sample solution: Transfer 1.00 g, or proportionately less if the iodine content is greater
than 0.2%
dry basis levothyroxine content is greater than 38 µg per grain, 2S (USP38)
of Thyroid to a beaker. Add 100.0 mL of Extracting solution, and sonicate for 5 min.
Electrode system: Use an iodide-specific ion-indicating electrode and a silver–silver chloride
reference electrode connected to a pH meter capable of measuring potentials with a minimum
reproducibility of ±1 mV (see pH 791 ).
Analysis: Transfer the Standard solution to a beaker containing a magnetic stirring bar. Rinse
and dry the electrodes, insert in the solution, stir for 5 min or until the reading stabilizes, and
read the potential in mV. Repeat this process using the Sample solution.
Acceptance criteria: The requirements of the test are met if the Sample solution has a higher
potential, in mV, than the Standard solution, the limit is 0.01%
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : It
meets the requirements of the tests for the absence of Salmonella species and Escherichia
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coli.
• Loss on Drying 731
Analysis: Dry under vacuum at 60 for 4 h.
Acceptance criteria: NMT 6.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Levothyroxine RS
USP Liothyronine RS

11

1 A suitable grade is available as “Pronase” (C atalog number 53702) from C albiochem-Behring, P.O. Box
12087, San Diego, C A 92112.

BRIEFING
Thyroid Tablets, USP 37 page 4948. On the basis of comments received, the following changes
are proposed:
1.
An identification requirement has been added, based on the retention times of
liothyronine and levothyroxine in the Assay.
2.
A labeling section has been added.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: K. Carrick.)
Correspondence Number—C146345

Comment deadline: November 30, 2014
Thyroid Tablets
DEFINITION
Thyroid Tablets contain NLT 90.0% and NMT 110.0% of the labeled amounts of levothyroxine
and liothyronine, the labeled amounts being 38 µg of levothyroxine and 9 µg of liothyronine for
each 65 mg of the labeled content of thyroid.
IDENTIFICATION
Add the following:
• A. The retention times of the peaks for liothyronine and levothyroxine of the Sample
solution correspond to those of the Standard solution, as obtained in the Assay.
2S (USP38)

ASSAY
• Procedure
Mobile phase: Acetonitrile, water, and phosphoric acid (350:650:5), filtered and degassed
Reducing buffer solution: Freshly prepare 0.04 M tris(hydroxymethyl)aminomethane and
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0.05 M methimazole in 0.11 M sodium chloride. Adjust, if necessary, with 6 N hydrochloric
acid or 0.1 N sodium hydroxide to a pH of 8.4 ± 0.05.
Proteolytic enzyme: Freshly prepare a solution containing 3 mg/mL of bacterial protease1
in Reducing buffer solution.
Enzyme deactivating solution: Phosphoric acid in acetonitrile (1:99)
Standard stock solution: Transfer accurately weighed quantities of about 9 mg of USP
Liothyronine RS and about 38 mg of USP Levothyroxine RS to a 100-mL volumetric flask,
add 50 mL of a mixture of acetonitrile, water, and ammonium hydroxide (500:500:1) and
swirl to dissolve. Dilute with a mixture of acetonitrile and water (1:1) to volume, and mix.
[Note—Protect solutions from light.]
Standard solution: Pipet 5 mL of the freshly prepared Standard stock solution into a 250mL volumetric flask, dilute with Reducing buffer solution to volume, and mix to obtain a
solution having known concentrations of about 1.8 µg/mL of liothyronine and 7.6 µg/mL of
levothyroxine. Pipet 5 mL of this solution into a screw-capped 16- × 125-mm culture
tube. Pipet 2 mL of Enzyme deactivating solution into the tube, place the cap on the
tube, and shake the mixture vigorously. [Note—Prepare on the day of use.]
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer an accurately weighed
portion of finely powdered Thyroid, equivalent to about 38 µg of levothyroxine, to a
screw-capped 16- × 125-mm culture tube that has been flushed previously with nitrogen.
Taking precautions to avoid unnecessary exposure to air, pipet 5 mL of Proteolytic
enzyme into the tube. Allow nitrogen to flow gently over the mixture for 5 min. Place the
cap on the tube, mix to disperse the contents, and place in a covered water bath
maintained at a temperature of 37 ± 1 for 28 h. [Note—Protect the contents of the
tubes from light.]
Examine occasionally, and mix as necessary to ensure dispersion. At the end of the
incubation period, pipet 2 mL of Enzyme deactivating solution into the tube, place the cap
on the tube, mix vigorously, and centrifuge at about 2000 rpm for 5 min. Pass the
supernatant through a filter of 0.45-µm pore size, discarding the first 1 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-cm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.8 for liothyronine and levothyroxine
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg, of liothyronine (C15 H12 I3 NO4 ) and levothyroxine
(C15 H11 I4 NO4 ) in the portion of Thyroid taken:
Result = (V × C)/(rU/rS)
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V= volume of Sample solution, 7 mL
C= concentration of the corresponding reference standards in the Standard solution
(µg/mL)
r=
U peak response of the corresponding analytes from the Sample solution
r=
S peak response of the corresponding analytes from the Standard solution
Acceptance criteria: 90.0%–110.0% of the labeled amount of liothyronine (C15 H12 I3 NO4 )
and levothyroxine (C15 H11 I4 NO4 )
PERFORMANCE TESTS
• Disintegration 701
Time: 15 min, with disks
• Uniformity of Dosage Units 905
Standard stock solution: Accurately weigh 1.69 g of potassium iodate and transfer to a
1-L volumetric flask. Dissolve in about 200 mL of water, dilute with water to volume, and
mix. This is a stock solution having a concentration of about 1 mg/mL with respect to
iodine.
Standard solution: Pipet 8 mL of the Standard stock solution into a 250-mL volumetric
flask, dilute with water to volume, and mix. Transfer an appropriate aliquot, based on the
dosage being analyzed (i.e., ¼ grain, 1 mL; ½ grain, 2 mL; 1 grain, 4 mL; 1½ grains, 6
mL; 2 grains, 8 mL; 2½ grains, 10 mL; 3 grains, 12 mL; 4 grains, 16 mL; 5 grains, 20 mL),
to a 100-mL volumetric flask containing 8 g of anhydrous potassium carbonate dissolved in
70 mL of water. Add 1 mL of bromine TS, mix, add sufficient sodium sulfite (about 20 mg)
until the solution becomes colorless, and dilute with water to volume, and mix.
Sample solution: Crush 1 Tablet in a porcelain crucible with a glass rod. Remove any
sample adhering to the glass rod with a spatula, and add it to the crucible. Add 4 g of
anhydrous potassium carbonate, mix carefully, and gently tap the crucible several times to
compact the mixture. Overlay with 4 g more of anhydrous potassium carbonate, and again
compact the material thoroughly by tapping. Place the crucible in a preheated muffle
furnace, and ignite at 675 –700 for 25 min. Cool, add 30 mL of water, carefully heat on a
hot plate to dissolve the residue, and pass through a funnel with a glass wool plug into a
100-mL volumetric flask. Repeat the heating and filtration with two additional 30-mL
portions of water, and add these filtrates to the volumetric flask. Add 1 mL of bromine TS,
mix, add sufficient sodium sulfite (about 20 mg) until the solution becomes colorless, and
mix. Dilute with water to volume, and mix.
Blank solution: Add 8 g of anhydrous potassium carbonate into a 100-mL volumetric flask,
and dissolve it in 70 mL of water. Add 1 mL of freshly prepared bromine TS, mix, add
sufficient sodium sulfite (about 20 mg) until the solution becomes colorless, and dilute
with water to volume, and mix.
Analysis: Transfer 10 mL of the Sample solution to a dry polarographic cell. Bubble
nitrogen through the solution for 5 min, then direct the stream of nitrogen above the
solution. Use a suitable differential pulse polarograph equipped with a saturated calomel
reference electrode and a dropping mercury electrode with a 1-s drop time. Scan from
0.8 V to

1.5 V at the rate of 5 mV/s, and 50-mV pulses. Record the polarogram of the

Sample solution, the Standard solution, and the Blank solution. At the peaks near

1.18V
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in the polarograms from the Standard solution and the Sample solution, measure the
heights from the baseline, as established by the Blank solution. Calculate the amount of
iodine, in µg, in the Tablet taken:
Result = (Ar1/Ar2) × (rU/rS) × (C × V)
Ar1
= atomic weight of iodine (I), 126.90
Ar2
= atomic weight of potassium iodate (KIO3 ), 214.00
rU= peak height from the Sample solution
rS= peak height from the Standard solution
C= concentration of the aliquot portion of potassium iodate solution used to prepare the
Standard solution, 54.08 µg/mL
V= volume of the aliquot portion of potassium iodate solution used to prepare the Standard
solution (mL)
Proceed as directed for Uniformity of Dosage Units 905 , Content Uniformity, using the
results obtained by this procedure to determine the total iodine content of individual
Tablets, and use the Sample solution from the Assay to perform the composite
determination for iodine.
Acceptance criteria: The amount of iodine in each Tablet is within 85.0%–115% of the
composite assay for iodine, with a relative standard deviation of NMT 6.0%.
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : Meet
the requirements of the tests for the absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Add the following:
• Labeling: Label the Tablets to indicate the amount of thyroid in either mg or grain, or both.
2S (USP38)

• USP Reference Standards
USP Levothyroxine RS
USP Liothyronine RS

11

1 A suitable grade is available as “Pronase” (C atalog number 53702) from C albiochem-Behring, P.O. Box
12087, San Diego, C A 92112.

BRIEFING
Wheat Bran, USP 37 page 5176. In preparation for the omission of the general chapter Heavy
Metals 231 and all references to this general chapter from individual monographs, it is
proposed to control arsenic, cadmium, lead, and mercury as described in the Limits of
Elemental Impurities section of the general chapter Articles of Botanical Origin
proposed elsewhere in this Pharmacopeial Forum.
(DS: N. Kim.)

561
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Correspondence Number—C149424

Comment deadline: November 30, 2014
Wheat Bran
DEFINITION
Wheat Bran is the outer fraction of the cereal grain, comprising the pericarp, seed coat (testa),
nucellar tissue, and aleurone layer, and is derived from Triticum aestivum L., T. compactum
Host, T. durum Desf., and other common einkorn and emmer wheat cultivars. It is obtained by
the milling and processing of the whole wheat grain meeting U.S. Standards for Number 1 wheat
(7 CFR 810.2201). It contains NLT 36.0% of dietary fiber.
IDENTIFICATION
• A. Botanic Characteristics
Microscopic: Fragments of aleurone and nucellar layers (about 60% of the components)
and fragments of seed coat and pericarp (about 40%); aleurone and nucellar tissues
composed of a usually single layer of thick-walled, isodiametric, translucent cells having
conspicuous protoplasm and a single, inconspicuous layer of thick-walled, nearly
transparent cells; inconspicuous seed coat, consisting of two layers of thin-walled cells
crossing at roughly right angles to each other; pericarp composed of an inconspicuous
endocarp layer of elongated, thick-walled tube cells, a cross layer with cells longer than
wide, arranged side-by-side in rows, having thick, highly pitted side and end walls, and
epicarp and hypoderm layers with cells longer than wide, arranged alternately in rows and
having thick, highly pitted side and end walls; epicarp and hypoderm cells larger than and
crossing at right angles to the cells of the cross layer; and a few trichomes also present,
with lumens narrower than the thickness of their cell walls and originating from
isodiametric-polygonal epicarp cells. If micronized, the original structures are mostly
destroyed.
COMPOSITION
• Content of Total Dietary Fiber
Buffer: pH 6.0 phosphate buffer (see Reagents, Indicators, and Solutions—Buffer Solutions)
Protease solution: Dissolve 5 mg of protease in 0.1 mL of Buffer.
Samples: Prepare two samples in parallel previously dried in a vacuum oven at 100 for 5
h. Mill the dried Wheat Bran to a coarse powder, and store in a desiccator until use.
Analysis: To correct for any contribution from reagents, perform examinations of reagent
blanks, which are treated similarly to the Samples. Transfer 1.0 g of each Sample into
separate 400-mL, tall-form beakers. Add 50 mL of Buffer, and adjust the pH, if necessary,
to 6.0 ± 0.1. Add 0.2 mL of heat-stable -amylase solution. Cover the beaker with
aluminum foil, place in a boiling water bath for 15 min at 100 , shaking gently every 5 min,
and cool to room temperature. Adjust with about 10 mL of 0.275 N sodium hydroxide
solution to a pH of 7.5 ± 0.1. Add freshly prepared Protease solution, cover the beaker
with aluminum foil, and incubate for 30 min at 60 with continuous agitation. Cool, and
adjust with 10 mL of 0.325 N hydrochloric acid to a pH of 4.5 ± 0.2. Add 0.3 mL of
amyloglucosidase, cover with aluminum foil, and incubate for 20 min at 60 , with
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continuous agitation. Heat 280 mL of alcohol to 60 , add to the digest, and allow the
precipitate to form at room temperature for 60 min. Place 0.5 g of chromatographic
siliceous earth in a crucible with fritted disk, dry at 130 to constant weight, and weigh.
Wet the chromatographic siliceous earth in the crucible using a stream of 78% alcohol
from a washing bottle, and apply suction to evenly distribute the chromatographic
siliceous earth over the fritted disk. Maintain suction, and quantitatively transfer the
enzyme digest precipitate to the crucible. Wash the residue successively with three 20mL portions of 78% alcohol, two 10-mL portions of alcohol, and two 10-mL portions of
acetone. In some cases, gums may form during filtration, trapping liquid in residue. If so,
break the surface film with a spatula to improve filtration. Dry the crucible containing the
residue at 105 in an air oven for 16 h, cool in a desiccator, and determine the weight of
the residue. Determine the percentage of protein in the first Sample as directed in the
test for Limit of Protein. Incinerate the residue from the second Sample as directed in
Articles of Botanical Origin 561 , Total Ash.
Calculate the corrected weight, W, of the sample residue:
W = WU × (1

PU/100

AU/100)

WB × (1

PB/100

AB/100)

W=
U average weight of the Sample residues
PU= percentage of protein present in the Sample
AU= percentage of ash found in the Sample
W=
B average weight of the blank residues
PB= percentage of protein found in the test Limit of Protein for the blank
AB= percentage of ash found in the blank
Calculate the percentage of the total dietary fiber in the portion of Wheat Bran taken:
Result = (W/WI ) × 100
W=I weight of the Sample taken
Correct the final percentage of the total dietary fiber for fat and for water.
Acceptance criteria: NLT 36.0%
CONTAMINANTS
Delete the following:
• Heavy Metals, Method II 231 : 40 µg/g

2S (USP38)

Add the following:
• Article of Botanical Origin, Elemental Impurities

561 : Meet the requirements

2S (USP38)

• Limit of Insect Infestation
Sample: 50 g of Wheat Bran
Analysis: Prepare a smooth slurry by transferring the Sample to a 1-L beaker and adding
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500 mL of 1.5 N hydrochloric acid. Add 50 mL of light mineral oil, and carefully heat to
boiling on a hot plate. Boil for 10 min to digest, stirring occasionally to prevent scorching.
Remove from the hot plate, and stir for 5 min with a magnetic stirrer, increasing the
stirring speed until a vortex is formed without visible splashing. Quantitatively transfer the
contents of the beaker to a separatory funnel with the aid of hot water. Allow to stand
for 30 min, stirring gently with a glass rod several times during the first 10 min. Drain the
lower layer to about 2.5 cm from the layer interface. Wash the funnel with hot water, and
allow 5 min for the layers to separate. Drain the lower layer, and wash with cold water
several times until the lower phase is clear. Filter the contents of the funnel through ruled
filter paper with the aid of a Büchner funnel and suction. Thoroughly rinse the separatory
funnel with water and a detergent solution, filtering each rinse through the same paper.
Examine the ruled filter paper under a microscope at 30× magnification.
Acceptance criteria: NMT 25 insect fragments are seen.
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 104 cfu/g, and it meets the requirements of
the tests for absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Limit of Protein
Sample: 1 g of Wheat Bran
Analysis: Place the Sample in a 500-mL Kjeldahl flask, and proceed as directed in Nitrogen
Determination 461 , Method I. Multiply the percentage of nitrogen found by 6.31.
Acceptance criteria: NMT 18.5%
• Limit of Fat
Sample: 2 g of Wheat Bran, previously dried in a vacuum oven at 100 for 5 h
Analysis: Transfer the Sample to an extraction thimble, and mix with an equivalent
quantity of dry, clean sand. Place a fat-free cotton or glass wool plug on top of the
thimble. Place the thimble in a continuous-extraction apparatus provided with a tared
collection flask. Pour 75 mL of solvent hexane through the sample into the collection flask.
Extract at a condensation rate of 5–6 drops/s for 4 h, then at a rate of 2–3 drops/s for
the next 16 h. Detach the collection flask, carefully evaporate the solvent, and dry the
collection flask and its contents in a drying oven at 100 for 30 min to constant weight.
Calculate the percentage of the extract (crude fat) in the portion of Wheat Bran taken.
Acceptance criteria: NMT 6%
• Absence of Peroxidase Activity
Sample: 1 g of Wheat Bran
Analysis: Transfer the Sample to a test tube, and add 50 mL of water. Add, in the order
specified, 2 mL of 5.68 mM erythorbic acid, 3 mL of 0.69 mM dichloroindophenol, and 0.1
mL of 1.2% hydrogen peroxide, each freshly prepared. Stopper the test tube tightly, and
shake until the Sample is dissolved. Place into a water bath at 38 for 5 min.
Acceptance criteria: No color change is observed, indicating the absence of peroxidase
activity.
• Water Determination, Method III, Procedure for Articles of Botanical Origin 921 : NMT
12%
• Articles of Botanical Origin, Total Ash 561 : NMT 8%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, secured against insect attack.
BRIEFING
Small Intestinal Submucosa Wound Matrix, USP 37 page 5178. The proposed revision is to
change the previous title Small Intestinal Submucosa Wound Matrix to Scaffold Porcine Small
Intestinal Submucosa to align with the current naming scheme for tissue-based product
monographs.
Additionally, minor editorial changes have been made to update the monograph to the current
USP style.
(BIO2: R. Potts.)
Correspondence Number—C143305

Comment deadline: November 30, 2014
Small Intestinal Submucosa Wound Matrix
New title: Scaffold Porcine Small Intestinal Submucosa
New title to become official December 1, 2015
DEFINITION
Change to read:
Small Intestinal Submucosa Wound Matrix is a biologically derived,
2S (USP38)

collagen-based wound care product
scaffold, 2S (USP38)
translucent and off-white in color. It is obtained from the small intestinal submucosa layer of
the domestic pig (Sus scrofa L.). This layer has been mechanically separated from the adjoining
layers of the intestine to remove the serosal, mucosal, and muscular elements. The isolated
submucosa is chemically cleaned, decellularized, freeze-dried, and terminally sterilized. Small
Intestinal Submucosa Wound Matrix also undergoes a viral inactivation; the inactivation method
is validated using parvovirus, reovirus, pseudorabies virus, and leukemia retrovirus as the test
viruses. By dried weight, Small Intestinal Submucosa Wound Matrix consists of about 70%
protein, about 20% carbohydrate, and about 7% lipid. The protein component is primarily
collagen type I, (approximately 90%)
2S (USP38)

with minor amounts of elastin and collagen type III, collagen type IV, and collagen type VI. In
addition to these components, additional extracellular matrix components, such as
glycosaminoglycans and basic
2S (USP38)

fibroblast growth factor-2, are also retained.
SPECIFIC TESTS
Change to read:
• Fibroblast Growth Factor-2 Content
Sterile PBS solution: 8.065 g/L of sodium chloride and 0.2 g/L of potassium chloride in
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0.01 M sodium phosphate buffer, pH 7.4
Sample solution: Obtain a 1-cm2 sample of Small Intestinal Submucosa Wound Matrix,
weigh, and submerge in 400 µL of Sterile PBS solution. Pulverize the tissue for 90 s using a
tissue grinder, intermittently checking to be sure that the tissue remains immersed in the
Sterile PBS solution and becomes homogenized. Centrifuge at 12,000 × g for 5 min at 4 .
Use immediately upon preparation. [Note—The Sample solution may be stored for short
periods at 4 or on ice.]
2S (USP38)

Analysis: Examine duplicate aliquots of the Sample solution by a suitably sensitive ELISA
method.1
System suitability: The analysis is considered valid if the ELISA kit generates a linear
standard curve with the square of the correlation coefficient (r2) NLT 0.95, and if the
duplicate aliquots of the Sample solution yield results that are within 20% of each other.
Acceptance criteria: The average content of fibroblast growth factor-2 is NLT 10,000 pg/g of
Small Intestinal Submucosa Wound Matrix.
• Glycosaminoglycan Content
1,9-Dimethylmethylene blue solution: Mix 95 mL of 0.1 M hydrochloric acid in 500 mL of
water. Add 16 mg of 1,9-dimethylmethylene blue, 3.04 g of aminoacetic acid, and 2.37 g
of sodium chloride. Dilute with water to 1 L, and adjust to a pH of 3.0 with sterile
solutions of either 1.0 M sodium hydroxide or 1.0 M hydrochloric acid. Store in low-actinic
glassware.
Sterile PBS solution: 8.065 g/L of sodium chloride and 0.2 g/L of potassium chloride in
0.01 M sodium phosphate buffer, pH 7.4
Proteinase K solution: 600 Units/mL of Tritirachium album proteinase K
Stock heparin standard solution: 1 mg/mL of heparin
Heparin standard curve solutions: Use Stock heparin standard solution to prepare three
solutions containing 20, 50, and 100 µg/mL of heparin.
Sample solution: Prepare samples in duplicate. Accurately weigh about 25 mg of Small
Intestinal Submucosa Wound Matrix and cut into small pieces (roughly 2 mm × 2 mm).
Transfer to a 1.5-mL microcentrifuge tube, and add 180 µL of Sterile PBS solution and 20
µL of Proteinase K solution. Mix, and incubate the sample at 56 for 15 min; during the
incubation, mix intermittently on a vortex mixer. Cool the sample to room temperature.
Dilute with water to obtain a concentration of 12.5 mg/mL of digested Small Intestinal
Submucosa Wound Matrix.
Blank solution: Water
Collagen control solution: Accurately weigh about 25 mg of a bovine collagen, type I,
that contains less than 1 µg of glycosaminoglycan/mg. Transfer to a 1.5-mL
microcentrifuge tube, and add 180 µL of Sterile PBS solution and 20 µL of Proteinase K
solution. Mix, and incubate the sample at 56 for 15 min; during the incubation, mix
intermittently on a vortex mixer. Cool the sample to room temperature. Dilute with water
to obtain a concentration of 12.5 mg/mL of digested bovine collagen.
Analysis
(See Spectrophotometry and Light-Scattering 851 .)
Add 2.5 mL of 1,9-Dimethylmethylene blue solution to triplicate 100-µL aliquots each of
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Heparin standard curve solutions, Sample solution, Blank solution, and Collagen control
solution. Mix on a vortex mixer for 1 s and immediately read the absorbance at 525 nm.
Generate a standard curve of absorbance versus concentration using the averages of
each Heparin standard curve solution, correcting for the blank, and calculate the
regression line and regression coefficient. The concentration of glycosaminoglycan in the
Sample solution and the Collagen control solution is determined directly from the
regression line. If the absorbance of the Sample solution is greater than the highest
Heparin standard curve solution, then dilute the Sample solution appropriately, and repeat
the Analysis detailed in this section.
System suitability: The test is considered valid if the regression curve has a square of the
correlation coefficient (r2) NLT 0.95; the triplicate aliquots of the Sample solution and
Collagen control solution yield results that are within 20% of each other, respectively; and
the average glycosaminoglycan content of the Sample solution is statistically greater than
the Collagen control solution using one-tailed, unequal variances, t-test at = 0.05.
Acceptance criteria: The average glycosaminoglycan content of the Sample solution is
NLT 2 µg/mg.
Change to read:
• Bioactivity
[Note—Aseptic cell culture techniques should
must 2S (USP38)
be used throughout the performance of this test.]
Modified RPMI-1640 culture medium: Prepare a sterile solution that contains the components
included in Table 1.
Table 1
Content
(mg/L)
Calcium chloride
264.9
Ferric nitrate, nonahydrate
0.10
Potassium chloride
400.0
Magnesium sulfate, heptahydrate
200.0
Sodium chloride
6,400.0
Sodium bicarbonate
3,700.0
Sodium phosphate, monobasic, monohydrate 125.0
Glucose
4,500.0
Phenol red
15.0
Sodium pyruvate
110.0
l-Arginine hydrochloride
84.0
l-Cystine
48.0
Aminoacetic acid
30.0
l-Histidine hydrochloride, monohydrate
42.0
l-Isoleucine
104.8
l-Leucine
104.8
l-Lysine hydrochloride
146.2
l-Methionine
30.0
Component
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l-Phenylalanine
66.0
l-Serine
42.0
l-Threonine
95.2
l-Tryptophan
16.0
l-Tyrosine
72.0
l-Valine
93.6
l-Calcium pantothenate
4.0
Choline chloride
4.0
Folic acid
4.0
Inositol
7.0
Nicotinamide
4.0
Pyridoxine hydrochloride
4.0
Riboflavin
0.40
Thiamine hydrochloride
4.0
Sodium 1-heptanesulfonic acid
2383.0
Penicillin–streptomycin solution: 10,000 USP Penicillin Units of penicillin/mL and 10 mg of
streptomycin/mL in a suitable buffer2
PC12 cell line culture medium: Mix 420 mL of Modified RPMI-1640 culture medium, 50 mL of
horse serum,3 25 mL of fetal bovine serum,4 and 5 mL of Penicillin–streptomycin solution.
Sterilize by passing through a 0.22-µm filter.
Sterile PBS solution: 8.065 g/L of sodium chloride and 0.2 g/L of potassium chloride in 0.01 M
sodium phosphate buffer, pH 7.4
Rat tail collagen solution: Prepare a suspension containing 0.2 mg/mg
mL 2S (USP38)
of rat tail collagen, type I, in sterile water.
Cell culture apparatus: Prepare by adding a sufficient volume of Rat tail collagen solution to
completely cover the bottom of each well of a 12-well cell culture plate (dimension of each
well is about 22–23 mm in diameter and about 17–18 mm in depth). Incubate under sterile
conditions for 2 h at 37 or overnight at room temperature. Remove the Rat tail collagen
solution by aspiration. Rinse with Sterile PBS solution that has been preheated to 37 .
PC12 cells: Use cultured rat pheochromocytoma cells (ATCC CRL-1721).
Cultivation of PC12 cells: Starting from a frozen culture, prewarm
Prewarm 2S (USP38)
PC12 cell line culture medium to 37 . Add 15 mL of prewarmed PC12 cell line culture medium to
a T-75 culture flask. Place a single vial containing the frozen PC12 cells in a 37 water bath
with gentle agitation until they start to thaw (about 1 min). Complete the thawing procedure
by slowly rotating the vial between the hands. Rinse the outside of the vial with 70% alcohol.
Transfer the contents of the vial to the T-75 flask, and mix. Incubate the cells overnight at 37
in a 5% carbon dioxide atmosphere. Transfer the contents of the T-75 culture flask to a
sterile centrifuge tube, centrifuge at 200 × g for 5 min at 37 , and discard the supernatant.
Resuspend the cells in 15 mL of PC12 cell line culture medium, and transfer the contents back
to the T-75 culture flask. Incubate the cells at 37 in a 5% carbon dioxide atmosphere for 3
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days.
Cell feeding: At the end of 3 days, the cells will need to be fed for optimal growth. To feed the
cells, remove a flask of cells from the incubator, tightening the cap in the process. Examine
the T-75 flask under the microscope and check for microbial contamination and confluency. If
there is microbial contamination, then discard the flask. If the cells appear confluent, follow
the instructions below for perpetuating the PC12 cell line (see Culture perpetuation).
Otherwise, harvest the cells from the flask by pipetting the contents of the flask across the
bottom of the flask several times. Transfer the cell suspension to a sterile 50-mL centrifuge
tube. Centrifuge the cells at 200 × g for 5 min at 37 , and discard the supernatant. Resuspend
the cells in 13 mL of PC12 cell line culture medium, prewarmed to 37 . Transfer the cell
suspension back to the T-75 flask, and mix. Loosen the cap of the flask, and return to the
incubator; incubate the cells at 37 in a 5% carbon dioxide atmosphere for another 3–7 days.
Culture perpetuation: To perpetuate a line of PC12 cells for culture, examine under the
microscope a T-75 flask containing cells and check for microbial contamination and confluency.
If there is microbial contamination, discard the flask and use another. If the cells do not
appear confluent, then follow the instructions above for feeding the PC12 cell line (see Cell
feeding), beginning with “Otherwise, harvest the cells from the flask by pipetting the contents
of the flask across the bottom of the flask several times.” If the cells are confluent and there
is no contamination, harvest the cells from the flask by pipetting the contents of the flask
across the bottom of the flask several times to loosen up the cells from their attachment to
the bottom of the flask and to break up cell clusters. Check under the microscope before
proceeding to ensure that most of the cells have detached from the plastic. Transfer the cell
suspension to a sterile 50-mL centrifuge tube, and centrifuge the cells at 200 × g for 5 min at
37 . Discard the supernatant and resuspend the cells with 10 mL of PC12 cell line culture
medium, prewarmed to 37 . Dispense an equal amount of the cell suspension into each of 3–5
T-75 flasks, each flask containing 10 mL of PC12 cell line culture medium, prewarmed to 37 ,
and mix. Return the passaged cells to the incubator, being sure to loosen the cap of the
flasks. Incubate the cells at 37 in a 5% carbon dioxide atmosphere. Feed the cells after 3
days as directed above, beginning with “To feed the cells, remove a flask of cells from the
incubator, tightening the cap in the process.” [Note—Do not use cells that have undergone
more than 15 passages after obtaining them from ATCC.]
Positive control solution: Prepare a solution containing about 10 ng of fibroblast growth
factor-2/mL of PC12 cell line culture medium.
Negative control solution: Use PC12 cell line culture medium.
Sample solution: Immerse 70 cm2 of Small Intestinal Submucosa Wound Matrix in sterile water
for 5 min. Remove the Small Intestinal Submucosa Wound Matrix, and blot excess water using
sterile gauze. Weigh the rehydrated Small Intestinal Submucosa Wound Matrix to the nearest
0.1 g and add Modified RPMI-1640 culture medium at a ratio of 7.5 mL of Modified RPMI-1640
culture medium for each 1.0 g of Small Intestinal Submucosa Wound Matrix. Incubate for 24 h
at 37 with constant shaking. Remove the Small Intestinal Submucosa Wound Matrix, and pass
the solution through a 0.22-µm filter. Add sufficient quantities of sterile horse serum and
sterile fetal bovine serum to concentrations of 10% and 5%, respectively, and add a sufficient
quantity of Penicillin–streptomycin solution such that there are 100 USP Penicillin Units and 0.1
mg of streptomycin/mL. Adjust the pH of the Sample solution to 7.4, using a sterile solution of
either 1.0 M sodium hydroxide or 1.0 M hydrochloric acid.
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Analysis: Harvest a flask of confluent PC12 cells by
pipetting the contents of the flask accross the bottom of the flask to loosen the cells, then
transfer the cell suspension to a centrifuge tube and 2S (USP38)
centrifuge at 200 × g for 5 min. Remove the supernatant by aspiration, and resuspend the
pellet to obtain a concentration of about 1 × 106 cells/mL of PC12 cell line culture medium.
Add to each of three wells of the Cell culture apparatus 1.0 mL of Negative control solution. To
a second set of three wells, add to each well 1.0 mL of Positive control solution, and to a third
set of three wells, add to each well 1.0 mL of Sample solution. Add to each well about 20,000
cells, mix by gentle rocking, and incubate for 48 h at 37 . For each well, count three random
microscopic fields of cells using a microscope with a 10× ocular lens and a 20× objective lens.
Each field should have at least 20 cells; avoid large clumps of cells where individual cell bodies
cannot be ascertained. Determine the total number of cells in the field and, using USP Cultured
Rat Pheochromocytoma Reference Photomicrographs of normal and differentiated rat
pheochromocytoma cells for comparison, determine the total number of cells that have formed
at least one neurite-like extension at least twice the diameter of a normal, undifferentiated cell
body. For each experimental group, record the total number of cells counted and the total
number of cells differentiated across all three wells, and calculate the total percentage of cells
that have differentiated.
System suitability: For a test to be valid, the following criteria must be met: (1) none of the
wells are microbially contaminated; (2) the weighted percentage of differentiated cells across
the Negative control solution wells is NMT 5%; (3) the weighted percentage of differentiated
cells across the Positive control solution wells is NLT 6%; and (4) the weighted percentage of
differentiated cells across the Negative control solution wells is statistically less than the
weighted percentage of differentiated cells across the Positive control solution wells, using a
one-sided, two-sample test for proportions at = 0.05.
Acceptance criteria: The weighted percentage of differentiated cells incubated in the Sample
solution wells is statistically greater than those incubated in the Negative control solution
wells, using a one-sided, two-sample test for proportions at = 0.05.
• Metabolic Activity Assessment
Dulbecco's modified Eagle's tissue culture medium: Prepare a solution that contains
the components included in Table 2.
Table 2
Component
Calcium nitrate, tetrahydrate
Ferric nitrate, nonahydrate
Potassium chloride
Magnesium sulfate, anhydrous
Sodium chloride
Sodium bicarbonate
Sodium phosphate, dibasic (anhydrous)
Glucose
Glutathione (reduced)
Phenol red
Sodium pyruvate

Content
(mg/L)
100.0
0.10
400.0
48.840
6,000.0
1,500.0
800.0
4,500.0
1.0
5.0
110.0
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l-Arginine (free base)
200.0
l-Asparagine, monohydrate
56.620
l-Aspartic Acid
20.0
l-Cystine dihydrochloride
65.20
Aminoacetic acid
10.0
l-Histidine (free base)
15.0
Hydroxy-l-proline
20.0
l-Isoleucine
50.0
l-Leucine
50.0
l-Lysine hydrochloride
40.0
l-Methionine
15.0
l-Phenylalanine
15.0
l-Proline
20.0
l-Serine
30.0
l-Threonine
20.0
l-Tryptophan
5.0
l-Tyrosine, disodium, dihydrate
28.830
l-Valine
20.0
d-Biotin
0.20
d-Calcium pantothenate
2.50
Choline chloride
3.0
Folic acid
1.0
Inositol
35.0
Nicotinamide
1.0
p-Aminobenzoic acid
1.0
Pyridoxine hydrochloride
1.0
Riboflavin
0.20
Thiamine hydrochloride
1.0
Cyanocobalamine
0.0050
MTT reagent: A suitable solution of 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium
bromide.5
Detergent reagent: A suitable sodium dodecyl sulfate detergent solution.6
Analysis: Remove three 12-mm diameter circular sections of Small Intestinal Submucosa
Wound Matrix, using the appropriate size biopsy punch. Immerse each section into
individual wells of a 12-well cell culture plate (dimension of each well is about 22–23 mm in
diameter and about 17–18 mm in depth), each containing 1 mL of Dulbecco's modified
Eagle's tissue culture medium. Prepare a positive control by harvesting a full-thickness
section of porcine jejunum immediately following slaughter. Rinse the section of jejunum at
37 in isotonic sodium chloride solution for 5 min to remove intestinal debris. Using
scissors, split open the section of jejunum to form a sheet. Remove three 12-mm diameter
circular sections of jejunum, using the appropriate size biopsy punch. Immerse each
section into individual wells of a 12-well cell culture plate, each well containing 1 mL of
Dulbecco's modified Eagle's tissue culture medium. Treat these positive control wells in
the same manner as the sample wells. Prepare a Blank solution using 1 mL of Dulbecco's
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modified Eagle's tissue culture medium. Allow sections to hydrate for 5 min, add 50 µL of
MTT reagent to each of the sections and the blank, and mix. Incubate for 3 h at 37 in an
atmosphere containing 5% carbon dioxide. Add 100 µL of Detergent reagent to each well,
and mix. Leave the samples at ambient temperature in the dark for 2 h. Measure the
absorbance of the resulting solution at 570 nm, adjusting for the blank.
System suitability: The average absorbance in the positive control wells is greater than
0.100.
Acceptance criteria: The average absorbance reading for the Small Intestinal Submucosa
Wound Matrix wells is less than 0.100.
• Sterility Tests

71 : Meets the requirements

• Bacterial Endotoxins Test 85
Sample: 70 cm2 of Small Intestinal Submucosa Wound Matrix
Analysis: Immerse the Sample in 40 mL of LAL Reagent Water. Extract for 60 min at 37
with shaking. Remove a 100-µL aliquot to measure the amount of bacterial endotoxins.
Acceptance criteria: NMT 20.0 USP Endotoxin Units/70 cm2
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in single-use, peel-open pouches that are gas permeable
for sterilization purposes. Store under clean, dry conditions at 25 , excursions permitted
between 15 and 30 .
• Labeling: The package is labeled to indicate the dimensions of the enclosed Small Intestinal
Submucosa Wound Matrix, the expiry date, required storage conditions, and the lot
number. The label indicates that the Wound Matrix is sterile if the package is intact, and
that the Wound Matrix is designed for single patient, one-time use.
• USP Reference Standards, Authentic Visual References 11
USP Cultured Rat Pheochromocytoma Reference Photomicrographs. These photomicrographs
represent examples of normal and differentiated rat pheochromocytoma cells and are
used to assist in ascertaining bioactivity.
• USP Reference Standards
USP Endotoxin RS

11

1 A suitably sensitive ELISA test kit for the quantitation can be obtained from R&D Systems Inc., 614 McKinley
Place N.E., Minneapolis, MN; (www.bioscience.org/company/r&d.htm)
2S (USP38)

product number DFB50.
2 A suitable buffered solution containing 10,000 USP Penicillin Units of penicillin/mL and 10 mg
of streptomycin/mL can be obtained from Sigma-Aldrich Corp., St. Louis, MO. (www.sigmaaldrich.com)
2S (USP38)

3 A suitable horse serum can be obtained from American Type Culture Collection, P.O. Box
1549, Manassas, VA (www.atcc.org).
4 A suitable fetal bovine serum can be obtained from American Type Culture Collection, P.O.

PF 40(5): Sep.-Oct. 2014

1719

Box 1549, Manassas, VA (www.atcc.org).
5 A suitable solution of 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide can be
obtained
as part of the MTT Cell Proliferation Assay (Catalog # 30-1010K) 2S (USP38)
from American Type Culture Collection, P.O. Box 1549, Manassas, VA (www.atcc.org)
or equivalent. 2S (USP38)
6 A suitable sodium dodecyl sulfate detergent reagent can be obtained
as part of the MTT Cell Proliferation Assay (Catalog #30-1010K) 2S (USP38)
from American Type Culture Collection, P.O. Box 1549, Manassas, VA (www.atcc.org)
or equivalent. 2S (USP38)
BRIEFING
Zinc Gluconate, USP 37 page 5210. In preparation for the omission of the general chapter
Heavy Metals 231 and all references to this general chapter from individual monographs,
it is proposed to replace the reference to Lead Nitrate Stock Solution, as currently described
in 231 , with the reference to Lead Nitrate Stock Solution TS, which was proposed in PF
40(1) to be added to the Reagents, Indicators, and Solutions section.
(DS: H. Dinh.)
Correspondence Number—C149437

Comment deadline: November 30, 2014
Zinc Gluconate

C12 H22 O14 Zn

455.67

Bis(d-gluconato-O1,O2) zinc;
Zinc d-gluconate (1:2)
[4468-02-4].
DEFINITION
Zinc Gluconate contains NLT 97.0% and NMT 102.0% of zinc gluconate (C12 H22 O14 Zn),
calculated on the anhydrous basis.
IDENTIFICATION
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• A. Identification Tests—General, Zinc 191 : A 100-mg/mL solution meets the
requirements.
• B. Thin-Layer Chromatography
Standard solution: 10 mg/mL of USP Potassium Gluconate RS
Sample solution: 10 mg/mL of Zinc Gluconate, heating in a water bath at 60 , if
necessary, to dissolve
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Alcohol, ethyl acetate, ammonium hydroxide, and water
(50:10:10:30)
Spray reagent: Dissolve 2.5 g of ammonium molybdate in 50 mL of 2 N sulfuric acid in a
100-mL volumetric flask, add 1.0 g of ceric sulfate, swirl to dissolve, and dilute with 2 N
sulfuric acid to volume.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the chamber, and dry at 110 for 20 min. Allow
to cool, and spray with the Spray reagent. Heat the plate at 110 for about 10 min.
Acceptance criteria: The principal spot of the Sample solution corresponds in color, size,
and RF value to that of the Standard solution.
ASSAY
• Procedure
Sample: 700 mg of Zinc Gluconate
Blank: 100 mL of water
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 100 mL of water. Add 5 mL of ammonia–ammonium
chloride buffer TS and 0.1 mL of eriochrome black TS. Titrate with Titrant until the
solution is deep blue in color. Perform a Blank determination.
Calculate the percentage of zinc gluconate (C12 H22 O14 Zn) in the Sample taken:
Result = {[(VS

VB) × M × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
M= Titrant molarity (mmol/mL)
F= equivalency factor, 455.7 mg/mmol
W= Sample weight (mg)
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Acceptance criteria: 97.0%–102.0% on the anhydrous basis
IMPURITIES
• Chloride and Sulfate, Chloride 221
Standard solution: 0.7 mL of 0.020 N hydrochloric acid
Sample: 1.0 g
Acceptance criteria: NMT 0.05%
• Chloride and Sulfate, Sulfate 221
Standard solution: 1.0 mL of 0.020 N sulfuric acid
Sample: 2.0 g
Acceptance criteria: NMT 0.05%
• Arsenic, Method I 211
Test preparation: 1 g in 35 mL of water
Acceptance criteria: NMT 3 ppm
Change to read:
• Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glassware before use,
use water that has been passed through a strong-acid, strong-base, mixed-bed ionexchange resin. Select all reagents to have as low a content of lead as practicable, and
store all reagent solutions in containers of borosilicate glass. Cleanse glassware before use
by soaking in warm 8 N nitric acid for 30 min and by rinsing with deionized water.]
Ascorbic acid–sodium iodide solution: 100 mg/mL of ascorbic acid and 192.5 mg/mL of
sodium iodide
Trioctylphosphine oxide solution: 50 mg/mL of trioctylphosphine oxide in 4-methyl-2pentanone.
[Caution—This solution causes irritation. Avoid contact with eyes, skin, and clothing. Take
special precautions in disposing of unused portions of solutions to which this reagent is
added.]
Standard solution: Transfer 5.0 mL of Lead Nitrate Stock Solution prepared as directed in
Heavy Metals
TS, 2S (USP38)

231 ,

to a 100-mL volumetric flask, and dilute with water to volume. Transfer 2.0 mL of the resulting
solution to a 50-mL volumetric flask, and add 10 mL of 9 N hydrochloric acid and 10 mL of
water. Add 20 mL of Ascorbic acid–sodium iodide solution and 5.0 mL of Trioctylphosphine oxide
solution. Shake for 30 s, and allow to separate. Add water to bring the organic solvent layer
into the neck of the flask, shake again, and allow to separate. The organic layer is the
Standard solution, and it contains 2 µg/mL of lead.
Sample solution: To a 50-mL volumetric flask add 1.0 g of Zinc Gluconate, 10 mL of 9 N
hydrochloric acid, 10 mL of water, 20 mL of Ascorbic acid–sodium iodide solution, and 5.0 mL
of Trioctylphosphine oxide solution. Shake for 30 s, and allow to separate. Add water to bring
the organic solvent layer into the neck of the flask, shake again, and allow to separate. The
organic layer is the Sample solution.
Blank: To a 50-mL volumetric flask add 10 mL of 9 N hydrochloric acid, 10 mL of water, 20 mL
of Ascorbic acid–sodium iodide solution, and 5.0 mL of Trioctylphosphine oxide solution. Shake
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for 30 s, and allow to separate. Add water to bring the organic solvent layer into the neck of
the flask, shake again, and allow to separate. The organic layer is the Blank, and it contains 0
µg/mL of lead.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Flame: Air–acetylene
System suitability
Samples: Standard solution and Blank
Suitability requirements: The absorbance of the Standard solution and the absorbance of
the Blank are significantly different.
Analysis
Samples: Standard solution, Sample solution, and Blank
Concomittantly determine the absorbances of the Blank, Standard solution, and the Sample
solution. Use the Blank to set the instrument to zero.
Acceptance criteria: NMT 10 ppm: the absorbance of the Sample solution does not exceed
that of the Standard solution.
• Limit of Cadmium
Standard stock solution: 0.1372 mg/mL of cadmium nitrate
Standard solution: Pipet 25 mL of the Standard stock solution into a 100-mL volumetric
flask, add 1 mL of hydrochloric acid, dilute with water to volume, and mix. It contains 12.5
µg/mL of cadmium (Cd).
Sample stock solution: Transfer 10.0 g of Zinc Gluconate into a 50-mL volumetric flask,
and dissolve in and dilute with water to volume.
Sample solution A: Transfer 5.0 mL of the Sample stock solution to a 25-mL volumetric
flask, and dilute with water to volume. This solution contains 0 µg/mL of added cadmium
from the Standard solution.
Sample solution B: Transfer 5.0 mL of the Sample stock solution to a 25-mL volumetric
flask, add 2.0 mL of the Standard solution, and dilute with water to volume. This solution
contains 1.0 µg/mL of added cadmium from the Standard solution.
Sample solution C: Transfer 5.0 mL of the Sample stock solution to a 25-mL volumetric
flask, add 4.0 mL of the Standard solution, and dilute with water to volume. This solution
contains 2.0 µg/mL of added cadmium from the Standard solution.
Blank: Water
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 228.8 nm
Lamp: Cadmium hollow-cathode
Flame: Air–acetylene
Analysis
Samples: Sample solution A, Sample solution B, and Sample solution C
Determine the absorbances. Correct the absorbance values of Sample solution A,
Sample solution B, and Sample solution C from that of the Blank. Plot the corrected
absorbances of Sample solution A, Sample solution B, and Sample solution C versus their
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added cadmium concentrations, in µg/mL. Draw the straight line best fitting the three
points, and extrapolate the line until it intercepts the concentration axis. From the
intercept, determine the amount, in µg/mL, of cadmium in Sample solution A.
Calculate the content of cadmium in the portion of Zinc Gluconate taken:
Result = (C × V)/W
C= concentration of cadmium in Sample solution A (µg/mL), determined from the intercept
of the linear regression line
V= volume of solvent taken to prepare Sample solution A (mL)
W
= weight of Zinc Gluconate taken to prepare Sample solution A (g)
Acceptance criteria: NMT 5 ppm
• Reducing Substances
Sample: 1.0 g of Zinc Gluconate
Blank: 10 mL of water
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
Titrant 0.1 N iodine VS
Back titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 250-mL conical flask, dissolve in 10 mL of water, and
add 25 mL of alkaline cupric citrate TS. Cover the flask, boil gently for 5 min, accurately
timed, and cool rapidly to room temperature. Add 25 mL of 0.6 N acetic acid, 10.0 mL of
Titrant, and 10 mL of 3 N hydrochloric acid, and titrate with Back titrant, adding 3 mL of
starch TS as the endpoint is approached. Perform the Blank determination.
Calculate the percentage of reducing substances (as dextrose) in the Sample taken:
Result = {[(VB

VS) × N × F]/W} × 100

V=B Back titrant volume consumed by the Blank (mL)
V=S Back titrant volume consumed by the Sample (mL)
N= Back titrant normality (mEq/mL)
F= equivalency factor, 27 mg/mEq
W
= Sample weight (mg)
Acceptance criteria: NMT 1.0%
SPECIFIC TESTS
• pH 791
Sample solution: 10 mg/mL
Acceptance criteria: 5.5–7.5
• Water Determination, Method Ib 921 : NMT 11.6%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
BRIEFING
Hydroxyethyl Cellulose, NF 32 page 6011. The European Pharmacopoeia is the coordinating
pharmacopeia for the international harmonization of the compendial standards for the
Hydroxyethyl Cellulose monograph, as part of the process of international harmonization of
monographs and general analytical methods of the European, Japanese, and United States
pharmacopeias. The following monograph, which represents the revised OFFICIAL INQUIRY
STAGE 4, REVISION 4 document, is based on the OFFICIAL INQUIRY STAGE 4 draft
published in PF 34(6) [Nov.–Dec. 2008] and PF 30(2) [Mar.–Apr. 2004] as well as comments
from the European Pharmacopoeia and the Japanese Pharmacopoeia. Changes from the
current Hydroxyethyl Cellulose monograph include the following:
1.
Definition. Revise to include the content limits for the hydroxyethoxy groups and use of
suitable pH stabilizers.
2.
Identification. Delete original tests B and C. Add a new test A with infrared (IR)
spectrophotometry. Change the original test A to test B, clarify the sample solution
preparation procedure, and revise the analysis from “heated to 60 ” to “heat 10 mL
of Sample solution to boiling”.
3.
Assay. A new Assay test by capillary GC method is added. A suitable column is RTX-1,
0.53-mm × 30-m, 3-µm, G1 column from Restek. The retention time for the internal
standard (n-octane) is about 10 min.
4.
Chlorides. New test is added.
5.
Nitrates. New test is added.
6.
Aldehydes. New test is added.
7.
Residue on Ignition. Change the current test to include the use of viscosity testing for
Nitrates and Residue on Ignition to determine the appropriate acceptance criteria.
8.
Heavy Metals. Delete the test according to section 5.60.30 in General Notices in USP.
9.
pH. Change the Acceptance criteria from “6.0–8.5” to “5.5–8.5”.
10.
Loss on Drying. Sample amount of 1.000 g is added.
11.
Viscosity. Change to include the use of rotational methods. Add a note for the purpose
of determining applicable limits in the tests for Nitrates and Residue on Ignition.
12.
Labeling. Include the statement “The label states the name and concentration of any
added pH-stabilizer.” In addition, a correction from “average value” to “labeled value”
is made to be consistent with the viscosity acceptance criteria. Future decision on
inclusion as harmonized, non-harmonized attributes or local requirements will be made
at Stage 6.
13.
Lead and Packaging and Storage. No changes from existing USP–NF text. These
attributes are not part of the Stage 4 PDG global text. Future decision on inclusion
as non-harmonized attributes or local requirements will be made at Stage 6.
Additionally, minor editorial changes have been made to update the monograph to the current
USP style.
(EXC: Jenny Liu.)
Correspondence Number—C147620
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Comment deadline: November 30, 2014
Hydroxyethyl Cellulose
Cellulose, 2-hydroxyethyl ether

[9004-62-0].

DEFINITION
Change to read:
Hydroxyethyl Cellulose is a partially substituted poly(hydroxyethyl) ether of cellulose. It is
available in several grades, varying in viscosity and degree of substitution, and some grades are
modified to improve their dispersion in water. It may contain suitable anticaking agents.
Partly O-(2-hydroxyethylated) cellulose. It may contain suitable pH-stabilizers such as
phosphates. It contains 30.0 percent to 70.0 percent of hydroxyethoxy ( OC2 H4 OH) groups
(dried substance).

IDENTIFICATION
Add the following:
• A. Infrared Absorption 197K
Change to read:
• A
B.
Sample solution: 1 g in 100 mL of water
Disperse 1.0 g of the dried substance in 50 mL of carbon dioxide-free water. After 10 min, dilute
to 100 mL with carbon dioxide-free water, and stir until dissolution is complete.
Analysis: Stir the
Heat 10 mL of
Sample solution
to boiling.
Acceptance criteria: It dissolves completely to produce a colloidal solution that
The solution
remains clear. when heated to 60

Delete the following:
• B.
Sample: 1 mL of the solution from Identification test A
Analysis: Place the Sample on a glass plate, and allow to evaporate.
Acceptance criteria: A thin, self-sustaining film is formed.
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Delete the following:
• C.
Sample solution: 1 in 2000
Analysis: To 1 mL of the Sample solution add 1 mL of phenol solution (50 mg/mL), then
add 5 mL of sulfuric acid, shake, and allow to cool.
Acceptance criteria: The color of the solution becomes orange.
ASSAY
Add the following:
• Procedure
[Caution—Hydriodic acid and its reaction byproducts are highly toxic. Perform all
steps of the Standard solution and the Sample solution in a properly functioning
hood. Specific safety practices to be followed are to be identified to the analyst
performing this test.]
[Note—Prepare the solutions immediately before use.]
Apparatus: For the reaction vial, use a 5-mL pressure-tight serum vial, 50 mm in
height, 20 mm in outside diameter, and 13 mm in inside diameter at the mouth.
The vial is equipped with a pressure-tight septum with a polytetrafluoroethylenefaced butyl rubber and an air-tight seal using an aluminum crimp or any sealing
system that provides sufficient air-tightness. Use a heater with a heating module
that has a square-shape aluminum block with holes 20 mm in diameter and 32 mm
in depth, into which the reaction vial fits. The heating module is also equipped
with a magnetic stirrer capable of mixing the contents of the vial, or use a
reciprocal shaker that performs a reciprocating motion of approximately 100
times/min.
Hydriodic acid: Use a reagent with a typical concentration of hydrogen iodide
(HI), about 57%.
Internal standard solution: To 10 mL of o-xylene, add 0.5 mL of n-octane and
dilute in o-xylene to 100.0 mL.
Standard solution: Place 60 mg of adipic acid and 2.00 mL of Internal standard
solution in a reaction vial, add 1.0 mL of Hydriodic acid and close immediately
with a septum. Accurately weigh the vial then inject 55 µl of iodoethane through
the septum in the vial, weigh again accurately and mix. After phase separation,
pierce through the septum of the vial with a cooled syringe and withdraw a
sufficient volume of the upper layer as Standard solution.
Sample solution: To 30.0 mg, add 60 mg of adipic acid in a reaction vial. Add
2.00 mL of Internal standard solution and 1.0 mL of Hydriodic acid and close
immediately with the valve. Accurately weigh the reaction vial (total mass before
heating). Place the vial in an oven or heat in a suitable heater with continuous
stirring, maintaining an internal temperature of about 165 ± 2 for 2.5 h. Allow to
cool and accurately weigh the reaction vial (total mass after heating). If the
difference of the total mass before heating to the total mass after heating is
more than 10 mg, prepare a new test solution. After phase separation, pierce
through the septum of the vial with a cooled syringe and withdraw a sufficient
volume of the upper phase as Sample solution.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m fused silica capillary, coated with a 3-µm layer of
phase G1
Carrier gas: Helium
Temperatures
Injection port: 250
Detector: 280
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
50
0
50
3
50
10
100
—
100
34.9
250
8
Flow rate: 4.2 mL/min
Injection volume: 1 µL
Injection type: Split; spilt ratio, 40:1
Run time: 20.3 min
System suitability
Suitability requirements
Sample: Standard solution
[Note—The relative retention times for iodoethane and n-octane are about 0.6
and 1.0, respectively. The retention time of the internal standard (n-octane)
is about 10 min.]
Resolution: NLT 5.0 between iodoethane and n-octane peaks
Relative standard deviation: NMT 2.0%, using the response factor of the
principal peak for six injections
Analysis
Samples: Upper layer of the Standard solution and the Sample solution
Calculate the response factor (F) from the following expression:
(rS1 × W1 × C)/(rS2 × 100 )
rS1
= peak area of the internal standard peak from the Standard solution
W=
1 weight of iodoethane in the Standard solution(mg)
C= percentage content of iodoethane from the certificate of the manufacturer
rS2
= peak area of the iodoethane peak from the Standard solution
Calculate the percentage content (m/m) of the hydroxyethoxy groups:
(rU1 × F × M1 × 100)/(rU2 × W2 × M2)
rU1
= peak area of the iodoethane peak from the Sample solution
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F = average value of the response factors of all Standard solution
M=
1 molar mass of hydroxyethoxy group, 61.1
rU2
= peak area of the internal standard peak from the Sample solution
W=
2 weight of the sample (dried substance) in the test solution (mg)
M2= molar mass of iodoethane, 156.0
Acceptance criteria: 30.0%–70.0% of hydroxyethyoxy groups ( OC2 H4 OH) on
the dried basis
IMPURITIES
Add the following:
• Chlorides
Chloride standard solution (5 ppm chloride): Dissolve 0.824 g of USP
Sodium Chloride RS in water to make 1000.0 mL. Immediately before use,
dilute 1.0 mL of the solution so obtained with water to 100.0 mL.
Standard solution: Mix 10 mL of Chloride standard solution (5 ppm chloride)
and 5 mL of water.
Sample solution: Dilute 1 mL of Sample solution prepared in Identification
test B with water to 30 mL.
Procedure: Add 1 mL of a dilute nitric acid solution (200 g/L) to 15 mL of the
Sample solution, and pour the mixture as a single addition into a test tube,
containing 1 mL of silver nitrate solution (17 g/L). Prepare a standard in the
same manner. Examine the tubes laterally against a black background.
Acceptance criteria: After standing for 5 min protected from light, any
opalescence in the Sample solution is not more intense than that in the
Standard solution (NMT 1.0%).
Add the following:
• Nitrates
[Note—Prepare all solutions immediately before use.]
Buffer solution: To a mixture of 50 mL of 1 M sulfuric acid and 800 mL of
water, add 135 g of monobasic potassium phosphate, and dilute with
water to 1000 mL.
Buffered water: Dilute 80 mL of Buffer solution with water to 2000 mL.
Nitrate standard solution (500 ppm nitrate): Dissolve 0.8154 g of
potassium nitrate in 500 mL of Buffered water, and dilute with the same
solvent to 1000.0 mL.
Sample solution: Dissolve 0.50 g of the substance to be examined in
Buffered water, and dilute with the same solvent to 100.0 mL.
Reference solutions: If hydroxyethyl cellulose has a viscosity of 1000
mPa·s or less, dilute 10.0, 20.0, and 40.0 mL of Nitrate standard
solution (500 ppm nitrate) with Buffered water to 100.0 mL, and mix. If
hydroxyethyl cellulose has a viscosity of more than 1000 mPa·s, dilute
1.0, 2.0, and 4.0 mL of Nitrate standard solution (500 ppm nitrate) with
Buffered water to 100.0 mL, and mix. In order to determine the
applicable limit, determine the viscosity using the method described
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under the Note in Viscosity.
Procedure: Carry out the measurements for each solution,
potentiometrically (see Titrimetry 541 ), using as an indicator a
nitrate selective electrode and a silver–silver chloride electrode with 0.1
M ammonium sulfate as a reference electrolyte. Calculate the
concentration of nitrates using a calibration curve.
Acceptance criteria: NMT 3.0% (dried substance), if hydroxyethyl
cellulose has a viscosity of 1000 mPa·s or less; and NMT 0.2% (dried
substance), if hydroxyethyl cellulose has a viscosity of more than 1000
mPa·s.
Add the following:
• Aldehydes
Standard solution [Glyoxal standard solution (2 ppm glyoxal)]:
In a 100 mL graduated flask, weigh a quantity of glyoxal solution
[40% (w/w)] corresponding to 0.200 g of glyoxal (C2 H2 O2 ), and
dilute with anhydrous ethanol to volume. Immediately before use
dilute the solution with the same solvent to 100 times its volume.
This is the stock solution. Immediately before use, dilute the stock
solution with anhydrous ethanol to 10 times its volume.
Sample solution: Transfer 1.0 g of Hydroxyethyl Cellulose to a test
tube with a ground glass stopper, and add 10.0 mL of anhydrous
ethanol. Stopper the tube, and stir by mechanical means for 30
min. Centrifuge, and retain the supernatant.
Procedure: To 2.0 mL of the Sample solution, add 5.0 mL of a 4 g/L
solution of methylbenzothiazolone hydrazone hydrochloride in an
80% (v/v) solution of glacial acetic acid in water. Shake to
homogenize. After 2 h, the solution is not more intensely colored
than a standard prepared at the same time and in the same manner
using 2.0 mL of the Standard solution instead of 2.0 mL of the
Sample solution.
Acceptance criteria: NMT 20 ppm, expressed as glyoxal
Change to read:
• Residue on Ignition 281 : NMT 5.0%
4.0% if hydroxyethyl cellulose has a viscosity of 1000 mPa·s or less
and NMT 1.0% if hydroxyethyl cellulose has a viscosity of more
than 1000 mPa·s, determined on 1.0 g. In order to determine
the applicable limit, determine the viscosity using the method
described under the Note in Viscosity.

• Lead 251 : NMT 10 µg/g
Delete the following:
• Heavy Metals, Method II
SPECIFIC TESTS

231 : NMT 20 µg/g
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Change to read:
• pH 791
Sample solution: 10 mg/mL
Sample solution prepared in Identification test B (10 mg/mL)
Acceptance criteria: 6.0 - 8.5
5.5–8.5

Change to read:
• Loss on Drying 731
Sample: 1.000 g

Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: NMT 10.0%
Change to read:
• Viscosity
(See Viscosity—Capillary Viscometer Methods

911

or

Rotational Rheometer Methods 912 .)
Acceptance criteria: When determined at the concentration and under the conditions specified
in the labeling, its viscosity is NLT 50% and NMT 150% of the labeled viscosity, where stated
as a single value, or it is between the maximum and minimum values, where stated as a range
of viscosities.
[
Note—In order to determine the applicable limit for the tests for Nitrates and Residue on
Ignition, determine the viscosity using the following procedure.]
While stirring, transfer a quantity of the substance to be examined equivalent to 2.00 g of the
dried substance to 50 g of water. Dilute with water to 100.0 g and stir until dissolution is
complete. Determine the viscosity using a rotating viscometer at 25 and at a shear rate of
100 s 1 for substances with an expected viscosity up to 100 mPa·s, at a shear rate of 10 s 1
for substances with an expected viscosity between 100 mPa·s and 20,000 mPa·s and at a
shear rate of 1 s 1 for substances with an expected viscosity above 20,000 mPa·s. If it is
impossible to obtain a shear rate of exactly 10 s 1 or 100 s 1, respectively, use a rate
slightly higher and a rate slightly lower and interpolate.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
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Change to read:
• Labeling: The labeling indicates its viscosity, under specified conditions, in aqueous solution.
The indicated viscosity may be in the form of a range encompassing 50%–150% of the
average
labeled

value.
The label states the name and concentration of any added pH-stabilizer.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors
Contributions in the form of original research reports, evaluations of new and existing
compendial methods, and other commentaries and articles relevant to drug standards or to
USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that
they have not been published previously in any language or medium and that they are not
simultaneously under consideration by any other publication. All manuscripts are subject to
review by USP headquarters staff, Committee members, or qualified outside referees, and if
accepted for publication they will be subject to editing by USP staff. Accepted manuscripts
become the property of the USP Convention (USPC) and may not be subsequently published
elsewhere without written permission from the USPC. Authors are also responsible for obtaining
permission for reprinting any illustrations that have been published elsewhere.
Abstract—Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References—Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
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Copyright—Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest—Maintaining independence and impartiality are
critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/conflicts-of-interest/
Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions—Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
PROPOSED REVISIONS TO GENERAL CHAPTER STERILE PRODUCT PACKAGING—INTEGRITY
EVALUATION

1207

USP Package Integrity Expert Panel: Dana M. Guazzo, Donald C. Singer, Marla Stevens-Riley,
David Walker, Lee E. Kirsch, Peter Buus, Ronald L. Mueller, Shu-chen Y. Chen, Ronald G.
Forster, Desmond G. Hunt, James P. Agalloco, James E. Akers, Mary G. Foster, and Michael N.
Eakinsa
ABSTRACT This Stimuli article provides an overview of package integrity testing for sterile
products, and presents the background for the extensive proposed revisions to general chapter
Sterile Product Packaging—Integrity Evaluation

1207 . This revised chapter, now subdivided

into four general chapters ( 1207 , Package Integrity and test Method Selection
Package Integrity Leak Test Technologies

1207.1 ,

1207.2 , and Package Seal Quality Test Methods

1207.3 ) is presented for public comment in this issue of the Pharmacopeial Forum. This
Stimuli article summarizes key research studies of the more traditional, probabilistic methods of
leak detection and compares them, when possible, to the less traditional, deterministic methods
such as pressure decay, vacuum decay, and tracer gas detection. In so doing, this article
offers perspective on the capabilities and applications of the available tests. The proposed set
of 1207 general chapters represents the joint efforts of the USP Microbiology Expert
Committee and the USP Packaging, Storage, and Distribution Expert Committee; the original
draft was prepared by the USP Packaging Integrity Expert Panel.
INTRODUCTION
Extensive revisions to general chapter Sterile Product Packaging—Integrity Evaluation 1207
are presented for public comment in this issue of the Pharmacopeial Forum. This proposal for
public comment, subdivided into four related chapters ( 1207 ,

1207.1 , 1207.2 , and

1207.3 ), represents the combined efforts of the USP Microbiology Expert Committee and the
USP Packaging, Storage, and Distribution Expert Committee.
This Stimuli article introduces the topic of package integrity from a historical point of view to
facilitate a clearer understanding of the direction for this proposed set of chapters. First, the
article provides an overview of major milestones in package integrity for pharmaceutical
parenteral products, starting with a large-scale package-integrity failure incident in the 1970s.
This incident led to a heightened awareness of package integrity and stimulated a series of
guidances regarding pertinent best practices. It was these guidances, cited in the text, which
provided basis for the proposed USP 1207 chapter set.
Second, the Panel understands the common tendency to rely on traditional leak test methods,
such as bubble emission, dye ingress, and microbial challenge test methods, as well as the lack
of clarity concerning the sensitivity of such methods, and the confusion that often occurs
when attempting to adopt other technologies. Therefore, the article summarizes findings from
key research studies using some of these more traditional probabilistic methods of leak
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detection. In several cases, results are compared to data generated using less traditional
deterministic methods, including pressure decay, vacuum decay, and tracer gas detection test
methods (see Appendix: Definitions). This background information is meant to provide
perspective on the capabilities and applications of such tests, and thereby allow for a more
insightful review of the proposed general chapters

1207 ,

1207.1 , 1207.2 , and

1207.3 .
PACKAGE INTEGRITY FAILURE OF THE EARLY 1970s
Parenteral-product package integrity made news headlines in the early 1970s when
contaminated intravenous (IV) fluids packaged in glass bottles (typical at the time for such
dosage forms) caused an estimated 2,000 to 8,000 episodes of bloodstream infection, resulting
in the deaths of about 10% of case patients. This tragedy was the largest and most lethal
known outbreak of nosocomial infection associated with widespread distribution of a
contaminated medical product in the United States (1). The ensuing investigation found that
the suspect IV packages had been closed using aluminum screw caps fitted with newly
designed elastomeric liners. At the end of terminal sterilization, coolant water had wicked
through the cap threads and remained trapped on the elastomers’ surfaces. Product shipping,
distribution, and later manipulation during routine hospital use provided ample opportunity for
contaminants in the trapped water, and on closure outer surfaces, to enter the packages. The
microorganisms responsible for the septicemia outbreaks were traced back to contaminated
autoclave coolant water as well as to IV solution product manufacturing sites (2). This problem
resulted in a nationwide total product recall (1) and prompted the pharmaceutical industry to
rethink package design and product manufacturing processes (2, 3).
BEST PRACTICES GUIDANCES
In 1983, the Parenteral Drug Association (PDA) Container Sealability Task Force issued
Technical Information Bulletin No. 4, Aspects of Container/Closure Integrity (4). This document
outlined “various physical and mechanical properties of a vial container/closure system which
affect seal integrity.” It also suggested “physical and/or microbiological testing approaches that
could be used to challenge seal integrity or demonstrate that a seal has been achieved and is
maintained over the life of the container.” The Bulletin included brief definitions of physical leak
tests, namely vacuum retention, vacuum chamber, internal pressure, dye immersion, and seal
force tests, thus reflecting the package-testing choices known at the time. For instance, in
1978, sealing force was already employed as a parenteral vial package-seal quality check (5).
And as early as 1956, the risks posed by subvisible capillary defects in poorly sealed and
cracked ampoule tips were reported. The abilities of physical methods to find such defects
were compared and reported as well. The tests investigated included dye ingress tests coupled
with differential pressure and autoclave challenge conditions (6, 7); liquid ingress tests
employing radionuclides tracers (8); and high-frequency spark tests of helium-flooded test
samples (9).
As mentioned, the PDA Bulletin No. 4 also included “microbiological challenge of media filled
containers” as a package-integrity testing alternative, employing challenge-condition options
described as “static aerosol, static immersion, static ambient and dynamic immersion” (4). Just
as with the physical methods listed, these microbiological test methods represented generally
known testing concepts. A year prior to the Bulletin, microbial challenge tests were publicized
as a means for large-scale vial package-integrity verification (10). The microbial challenge test
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by immersion was eventually adopted by many in the pharmaceutical industry and was
accepted by pharmaceutical regulatory agencies as an unofficial standard for verifying the
integrity of sterile product-package systems.
In 1998, the PDA published the PDA Pharmaceutical Package Integrity Technical Report No. 27,
providing an exhaustive listing of various physicochemical and microbiological challenge test
methods useful for package-integrity testing, plus guidance on test method selection and
validation. The Report recommended validation of physicochemical leak test methods by a
direct comparison to a microbial ingress test performed in parallel, or by an indirect comparison
to microbial ingress data found in the published literature (11).
TRADITIONAL VERSUS MORE RECENT LEAK TEST METHODS
Over time, published research has shown that optimized microbiological immersion challenge
tests can be quite sensitive, able to detect leakage pathways the size of a single
microorganism. However, studies have also shown that such tests lack reliability, often missing
leaks that could compromise product sterility (12–14). Research has also indicated that
microbial ingress tests by aerosol challenge are even less reliable and more insensitive, with
significant risks of generating false-positive results (i.e., failure of non-leaking packages) (15–
17). Conversely, published studies have proved that nonporous pharmaceutical package
integrity can be quantified in gas leakage rate units, enabling direct as well as indirect
assessments of package microbial ingress risk. This has helped to establish a better
understanding of physicochemical leak test methods’ capabilities, as well as the probabilistic
nature of microorganism ingress into packaging systems (12–14, 18).
Today, packaging science and test methodologies continue to evolve, delivering better tools
that enable a more complete evaluation of package integrity in several contexts: during
package qualification research; as part of product stability studies; and in support of
commercial product manufacturing operations. In addition, the approaches used for validating
leak test methods are changing. Given the variety of reliable and sensitive physicochemical
package leak tests and package-seal quality tests available today, the proposed USP general
chapter set 1207 stresses the importance of utilizing validated and appropriately sensitive
physicochemical leak test methods for definitive package-integrity testing. Because of the
pitfalls associated with microbial challenge tests, this proposed chapter set recommends
validation of physicochemical leak test methods solely on the basis of a direct demonstration of
method detection limit, accuracy, and precision, using appropriate positive and negative
controls, without incorporating microbial challenge comparisons. When microbiological challenge
tests are the method of choice for package integrity verification, validation of such challenge
tests must demonstrate the detection limit, accuracy, and precision of the test method in
probabilistic terms, for example, by using a sufficiently large number of carefully designed
positive and negative controls as part of a rigorously designed and controlled test to accurately
estimate failure rates (e.g., microbial ingress) in the presence of inherently large biological
variation.
Historically, package-integrity testing approaches that incorporate a microbial or tracer-liquid
(e.g., dye) challenge, or tests that detect bubble emission, have been relied upon for package
integrity verification. There are advantages to using such methods, and indeed, such tests can
provide invaluable insight into package integrity. However, because they are probabilistic in
nature, the capabilities of these methods are often misunderstood, or are unknown. Attempts
to understand these approaches are complicated by the myriad experimental designs that can
be used. The following summarizes key published research that has investigated the accuracy,
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precision, and limit of detection for specific leak test methods deemed to be probabilistic (in the
proposed chapter 1207 revision), namely, microbial challenge, tracer liquid, and bubble
emission leak test methods. In some studies, findings generated using probabilistic methods
were compared to data obtained via deterministic leak test methods, including pressure decay,
vacuum decay, and tracer gas leak detection. Research is presented in order of publication
date. After this section of research summaries is a section that highlights these findings, which
are grouped according to the specific probabilistic testing approach. Leakage rates reported for
the various research studies are those stated in the original text.
RESEARCH STUDY SUMMARIES
Study 1
Differential pressure decay vs. tracer liquid vs. bubble emission vs. microbial immersion
challenge (14, 19): Test packages were stainless steel mock-vial fixtures closed with polymercoated, 20-mm elastomeric closures. Leakage past the closure/vial interface was checked at
various closure compression levels. For samples demonstrating gas leakage greater than log 5
Pa · m3/s (measured at 3 psi differential pressure), liquid leakage always occurred (copper ion
tracer in water detected by atomic absorption). Bubble emission was consistently observed for
leakage rates larger than about log 6 Pa · m3/s, and the bubbling rate increased with the gas
leak rate. Pseudomonas aeruginosa ingress across the vial/closure interface of these same
samples occurred only sporadically, bearing no relation to gas flow rate.
Study 2
Tracer gas vs. tracer liquid vs. microbial immersion challenge (12, 20, 21): Parenteral
vials with glass micropipette orifice leaks were used as test samples. Tracer liquid ingress
(magnesium ion tracer added to the microbial challenge media, detected by atomic absorption)
as well as microbial ingress (B. diminuta plus E. coli) occurred for 28 of the 29 pipettes tested
that had 8-µm diameter tips (leak rate of log

1.9 to log

1.3 stdcm3/s). At a helium leak rate

of about log 4 stdcm3/s (micropipette orifice about 1 µm in size), the probability of liquid
leakage was about 50%, whereas the likelihood of microbial ingress was about 20%. No
microbial entry occurred for those leaks smaller than about 0.3 µm (about log 5.8 stdcm3/s).
No microbial ingress occurred in the absence of liquid in the leak path, despite defect size and
the severe challenge conditions employed.
Study 3
Tracer liquid vs. microbial immersion challenge (22): Test samples consisted of 5-mL vials
filled with 3 mL of liquid, breached with polyimide-coated glass microtubes 3 cm long, ranging in
diameter from 2 to 75 µm. Ingress of tracer liquid (red dye with surfactant detected by
spectrophotometry) into water-filled vials was compared with E. coli ingress into broth-filled
vials. Test challenge conditions followed ISO 8362-2, employing no means to optimize test
conditions. The two methods were found to be equally sensitive: 100% of 20-µm tubes leaked;
about 50% of 10-µm tubes leaked; and no leakage was noted for tubes that were 5 µm or less.
Study 4

PF 40(5): Sep.-Oct. 2014

1740

Liquid flow vs. microbial aerosol challenge (16): Glass vials (3-mL size) were encased in a
glass water jacket. Each vial contained liquid media and was fixed through the stopper with a
nickel microtube 7 mm long, ranging in diameter from 2 to 50 µm. Vials were challenged with
aerosolized Pseudomonas fragi organisms. The individual test cell’s pressure, vacuum, and
temperature conditions were kept at various predetermined levels during the aerosol challenge.
While the vials were under test conditions that ensured liquid media flow into and through the
microtubes, microbial growth was possible in the 5-µm-tubed cells, but not in the 2-µm-tubed
cells. Yet at ambient pressure conditions, with little liquid flow into the microtubes, only two of
nine 50-µm-tubed cells showed growth. There was no statistically significant difference in the
threshold leak size at which liquid flow into and through leaks started or the critical size at
which loss of microbial ingress occurred (p > 0.05).
Study 5
Tracer gas vs. microbial immersion challenge (13): A special vial fixture was used as the
test packaging system. Defects included metal discs with laser-drilled holes attached to the
vial closure, and wires compressed between the closure and the vial’s sealing surface. Microbial
ingress by immersion occurred 20% of the time for holes 4 µm in diameter (helium leak rate of
6.1 × 10 3 mbarL/s), 30% for 8-µm holes (2.8 × 10 2 mbarL/s), and 90% for 15-µm holes
(9.3 × 10 2 mbarL/s). No ingress occurred for holes that were 2 µm and smaller. Ingress risk
for wire-defect packages varied depending on whether closures were applied manually or by
machine. Manually applied closures first allowed ingress with wires 20 µm wide; ingress occurred
75% of the time (2.8 × 10 5 mbarL/s). Ingress occurred 100% of the time with manually
applied wires 28 µm wide (1.1 × 10 4 mbarL/s). Machine-applied closures first allowed ingress
with 20-µm wires, which occurred 35% of the time (2.2 × 10 5 mbarL/s), and eventually 100%
failure rates were reported using wires 60 µm wide (5.3 × 10 3 mbarL/s).
Study 6
Tracer liquid vs. vacuum decay (23, 24): Test packages were 1-mL, water-filled glass
syringes, each with a single laser-drilled hole in the barrel wall ranging in nominal diameter from
about 5 to 15 µm. Vacuum decay was performed at optimum conditions established as per
ASTM F2338. Vacuum decay was able to reliably detect all positive controls with holes at least
5 µm in nominal diameter; no negative controls were falsely rejected.
Methylene blue dye-leak tests were performed using test parameters defined by the USP/Ph.
Eur. and also using the ISO punctured-closure self-sealing dye ingress test method. Leakage
was detected by visual inspection performed by multiple operators, at multiple locations with a
variety of inspection conditions. Inspection test conditions affected the operators’ ability to
correctly identify samples with dye, and operator ability varied. No compendial (USP/Ph. Eur.)
or ISO dye ingress test method provided challenge conditions adequate to ensure dye ingress
and visual detection of all “with-hole” test samples. The magnitude of dye ingress was visibly
inconsistent among test samples within any given hole-size population group. The USP/Ph. Eur.
method failed to find all defects of any size, including the largest, 15-µm defects. The ISO
method found all 15-µm defects, but not all smaller defects. Then the test conditions were
subsequently modified by exerting lower pressure (greater vacuum). Modified methods allowed
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detection of all 10-µm and larger defects by the USP/Ph. Eur. method, and all 5-µm and larger
defects by the ISO method; however, some risk of falsely identifying negative controls as
leaking was noted in both cases.
FINDINGS PER TEST APPROACH
Microbial Challenge Tests
The studies highlighted below (which correspond in number to the six studies already described
under Research Study Summaries) demonstrate that microbial ingress test results are largely
dependent on the defect used (type, size, material, manner of preparation), and on liquid
presence within the leak path. Even under optimum conditions, ingress was consistent only
when using the largest defect size studied. This shows that microbial challenge tests are limited
in their ability to identify smaller-size leaks that could potentially allow microbial ingress.
Study 1
Microbial ingress first began to occur at lower closure compression levels that also permitted
liquid leakage. Ingress was sporadic for lower-compression at-risk samples.
Study 2
Microbial ingress never occurred if liquid was absent within the micropipette defects. Significant
effort was required to ensure liquid presence in the pipettes. With liquid presence, ingress risk
increased as a function of pipette diameter (first ingress occurred at about 0.3-µm diameter);
ingress was not guaranteed, even for larger pipettes 8 µm wide.
Study 3
Microbial ingress risk correlated with the diameter of lengthy microtube defects. First ingress
occurred with 10-µm tubes, about 50% of the time. No effort was made to optimize test
conditions.
Study 4
Microbial ingress by aerosol challenge was largely dependent on the presence of liquid media
within the microtube defects. With media present, first ingress occurred with tubes 5 µm wide.
Without liquid media, even 50-µm tubes were not likely to allow ingress.
Study 5
Microbial ingress by immersion was a function of defect type and size and package preparation
techniques. Using laser-drilled metal discs as defects, ingress first occurred with holes 4 µm
wide 20% of the time. Using wires between the closure/vial interface, manually capped
packages first allowed ingress with 20-µm-wide wires 75% of the time. If automatically capped,
the same wires were associated with leakage 35% of the time. The helium leak rates of holes
that first allowed microbial ingress were several logs lower than helium leak rates with wires
that first allowed ingress.
Tracer Liquid Tests

PF 40(5): Sep.-Oct. 2014

1742

The following highlighted studies show that the results of tracer-liquid leak tests depend on the
defect type and size, test conditions (time/pressure), tracer type, and method used for tracer
detection. With optimum test conditions and tracer type, as well as sensitive detection tools,
tracer liquid is able to find smaller leaks. However, a risk of false-positive results remains,
particularly near the method’s limit of detection, and is linked to analyst skill and technique.
Study 1
Liquid leakage, using copper ion tracer liquid detected by atomic adsorption, occurred
consistently at lower closure-compression levels (i.e., looser fit) for vial/closure test samples.
Study 2
Liquid leakage by magnesium ion tracer detected by atomic adsorption first occurred for
micropipette defects about 0.1 µm wide. Wider defects had greater leakage risk, with all 8-µm
defects showing leakage. Significant effort was required to remove air locks in the pipettes of
all test samples in order to maximize the likelihood of liquid ingress.
Study 3
Liquid leakage of red dye detected by spectrophotometry correlated with the diameter of
lengthy microtube defects. First ingress occurred with 10-µm tubes about 50% of the time. No
effort was made to optimize test conditions.
Study 6
The likelihood of liquid leakage by methylene blue tracer detected by visual inspection was
dependent on multiple factors. Inspection test conditions affected the operators’ ability to
correctly identify prepared samples with known levels of dye, and operator ability varied.
Neither the USP/Ph. Eur. nor the ISO dye methods consistently found all smaller holes (10 µm in
size and smaller). Greater vacuum conditions improved dye ingress, enabling detection of all 10µm and larger samples by the USP/Ph. Eur. method, and all 5-µm and larger samples by the ISO
method. However, a risk of false positive results was reported.
Bubble Emission Tests
Study 1 employed bubble emission tests. This work found that bubble emission was correlated
with pressure-decay gas-leak rate, and was able to identify smaller leaks. Pressure was applied
to the package internally, and the one leak location was observed closely for bubble emission.
Although this study lends support to this testing approach, bubble emission tests are more
typically performed by whole test sample submersion and vacuum exertion, with observation of
the entire package surface for bubble emission. In this case, leak detection by bubble emission
is affected by several factors including test sample orientation and test fixturing, vacuum level
drawn, immersion liquid, sample outgassing tendency, operator skill, and inspection conditions.
CONCLUSIONS
Satisfactory package integrity is a critical parameter for all parenteral products. Inadequate
package integrity may jeopardize patient safety because of possible product contamination and
physicochemical instability. Integrity failures may also put clinician safety at risk by exposing
them unnecessarily to toxic substance leakage. Even small-scale package leakage events can
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trigger massive product recalls that prove costly to the pharmaceutical industry, limit product
supply, and ultimately add to overall healthcare costs. A wide variety of package-integrity leak
test methods is needed to support the countless product-package formats that are possible,
beginning from product inception at the earliest stages of development and continuing through
commercial product end-use. It is the hope of the Expert Panel and the members of the USP
Microbiology Expert Committee and Packaging, Storage, and Distribution Expert Committee that
the proposed chapter 1207 revision will provide the background and support needed by
those dedicated to ensuring parenteral product package integrity.
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APPENDIX: DEFINITIONS
Deterministic Leak Test Method: A deterministic leak test method is one in which the leakage
event being detected or measured is based on phenomena that follow a predictable chain of
events. In addition, the measure of leak detection is based on physicochemical technologies
that are readily controlled and monitored, yielding objective quantitative data.
Probabilistic Leak Test Method: A probabilistic leak test method is the converse of a
deterministic leak test method, being stochastic in nature. Such tests rely on a series of
sequential and/or simultaneous events, each associated with random outcomes described by
probability distributions. Thus, the findings are associated with uncertainties that necessitate
large sample sizes and rigorous test condition controls in order to obtain meaningful results.
Typically, sample size and test condition rigor are inversely related to leak size, and therefore
reliable and predictable probabilistic leak test methods may prove more difficult than
deterministic methods to design, develop, validate, and implement.
a C orrespondence should be addressed to: Radhakrishna S. Tirumalai, Ph.D., Principal Scientific Liaison, US
Pharmacopeial C onvention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel. 301.816.8339; e-mail
rst@usp.org)
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Rosuvastatin Tablets [NEW] (USP39-NF34)
Salicylamide (USP39-NF34)
Tolcapone (USP39-NF34)
Tolcapone Tablets (USP39-NF34)
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Vardenafil Hydrochloride [NEW] (USP39-NF34)

STAGE 4 HARMONIZATION
Stage 4 Harmonization

NF MONOGRAPHS
Isomalt

STIMULI TO THE REVISION PROCESS
Stimuli To The Revision Process
Protecting the Quality of Clinical Trial Material During Distribution: What Studies Are Needed and
When?
Use of Enzymes in the Dissolution Testing of Gelatin Capsules and Gelatin-Coated Tablets Revisions to Dissolution <711> and Disintegration and Dissolution of Dietary Supplements
<2040>
Ophthalmic Products - Replies to Comments Received
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Please address comments on Pharmacopeial Forum content to
USP Executive Secretariat
12601 Twinbrook Parkway
Rockville, MD 20852
execsec@usp.org
ISSN: 1542-1945
Pharmacopeial Forum is covered in Current Contents/Life Sciences and in the Science Citation
Index (SCI), in International Pharmaceutical Abstracts, and in Current Awareness in Biological
Sciences.
The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,

8
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along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Section

Proposed and Adopted Revisions to the USP–NF
Content
How Readers Can Respond

PF 40(6): Nov.-Dec. 2014

Proposed
Interim
Revision
Announcements

In-Process
Revision

Proposals for Interim
Revision Announcements
(IRAs) that will be published
as official USP or NF
standards
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
Proposals for standards that
will be published as official in
a future USP–NF book or
Supplement.
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Review material and send comments within 90
days of the PF publication in which the
standard was proposed (or per the comment
deadline listed in the Briefing section). Direct
comments to the USP Scientific Liaison using
the contact information provided at the end of
each Proposed IRA

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-9986839 or stdsmonographs@usp.org.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

Review material and provide comments to the
USP Scientific Liaison using the contact
information provided at the end of each Stage
4 Harmonization. Individuals who wish to
correspond with the European and Japanese
Pharmacopoeias concerning monographs in the
Stage 4 period of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a copy to
USP.
PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Department
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu
JP Secretariat
Mr. Issei Takayama
Technical Officer
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
takayama-issei@pmda.go.jp
Articles on standards
Review material and provide comments to the
development topics authored recipient indicated (usually footnoted in each
by the USP Council of
Stimuli article).
Experts, USP staff, or other
interested parties on which
USP desires public input prior
to further development.

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Dexamethasone Sodium Phosphate Cream, USP 37 page 2551. On the basis of comments
received, it is proposed to revise the monograph as follows.
1.
Replace the Reference Standard used in the Assay, USP Dexamethasone Phosphate RS,
with USP Dexamethasone Sodium Phosphate RS. Dexamethasone phosphate is not
readily available in a quality suitable for development as a reference material.
Dexamethasone sodium phosphate has been shown to be more stable than the free
acid. The equation used to calculate the amount of dexamethasone phosphate in the
Cream is revised to incorporate the new Reference Standard used.
2.
Add the new Reference Standard used in the Assay to the USP Reference Standards
section.
3.
Add Identification test B, based on the retention time agreement for the
dexamethasone phosphate peak in the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on January 31, 2015. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of May 1, 2015.
(SM4: D. Vicchio.)
Correspondence Number—C142041

Comment deadline: January 31, 2015
Dexamethasone Sodium Phosphate Cream
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DEFINITION
Dexamethasone Sodium Phosphate Cream contains an amount of dexamethasone sodium
phosphate (C22 H28 FNa2 O8 P) equivalent to NLT 90.0% and NMT 115.0% of the labeled amount
of dexamethasone phosphate (C22 H30 FO8 P).
IDENTIFICATION
• A. Thin-Layer Chromatography
Solution A: Dissolve 3.1 g of boric acid, 203 mg of magnesium chloride, and 860 mg of
sodium hydroxide in enough water to make 1000 mL.
Solution B: 1 mg/mL of alkaline phosphatase enzyme in Solution A
Standard solution: 300 µg/mL of USP Dexamethasone RS in methylene chloride
Sample solution: Transfer 5 mL of Solution B to a glass-stoppered, 50-mL tube containing
5 mL of the Sample solution from the Assay. Incubate at 37 for 45 min, then add 25 mL
of methylene chloride and shake for 2 min. Evaporate 15 mL of the methylene chloride
extract on a steam bath to dryness, and dissolve the residue in 1 mL of methylene
chloride.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture (20- × 20-cm plate)
Application volume: 5 µL
Developing solvent system: Chloroform, acetone, and water (50:50:1)
Spray reagent: Dilute sulfuric acid (1 in 2)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram using the Developing solvent
system in a tank completely lined with filter paper, until the solvent front has moved
about three-fourths of the length of the plate. Remove the plate from the developing
tank, mark the solvent front, and allow the spots to dry. Spray the plate with Spray
reagent, and heat at 105 until brown or black spots appear.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. (IRA 1-May-2015)
ASSAY
Change to read:
• Procedure
Solution A: Dissolve 0.29 g of dibasic sodium phosphate in 450 mL of water, add 550 mL of
alcohol, and mix.
Solution B: 6.9 g/L of monobasic sodium phosphate in water
Mobile phase: Methanol and Solution B (52:48)
Standard solution: 30 µg/mL of USP Dexamethasone Phosphate RS in Solution A. Prepare
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this solution fresh.
33 µg/mL of freshly prepared USP Dexamethasone Sodium Phosphate RS in Solution A
(IRA 1-May-2015)

Sample solution: Nominally 30 µg/mL of dexamethasone phosphate, prepared as follows.
Transfer a portion of Cream, equivalent to 3 mg of dexamethasone phosphate, to a 150-mL
beaker. Add 65 mL of Solution A, and heat just to boiling. Pour the contents of the beaker into
a 125-mL separator containing 45 mL of isooctane. After shaking for 1 min, decant the lower
layer into a 100-mL volumetric flask with the aid of a glass funnel. Rinse the 150-mL beaker
with two 15-mL portions of Solution A, extracting the remaining isooctane in the separator with
each portion and decanting the lower layer from each extraction into the 100-mL volumetric
flask. Dilute with Solution A to volume. Pass through a suitable membrane filter before
injecting.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for dexamethasone phosphate is about 8.5 min.]
Suitability requirements
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dexamethasone phosphate (C22 H30 FO8 P) in
the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 (IRA 1-May-2015)

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS (IRA 1-May-2015)
in the Standard solution (µg/mL)
CU = nominal concentration of dexamethasone phosphate in the Sample solution (µg/mL)
= molecular weight of dexamethasone phosphate, 472.44
Mr1
Mr2 = molecular weight of dexamethasone sodium phosphate, 516.40
(IRA 1-May-2015)

Acceptance criteria: 90.0%–115.0%
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PERFORMANCE TESTS
• Minimum Fill 755 : Meets the requirements
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 :
Meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible tubes or tight containers.
Change to read:
• USP Reference Standards 11
USP Dexamethasone RS
USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS

(IRA 1-May-2015)

BRIEFING
Dexamethasone Sodium Phosphate Injection, USP 37 page 2552. On the basis of comments
received, it is proposed to revise the monograph as follows.
1.
Replace the Reference Standard used in the Assay, USP Dexamethasone Phosphate RS,
with USP Dexamethasone Sodium Phosphate RS. Dexamethasone phosphate is not
readily available in a quality suitable for development as a reference material.
Dexamethasone sodium phosphate has been shown to be more stable than the free
acid. The equation used to calculate the amount of dexamethasone phosphate in the
Injection is revised to incorporate the new Reference Standard used.
2.
Add the new Reference Standard used in the Assay to the USP Reference Standards
section.
3.
Add Identification test B based on the retention time agreement for the dexamethasone
phosphate peak in the Assay.
4.
Add the storage temperature in the Packaging and Storage section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on January 31, 2015. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of May 1, 2015.
(SM4: D. Vicchio.)
Correspondence Number—C142042

Comment deadline: January 31, 2015
Dexamethasone Sodium Phosphate Injection
DEFINITION
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Dexamethasone Sodium Phosphate Injection is a sterile solution of Dexamethasone Sodium
Phosphate in Water for Injection. It contains NLT 90.0% and NMT 115.0% of the labeled
amount of dexamethasone phosphate (C22 H30 FO8 P), present as the disodium salt.
IDENTIFICATION
• A. Thin-Layer Chromatography
Solution A: Mix 3.1 g of boric acid and 500 mL of water in a 1-L volumetric flask. Add 21
mL of 1 N sodium hydroxide and 10 mL of 0.1 M magnesium chloride, and dilute with water
to volume.
Solution B: 1 mg/mL of alkaline phosphatase enzyme in Solution A
Standard solution: 300 µg/mL of USP Dexamethasone RS in methylene chloride
Sample solution: Pipet a volume of Injection, equivalent to 10 mg of dexamethasone
phosphate, into a 100-mL volumetric flask, and dilute with water to volume. Pipet 5 mL of
this solution into a 125-mL separator, and wash with two 10-mL portions of water-washed
methylene chloride, discarding the washings. Transfer the solution to a glass-stoppered,
50-mL tube, and add 5 mL of Solution B. Allow to stand at 37 for 45 min, and extract
with 25 mL of methylene chloride. Evaporate 15 mL of the methylene chloride extract on a
steam bath to dryness, and dissolve the residue in 1 mL of methylene chloride.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture (20- × 20-cm plate)
Application volume: 5 µL
Developing solvent system: Chloroform, acetone, and water (50:50:1)
Spray reagent: Dilute sulfuric acid (1 in 2)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram using the Developing solvent
system in a tank completely lined with filter paper, until the solvent front has moved
about three-fourths of the length of the plate. Remove the plate from the developing
tank, mark the solvent front, and allow the spots to dry. Spray the plate with Spray
reagent, and heat at 105 until brown or black spots appear.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. (IRA 1-May-2015)
ASSAY
Change to read:
• Procedure
Mobile phase: 0.01 M monobasic potassium phosphate in a mixture of methanol and water
(1:1)
Standard solution: 0.08 mg/mL of USP Dexamethasone Phosphate RS in Mobile phase.
Prepare at time of use.
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0.09 mg/mL of freshly prepared USP Dexamethasone Sodium Phosphate RS in Mobile phase
(IRA 1-May-2015)

Sample solution: Nominally 0.08 mg/mL of dexamethasone phosphate from Injection, in Mobile
phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: 1.6 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time of dexamethasone phosphate is about 5 min.]
Suitability requirements
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dexamethasone phosphate (C22 H30 FO8 P) in
the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 (IRA 1-May-2015)

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS (IRA 1-May-2015)
in the Standard solution (µg/mL)
CU = nominal concentration of dexamethasone phosphate in the Sample solution (mg/mL)
= molecular weight of dexamethasone phosphate, 472.44
Mr1
Mr2 = molecular weight of dexamethasone sodium phosphate, 516.40
(IRA 1-May-2015)

Acceptance criteria: 90.0%–115.0%
SPECIFIC TESTS
• pH

791 : 7.0–8.5

• Bacterial Endotoxins Test 85 : NMT 31.3 USP Endotoxin Units/mg of dexamethasone
phosphate
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products
(Parenterals)—Product Quality Tests

1
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ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, protected from light.
Store at controlled room temperature. (IRA 1-May-2015)

Change to read:
• USP Reference Standards 11
USP Dexamethasone RS
USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS

(IRA 1-May-2015)

USP Endotoxin RS
BRIEFING
Dexamethasone Sodium Phosphate Ophthalmic Ointment, USP 37 page 2552 and PF 39(5)
[Sept.–Oct. 2013]. On the basis of comments received, it is proposed to revise the
monograph as follows.
1.
Replace the Reference Standard used in the Assay, USP Dexamethasone Phosphate RS,
with USP Dexamethasone Sodium Phosphate RS. Dexamethasone phosphate is not
readily available in a quality suitable for development as a reference material.
Dexamethasone sodium phosphate has been shown to be more stable than the free
acid. The equation used to calculate the amount of dexamethasone phosphate in the
Ophthalmic Ointment is revised to incorporate the new Reference Standard used.
2.
Add the new Reference Standard used in the Assay to the USP Reference Standards
section.
3.
Add Identification test B based on the retention time agreement for the dexamethasone
phosphate peak in the Assay.
4.
Add the storage temperature to the Packaging and Storage section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on January 31, 2015. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of May 1, 2015.
(SM4: D. Vicchio.)
Correspondence Number—C142043

Comment deadline: January 31, 2015
Dexamethasone Sodium Phosphate Ophthalmic Ointment
DEFINITION
Dexamethasone Sodium Phosphate Ophthalmic Ointment is a sterile ointment containing an
amount of dexamethasone sodium phosphate (C22 H28 FNa2 O8 P) equivalent to NLT 90.0% and
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NMT 115.0% of the labeled amount of dexamethasone phosphate (C22 H30 FO8 P).
IDENTIFICATION
• A. Thin-Layer Chromatography
Solution A: Dissolve 3.1 g of boric acid, 203 mg of magnesium chloride, and 860 mg of
sodium hydroxide in water to make 1000 mL.
Solution B: 1 mg/mL of alkaline phosphatase enzyme in Solution A
Standard solution: 300 µg/mL of USP Dexamethasone RS in methylene chloride
Sample solution: Transfer 5 mL of the Sample solution obtained in the Assay to a 50-mL
glass-stoppered tube. Add 5 mL of Solution B, incubate at 37 for 45 min, then add 25 mL
of methylene chloride, and shake for 2 min. Evaporate 15 mL of the methylene chloride
extract on a steam bath to dryness. Dissolve the residue in 1 mL of methylene chloride.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel (20- × 20-cm plate)
Application volume: 5 µL
Developing solvent system: Chloroform, acetone, and water (50:50:1)
Spray reagent: Dilute sulfuric acid (1 in 2)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in a tank completely lined with a
strip of filter paper, using the Developing solvent system, until the solvent front has
moved about three-fourths of the length of the plate. Remove the plate from the
developing tank, mark the solvent front, and allow the spots to dry. Spray the plate with
Spray reagent, and heat at 105 until brown or black spots appear.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. (IRA 1-May-2015)
ASSAY
Change to read:
• Procedure
Buffer: 6.9 g/L of monobasic sodium phosphate in water
Mobile phase: Methanol and Buffer (52:48)
Diluent: Dissolve 0.29 g of dibasic sodium phosphate in 450 mL of water, and add 550 mL
of alcohol.
Standard solution: 30 µg/mL of USP Dexamethasone Phosphate RS in Solution A. Prepare
this solution fresh.
33 µg/mL of freshly prepared USP Dexamethasone Sodium Phosphate RS in Solution A
(IRA 1-May-2015)
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Sample solution: Nominally 30 µg/mL of dexamethasone phosphate prepared as follows.
Transfer a portion of Ophthalmic Ointment, equivalent to 3 mg of dexamethasone phosphate,
to a 150-mL beaker. Add 65 mL of Diluent, and heat just to boiling. Pour the contents of the
beaker into a 125-mL separator containing 45 mL of isooctane. After shaking for 1 min, decant
the lower layer into a 100-mL volumetric flask with the aid of a glass funnel. Rinse the 150-mL
beaker with two 15-mL portions of Diluent, extracting the remaining isooctane in the separator
with each portion, and decanting the lower layer from each extraction into the 100-mL
volumetric flask. Dilute with Diluent to volume, and pass through a membrane filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time of dexamethasone phosphate is about 8.5 min.]
Suitability requirements
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dexamethasone phosphate (C22 H30 FO8 P) in
the portion of Ophthalmic Ointment taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 (IRA 1-May-2015)

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS (IRA 1-May-2015)
in the Standard solution (µg/mL)
CU = nominal concentration of dexamethasone phosphate in the Sample solution (µg/mL)
= molecular weight of dexamethasone phosphate, 472.44
Mr1
Mr2 = molecular weight of dexamethasone sodium phosphate, 516.40
(IRA 1-May-2015)

Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
Delete the following:
• Minimum Fill 755 : Meets the requirements

USP39
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SPECIFIC TESTS
Delete the following:
• Metal Particles in Ophthalmic Ointments

751 : Meets the requirements

USP39

Add the following:
• Other Requirements: It meets the requirements in Ophthalmic Products—Quality Tests
771 .

USP39

• Sterility Tests

71 : Meets the requirements

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.
Store between 8 and 27 .

(IRA 1-May-2015)

Change to read:
• USP Reference Standards 11
USP Dexamethasone RS
USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS

(IRA 1-May-2015)

BRIEFING
Dexamethasone Sodium Phosphate Ophthalmic Solution, USP 37 page 2553. On the basis
of comments received, it is proposed to revise the monograph as follows:
1.
Replace the Reference Standard used in the Assay, USP Dexamethasone Phosphate RS,
with USP Dexamethasone Sodium Phosphate RS. Dexamethasone phosphate is not
readily available in a quality suitable for development as a reference material.
Dexamethasone sodium phosphate has been shown to be more stable than the free
acid. The equation used to calculate the amount of dexamethasone phosphate in the
Ophthalmic Solution is revised to incorporate the new Reference Standard used.
2.
Add the new Reference Standard used in the Assay to the USP Reference Standards
section.
3.
Add Identification test B based on the retention time agreement for the dexamethasone
phosphate peak in the Assay.
4.
Add the storage temperature in the Packaging and Storage section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on January 31, 2015. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of May 1, 2015.
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(SM4: D. Vicchio.)
Correspondence Number—C142140

Comment deadline: January 31, 2015
Dexamethasone Sodium Phosphate Ophthalmic Solution
DEFINITION
Dexamethasone Sodium Phosphate Ophthalmic Solution is a sterile, aqueous solution of
Dexamethasone Sodium Phosphate. It contains an amount of dexamethasone sodium phosphate
(C22 H28 FNa2 O8 P) equivalent to NLT 90.0% and NMT 115.0% of the labeled amount of
dexamethasone phosphate (C22 H30 FO8 P).
IDENTIFICATION
• A. Thin-Layer Chromatography
Solution A: Dissolve 3.1 g of boric acid, 203 mg of magnesium chloride, and 860 mg of
sodium hydroxide in enough water to make 1000 mL.
Solution B: 1 mg/mL of alkaline phosphatase enzyme in Solution A
Standard solution: 300 µg/mL of USP Dexamethasone RS in methylene chloride
Sample solution: Transfer 5 mL of Solution B to a glass-stoppered, 50-mL tube containing
5 mL of the Sample solution from the Assay. Incubate at 37 for 45 min, then add 25 mL
of methylene chloride and shake for 2 min. Evaporate 15 mL of the methylene chloride
extract on a steam bath to dryness, and dissolve the residue in 1 mL of methylene
chloride.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture (20- × 20-cm plate)
Application volume: 5 µL
Developing solvent system: Chloroform, acetone, and water (50:50:1)
Spray reagent: Dilute sulfuric acid (1 in 2)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram using the Developing solvent
system in a tank completely lined with filter paper until the solvent front has moved about
three-fourths of the length of the plate. Remove the plate from the developing tank, mark
the solvent front, and allow the spots to dry. Spray the plate with Spray reagent, and
heat at 105 until brown or black spots appear.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. (IRA 1-May-2015)
ASSAY
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Change to read:
• Procedure
Mobile phase: 0.01 M monobasic potassium phosphate in a mixture of methanol and water
(1:1)
Standard solution: 0.08 mg/mL of USP Dexamethasone Phosphate RS in Mobile phase.
Prepare at time of use.
0.09 mg/mL of freshly prepared USP Dexamethasone Sodium Phosphate RS in Mobile phase
(IRA 1-May-2015)

Sample solution: Nominally 0.08 mg/mL of dexamethasone phosphate from Ophthalmic Solution
in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: 1.6 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time of dexamethasone phosphate is about 5 min.]
Suitability requirements
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dexamethasone phosphate (C22 H30 FO8 P) in
the portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × (Mr1 /Mr2 ) × 100

rU
rS
CS

(IRA 1-May-2015)

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS (IRA 1-May-2015)
in the Standard solution (µg/mL)
CU = nominal concentration of dexamethasone phosphate in the Sample solution (mg/mL)
Mr1 = molecular weight of dexamethasone phosphate, 472.44
Mr2 = molecular weight of dexamethasone sodium phosphate, 516.40 (IRA 1-May-2015)
Acceptance criteria: 90.0%–115.0%
SPECIFIC TESTS
• pH

791 : 6.6–7.8
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71 : Meets the requirements

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store between 15 and 25 .

(IRA 1-May-2015)

Change to read:
• USP Reference Standards 11
USP Dexamethasone RS
USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS

(IRA 1-May-2015)

BRIEFING
Neomycin Sulfate and Dexamethasone Sodium Phosphate Cream, USP 37 page 3947. The
Assay for Dexamethasone Phosphate is revised as follows:
1.
On the basis of comments received, it is proposed to replace USP Dexamethasone
Phosphate RS with USP Dexamethasone Sodium Phosphate RS. Dexamethasone
phosphate is not readily available in a quality suitable for development as a reference
material. Dexamethasone sodium phosphate has been shown to be more stable than
the free acid.
2.
The particle size of the column is added based on the fact that the MicroBondapak C18
brand of L1 column was used to validate the procedure. The Zorbax RX-C18 brand of
L1 column with the following dimensions has also been evaluated for this procedure
[4.6 × 250 mm; 5-µm particle size].
3.
As part of USP monograph modernization efforts, the TLC test in Identification test B is
replaced with an HPLC test based on the Assay.
4.
The USP Reference Standards section is revised to reflect the changes in the Assay.
USP Dexamethasone RS is removed because Identification test B is being deleted.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on January 31, 2015. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of May 1, 2015.
(SM1: A. Wise.)
Correspondence Number—C142141

Comment deadline: January 31, 2015
Neomycin Sulfate and Dexamethasone Sodium Phosphate Cream
DEFINITION
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Neomycin Sulfate and Dexamethasone Sodium Phosphate Cream contains the equivalent of NLT
90.0% and NMT 135.0% of the labeled amount of neomycin, and the equivalent of NLT 90.0%
and NMT 110.0% of the labeled amount of dexamethasone phosphate (C22 H30 FO8 P).
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
for neomycin

201BNP : Meets the requirements

Delete the following:
• B. Thin-Layer Chromatography
Buffer: 3.1 g/L of boric acid, 203 mg/L of magnesium chloride, and 860 mg/L of sodium
hydroxide in water
Solution A: 1 mg/mL alkaline phosphatase enzyme in Buffer
Standard solution: 300 µg/mL of USP Dexamethasone RS in methylene chloride
Sample stock solution: Use the Sample solution prepared as directed in the Assay for
Dexamethasone Phosphate.
Sample solution: Add 5 mL of Solution A to a glass stoppered 50-mL tube containing 5 mL
of the Sample stock solution, incubate at 37 for 45 min, then add 25 mL of methylene
chloride, and shake for 2 min. Evaporate 15 mL of the methylene chloride extract on a
steam bath to dryness, and dissolve the residue in 1 mL of methylene chloride.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Chloroform, acetone, and water (50:50:1)
Spray reagent: Dilute sulfuric acid (1 in 2)
Analysis
Samples: Standard solution and Sample solution
Apply the Standard solution and the Sample solution to the thin-layer chromatographic
plate and allow the spots to dry. Develop the chromatogram using the Developing solvent
system in a tank completely lined with filter paper, until the solvent front has moved
about three-fourths of the length of the plate. Remove the plate from the developing
tank, mark the solvent front, and allow the spots to dry. Spray the plate with Spray
reagent, and heat at 105 until brown or black spots appear.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution. (IRA 1-May-2015)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay for Dexamethasone Phosphate.
(IRA 1-May-2015)

ASSAY
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• Neomycin
(See Antibiotics—Microbial Assays 81 .)
Sample solution: Shake a portion of Cream, containing nominally 1.75 mg of neomycin,
with 50 mL of ether, and extract with four 20-mL portions of Buffer B.3. Combine the
aqueous extracts, and dilute with Buffer B.3 to a suitable volume.
Analysis: Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.3 to
obtain a Test Dilution with a neomycin concentration that is nominally equivalent to the
median level of the standard.
Acceptance criteria: 90.0%–135.0%
Change to read:
• Dexamethasone Phosphate
Solution A: 6.9 g/L of monobasic sodium phosphate
Mobile phase: Methanol and Solution A (52:48)
Diluent: Dissolve 0.29 g of dibasic sodium phosphate in 450 mL of water, and add 550 mL
of alcohol.
Standard solution: 30 µg/mL of USP Dexamethasone Phosphate RS
33 µg/mL of USP Dexamethasone Sodium Phosphate RS (IRA 1-May-2015)
in Diluent. Prepare this solution freshly.
Sample solution: Nominally 30 µg/mL of dexamethasone phosphate from Cream in Diluent,
prepared as follows. Transfer a portion of Cream, containing nominally 3 mg of dexamethasone
phosphate, to a suitable beaker. Add 65 mL of Diluent, and heat just to boiling. Pour the
contents of the beaker into a separatory funnel containing 45 mL of isooctane. After shaking
for 1 min, decant the lower layer into a 100-mL volumetric flask. Rinse the beaker with two 15mL portions of Diluent, add each to the separatory funnel, shake, and decant the lower layer
from each extraction into the 100-mL volumetric flask. Dilute with Diluent to volume, and mix.
Pass through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm;
10-µm (IRA 1-May-2015)
packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for dexamethasone phosphate is about 8.5 min.]
Suitability requirements
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dexamethasone phosphate (C22 H30 FO8 P) in
the portion of Cream taken:
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Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

(IRA 1-May-2015)

rU
rS
CS

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS (IRA 1-May-2015)
in the Standard solution (µg/mL)
CU = nominal concentration of dexamethasone phosphate in the Sample solution (µg/mL)
Mr1 = molecular weight of dexamethasone phosphate, 472.44
Mr2 = molecular weight of dexamethasone sodium phosphate, 516.40 (IRA 1-May-2015)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Minimum Fill 755 : Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible tubes or in tight containers.
Change to read:
• USP Reference Standards 11
USP Dexamethasone RS
USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS
(IRA 1-May-2015)

USP Neomycin Sulfate RS
BRIEFING
Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Ointment, USP 37
page 3947 and PF 39(5) [Sept.–Oct. 2013]. The monograph is revised as follows:
1.
On the basis of comments received, the Assay for Dexamethasone Phosphate is revised
to replace USP Dexamethasone Phosphate RS with USP Dexamethasone Sodium
Phosphate RS. Dexamethasone phosphate is not readily available in a quality suitable
for development as a reference material. Dexamethasone sodium phosphate has been
shown to be more stable than the free acid. The particle size of the column is added
based on the fact that the MicroBondapak C18 brand of L1 column was used to
validate the procedure. The Zorbax RX-C18 brand of L1 column with the following
dimensions has also been evaluated for this procedure [4.6 × 250 mm; 5-µm particle
size].
2.
As part of USP monograph modernization efforts, the TLC test in Identification test B is
replaced with an HPLC test based on the Assay.
3.
The USP Reference Standards section is revised to reflect the changes in the Assay.
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USP Dexamethasone RS is removed because Identification test B is being deleted.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The comment period for this revision ends on January 31, 2015. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of May 1, 2015.
(SM1: A. Wise.)
Correspondence Number—C132038; C142142

Comment deadline: January 31, 2015
Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Ointment
DEFINITION
Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Ointment is a sterile
ointment containing Neomycin Sulfate and Dexamethasone Sodium Phosphate. It contains the
equivalent of NLT 90.0% and NMT 135.0% of the labeled amount of neomycin, and the
equivalent of NLT 90.0% and NMT 110.0% of the labeled amount of dexamethasone phosphate
(C22 H30 FO8 P).
[Note—Where Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Ointment is
prescribed without reference to the quantity of neomycin or dexamethasone phosphate
contained therein, a product containing 3.5 mg of neomycin and 0.5 mg of dexamethasone
phosphate per g shall be dispensed.]
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test

201BNP : Meets the requirements

Delete the following:
• B. Thin-Layer Chromatography
Buffer: 3.1 g/L of boric acid, 203 mg/L of magnesium chloride, and 860 mg/L of sodium
hydroxide in water. The pH of this solution is 9.0.
Solution A: 1 mg/mL of alkaline phosphatase enzyme in Buffer
Standard solution: 300 µg/mL of USP Dexamethasone RS in methylene chloride
Sample stock solution: Use the Sample solution prepared as directed in the Assay for
Dexamethasone Phosphate.
Sample solution: Transfer 5 mL of the Solution A to a glass-stoppered, 50-mL tube
containing 5 mL of Sample stock solution, incubate at 37 for 45 min, then add 25 mL of
methylene chloride, and shake for 2 min. Evaporate 15 mL of the methylene chloride
extract on a steam bath to dryness, and dissolve the residue in 1 mL of methylene
chloride.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Chloroform, acetone, and water (50:50:1)
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Spray reagent: Dilute sulfuric acid (1 in 2)
Analysis
Samples: Standard solution and Sample solution
Apply the Standard solution and Sample solution to the plate and allow the spots to dry.
Develop the chromatogram using the Developing solvent system in a tank completely lined
with filter paper, until the solvent front has moved about three-fourths of the length of
the plate. Remove the plate from the developing tank, mark the solvent front, and allow
the spots to dry. Spray the plate with Spray reagent, and heat at 105 until brown or
black spots appear.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution. (IRA 1-May-2015)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay for Dexamethasone Phosphate.
(IRA 1-May-2015)

ASSAY
• Neomycin
(See Antibiotics—Microbial Assays 81 .)
Sample solution: Shake a weighed portion of Ophthalmic Ointment in a separator with
about 50 mL of ether, and extract with four 20-mL portions of Buffer B.3. Combine the
aqueous extracts, and dilute with Buffer B.3 to a suitable volume.
Analysis: Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.3 to
obtain a Test Dilution having a neomycin concentration that is nominally equivalent to the
median level of the standard.
Acceptance criteria: 90.0%–135.0%
Change to read:
• Dexamethasone Phosphate
Buffer: 6.9 g/L of monobasic sodium phosphate
Mobile phase: Methanol and Buffer (52:48)
Diluent: Dissolve 0.29 g of dibasic sodium phosphate in 450 mL of water, and add 550 mL
of alcohol.
Standard solution: 30 µg/mL of USP Dexamethasone Phosphate RS
33 µg/mL of USP Dexamethasone Sodium Phosphate RS (IRA 1-May-2015)
in Diluent. Prepare this solution freshly.
Sample solution: Nominally 30 µg/mL of dexamethasone phosphate, prepared as follows.
Transfer a portion of Ophthalmic Ointment containing nominally 3 mg of dexamethasone
phosphate to a suitable beaker. Add 65 mL of Diluent, and heat just to boiling. Pour the
contents of the beaker into a separator containing 45 mL of isooctane. After shaking for 1 min,
decant the lower layer into a 100-mL volumetric flask. Rinse the beaker with two 15-mL
portions of Diluent, extracting the remaining isooctane in the separator with each portion, and
decanting the lower layer from each extraction into the 100-mL volumetric flask. Dilute with
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Diluent to volume, and mix. Pass through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm;
10-µm USP39
packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for dexamethasone phosphate is about 8.5 min.]
Suitability requirements
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dexamethasone phosphate (C22 H30 FO8 P) in
the portion of Ophthalmic Ointment taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU
rS
CS

(IRA 1-May-2015)

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS (IRA 1-May-2015)
in the Standard solution (µg/mL)
CU = nominal concentration of dexamethasone phosphate in the Sample solution (µg/mL)
Mr1 = molecular weight of dexamethasone phosphate, 472.44
Mr2 = molecular weight of dexamethasone sodium phosphate, 516.40 (IRA 1-May-2015)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Delete the following:
• Minimum Fill 755 : Meets the requirements

SPECIFIC TESTS
Delete the following:
• Water Determination, Method I 921

USP39
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Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the
titration vessel.
Acceptance criteria: NMT 1.0% USP39

• Sterility Tests

71 : Meets the requirements

Delete the following:
• Metal Particles in Ophthalmic Ointments

751 : Meets the requirements

USP39

Add the following:
• Other Requirements: It meets the requirements in Ophthalmic Products—Quality Tests
771 .

USP39

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.
Change to read:
• USP Reference Standards 11
USP Dexamethasone RS
USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS
(IRA 1-May-2015)

USP Neomycin Sulfate RS
BRIEFING
Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Solution, USP 37
page 3948. The Assay for Dexamethasone Phosphate is revised as follows:
1.
On the basis of comments received, it is proposed to replace USP Dexamethasone
Phosphate RS with USP Dexamethasone Sodium Phosphate RS. Dexamethasone
phosphate is not readily available in a quality suitable for development as a reference
material. Dexamethasone sodium phosphate has been shown to be more stable than
the free acid.
2.
The particle size of the column is added based on the fact that the MicroBondapak C18
brand of L1 column was used to validate the procedure. The Zorbax RX-C18 brand of
L1 column with the following dimensions has also been evaluated for this procedureÍ
[4.6 × 250 mm; 5-µm particle size].
3.
The System suitability criteria for capacity factor and column efficiency are deleted.
The remaining requirement is adequate for this procedure.
4.
As part of USP monograph modernization efforts, the TLC test in Identification test B is
replaced with an HPLC test based on the Assay.
5.
The USP Reference Standards section is revised to reflect the changes in the Assay.
USP Dexamethasone RS is removed because Identification test B is being deleted.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
The comment period for this revision ends on January 31, 2015. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of May 1, 2015.
(SM1: A. Wise.)
Correspondence Number—C142149

Comment deadline: January 31, 2015
Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Solution
DEFINITION
Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Solution is a sterile,
aqueous solution of Neomycin Sulfate and Dexamethasone Sodium Phosphate. It contains the
equivalent of NLT 90.0% and NMT 130.0% of the labeled amount of neomycin, and the
equivalent of NLT 90.0% and NMT 115.0% of the labeled amount of dexamethasone phosphate
(C22 H30 FO8 P). It may contain one or more suitable buffers, dispersants, and preservatives.
[Note—Where Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Solution is
prescribed, without reference to the amount of neomycin or dexamethasone phosphate
contained therein, a product containing 3.5 mg/mL of neomycin and 1.0 mg/mL of
dexamethasone phosphate shall be dispensed.]
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
for neomycin

201BNP : Meets the requirements

Delete the following:
• B. Thin-Layer Chromatography
Buffer: 3.1 g/L of boric acid, 203 mg/L of magnesium chloride and 860 mg/L of sodium
hydroxide in water
Solution A: 1 mg/mL of alkaline phosphatase enzyme in Buffer
Standard solution: 300 µg/mL of USP Dexamethasone RS in methylene chloride
Sample stock solution: Use the Sample solution prepared as directed in the Assay for
Dexamethasone Phosphate.
Sample solution: Add 5 mL of Solution A to a glass stoppered 50-mL tube containing 5 mL
of the Sample stock solution, incubate at 37 for 45 min, then add 25 mL of methylene
chloride, and shake for 2 min. Evaporate 15 mL of the methylene chloride extract on a
steam bath to dryness, and dissolve the residue in 1 mL of methylene chloride.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Spray reagent: Dilute sulfuric acid (1 in 2)
Developing solvent system: Chloroform, acetone, and water (50:50:1)
Analysis
Samples: Sample solution and Standard solution
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Apply the Standard solution and the Sample solution to the thin-layer chromatographic
plate and allow the spots to dry. Develop the chromatogram using the Developing
solvent system in a tank completely lined with filter paper, until the solvent front has
moved about three-fourths of the length of the plate. Remove the plate from the
developing tank, mark the solvent front, and allow the spots to dry. Spray the plate
with Spray reagent, and heat at 105 until brown or black spots appear.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution. (IRA 1-May-2015)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay for Dexamethasone Phosphate.
(IRA 1-May-2015)

ASSAY
• Neomycin
(See Antibiotics—Microbial Assays 81 .)
Analysis: Dilute an aliquot of Ophthalmic Solution with Buffer B.3 to obtain a Test Dilution
with a neomycin concentration that is nominally equivalent to the median level of the
standard (1.0 µg/mL).
Acceptance criteria: 90.0%–130.0%
Change to read:
• Dexamethasone Phosphate
Solution A: 0.29 g/L of dibasic sodium phosphate
Solution B: 13.80 g/L of monobasic sodium phosphate
Mobile phase: Acetonitrile and Solution B (31:69)
Standard solution: 25 µg/mL of USP Dexamethasone Phosphate RS
27 µg/mL of USP Dexamethasone Sodium Phosphate RS (IRA 1-May-2015)
in Solution A. Pass through a filter of 1-µm or finer pore size.
Sample solution: Nominally 25 µg/mL of dexamethasone phosphate from Ophthalmic Solution in
Solution A prepared as follows. Slowly dilute a portion of Ophthalmic Solution with Solution A to
volume, mix, and pass through a suitable filter of 1-µm or finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm;
10-µm (IRA 1-May-2015)
packing L1
Flow rate: 1.3 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
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[Note—The retention time for dexamethasone phosphate is about 8.5 min.]
Suitability requirements
Capacity factor, k': NLT 1.05
Column efficiency: NLT 2000 theoretical plates
(IRA 1-May-2015)

Relative standard deviation: NMT 2.0%
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of the labeled amount of dexamethasone phosphate (C22 H30 FO8 P) in
each mL of the Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

(IRA 1-May-2015)

rU
rS
CS

= peak area from the Sample solution
= peak area from the Standard solution
= concentration of USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS (IRA 1-May-2015)
in the Standard solution (µg/mL)
CU = nominal concentration of dexamethasone phosphate in the Sample solution (µg/mL)
Mr1 = molecular weight of dexamethasone phosphate, 472.44
Mr2 = molecular weight of dexamethasone sodium phosphate, 516.40 (IRA 1-May-2015)
Acceptance criteria: 90.0%–115.0%
SPECIFIC TESTS
• Sterility Tests
• pH

71 : Meets the requirements

791 : 6.0–8.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and avoid exposure to
excessive heat.
Change to read:
• USP Reference Standards 11
USP Dexamethasone RS
USP Dexamethasone Phosphate RS
USP Dexamethasone Sodium Phosphate RS
(IRA 1-May-2015)

USP Neomycin Sulfate RS
In-Process Revision
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This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example,
2S (USP 34)

indicates that the proposed revision is slated for the Second Supplement to USP 34,

and
USP35

and

NF30

indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
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BRIEFING
503 Acetic Acid in Peptides, USP 37 page 229. It is proposed to add to the chapter a
second analytical procedure (Method 2) for determining the amount of acetic acid in
peptides. This HPLC procedure is based on analyses performed with the YMC, ODS-A brand
of L1 column. The typical retention time for acetic acid is about 4 min.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
Chapter

503

is referenced in the following monographs:

Calcitonin Salmon
Cosyntropin
Oxytocin
Vasopressin
The revision of 503 does affect the citations within these monographs. These citations will
be updated when the revised general chapter becomes official.
(BIO1: C. Li.)
Correspondence Number—C144279

Comment deadline: January 31, 2015
503

ACETIC ACID IN PEPTIDES

INTRODUCTION
This chapter provides procedures to be used to determine the amount of acetic acid in
peptides. Acetic acid/acetate is a common counter-ion in peptide preparations.
• Method 1
Strong sodium hydroxide solution: Dissolve 42 g of sodium hydroxide in water, and dilute
with water to 100 mL.
Solution A: Add 0.7 mL of phosphoric acid to 1000 mL of water, and adjust with Strong
sodium hydroxide solution to a pH of 3.0.
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
5
95
5
10
50
50
20
50
50
22
95
5
Diluent: Prepare a mixture of Solution A and Solution B (95:5).
Standard solution: Dissolve an accurately weighed quantity of USP Glacial Acetic Acid RS
in Diluent to obtain a solution having a known concentration of about 0.1 mg/mL. [Note
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—The concentration can be adjusted, depending on the amount of acetate or acetic acid
expected to be present in the test material.]
Sample solution: Prepare as directed in the individual monograph. The amount of material
used can be adapted, depending on the amount of acetic acid expected.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5%
Retention time of acetic acid: 3–4 min
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of acetic acid in the portion of test material taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Glacial Acetic Acid RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Add the following:
• Method 2
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system: See
Trifluoroacetic Acid (TFA) in Peptides 503.1 .
Standard solution: 0.7 mg/mL of USP Sodium Acetate Trihydrate RS in Diluent. Calculate
the concentration of acetic acid in the Standard solution (CS), in mg/mL, taken:
CS= 0.441 × C
0.441
= molecular weight conversion factor (60.05/136.08)
C = concentration of USP Sodium Acetate Trihydrate RS in the Standard solution
(mg/mL)
Sample solution: About 4 mg/mL of test sample in Diluent. [Note—The sample
concentration can be adapted, depending on the amount of acetic acid expected.]
[Note—Alternatively, Standard solution and Sample solution can be prepared as described in
Method 1.]
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5%
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Analysis: Proceed as described in Method 1.

USP39

ADDITIONAL REQUIREMENTS
Change to read:
• USP Reference Standards 11
USP Glacial Acetic Acid RS
USP Sodium Acetate Trihydrate RS

USP39

BRIEFING
503.1 Trifluoroacetic Acid (TFA) in Peptides. This proposed new general chapter provides
a single method for determining the amount of trifluoroacetic acid (TFA) in peptides.
TFA/Trifluoroacetate is a common residual process impurity in the preparation of peptides or
a counter ion in active pharmaceutical ingredients (API). The HPLC procedure is based on
analyses performed with the YMC, ODS-A brand of L1 column. The typical retention time for
TFA is about 3 min.
(BIO1: C. Li.)
Correspondence Number—C146585

Comment deadline: January 31, 2015
Add the following:
503.1

TRIFLUOROACETIC ACID (TFA) IN PEPTIDES

INTRODUCTION
The following procedures are to be used to determine the amount of trifluoroacetic acid (TFA)
in peptides. TFA/Trifluoroacetate is a common residual process impurity in the preparation of
peptides or a counter ion in active pharmaceutical ingredients (API).
• Procedure
Solution A: Add 7.0 mL of phosphoric acid and 5.0 mL of ammonium hydroxide to 900 mL of
water. Mix and dilute with water to 1000 mL. [Note—The pH of the solution is
approximately 2.5.]Pass through a 0.45-µm filter and degas. Add 20 mL of methanol, mix,
and degas for an additional 2 min.
Solution B: Acetonitrile and water (50:50), mix and degas.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
5
100
0
6
0
100
14
0
100
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15
100
0
25
100
0
Diluent: 0.5% Phosphoric acid in water (v/v)
TFA stock solution (option-1): 12 mg/mL of USP Sodium Trifluoroacetate RS in water
Calculate the concentration (CS), in mg/mL, of TFA in the TFA stock solution taken:
CS = 0.838 × C
0.838
= molecular weight conversion factor (114.02/136.01)
C = concentration of USP Sodium Trifluoroacetate RS in the TFA stock solution (mg/mL)
TFA stock solution (option-2): 10 mg/mL of TFA in water prepared as follows. Add about
50 mL of water to a 100-mL volumetric flask with a stopper. Tare the stoppered flask on
an analytical balance until there is no further significant drift in the reading. Transfer 670
µL of TFA to the flask, stopper immediately, and weigh. Dilute with water to volume.
System suitability solution: 0.025 mg/mL of TFA in Diluent prepared from the TFA stock
solution
Standard solution (when TFA content is tested as process impurity): 0.01 mg/mL of TFA
in Diluent prepared from the TFA stock solution
Standard solution (when TFA content is tested as counter ion in API): 0.25 mg/mL of TFA
in Diluent prepared from the TFA stock solution. [Note—The concentration can be
adjusted depending on the amount of TFA expected to be present in the test material.]
Sample solution: NLT 4 mg/mL of test sample in Diluent. [Note—The sample concentration
can be adapted depending on the amount of TFA expected.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1. [Note—A guard column of 4-mm × 2-cm; 5µm packing L1 can be used.]
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The retention time is about 3 min for TFA.]
Suitability requirements
Relative standard deviation: NMT 5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of TFA in the portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= TFA peak responses from the Sample solution
rS= TFA peak responses from the Standard solution
C=
S concentration of TFA in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
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ADDITIONAL REQUIREMENTS
• USP Reference Standards 11
USP Sodium Trifluoroacetate RS
USP39

BRIEFING
670 Containers—Auxiliary Packaging Component, USP 37–NF 32 page 327. On the
basis of discussions and comments received by the Packaging, Storage, and Distribution Expert
Committee, it is proposed to include compendial standards for packaging desiccants.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(PSD: D. Hunt.)
Correspondence Number—C148239

Comment deadline: January 31, 2015
Change to read:
670

AUXILIARY PACKAGING COMPONENTS

Auxiliary packaging components are articles that are used to support or enhance container–
closure systems. These articles include, but are not limited to, pharmaceutical coil
and desiccants USP39
for containers. The components covered in this chapter must meet the applicable requirements
provided and the additional applicable requirements provided in other specified chapters.
Pharmaceutical Coil
Pharmaceutical coil is used as a filling material in multiple-unit containers for solid oral dosage
forms to prevent breakage of tablets or capsules during shipment. The filling material should be
discarded once the bottle is opened.
SOLUTIONS
Iodinated Zinc Chloride Solution: Dissolve 20 g of zinc chloride and 6.5 g of potassium iodide
in 10.5 mL of Purified Water. Add 0.5 g of iodine, and shake for 15 min. Filter if necessary.
Protect from light.
Zinc Chloride–Formic Acid Solution: Dissolve 20 g of zinc chloride in 80 g of an 850 g/L
solution of anhydrous formic acid.
1% DuPont Fiber Identification Stain No. 41 Solution: Dissolve 3.8 g of powdered stain in
378.5 mL of deionized water.
Cotton Pharmaceutical Coil
Purified cotton is the hair of the seed of cultivated varieties of Gossypium hirsutum Linné, or of
other species of Gossypium (Fam. Malvaceae). It is deprived of fatty matter and bleached, and
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does not contain more than traces of leaf residue, pericarp, seed coat, or other impurities.
Cotton pharmaceutical coil is used in bottles of solid oral dosage forms to prevent breakage.
IDENTIFICATION
A: When examined under a microscope, each fiber is seen to consist of a single cell, up to
about 4 cm long and 40 µm wide, in the form of a flattened tube with thick and rounded walls
that are often twisted.
B: When treated with Iodinated Zinc Chloride Solution, the fibers become violet.
C: To 0.1 g of fibers add 10 mL of Zinc Chloride–Formic Acid Solution, heat to 40 , and allow to
stand for 2 h, shaking occasionally: the fibers do not dissolve.
D: Weigh about 5 g of fibers, wet with water, and squeeze out the excess. Add fibers to 100
mL of a boiling solution of a 1% DuPont Fiber Identification Stain No. 4 Solution, and gently boil
for at least 1 min. Remove the fibers, rinse well in cold water, and squeeze out the excess
moisture: the fibers become green.
ACIDITY OR ALKALINITY
Immerse about 10 g of fibers in 100 mL of recently boiled and cooled Purified Water, and allow
to macerate for 2 h. Decant 25-mL portions of the water, with the aid of a glass rod, into each
of two dishes. To one portion add 3 drops of phenolphthalein TS, and to the other portion add
1 drop of methyl orange TS. Neither portion appears pink when viewed against a white
background.
FLUORESCENCE
Examine a layer about 5 mm in thickness under UV light at 365 nm. It displays only a slight
brownish-violet fluorescence and a few yellow particles. It shows no intense blue fluorescence,
apart from that which may be shown by a few isolated fibers.
RESIDUAL HYDROGEN PEROXIDE CONCENTRATION
Place 1 g of fibers in a beaker containing 30 mL of Purified Water, and stir for 3 min with a
stirring rod. Pour contents into another clean container (do not squeeze sample), or
alternatively, remove the fibers from the solution with clean tweezers. Remove a peroxide
analytical test strip2 from its container, and immerse the test end into the sample liquid for 2 s.
Shake to remove the excess liquid, immediately insert the test strip into a suitable
reflectometry instrument, and record the reading in mg/kg (ppm), and calculate residual
hydrogen peroxide concentration in ppm.
For an alternate method, place 20 g in a beaker, add 400 mL of Purified Water, stir, add 20 mL
of 20% sulfuric acid, and stir contents. Titrate with 0.100 N potassium permanganate solution
to a faint pink color that remains for 30 s. Record the amount of titer, and calculate the
concentration in ppm.
NMT 50 ppm is found using either method.
Loss on Drying

731

Analysis: Dry 5 g of fibers in an oven at 105 to constant weight.
Acceptance criteria: NMT 8.0%
Residue on Ignition

281
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Analysis: Place 5 g of fibers in a porcelain or platinum dish, and moisten with 2 N sulfuric acid.
Gently heat the cotton until it is charred, then ignite more strongly until the carbon is
completely consumed.
Acceptance criteria: NMT 0.20%
WATER-SOLUBLE SUBSTANCES
Place 10 g of fibers in a beaker containing 1000 mL of Purified Water, and boil gently for 30 min,
adding water as required to maintain the volume. Pour the water through a funnel into another
vessel, and press out the excess water from the cotton with a glass rod. Wash the cotton in
the funnel with two 250-mL portions of boiling water, pressing the cotton after each washing.
Filter the combined extract and washings, and wash the filter thoroughly with hot water.
Evaporate the combined extract and washings to a small volume, transfer to a tared porcelain
or platinum dish, evaporate to dryness, and dry the residue at 105 to constant weight. The
residue weighs NMT 0.35%.
FATTY MATTER
Pack 10 g of fibers in a Soxhlet extractor provided with a tared receiver, and extract with ethyl
ether for 4 h at a rate such that the ether siphons over not less than four times per hour. The
ethyl ether solution in the flask shows no trace of blue, green, or brownish color. Evaporate the
extract to dryness, and dry at 105 for 1 h. The weight of the residue does not exceed 0.7%.
DYES
Pack about 10 g of fibers in a narrow percolator, and extract slowly with alcohol until the
percolate measures 50 mL. When observed downward through a column 20 cm in depth, the
percolate may show a yellowish color, but not a blue or a green tint.
OTHER FOREIGN MATTER
Pinches contain no oil stains or metallic particles by visual inspection.
Rayon Pharmaceutical Coil
Rayon pharmaceutical coil is a fibrous form of bleached, regenerated cellulose, to be used as a
filler in bottles of solid oral dosage forms to prevent breakage. It consists exclusively of rayon
fibers except a few isolated foreign fibers may be present. [Note—Rayon pharmaceutical coil
has been found to be a potential source of dissolution problems for gelatin capsules or gelatincoated tablets resulting from gelatin cross-linking.]
IDENTIFICATION
A: When treated with Iodinated Zinc Chloride Solution, the fibers become violet.
B: Add 10 mL of Zinc Chloride–Formic Acid Solution to 0.1 g of fibers, heat to 40 , and allow to
stand for 2 h, shaking occasionally: the fibers dissolve completely, except for mat rayon fibers
where titanium particles remain.
C: Weigh about 5 g of fibers, wet with water, and squeeze out the excess. Add fibers to 100
mL of a boiling solution of a 1% DuPont Fiber Identification Stain No. 4 Solution, and gently boil
for at least 1 min. Remove the fibers, rinse well in cold water, and squeeze out the excess
moisture: the fibers become blue–green.
Acidity or Alkalinity, Fluorescence, Fatty Matter, Dyes, and Other Foreign Matter—Proceed as
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directed under Cotton Pharmaceutical Coil, except use rayon pharmaceutical coil. Sample
weight for fatty matter is 5 g and weight of residue does not exceed 0.5%.
Loss on Drying

731

Analysis: Dry 5 g of fibers in an oven at 105 to constant weight
Acceptance criteria: NMT 11.0%
Residue on Ignition

281 : NMT 1.50%, determined on a 5-g test specimen.

Acid-Insoluble Ash—To the residue obtained in the test for Residue on Ignition, add 25 mL of 3
N hydrochloric acid, and boil for 5 min. Collect the insoluble matter on a tared filtering crucible,
wash with hot water, ignite, and weigh: the residue weighs NMT 1.25%.
Water-Soluble Substances—Proceed as directed under Cotton Pharmaceutical Coil, except to
use rayon pharmaceutical coil. The residue weighs NMT 1.0%.
Polyester Pharmaceutical Coil
Polyester pharmaceutical coil is a white odorless material, to be used as a filler in bottles of
solid oral dosage forms to prevent breakage.
IDENTIFICATION
A: Proceed as directed under Infrared Spectroscopy in the Test Methods section. Determine
the IR spectrum from 4000 to 650 cm 1 (2.5 to 15 µm). The spectrum obtained from the
specimen exhibits major absorption bands only at the same wavelengths as the spectrum of
USP Polyethylene Terephthalate RS.
B: Weigh about 5 g of fibers, wet with water, and squeeze out excess. Add fibers to 100 mL of
a boiling solution of a 1% DuPont Fiber Identification Stain No. 4 Solution, and gently boil for at
least 1 min. Remove the fibers, rinse well in cold water, and squeeze out the excess moisture:
the fibers become pale orange.
Acidity or Alkalinity—Proceed as directed under Cotton Pharmaceutical Coil, except to use
polyester pharmaceutical coil.
Loss on Drying

731

Analysis: Dry 5 g of fibers in an oven at 105 to constant weight.
Acceptance criteria: NMT 1.0%
Residue on Ignition

281 : NMT 0.5%, determined on a 5-g test specimen

Finish on Fibers—The finish on fibers used for processing should comply with FDA food contact
regulations.
Test Methods
INFRARED SPECTROSCOPY 3
Apparatus: FTIR or a double-beam spectrophotometer capable of scanning from 4000 to 650
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cm 1 (2.5 to 15 µm).
Specimen Preparation
Method 1 (Potassium Bromide Disc)—Use scissors to cut polyester fibers (1 to 3 mg) into short
lengths (less than 1 mm long), mix with 200 mg of powdered potassium bromide, and grind in a
ball mill for 1 to 2 min. Transfer to potassium bromide-disc die, and form a disc.
Method 2 (Melt Film)—Produce film by pressing polyester fibers between TFE-fluorocarbon
sheets and place between heated plates.
Add the following:
Desiccants
Desiccants are used to remove moisture from the air in order to protect drug products,
particularly solid oral dosage forms. They are supplied in a number different packaging materials
including cotton, Kraft paper, rayon and polyester cloth bags, perforated plastic, polymer films,
polymer housings or Tyvek®. The most common types of commercial desiccants are bentonite,
calcium chloride, calcium oxide, molecular sieves, and silica gel.
BENTONITE
Bentonite clay (also referred to as montmorillonite clay) is a native, colloidal, hydrated
aluminum silicate.
Appearance: Grayish-white powder or pellets with a yellowish or pinkish tint.
Identification: Characterization of Crystalline and Partially Crystalline Solids by X-Ray Powder
Diffraction (XRPD) 941 : For Sample preparation A, the largest peak corresponds to a d value
between 15.0 and 17.2 Angstroms. The major peak in the region between 1.48 and 1.54
Angstroms from the pattern of Sample B is between 1.492 and 1.504 Angstroms.
Identification—Precipitation: Formation of a gelatinous white precipitate
Inorganic Impurities
Arsenic—NMT 100 mg/kg
Lead—NMT 100 mg/kg
Specific Tests
pH

791 : 4.5 to 10.5. Disperse 4.0 g in 200 mL of water, mix vigorously to facilitate wetting.

Loss on Drying 731
Analysis: Dry 5–10 g sample at 160 to constant weight.
Acceptance criteria: NMT 3.0%
Moisture Adsorption Capacity—
NLT 9% at 20% ± 5% RH and 25 ± 2
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NLT 16% at 50% ± 5% RH and 25 ± 2
NLT 20% at 80% ± 5% RH and 25 ± 2
Test Methods
IDENTIFICATION: X-RAY DIFFRACTION
Sample Preparation A: Add 2 g in small portions to 100 mL of water with intense agitation.
Allow to stand for 12 h to ensure complete hydration. Place 2 mL of the mixture so obtained on
a suitable glass slide, and allow to air-dry at room temperature to produce an oriented film.
Place the slide in a vacuum desiccator over a free surface of ethylene glycol. Evacuate the
desiccator, and close the stopcock so that ethylene glycol saturates the desiccator chamber.
Allow the slide to stand for 12 h.
Sample Preparation B: Prepare a random powder specimen of the sample.
Analysis: Sample A and Sample B. Record the X-ray diffraction pattern of the samples, and
determine the d values.
IDENTIFICATION: PRECIPITATION
Sample: 5 g
Analysis: Add 1 g of potassium nitrate and 3 g of anhydrous sodium carbonate to the Sample
contained in a metal crucible, heat until the mixture has melted, and allow it to cool. Add 20 mL
of boiling water to the residue, mix, filter, and wash the residue with 50 mL of water. Add 1 mL
of hydrochloric acid and 5 mL of water to the residue, and filter. Add 1 mL of 10 N sodium
hydroxide to the filtrate, filter, and add 3 mL of 2 M ammonium chloride.
ARSENIC
Sample solution: Transfer 8.0 g of dried sample into a 250-mL beaker containing 100 mL of
dilute hydrochloric acid (1 in 25), mix, and cover with a watch glass. Boil gently, with
occasional stirring, for 15 min without allowing excessive foaming. Pass the hot supernatant
liquid through a rapid-flow filter paper into a 200-mL volumetric flask, and wash the filter with
four 25-mL portions of hot dilute hydrochloric acid (1 in 25), collecting the washings in the
volumetric flask. Cool the combined filtrates to room temperature, add dilute hydrochloric acid
(1 in 25) to volume and mix.
Arsenic Trioxide Stock Solution: Accurately weigh 132.0 mg of arsenic trioxide, previously
dried at 105 for 1 h, and dissolve in 5 mL of sodium hydroxide solution (1 in 5) in a 1000-mL
volumetric flask. Neutralize the solution with 2 N sulfuric acid, add an additional 10 mL of 2 N
sulfuric acid, and bring to volume with recently boiled and cooled water and mix.
Standard Arsenic solution: Dilute the Stock Solution to obtain solutions of suitable
concentrations, adaptable to the linear or working range of the instrument. Keep in an all-glass
container, and use within 3 days.
Analysis: Proceed according to Elemental Impurities—Procedures

233 .

LEAD
Sample solution: Transfer 3.75 g of sample into a 250-mL beaker containing 100 mL of dilute
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hydrochloric acid (1 in 25), stir, and cover with a watch glass. Boil for 15 min, then cool to
room temperature, and pass through a rapid-flow filter paper into a 400-mL beaker. Wash the
filter with four 25-mL portions of hot water, collecting the washings in the 400-mL beaker.
Concentrate the combined extracts by gentle boiling to approximately 20 mL. If a precipitate
forms, add 2-3 drops of nitric acid, heat to boiling, and cool to room temperature. Pass the
concentrated extracts through a rapid-flow filter paper into a 50-mL volumetric flask. Transfer
the remaining contents of the 400-mL beaker through the filter paper and into the flask with
water. Dilute with water to volume.
Lead Nitrate Stock solution: Dissolve 159.8 mg of lead nitrate in 100 mL of water to which
has been added 1 mL of nitric acid, then dilute with water to 1000 mL. Prepare and store this
solution in glass containers free from soluble lead salts.
Standard Lead solution: On the day of use, dilute the Stock Solution to obtain solutions of
suitable concentrations, adaptable to the linear or working range of the instrument
Analysis: Proceed according to Elemental Impurities—Procedures

233 .

MOISTURE ADSORPTION CAPACITY
Equipment: Temperature-humidity chambers capable of controlled humidity from 20% ± 5% RH
to 80% ±5% RH at 25 ± 2 or a desiccator containing water-saturated salts that provide %RH
at the required level plus an oven capable of maintaining 25 ± 2 .
Method: 5–10 g. Remove the sample from the packaging material. Where absorbents are
incorporated directly into the wall or cap of packaging containers, use unincorporated
desiccant. Add the sample to the humidity chamber or desiccator and measure the weight gain
over time until this reaches equilibrium when two successive consecutive weighings do not
differ by more than 3 mg/g of substance taken, the second weighing following an additional 3 ±
1 h of storage at the required temperature and humidity conditions. Calculate the adsorption
capacity as % weight gained over the initial sample weight. [Note—Where two absorbents are
packaged in combination, the Moisture Adsorption Capacity specification shall be calculated in
proportion of the mix. For example, a mixture of 60% Molecular Sieve and 40% Silica Gel, the
Moisture Adsorption Capacity would be NLT 11.6% (8.4% + 3.2%) when the test condition is
20% ± 5% RH and 25 ± 2 .]
Calculation
Molecular Sieve—60% by weight × 14% Moisture Adsorption Capacity = NLT 8.4% Moisture
Adsorption Capacity
Silica Gel—40% by weight × 8% Moisture Adsorption Capacity = NLT 3.2% Moisture Adsorption
Capacity
Calcium Chloride, Anhydrous
Identification—Calcium: Passes tests
Identification—Chloride: Passes tests
Assay: NLT 93.0% and NMT 100.5% of CaCl2
Inorganic Impurities
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Acid-Insoluble Matter—NMT 0.02% and, no particles of sample greater than 2 mm in any
dimension are present
Arsenic—NMT 5 ppm
Fluoride—NMT 0.004%
Lead—NMT 5 ppm
Magnesium and Alkali Salts—NMT 25 mg of residue (NMT 5.0%)
Specific Tests
pH

791 : 4.5 and 11.0 (1:20 aqueous solution).
Test Methods
IDENTIFICATION: CALCIUM

Sample solution—100 mg/mL: Insoluble oxalate salts are formed when solutions of calcium
salts are treated in the following manner. Using 2 drops of methyl red TS as the indicator,
neutralize a 1:20 solution of a calcium salt with 6 N ammonia, then add 2.7 N hydrochloric acid,
dropwise, until the solution is acid. A white precipitate of calcium oxalate forms upon the
addition of ammonium oxalate TS. This precipitate is insoluble in acetic acid but dissolves in
hydrochloric acid.
IDENTIFICATION: CHLORIDE
Sample solution—100 mg/mL: Solutions of chlorides yield with silver nitrate TS a white,
curdy precipitate that is insoluble in nitric acid but soluble in a slight excess of 6 N ammonia.
ASSAY
Sample: 1.5 g
Analysis: Transfer the Sample into a 250-mL volumetric flask, dissolve it in a mixture of 100 mL
of water and 5 mL of 2.7 N hydrochloric acid, dilute to volume with water, and mix. Transfer 50
mL of this solution into a suitable container and add 50 mL of water. While stirring, preferably
with a magnetic stirrer, add about 30 mL of 0.05 M disodium EDTA from a 50-mL buret. Then,
add 15 mL of 1 N sodium hydroxide and 300 mg of hydroxy naphthol blue indicator. Continue the
titration to a blue endpoint. Each mL of 0.05 M disodium EDTA is equivalent to 5.55 mg of
CaCl2 .
ACID-INSOLUBLE MATTER
Filter assembly: Place a 32-mm (od) lintine disc filter in a suitable filter assembly comprised of
a 2.5-L screw-cap bottle cut in half horizontally and fitted with a rubber washer (35-mm od
and 25-mm id), followed by the lintine disc, a 20-mesh stainless steel screen (35-mm od), and
a bottle cap with a 25-mm hole in the top
Sample solution: Dissolve 1 kg sample in 3 L of water containing 10 mL of glacial acetic acid.
Allow the solution to cool.
Analysis: Wash the Filter assembly, with the filter at the bottom, with 100 mL of 1:300 acetic
acid, followed by 100 mL of water. Remove the disc from the assembly, place it on a watch
glass, dry the combination at 105 for 2 h, let cool and weigh. Filter the Sample solution through
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the lintine disc. Rinse the walls of the Filter assembly so that all insoluble matter is transferred
to the disc, and wash with 100 mL of water. Place the disc on the same watch glass mentioned
above, dry at 105 for 2 h, let cool and weigh the combination, being careful at all times not to
lose any particles that may be on the disc. The difference in the two weights is the weight of
the acid-insoluble matter. Place the disc under a low-power magnifier (4× to 10×
magnification). Using a millimeter rule, measure the largest dimensions of each particle (or as
many as may be necessary) on the disc.
ARSENIC
Sample solution: 1 g in 10 mL
Stock and Standard solution: Proceed as directed under Bentonite.
Analysis: Proceed as directed under Bentonite.
FLUORIDE
Sodium Fluoride solution: (5 µg F/mL) Transfer 2.210 g of sodium fluoride, previously dried at
200 for 4 h and accurately weighed, into a 400-mL plastic beaker, add 200 mL of water, and
stir until dissolved. Quantitatively transfer this solution into a 1000-mL volumetric flask with the
aid of water, dilute with water to volume, and mix. Store this stock solution in a plastic bottle.
On the day of use, transfer 5.0 mL of the stock solution into a 1000-mL volumetric flask, dilute
with water to volume, and mix.
Calibration curve: Transfer 1.0, 2.0, 3.0, 5.0, 10.0, and 15.0 mL of the Sodium Fluoride
solution into separate 250-mL plastic beakers. Add 50 mL of water, 5 mL of 1 N hydrochloric
acid, 10 mL of 1 M sodium citrate, and 10 mL of 0.2 M disodium EDTA to each beaker and mix.
Transfer each solution into separate 100-mL volumetric flasks, dilute with water to volume, and
mix. Transfer a 50-mL portion of each solution into separate 125-mL plastic beakers, and
measure the potential of each solution with a suitable ion-selective electrode apparatus (such
as the Orion Model No. 94–09, with solid-state membrane), using a suitable reference electrode
(such as the Orion Model No. 90–01, with single junction). Plot the calibration curve on twocycle semi-logarithmic paper (such as K & E No. 465130) or with the use of a suitable graphing
calculator or spreadsheet program, with µg of F per 100 mL solution on the logarithmic scale.
Analysis: Transfer 1.00 g of sample into a 150–mL glass beaker, add 10 mL of water, and,
while stirring continuously, slowly add 20 mL of 1 N hydrochloric acid to dissolve the sample.
Boil rapidly for 1 min, then transfer into a 250-mL plastic beaker, and cool rapidly in ice water.
Add 15 mL of 1 M sodium citrate and 10 mL of 0.2 M disodium EDTA, and mix. Adjust the pH to
5.5 ± 0.1 with 1 N hydrochloric acid or 1 N sodium hydroxide, if necessary. Transfer into a 100mL volumetric flask, dilute with water to volume, and mix. Transfer a 50-mL portion of this
solution into a 125-mL plastic beaker, and measure the potential of the solution with the
apparatus described under Calibration curve. Determine the fluoride content, in µg, of the
sample from the Calibration curve. Determine the percentage of fluoride in the sample taken:
Result = (C/WS) × 0.000001 × 100%
in which C is the content of fluoride, in µg, in the sample, determined from the Calibration
curve; WS is the sample weight, in g; and 0.000001 is a factor converting µg to grams.
LEAD
Sample solution: 1 g in 20 mL
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Stock and Standard solutions: Proceed as directed under Bentonite.
Analysis: Proceed as directed under Bentonite.
MAGNESIUM AND ALKALI SALTS
Sample: 1 g
Analysis: Dissolve the Sample in 50 mL of water, add 500 mg of ammonium chloride, mix, and
boil for 1 min. Rapidly add 40 mL of oxalic acid TS and stir vigorously until precipitation is well
established. Immediately add 2 drops of methyl red TS. Then add 6 N ammonium hydroxide,
dropwise, until the mixture is just alkaline, and cool. Transfer the mixture to a 100-mL cylinder,
dilute to 100 mL with water, and let it stand for 4 h or overnight. Decant the clear,
supernatant liquid through a dry filter paper, and transfer 50 mL of the clear filtrate to a
platinum dish. Add 0.5 mL of sulfuric acid to the dish and evaporate the mixture on a steam
bath to a small volume. Carefully evaporate the remaining liquid to dryness over a free flame
and continue heating until the ammonium salts have been completely decomposed and
volatilized. Finally, ignite the residue to constant weight.
CALCIUM OXIDE
Identification—Calcium: Passes tests
Assay: NLT 95.0% and NMT 100.5% of CaO, on the ignited basis
Inorganic Impurities:
Acid-Insoluble Substances—NMT 1%
Magnesium or Alkali Salts—NMT 3.6%
Arsenic—NMT 3 ppm
Fluoride—NMT 0.015%
Lead—NMT 2 mg/kg
Magnesium and Alkali Salts—NMT 25 mg of residue (NMT 5.0%)
Specific Tests:
Loss on Ignition—NMT 10.0%
TEST METHODS
IDENTIFICATION: CALCIUM
Sample solution—Shake 1 g of sample with 20 mL of water and add glacial acetic acid until the
sample is dissolved.
Analysis—Proceed as directed under Calcium Chloride.
Sample—1 g of sample ignited to a constant weight (See Loss on Ignition below.)
Analysis—Dissolve the Sample in 20 mL of 2.7 N hydrochloric acid. Cool the solution, dilute with
water to 500.0 mL, and mix. Pipet 50.0 mL of this solution into a suitable container, and add 50
mL of water. While stirring, preferably with a magnetic stirrer, add about 30 mL of 0.05 M
disodium EDTA from a 50-mL buret. Then, add 15 mL of 1 N sodium hydroxide and 300 mg of

PF 40(6): Nov.-Dec. 2014

50

hydroxy naphthol blue indicator. Continue the titration with disodium EDTA to a blue endpoint.
Each mL of 0.05 M disodium EDTA is equivalent to 2.804 mg of CaO.
Magnesium or Alkali Salts
Sample—500 mg
Analysis—Dissolve the Sample in 30 mL of water and 15 mL of 2.7 N hydrochloric acid. Heat the
solution, boil for 1 min, and rapidly add 40 mL of oxalic acid TS, and stir vigorously. Add 2 drops
of methyl red TS, and neutralize the solution with 6 N ammonium hydroxide to precipitate the
calcium completely. Heat the mixture on a steam bath for 1 h and allow it to cool. Dilute the
mixture with water to 100 mL, mix well, and filter. Add 0.5 mL of sulfuric acid to 50 mL of the
filtrate. Then evaporate to dryness and ignite to constant weight in a tared platinum crucible
at 800 ± 25 .
Arsenic
Sample solution—1 g in 15 mL of 2.7 N hydrochloric acid
Stock and Standard solutions—Proceed as directed under Bentonite.
Analysis—Proceed as directed under Bentonite.
Fluoride
Sample—1.0 g
Analysis—Proceed as directed under Calcium Chloride.
Lead
Sample solution—1 g in 15 mL of 2.7 N hydrochloric acid
Stock and Standard solutions—Proceed as directed under Bentonite.
Analysis—Proceed as directed under Bentonite.
Acid-Insoluble Substances
Sample solution: Shake 5 g of sample, and then mix it with 100 mL of water and sufficient
hydrochloric acid, added dropwise, to dissolve it.
Analysis: Boil the Sample solution, cool, add hydrochloric acid, if necessary, to make the
solution distinctly acid, and pass through a tared glass filter crucible. Wash the residue with
water until free of chlorides, dry at 105 for 1 h, cool, and weigh.
Loss on Ignition
Sample—1 g
Analysis—Ignite the Sample to constant weight in a tared platinum crucible at 1100 ± 50 .
MOLECULAR SIEVES
Molecular sieves are synthetic porous crystalline alkali-metal aluminosilicates in a beaded form
with a tightly controlled pore size. The most commonly used molecular sieves for desiccants
have a pore size of 3 Angstroms (type 3A), 4 Angstroms (type 4A), 5 Angstroms (type 5A), 8
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Angstroms (type 8A) or 13 Angstroms (type 13X). Molecular sieves may be colored blue by the
addition of cobalt chloride, which turns to pink when hydrated.
Identification A: The drop of water becomes turbid.
Identification B: Passes tests
Inorganic Impurities
Lead—NMT 100 ppm
Specific Tests
pH

791 : 6.0 to 11 (200 mg/mL in carbon dioxide-free water)

Loss on Drying
3.0%.

731 : Dry a 5-10 g sample at 575 ± 50 to a constant weight: it loses NMT

Moisture Adsorption Capacity
NLT 14% wt at 20% ± 5% RH and 25

2

NLT 16.5% wt at 50% ± 5% RH and 25

2

NLT 16.5% wt at 80% ± 5% RH and 25

2
TEST METHODS

Identification test A
Sample—500 mg
Analysis—Mix the Sample with 2.5 g of anhydrous potassium carbonate, and heat the mixture in
a platinum or nickel crucible until it melts completely. Cool, add 5 mL of water, and allow to
stand for 3 min. Heat the bottom of the crucible gently, detach the melt, and transfer it into a
beaker with the aid of about 50 mL of water. Gradually add hydrochloric acid until no
effervescence is observed, add 10 mL more of the acid, and evaporate to dryness on a steam
bath. Cool, add 20 mL of water, boil, and pass through ash-free filter paper. An insoluble
residue of silica remains. [Note—Retain the filtrate for Identification test B.] Transfer the
gelatinous residue to a platinum dish, and cautiously add 5 mL of hydrofluoric acid. [Caution
—Handle hydrofluoric acid in a fume hood with appropriate precautions.] The precipitate
dissolves. (If it does not dissolve, repeat the treatment with hydrofluoric acid.) Heat the
solution and introduce a glass stirring rod with a drop of water on the tip into the resulting
vapors.
Identification test B: Aluminum
Sample—A portion of the filtrate obtained in Identification test A
Analysis—Solutions of aluminum salts yield with 6 N ammonia a white, gelatinous precipitate
that is insoluble in an excess of the 6 N ammonia. The same precipitate is produced by 1 N
sodium hydroxide, but it dissolves in an excess of this reagent.
Lead
Sample solution—Transfer 10.0 g of sample into a 250-mL beaker, add 50 mL of 0.5 N
hydrochloric acid, cover with a watch glass, and heat slowly to boiling. Boil gently for 15 min,
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cool, and let the undissolved material settle. Decant the supernatant liquid through Whatman
No. 4, or equivalent, filter paper into a 100-mL volumetric flask, retaining as much as possible
of the insoluble material in the beaker. Wash the slurry and beaker with three 10-mL portions of
hot water, decanting each washing through the filter into the flask. Finally, wash the filter
paper with 15 mL of hot water, cool the filtrate to room temperature, dilute with water to
volume, and mix.
Stock and Standard solutions—Proceed as directed under Bentonite.
Analysis—Proceed as directed under Bentonite.
Moisture Adsorption Capacity
Proceed as directed under Bentonite.
SILICA GEL
Silica gel is silicon dioxide (SiO2 × H2 O) that has been manufactured by the addition of sodium
silicate solution to a mineral acid to produce a gelatinous precipitate that is washed, then
dehydrated to produce colorless silica gel in a bead, granular, or micronized form in a range of
mesh sizes. Indicating silica gel changes color when hydrated, e.g. blue to pink due to the
presence of cobalt chloride, or orange to dark green due to the presence of methyl violet or
orange to translucent due to the presence of phenolphthalein.
Appearance: A white or translucent bead or granule
Identification A—A deep yellow color is produced
Identification B—A green-blue spot develops
Assay: NLT 94.0% of SiO2 on the ignited basis
Inorganic Impurities
Lead—100 ppm
Soluble Ionizable Salts (as NaSO3)—The conductance produced by the sample is not greater
than that produced by the control solution (equivalent to NMT 5.0%)
Specific Tests
pH

791 : 4 to 8 in a slurry (1 in 20)

Loss on Drying
of its weight

731 : Dry a 5–10 g sample at 160 to a constant weight; it loses NMT 3.0%

Moisture Adsorption Capacity
NLT 8% wt at 20% ± 5% RH and 25 ± 2
NLT 23% wt at 50% ± 5% RH and 25 ± 2
NLT 27% wt at 80% ± 5% RH and 25± 2
TEST METHODS
Identification test A
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Sample—5 mg
Analysis—Place into a platinum crucible, mix with 200 mg of anhydrous potassium carbonate,
and ignite over a burner at a red heat for about 10 min. Cool, dissolve the melt in 2 mL of
freshly distilled water, warming if necessary, and slowly add 2 mL of ammonium molybdate TS.
Identification test B: Aluminum
Sample—Solution remaining from Identification test A
Analysis—Place 1 drop of Sample from Identification test A on a filter paper, and evaporate the
solvent. Add 1 drop of a saturated solution of o–tolidine in glacial acetic acid, and place the
paper over ammonium hydroxide.
Assay
Sample—1 g, previously dried
Analysis—Transfer Sample into a tared platinum crucible, ignite as directed in the test for Loss
on Ignition (below), cool in a desiccator, and weigh to obtain the ignited sample weight (W1).
Moisten the residue with 3 or 4 drops of alcohol, add 2 drops of sulfuric acid, and then add
enough hydrofluoric acid to cover the wetted Sample. [Caution—Handle hydrofluoric acid in an
appropriate fume hood with appropriate precautions.] Evaporate to dryness on a hot plate,
using medium heat (95 –105 ), then add 5 mL of hydrofluoric acid, swirl the dish carefully to
wash down the sides, and again evaporate to dryness. Ignite the dried residue over a Meker
burner to a red heat, cool in a desiccator, and weigh to obtain the residual weight (W2). The
difference between the ignited sample weight and the residual weight (W1
the weight, in g, of SiO2 in the ignited sample.

W2) represents

Lead
Sample solution—Transfer 5.0 g of sample into a 250-mL beaker, add 50 mL of 0.5 N
hydrochloric acid, cover with a watch glass, and slowly heat to boiling. Boil gently for 15 min,
cool, and let the undissolved material settle. Decant the supernatant liquid through a Whatman
No. 3, or equivalent, filter paper into a 100-mL volumetric flask, retaining as much as possible
of the insoluble material in the beaker. Wash the slurry and beaker with three 10-mL portions of
hot water, decanting each washing through the filter into the flask. Finally, wash the filter
paper with 15 mL of hot water, cool the filtrate to room temperature, dilute with water to
volume, and mix.
Stock and Standard solutions—Proceed as directed under Bentonite.
Analysis—Proceed as directed under Bentonite.
Soluble Ionizable Salts (as Na2SO4)
Sample—5 g, previously dried
Control solution—1 mg/mL anhydrous sodium sulfate, made to 250 mL
Analysis—Stir Sample with 150 mL of water for at least 5 min in a high-speed mixer. Filter with
the aid of suction, and wash the mixer and filter with 100 mL of water in divided portions,
adding the washings to the filtrate. Dilute the filtrate with water to 250 mL. Determine the
conductances of the diluted filtrate and of the Control solution with a suitable conductance
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bridge assembly.
Moisture Adsorption Capacity—Proceed as directed under Bentonite.
USP39

1 DuPont Fiber Identification Stain No. 4 is available from Pylam Products C o., 2175 East C edar Street,
Tempe, AZ 85281; www.pylamdyes.com.
2 A suitable analysis system consisting of Reflectoquant® peroxide test strips and a RQflex® reflectometry
instrument may be obtained from EMD C hemicals Inc., 480 S. Democrat Road, Gibbstown, NJ 08027;
www.emdchemicals.com.
3 Additional information on fiber identification methods may be found in “Standard Test Methods for
Identification of Fibers in Textiles”. C urrent version of ASTM Method D276, published by ASTM International,
100 Barr Harbor Drive, P.O. Box C 700, West C onshohocken, PA 19428-2959; www.astm.org.

BRIEFING
711 Dissolution, USP 37 page 344. The following changes are proposed for this chapter:
1.

2.

Clarify that the addition of enzymes to the dissolution medium can be made only if
the dosage form containing gelatin is not meeting the appropriate acceptance criteria
and if there is evidence of cross-linking in the gelatin.
Specify the use of pepsin for dissolution medium with a pH

4.0.

3.

Clarify that the procedure for the determination of pepsin activity is the procedure in
Pepsin, which is located in the Reagent Specifications section of USP–NF.

4.

Specify the use of papain or bromelain for dissolution medium with a pH >4.0 and
<6.8.

5.

Increase the amount of pancreatin from 1750 USP Units/L of protease activity to
2000 USP Units/L of protease activity.

6.

Include the pretreatment procedure to be used when the dissolution medium
contains surfactants or other ingredients known to denature the enzyme being used.

The rationale and data supporting these revisions can be found in the Stimuli article Use of
Enzymes in the Dissolution Testing of Gelatin Capsules and Gelatin-Coated Tablets—Revisions to
Dissolution 711 and Disintegration and Dissolution of Dietary Supplements
published elsewhere in this issue of PF.

2040 , being

Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCDF: M. Marques.)
Correspondence Number—C147434

Comment deadline: January 31, 2015
711
Change to read:

DISSOLUTION
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General chapter Dissolution 711 is being harmonized with the corresponding texts of the
European Pharmacopoeia and/or the Japanese Pharmacopoeia. These pharmacopeias have
undertaken to not make any unilateral change to this harmonized chapter.
Portions of the present general chapter text that are national USP text, and therefore not part
of the harmonized text, are marked with symbols (

) to specify this fact.

This test is provided to determine compliance with the dissolution requirements where stated
in the individual monograph for dosage forms administered orally. In this general chapter, a
dosage unit is defined as 1 tablet or 1 capsule or the amount specified. Of the types of
apparatus designs described herein, use the one specified in the individual monograph. Where
the label states that an article is enteric coated and a dissolution or disintegration test does
not specifically state that it is to be applied to delayed-release articles and is included in the
individual monograph, the procedure and interpretation given for Delayed-Release Dosage
Forms are applied, unless otherwise specified in the individual monograph. For hard or soft
gelatin capsules and gelatin-coated tablets that do not conform to the Dissolution
specification, repeat the test as follows. Where water or a medium with a pH of less than 6.8 is
specified as the Medium in the individual monograph, the same Medium specified may be used
with the addition of purified pepsin that results in an activity of 750,000 Units or less per 1000
mL. For media with a pH of 6.8 or greater, pancreatin can be added to produce not more than
1750 USP Units of protease activity per 1000 mL.
FOR DOSAGE FORMS CONTAINING OR COATED WITH GELATIN
If the dosage form containing gelatin does not meet the criteria in the appropriate Acceptance
Table (see Interpretation, Immediate-Release Dosage Forms, Extended-Release Dosage Forms,
or Delayed-Release Dosage Forms) because of evidence of the presence of cross-linking, the
dissolution procedure should be repeated with the addition of enzymes to the medium, as
described below, and the dissolution results should be evaluated starting at the first stage of
the appropriate Acceptance Table. It is not necessary to continue testing through the last
stage (up to 24 units) when criteria are not met during the first stage testing, and evidence of
cross-linking is observed.
Gelatin, in the presence of certain compounds and/or in certain storage conditions, including
but not restricted to high humidity and temperature, may present cross-linking. A pellicle may
form on the external and/or internal surface of the gelatin capsule shell or on the dosage form
that prevents the drug from being released during dissolution testing (see more information in
Capsules—Dissolution Testing and Related Quality Attributes

1094 ).

Note—All references to a chapter above 1000 are for information purposes only, for use as
a helpful resource. These chapters are not mandatory unless explicitly called out for this
application.
Dissolution Medium with pH

4.0

Enzyme: Pepsin, activity determined by the procedure in Pepsin, in the Reagent
Specifications section.
Amount: A quantity of pepsin that results in an activity of NMT 750,000 Units/L of dissolution
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medium.
Dissolution Medium with pH >4.0 and <6.8
Enzyme: Papain, activity determined by the Assay test in the monograph for Papain; or
bromelain, activity determined by the procedure in Bromelain, in the Reagent Specifications
section.
Amount: A quantity of papain that results in an activity of NMT 550,000 Units/L of dissolution
medium, or a quantity of bromelain that results in an activity of NMT 30 gelatin-digesting units
(GDU)/L of dissolution medium.
Dissolution Medium with pH

6.8

Enzyme: Pancreatin, protease activity determined by the procedure in Assay for protease
activity (Casein digestive power) in the monograph for Pancreatin.
Amount: A quantity of pancreatin that results in a protease activity of NMT 2000 Units/L of
dissolution medium.
Dissolution Medium Containing Surfactant or Other Ingredients Known to Denature the
Enzyme
If the dissolution medium contains surfactant or other ingredients that are known to denature
the enzyme used, a pretreatment step in the dissolution testing of the dosage form may be
applied. This pretreatment step is done using the specified dissolution medium without the
surfactant or the ingredient and with the addition of the appropriate amount of enzyme
according to the medium pH. The amount of enzyme added is appropriate to the volume of
dissolution medium used in the pretreatment. To achieve the specified medium volume for the
final dissolution testing, the pretreatment step may be conducted with a smaller volume of
medium without the ingredient such that the final volume is obtained when the ingredient is
added at the end of the pretreatment step. All of the other conditions of the test (apparatus,
rotation, or flow rate) should remain as described in the method or monograph. Typically, the
duration of the pretreatment step is NMT 15 min. The required pretreatment time should be
evaluated on a case-by-case basis and should be scientifically justified. This time should be
included in the total time of the test. As an example, if the total time of the test is 45 min and
15 min are used in the pretreatment step, the test will continue for 30 min after the addition of
the ingredient.
USP39

USP Reference Standards

11 —USP Prednisone Tablets RS.
APPARATUS
Apparatus 1 (Basket Apparatus)

The assembly consists of the following: a vessel, which may be covered, and made of glass or
other inert, transparent material;1 a motor; a metallic drive shaft; and a cylindrical basket. The
vessel is partially immersed in a suitable water bath of any convenient size or heated by a
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suitable device, such as a heating jacket. The water bath or heating device permits holding the
temperature inside the vessel at 37 ± 0.5 during the test and keeps the bath fluid in constant,
smooth motion. No part of the assembly, including the environment in which the assembly is
placed, contributes significant motion, agitation, or vibration beyond that due to the smoothly
rotating, stirring element. An apparatus that permits observation of the specimen and of the
stirring element during the test is preferable. The vessel is cylindrical, with a hemispherical
bottom and

with one of the following dimensions and capacities: for a nominal

capacity of 1

L, the height is 160–210 mm, and its inside diameter is 98–106 mm; for a nominal capacity of
2 L, the height is 280–300 mm, and its inside diameter is 98–106 mm; and for a nominal
capacity of 4 L, the height is 280–300 mm, and its inside diameter is 145–155 mm . Its sides
are flanged at the top. A fitted cover may be used to retard evaporation.2 The shaft is
positioned so that its axis is NMT 2 mm at any point from the vertical axis of the vessel and
rotates smoothly and without significant wobble that could affect the results. A speedregulating device is used that allows the shaft rotation speed to be selected and maintained at
the specified rate given in the individual monograph within ±4%.
Shaft and basket components of the stirring element are fabricated of stainless steel, type
316, or other inert material, to the specifications shown in Figure 1. A basket having a gold
coating of about 0.0001 inch (2.5 µm) thick may be used. A dosage unit is placed in a dry
basket at the beginning of each test. The distance between the inside bottom of the vessel
and the bottom of the basket is maintained at 25 ± 2 mm during the test.
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Figure 1. Basket stirring element.
Apparatus 2 (Paddle Apparatus)
Use the assembly from Apparatus 1, except that a paddle formed from a blade and a shaft is
used as the stirring element. The shaft is positioned so that its axis is NMT 2 mm from the
vertical axis of the vessel at any point and rotates smoothly without significant wobble that
could affect the results. The vertical center line of the blade passes through the axis of the
shaft so that the bottom of the blade is flush with the bottom of the shaft. The paddle
conforms to the specifications shown in Figure 2. The distance of 25 ± 2 mm between the
bottom of the blade and the inside bottom of the vessel is maintained during the test. The
metallic or suitably inert, rigid blade and shaft compose a single entity. A suitable two-part,
detachable design may be used, provided that the assembly remains firmly engaged during the
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test. The paddle blade and shaft may be coated with a suitable coating so as to make both of
them inert. The dosage unit is allowed to sink to the bottom of the vessel before rotation of
the blade is started. A small, loose piece of nonreactive material, such as NMT a few turns of
wire helix, may be attached to dosage units that would otherwise float. An alternative sinker
device is shown in Figure 2a. Other validated sinker devices may be used.
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Figure 2. Paddle stirring element.
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Figure 2a. Alternative sinker. All dimensions are expressed in mm.
Apparatus 3 (Reciprocating Cylinder)
NOT ACCEPTED BY THE JAPANESE PHARMACOPOEIA
The assembly consists of a set of cylindrical, flat-bottomed glass vessels; a set of glass
reciprocating cylinders; inert fittings (stainless steel type 316 or other suitable material), and
screens that are made of suitable nonsorbing and nonreactive material and that are designed to
fit the tops and bottoms of the reciprocating cylinders; and a motor and drive assembly to
reciprocate the cylinders vertically inside the vessels; if desired, index the reciprocating
cylinders horizontally to a different row of vessels. The vessels are partially immersed in a
suitable water bath of any convenient size that permits holding the temperature at 37 ± 0.5
during the test. No part of the assembly, including the environment in which the assembly is
placed, contributes significant motion, agitation, or vibration beyond that due to the smooth,
vertically reciprocating cylinder. A device is used that allows the reciprocation rate to be
selected and maintained at the specified dip rate given in the individual monograph within
±5%. An apparatus that permits observation of the specimens and reciprocating cylinders is
preferable. The vessels are provided with evaporation caps that remain in place for the duration
of the test. The components conform to the dimensions shown in Figure 3, unless otherwise
specified

in the individual monograph .
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Figure 3. Apparatus 3 (reciprocating cylinder).
Apparatus 4 (Flow-Through Cell)
The assembly consists of a reservoir and a pump for the Dissolution medium; a flow-through
cell; and a water bath that maintains the Dissolution medium at 37 ± 0.5 . Use the specified
cell size as given in the individual monograph .
The pump forces the Dissolution medium upward through the flow-through cell. The pump has
a delivery range between 240 and 960 mL/h, with standard flow rates of 4, 8, and 16 mL/min.
It must deliver a constant flow (±5% of the nominal flow rate); the flow profile is sinusoidal
with a pulsation of 120 ± 10 pulses/min. A pump without pulsation may also be used. Dissolution
test procedures using a flow-through cell must be characterized with respect to rate and any
pulsation.
The flow-through cell (see Figure 4 and Figure 5), of transparent and inert material, is mounted
vertically with a filter system (specified in the individual monograph) that prevents escape of
undissolved particles from the top of the cell; standard cell diameters are 12 and 22.6 mm; the
bottom cone is usually filled with small glass beads of about 1-mm diameter with one bead of
about 5 mm, positioned at the apex to protect the fluid entry tube; and a tablet holder (see
Figure 4 and Figure 5) is available for positioning of special dosage forms, e.g., inlay tablets.
The cell is immersed in a water bath, and the temperature is maintained at 37 ± 0.5 .
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Figure 4. Apparatus 4: large cell for tablets and capsules (top); tablet holder for the large cell
(bottom). (All measurements are expressed in mm unless noted otherwise.)
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Figure 5. Apparatus 4: small cell for tablets and capsules (top); tablet holder for the small cell
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(bottom). (All measurements are expressed in mm unless noted otherwise.)
The apparatus uses a clamp mechanism and two O-rings to assemble the cell. The pump is
separated from the dissolution unit to shield the latter against any vibrations originating from
the pump. The position of the pump should not be on a level higher than the reservoir flasks.
Tube connections are as short as possible. Use suitably inert tubing, such as polytef, with
about a 1.6-mm inner diameter and chemically inert, flanged-end connections.
APPARATUS SUITABILITY
The determination of suitability of a test assembly to perform dissolution testing must include
conformance to the dimensions and tolerances of the apparatus as given above. In addition,
critical test parameters that have to be monitored periodically during use include volume and
temperature of the Dissolution medium, rotation speed (Apparatus 1 and Apparatus 2), dip rate
(Apparatus 3), and flow rate of medium (Apparatus 4).
Determine the acceptable performance of the dissolution test assembly periodically. The
suitability for the individual apparatus is demonstrated by the Performance verification test.
Performance verification test, Apparatus 1 and Apparatus 2: Test USP Prednisone Tablets RS
according to the operating conditions specified. The apparatus is suitable if the results
obtained are within the acceptable range stated in the technical data sheet specific to the lot
used and the apparatus tested.
Performance verification test, Apparatus 3: [To come.]
Performance verification test, Apparatus 4: [To come.]
PROCEDURE
Apparatus 1 and Apparatus 2
IMMEDIATE-RELEASE DOSAGE FORMS
Place the stated volume of the Dissolution medium (±1%) in the vessel of the specified
apparatus

given in the individual monograph , assemble the apparatus, equilibrate the

Dissolution medium to 37 ± 0.5 , and remove the thermometer. Place 1 dosage unit in the
apparatus, taking care to exclude air bubbles from the surface of the dosage unit, and
immediately operate the apparatus at the specified rate given in the individual monograph .
Within the time interval specified, or at each of the times stated, withdraw a specimen from a
zone midway between the surface of the Dissolution medium and the top of the rotating
basket or blade, NLT 1 cm from the vessel wall. [Note—Where multiple sampling times are
specified, replace the aliquots withdrawn for analysis with equal volumes of fresh Dissolution
medium at 37 or, where it can be shown that replacement of the medium is not necessary,
correct for the volume change in the calculation. Keep the vessel covered for the duration of
the test, and verify the temperature of the mixture under test at suitable times.] Perform the
analysis as directed in the individual monograph
test with additional dosage form units.

using a suitable assay method.3 Repeat the
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If automated equipment is used for sampling or the apparatus is otherwise modified, verification
that the modified apparatus will produce results equivalent to those obtained with the standard
apparatus described in this general chapter is necessary.
Dissolution medium: A suitable dissolution medium is used. Use the solvent specified

in the

individual monograph . The volume specified refers to measurements made between 20 and
25 . If the Dissolution medium is a buffered solution, adjust the solution so that its pH is within
0.05 unit of the specified pH given in the individual monograph . [Note—Dissolved gases can
cause bubbles to form, which may change the results of the test. If dissolved gases influence
the dissolution results, dissolved gases should be removed before testing.4]
Time: Where a single time specification is given, the test may be concluded in a shorter period
if the requirement for the minimum amount dissolved is met. Specimens are to be withdrawn
only at the stated times, within a tolerance of ±2%.
Procedure for a pooled sample for immediate-release dosage forms: Use this procedure
where Procedure for a Pooled Sample is specified in the individual monograph. Proceed as
directed for Immediate-Release Dosage Forms in Apparatus 1 and Apparatus 2 in the
Procedure section. Combine equal volumes of the filtered solutions of the six or twelve
individual specimens withdrawn, and use the pooled sample as the test specimen. Determine
the average amount of the active ingredient dissolved in the pooled sample.
EXTENDED-RELEASE DOSAGE FORMS
Proceed as directed for Immediate-Release Dosage Forms.
Dissolution medium: Proceed as directed for Immediate-Release Dosage Forms.
Time: The test-time points, generally three, are expressed in hours.
DELAYED-RELEASE DOSAGE FORMS NOT ACCEPTED BY THE JAPANESE PHARMACOPOEIA
Use Method A or Method B and the apparatus specified in the individual monograph . All test
times stated are to be observed within a tolerance of ±2%, unless otherwise specified.
Method A Procedure

(unless otherwise directed in the individual monograph)
ACID STAGE

Place 750 mL of 0.1 N hydrochloric acid in the vessel, and assemble the apparatus. Allow the
medium to equilibrate to a temperature of 37 ± 0.5 . Place 1 dosage unit in the apparatus,
cover the vessel, and operate the apparatus at the specified rate given in the monograph .
After 2 h of operation in 0.1 N hydrochloric acid, withdraw an aliquot of the fluid, and proceed
immediately as directed in the Buffer Stage.
Perform an analysis of the aliquot using a suitable assay method.
in the individual monograph.

The procedure is specified
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BUFFER STAGE
[Note—Complete the operations of adding the buffer and adjusting the pH within 5 min.] With
the apparatus operating at the rate specified

in the monograph , add to the fluid in the

vessel 250 mL of 0.20 M tribasic sodium phosphate that has been equilibrated to 37 ± 0.5 .
Adjust, if necessary, with 2 N hydrochloric acid or 2 N sodium hydroxide to a pH of 6.8 ± 0.05.
Continue to operate the apparatus for 45 min, or for the specified time given in the individual
monograph . At the end of the time period, withdraw an aliquot of the fluid, and perform the
analysis using a suitable assay method. The procedure is specified in the individual
monograph. The test may be concluded in a shorter time period than that specified for the
Buffer Stage if the requirement for the minimum amount dissolved is met at an earlier time.
Method B Procedure

(unless otherwise directed in the individual monograph)

ACID STAGE
Place 1000 mL of 0.1 N hydrochloric acid in the vessel, and assemble the apparatus. Allow the
medium to equilibrate to a temperature of 37 ± 0.5 . Place 1 dosage unit in the apparatus,
cover the vessel, and operate the apparatus at the rate specified in the monograph . After
2 h of operation in 0.1 N hydrochloric acid, withdraw an aliquot of the fluid, and proceed
immediately as directed in ther Buffer Stage.
Perform an analysis of the aliquot using a suitable assay method.
in the individual monograph.

The procedure is specified

BUFFER STAGE
[Note—For this stage of the procedure, use buffer that previously has been equilibrated to a
temperature of 37 ± 0.5 .] Drain the acid from the vessel, and add to the vessel 1000 mL of pH
6.8 phosphate buffer, prepared by mixing 0.1 N hydrochloric acid with 0.20 M tribasic sodium
phosphate (3:1) and adjusting, if necessary, with 2 N hydrochloric acid or 2 N sodium hydroxide
to a pH of 6.8 ± 0.05. [Note—This may also be accomplished by removing from the apparatus
the vessel containing the acid, then replacing it with another vessel containing the buffer, and
transferring the dosage unit to the vessel containing the buffer.]
Continue to operate the apparatus for 45 min, or for the specified time given in the individual
monograph . At the end of the time period, withdraw an aliquot of the fluid, and perform the
analysis using a suitable assay method. The procedure is specified in the individual
monograph. The test may be concluded in a shorter time period than that specified for the
Buffer Stage if the requirement for minimum amount dissolved is met at an earlier time.
Apparatus 3 (Reciprocating Cylinder)
NOT ACCEPTED BY THE JAPANESE PHARMACOPOEIA IMMEDIATE-RELEASE DOSAGE FORMS
Place the stated volume of the Dissolution medium in each vessel of the apparatus, assemble
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the apparatus, equilibrate the Dissolution medium to 37 ± 0.5 , and remove the thermometer.
Place 1 dosage form unit in each of the six reciprocating cylinders, taking care to exclude air
bubbles from the surface of each dosage unit, and immediately operate the apparatus as
specified in the individual monograph . During the upward and downward strokes, the
reciprocating cylinder moves through a total distance of 9.9–10.1 cm. Within the time interval
specified, or at each of the times stated, raise the reciprocating cylinders and withdraw a
portion of the solution under test from a zone midway between the surface of the Dissolution
medium and the bottom of each vessel. Perform the analysis as directed in the individual
monograph . If necessary, repeat the test with additional dosage-form units.
Dissolution medium: Proceed as directed for Immediate-Release Dosage Forms in Apparatus
1 and Apparatus 2.
Time: Proceed as directed for Immediate-Release Dosage Forms in Apparatus 1 and Apparatus
2.
EXTENDED-RELEASE DOSAGE FORMS
Proceed as directed for Immediate-Release Dosage Forms in Apparatus 3.
Dissolution medium: Proceed as directed for Extended-Release Dosage Forms in Apparatus 1
and Apparatus 2.
Time: Proceed as directed for Extended-Release Dosage Forms in Apparatus 1 and Apparatus
2.
DELAYED-RELEASE DOSAGE FORMS
Proceed as directed for Delayed-Release Dosage Forms, Method B in Apparatus 1 and
Apparatus 2, using one row of vessels for the acid stage media and the following row of vessels
for the buffer stage media, and using the volume of medium specified (usually 300 mL).
Time: Proceed as directed for Immediate-Release Dosage Forms in Apparatus 1 and Apparatus
2.
Apparatus 4 (Flow-Through Cell)
IMMEDIATE-RELEASE DOSAGE FORMS
Place the glass beads into the cell specified

in the monograph . Place 1 dosage unit on top

of the beads or, if specified in the monograph , on a wire carrier. Assemble the filter head,
and fix the parts together by means of a suitable clamping device. Introduce by the pump the
Dissolution medium warmed to 37 ± 0.5 through the bottom of the cell to obtain the flow rate
specified

in the individual monograph

and measured with an accuracy of 5%. Collect the

eluate by fractions at each of the times stated. Perform the analysis as directed
individual monograph . Repeat the test with additional dosage form units.

in the

Dissolution medium: Proceed as directed for Immediate-Release Dosage Forms in Apparatus
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1 and Apparatus 2.
Time: Proceed as directed for Immediate-Release Dosage Forms in Apparatus 1 and Apparatus
2.
EXTENDED-RELEASE DOSAGE FORMS
Proceed as directed for Immediate-Release Dosage Forms in Apparatus 4.
Dissolution medium: Proceed as directed for Immediate-Release Dosage Forms in Apparatus
4.
Time: Proceed as directed for Immediate-Release Dosage Forms in Apparatus 4.
DELAYED-RELEASE DOSAGE FORMS
Proceed as directed for Delayed-Release Dosage Forms in Apparatus 1 and Apparatus 2, using
the specified media.
Time: Proceed as directed for Delayed-Release Dosage Forms in Apparatus 1 and Apparatus 2.
INTERPRETATION
Immediate-Release Dosage Forms

Unless otherwise specified in the individual monograph , the requirements are met if the
quantities of active ingredient dissolved from the dosage units tested conform to Acceptance
Table 1 . Continue testing through the three stages unless the results conform at either S1 or
S2. The quantity, Q, is the amount of dissolved active ingredient specified in the individual
monograph , expressed as a percentage of the labeled content of the dosage unit; the 5%,
15%, and 25% values in Acceptance Table 1 are percentages of the labeled content so that
these values and Q are in the same terms.
Acceptance Table 1
Stage
S1

Number
Tested

Acceptance Criteria

6

Each unit is NLT Q + 5%.

S2

6

S3

12

Average of 12 units (S1 + S2) is Q, and no unit is <Q 15%.
Average of 24 units (S1 + S2 +S3)
is Q, NMT 2 units are <Q 15%, and no unit is <Q 25%.

Immediate-Release Dosage Forms Pooled Sample
Unless otherwise specified in the individual monograph, the requirements are met if the
quantities of active ingredient dissolved from the pooled sample conform to the accompanying
Acceptance Table for a Pooled Sample. Continue testing through the three stages unless the
results conform at either S1 orS2. The quantity, Q, is the amount of dissolved active ingredient
specified in the individual monograph, expressed as a percentage of the labeled content.
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Acceptance Table for a Pooled Sample
Number
Tested
Acceptance Criteria
Average amount dissolved is NLT Q + 10%.
6
Average amount dissolved (S + S ) is Q + 5%.
6
1
2
Average amount dissolved (S + S + S ) is Q.
12
1
2
3

Extended-Release Dosage Forms

Unless otherwise specified in the individual monograph , the requirements are met if the
quantities of active ingredient dissolved from the dosage units tested conform to Acceptance
Table 2. Continue testing through the three levels unless the results conform at either L1 or L2.
Limits on the amounts of active ingredient dissolved are expressed in terms of the percentage
of labeled content. The limits embrace each value of Qi, the amount dissolved at each specified
fractional dosing interval. Where more than one range is specified
, the acceptance criteria apply individually to each range.

in the individual monograph

Acceptance Table 2
Level

Number
Tested

L1

6

L2

6

L3

12

Criteria
No individual value lies outside each of the stated ranges, and no
individual value is less than the stated amount at the final test time.
The average value of the 12 units (L1 + L2) lies within each of the
stated ranges and is NLT the stated amount at the final test time; none
is >10% of labeled content outside each of the stated ranges; and none
is >10% of the labeled content below the stated amount at the final
test time.
The average value of the 24 units (L1 + L2 + L3) lies within each of the
stated ranges and is NLT the stated amount at the final test time; not
more than 2 of the 24 units are more than 10% of labeled content
outside each of the stated ranges; NMT 2 of the 24 units are>10% of
labeled content below the stated amount at the final test time; and
none of the units is >20% of labeled content outside each of the stated
ranges or >20% of the labeled content below the stated amount at the
final test time.
Delayed-Release Dosage Forms
NOT ACCEPTED BY THE JAPANESE PHARMACOPOEIA

Acid stage: Unless otherwise specified in the individual monograph , the requirements of this
portion of the test are met if the quantities, based on the percentage of the labeled content,
of active ingredient dissolved from the units tested conform to Acceptance Table 3. Continue
testing through all levels unless the results of both acid and buffer stages conform at an earlier
level.
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Acceptance Table 3
Number
Tested

Level
A1

Criteria
No individual value exceeds 10% dissolved.
Average of the 12 units (A1 + A2) is NMT 10% dissolved, and no
individual unit is >25% dissolved.
Average of the 24 units (A1 + A2 + A3) is NMT 10% dissolved, and no
individual unit is >25% dissolved.

6

A2

6

A3

12

Buffer stage: Unless otherwise specified in the individual monograph , the requirements are
met if the quantities of active ingredient dissolved from the units tested conform to
Acceptance Table 4. Continue testing through the three levels unless the results of both
stages conform at an earlier level. The value of Q in Acceptance Table 4 is 75% dissolved
unless otherwise specified in the individual monograph . The quantity, Q, specified in the
individual monograph is the total amount of active ingredient dissolved in both the Acid stage
and the Buffer stage, expressed as a percentage of the labeled content. The 5%, 15%, and
25% values in Acceptance Table 4 are percentages of the labeled content so that these values
and Q are in the same terms.
Acceptance Table 4
Level
B1

Number
Tested
6

B2

6

B3

12

Criteria
Each unit is NLT Q + 5%.
Average of 12 units (B + B ) is

Q, and no unit is <Q
Average of 24 units (B + B + B ) is Q, NMT 2
1
2
3
units are <Q – 15%, and no unit is <Q 25%.
1

2

15%.

1 The materials should not sorb, react, or interfere with the specimen being tested.
2 If a cover is used, it provides sufficient openings to allow ready insertion of the thermometer and withdrawal
of specimens.
3 Test specimens are filtered immediately upon sampling unless filtration is demonstrated to be unnecessary.
Use an inert filter that does not cause adsorption of the active ingredient or contain extractable substances that
would interfere with the analysis.
4 One method of deaeration is as follows: Heat the medium, while stirring gently, to about 41 , immediately
filter under vacuum using a filter having a porosity of 0.45 µm or less, with vigorous stirring, and continue
stirring under vacuum for about 5 min. Other validated deaeration techniques for removal of dissolved gases
may be used.

BRIEFING
730 Plasma Spectrochemistry, USP 37 page 363. The Chemical Analysis Expert
Committee proposes a revision to Plasma Spectrochemistry
730

730 . This revision is to align

with the new USP template for spectrochemistry chapters and validation requirements

specified in chapter Elemental Impurities—Procedures

233 .

Additionally, minor editorial changes have been made to update

730

to current USP style.
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PLASMA SPECTROCHEMISTRY

Change to read:
Plasma-based instrumental techniques that are useful for pharmaceutical analyses fall into two
major categories: those based on the inductively coupled plasma, and those where a plasma is
generated at or near the surface of the sample. An inductively coupled plasma (ICP) is a hightemperature excitation source that desolvates, vaporizes, and atomizes aerosol samples and
ionizes the resulting atoms. The excited analyte ions and atoms can then subsequently be
detected by observing their emission lines, a method termed inductively coupled plasma–atomic
emission spectroscopy (ICP–AES), also known as inductively coupled plasma–optical emission
spectroscopy (ICP–OES); or the excited or ground state ions can be determined by a technique
known as inductively coupled plasma–mass spectrometry (ICP–MS). ICP–AES and ICP–MS may
be used for either single- or multi-element analysis, and they provide good general-purpose
procedures for either sequential or simultaneous analyses over an extended linear range with
good sensitivity.
An emerging technique in plasma spectrochemistry is laser-induced breakdown spectroscopy
(LIBS). In LIBS, a solid, liquid, or gaseous sample is heated directly by a pulsed laser, or
indirectly by a plasma generated by the laser. As a result, the sample is volatilized at the laser
beam contact point, and the volatilized constituents are reduced to atoms, molecular
fragments, and larger clusters in the plasma that forms at or just above the surface of the
sample. Emission from the atoms and ions in the sample is collected, typically using fiber optics
or a remote viewing system, and measured using an array detector such as a charge-coupled
device (CCD). LIBS can be used for qualitative analysis or against a working standard curve for
quantitative analysis. Although LIBS is not currently in wide use by the pharmaceutical
industry, it might be suited for at-line or on-line measurements in a production setting as well
as in the laboratory. Because of its potential, it should be considered a viable technique for
plasma spectrochemistry in the pharmaceutical laboratory. However, because LIBS is still an
emerging technique, details will not be further discussed in this general chapter.1
SAMPLE PREPARATION
Sample preparation is critical to the success of plasma-based analysis and is the first step in
performing any analysis via ICP–AES or ICP–MS. Plasma-based techniques are heavily
dependent on sample transport into the plasma, and because ICP–AES and ICP–MS share the
same sample introduction system, the means by which samples are prepared may be applicable
to either technique. The most conventional means by which samples are introduced into the
plasma is via solution nebulization. If solution nebulization is employed, solid samples must be
dissolved in order to be presented into the plasma for analysis. Samples may be dissolved in
any appropriate solvent. There is a strong preference for the use of aqueous or dilute nitric
acid solutions, because there are minimal interferences with these solvents compared to other
solvent choices. Hydrogen peroxide, hydrochloric acid, sulfuric acid, perchloric acid,
combinations of acids, or various concentrations of acids can all be used to dissolve the sample
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for analysis. Dilute hydrofluoric acid may also be used, but great care must be taken to ensure
the safety of the analyst, as well as to protect the quartz sample introduction equipment when
using this acid; specifically, the nebulizer, spray chamber, and inner torch tube should be
manufactured from hydrofluoric acid-tolerant materials. Additionally, alternative means of
dissolving the sample can be employed. These include, but are not limited to, the use of dilute
bases, straight or diluted organic solvents, combinations of acids or bases, and combinations of
organic solvents.
When samples are introduced into the plasma via solution nebulization, it is important to
consider the potential matrix effects and interferences that might arise from the solvent. The
use of an appropriate internal standard and/or matching the standard matrix with samples
should be applied for ICP–AES and ICP–MS analyses in cases where accuracy and precision are
not adequate. In either event, the selection of an appropriate internal standard should consider
the analyte in question, ionization energy, wavelengths or masses, and the nature of the
sample matrix.
Where a sample is found not to be soluble in any acceptable solvent, a variety of digestion
techniques can be employed. These include hot-plate digestion and microwave-assisted
digestions, including open-vessel and closed-vessel approaches. The decision regarding the
type of digestion technique to use depends on the nature of the sample being digested, as well
as on the analytes of interest.
Open-vessel digestion is generally not recommended for the analysis of volatile metals, e.g.,
selenium and mercury. The suitability of a digestion technique, whether open-vessel or closedvessel, should be supported by spike recovery experiments in order to verify that, within an
acceptable tolerance, volatile metals have not been lost during sample preparation. Use acids,
bases, and hydrogen peroxide of ultra-high purity, especially when ICP–MS is employed.
Deionized water must be at least 18 megaohm. Check diluents for interferences before they are
used in an analysis. Because it is not always possible to obtain organic solvents that are free of
metals, use organic solvents of the highest quality possible with regard to metal contaminants.
It is important to consider the selection of the type, material of construction, pretreatment,
and cleaning of analytical labware used in ICP–AES and ICP–MS analyses. The material must be
inert and, depending on the specific application, resistant to caustics, acids, and/or organic
solvents. For some analyses, diligence must be exercised to prevent the adsorption of analytes
onto the surface of a vessel, particularly in ultra-trace analyses. Contamination of the sample
solutions from metal and ions present in the container can also lead to inaccurate results.
The use of labware that is not certified to meet Class A tolerances for volumetric flasks is
acceptable if the linearity, accuracy, and precision of the method have been experimentally
demonstrated to be suitable for the purpose at hand.
SAMPLE INTRODUCTION
There are two ways to introduce the sample into the nebulizer: by a peristaltic pump and by
self-aspiration. The peristaltic pump is preferred and serves to ensure that the flow rate of
sample and standard solution to the nebulizer is the same irrespective of sample viscosity. In
some cases, where a peristaltic pump is not required, self-aspiration can be used.
A wide variety of nebulizer types is available, including pneumatic (concentric and cross-flow),
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grid, and ultrasonic nebulizers. Micronebulizers, high-efficiency nebulizers, direct-injection highefficiency nebulizers, and flow-injection nebulizers are also available. The selection of the
nebulizer for a given analysis should consider the sample matrix, analyte, and desired
sensitivity. Some nebulizers are better suited for use with viscous solutions or those containing
a high concentration of dissolved solids, whereas others are better suited for use with organic
solutions.
Note that the self-aspiration of a fluid is due to the Bernoulli, or Venturi, effect. Not all types of
nebulizers will support self-aspiration. The use of a concentric nebulizer, for example, is
required for self-aspiration of a solution.
Once a sample leaves the nebulizer as an aerosol, it enters the spray chamber, which is
designed to permit only the smallest droplets of sample solution into the plasma; as a result,
typically only 1% to 2% of the sample aerosol reaches the ICP, although some special-purpose
nebulizers have been designed that permit virtually all of the sample aerosol to enter the ICP.
As with nebulizers, there is more than one type of spray chamber available for use with ICP–
AES or ICP–MS. Examples include the Scott double-pass spray chamber, as well as cyclonic
spray chambers of various configurations. The spray chamber must be compatible with the
sample and solvent and must equilibrate and wash out in as short a time as possible. When a
spray chamber is selected, the nature of the sample matrix, the nebulizer, the desired
sensitivity, and the analyte should all be considered.
Gas and liquid chromatography systems can be interfaced with ICP–AES and ICP–MS for
molecular speciation, ionic speciation, or other modes of separation chemistry, based on
elemental emission or mass spectrometry.
Ultimately, the selection of sample introduction hardware should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and precision of
the analysis at hand.
In addition to solution nebulization, it is possible to analyze solid samples directly via laser
ablation (LA). In such instances, the sample enters the torch as a solid aerosol. LA–ICP–AES
and LA–ICP–MS are better suited for qualitative analyses of pharmaceutical compounds
because of the difficulty in obtaining appropriate standards. Nonetheless, quantitative analyses
can be performed if it can be demonstrated through appropriate method validation that the
available standards are adequate.2
STANDARD PREPARATION
Single- or multi-element standard solutions, whose concentrations are traceable to primary
reference standards, such as those of the National Institute of Standards and Technology
(NIST), can be purchased for use in the preparation of working standard solutions.
Alternatively, standard solutions of elements can be accurately prepared from standard
materials and their concentrations, determined independently, as appropriate. Working standard
solutions, especially those used for ultra-trace analyses, may have limited shelf life. As a
general rule, working standard solutions should be retained for no more than 24 hours unless
stability is demonstrated experimentally. The selection of the standard matrix is of fundamental
importance in the preparation of element standard solutions. Spike recovery experiments should
be conducted with specific sample matrices in order to determine the accuracy of the method.
If sample matrix effects cause excessive inaccuracies, standards, blanks, and sample solutions
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should be matrix matched, if possible, in order to minimize matrix interferences.
In cases where matrix matching is not possible, an appropriate internal standard or the method
of standard additions should be used for ICP–AES or ICP–MS. Internal standards can also be
introduced through a T connector into the sample uptake tubing. In any event, the selection of
an appropriate internal standard should consider the analytes in question, their ionization and
excitation energies, their chemical behavior, their wavelengths or masses, and the nature of
the sample matrix. Ultimately, the selection of an internal standard should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and precision of
the analysis at hand.
The method of standard additions involves adding a known concentration of the analyte
element to the sample at no fewer than two concentration levels plus an unspiked sample
preparation. The instrument response is plotted against the concentration of the added analyte
element, and a linear regression line is drawn through the data points. The absolute value of
the x-intercept multiplied by any dilution factor is the concentration of the analyte in the
sample.
The presence of dissolved carbon at concentrations of a small percentage in aqueous solutions
enhances ionization of selenium and arsenic in an inductively coupled argon plasma. This
phenomenon frequently results in a positive bias for ICP–AES and ICP–MS selenium and arsenic
quantification measurements, which can be remedied by using the method of standard additions
or by adding a small percentage of carbon, such as analytically pure glacial acetic acid, to the
linearity standards.
ICP
The components that make up the ICP excitation source include the argon gas supply, torch,
radio frequency (RF) induction coil, impedance-matching unit, and RF generator. Argon gas is
almost universally used in an ICP. The plasma torch consists of three concentric tubes
designated as the inner, the intermediate, and the outer tube. The intermediate and outer
tubes are almost universally made of quartz. The inner tube can be made of quartz or alumina if
the analysis is conducted with solutions containing hydrofluoric acid. The nebulizer gas flow
carries the aerosol of the sample solution into and through the inner tube of the torch and into
the plasma. The intermediate tube carries the intermediate (sometimes referred to as the
auxiliary) gas. The intermediate gas flow helps to lift the plasma off the inner and intermediate
tubes to prevent their melting and the deposition of carbon and salts on the inner tube. The
outer tube carries the outer (sometimes referred to as the plasma or coolant) gas, which is
used to form and sustain the toroidal plasma. The tangential flow of the coolant gas through
the torch constricts the plasma and prevents the ICP from expanding to fill the outer tube,
keeping the torch from melting. An RF induction coil, also called the load coil, surrounds the
torch and produces an oscillating magnetic field, which in turn sets up an oscillating current in
the ions and electrons produced from the argon. The impedance-matching unit serves to
efficiently couple the RF energy from the generator to the load coil. The unit can be of either
the active or the passive type. An active matching unit adjusts the impedance of the RF power
by means of a capacitive network, whereas the passive type adjusts the impedance directly
through the generator circuitry. Within the load coil of the RF generator, the energy transfer
between the coil and the argon creates a self-sustaining plasma. Collisions of the ions and
electrons liberated from the argon ionize and excite the analyte atoms in the high-temperature
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plasma. The plasma operates at temperatures of 6,000 to 10,000 K, so most covalent bonds
and analyte-to-analyte interactions have been eliminated.
ICP–AES
An inductively coupled plasma can use either an optical or a mass spectral detection system. In
the former case, ICP–AES, analyte detection is achieved at an emission wavelength of the
analyte in question. Because of differences in technology, a wide variety of ICP–AES systems
are available, each with different capabilities, as well as different advantages and
disadvantages. Simultaneous-detection systems are capable of analyzing multiple elements at
the same time, thereby shortening analysis time and improving background detection and
correction. Sequential systems move from one wavelength to the next to perform analyses, and
often provide a larger number of analytical lines from which to choose. Array detectors,
including charge-coupled devices and charge-injection devices, with detectors on a chip, make
it possible to combine the advantages of both simultaneous and sequential systems. These
types of detection devices are used in the most powerful spectrometers, providing rapid
analysis and a wide selection of analytical lines.
The ICP can be viewed in either axial or radial (also called lateral) mode. The torch is usually
positioned horizontally in axially viewed plasmas and is viewed end on, whereas it is positioned
vertically in radially viewed plasmas and is viewed from the side. Axial viewing of the plasma
can provide higher signal-to-noise ratios (better detection limits and precision); however, it
also incurs greater matrix and spectral interferences. Methods validated on an instrument with
a radial configuration will probably not be completely transferable to an instrument with an axial
configuration, and vice versa.
Additionally, dual-view instrument systems are available, making it possible for the analyst to
take advantage of either torch configuration. The selection of the optimal torch configuration
will depend on the sample matrix, analyte in question, analytical wavelength(s) used, cost of
instrumentation, required sensitivity, and type of instrumentation available in a given
laboratory.
Regardless of torch configuration or detector technology, ICP–AES is a technique that provides
a qualitative and/or quantitative measurement of the optical emission from excited atoms or
ions at specific wavelengths. These measurements are then used to determine the analyte
concentration in a given sample. Upon excitation, an atom or atomic ion emits an array of
different frequencies of light that are characteristic of the distinct energy transition allowed for
that element. The intensity of the light is generally proportional to the analyte concentration.
It is necessary to correct for the background emission from the plasma. Sample concentration
measurements are usually determined from a working curve of known standards over the
concentration range of interest. It is, however, also possible to perform a single-point
calibration under certain circumstances, such as with limit tests, if the methodology has been
validated for sufficient specificity, sensitivity, linearity, accuracy, precision, ruggedness, and
robustness.
Because there are distinct transitions between atomic energy levels, and because the atoms in
an ICP are rather dilute, emission lines have narrow bandwidths. However, because the
emission spectra from the ICP contain many lines, and because “wings” of these lines overlap
to produce a nearly continuous background on top of the continuum that arises from the
recombination of argon ions with electrons, a high-resolution spectrometer is required in ICP–
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AES. The decision regarding which spectral line to measure should include an evaluation of
potential spectral interferences. All atoms in a sample are excited simultaneously; however, the
presence of multiple elements in some samples can lead to spectral overlap. Spectral
interference can also be caused by background emission from the sample or plasma. Modern
ICPs usually have background correction available, and a number of background correction
techniques can be applied. Simple background correction typically involves measuring the
background emission intensity at some point away from the main peak and subtracting this
value from the total signal being measured. Mathematical modeling to subtract the interfering
signal as a background correction can also be performed with certain types of ICP–AES
spectrometers.
The selection of the analytical spectral line is critical to the success of an ICP–AES analysis,
regardless of torch configuration or detector type. Though some wavelengths are preferred,
the final choice must be made in the context of the sample matrix, the type of instrument being
used, and the sensitivity required. Analysts might choose to start with the wavelengths
recommended by the manufacturer of their particular instrument and select alternative
wavelengths based on manufacturer recommendations or published wavelength tables.3,4,5,6,7
Ultimately, the selection of analytical wavelengths should be demonstrated experimentally to
provide sufficient specificity, sensitivity, linearity, accuracy, and precision of the analysis at
hand.
Forward power, gas flow rates, viewing height, and torch position can all be optimized to
provide the best signal. However, it must also be kept in mind that these same variables can
influence matrix and spectral interferences.
In general, it is desirable to operate the ICP under robust conditions, which can be gauged on
the basis of the MgII/MgI line pair at (280.270 nm/285.213 nm). If that ratio of intensities is
above 6.0 in an aqueous solution, the ICP is said to be robust, and is less susceptible to matrix
interferences. A ratio of about 10.0 is generally what is sought. Note that the term robust
conditions is unrelated to robustness as applied to analytical method validation. Operation of an
instrument with an MgII/MgI ratio greater than 6.0 is not mandated, but is being suggested as
a means of optimizing instrument parameters in many circumstances.
The analysis of the Group I elements can be an exception to this strategy. When atomic ions
are formed from elements in this group, they assume a noble gas electron configuration, with
correspondingly high excitation energy. Because the first excited state of these ions is
extremely high, few are excited, so emission intensity is correspondingly low. This situation can
be improved by reducing the fractional ionization, which can in turn be achieved by using lower
forward power settings in combination with adjusted viewing height or nebulizer gas flow, or by
adding an ionization suppression agent to the samples and standards.
When organic solvents are used, it is often necessary to use a higher forward power setting,
higher intermediate and outer gas flows, and a lower nebulizer gas flow than would be employed
for aqueous solutions, as well as a reduction in the nebulizer gas flow. When using organic
solvents, it may also be necessary to bleed small amounts of oxygen into the torch to prevent
carbon buildup in the torch.
Calibration
The wavelength accuracy for ICP–AES detection must comply with the manufacturer's
applicable operating procedures. Because of the inherent differences among the types of
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instruments available, there is no general system suitability procedure that can be employed.
Calibration routines recommended by the instrument manufacturer for a given ICP–AES
instrument should be followed. These might include, but are not limited to, use of a multielement wavelength calibration with a reference solution, internal mercury (Hg) wavelength
calibration, and peak search. The analyst should perform system checks in accordance with the
manufacturer's recommendations.
Standardization
The instrument must be standardized for quantification at time of use. However, because ICP–
AES is a technique generally considered to be linear over a range of 6 to 8 orders of magnitude,
it is not always necessary to continually demonstrate linearity by the use of a standard curve
composed of multiple standards. Once a method has been developed and is in routine use, it is
possible to calibrate with a blank and a single standard. One-point standardizations are suitable
for conducting limit tests on production materials and final products if the methodology has
been rigorously validated for sufficient specificity, sensitivity, linearity, accuracy, precision,
ruggedness, and robustness. The use of a single-point standardization is also acceptable for
qualitative ICP–AES analyses, where the purpose of the experiment is to confirm the presence
or absence of elements without the requirement of an accurate quantification.
An appropriate blank solution and standards that bracket the expected range of the sample
concentrations should be assayed and the detector response plotted as a function of analyte
concentration, as in the case where the concentration of a known component is being
determined within a specified tolerance. However, it is not always possible to employ a
bracketing standard when an analysis is performed at or near the detection limit. This lack of
use of a bracketing standard is acceptable for analyses conducted to demonstrate the absence
or removal of elements below a specified limit. The number and concentrations of standard
solutions used should be based on the purpose of the quantification, the analyte in question,
the desired sensitivity, and the sample matrix. Regression analysis of the standard plot should
be employed to evaluate the linearity of detector response, and individual monographs may set
criteria for the residual error of the regression line. Optimally, a correlation coefficient of not
less than 0.99, or as indicated in the individual monograph, should be demonstrated for the
working curve. Here, too, however, the nature of the sample matrix, the analyte(s), the desired
sensitivity, and the type of instrumentation available may dictate a correlation coefficient lower
than 0.99. The analyst should use caution when proceeding with such an analysis, and should
employ additional working standards.
To demonstrate the stability of the system's initial standardization, a solution used in the initial
standard curve must be reassayed as a check standard at appropriate intervals throughout the
analysis of the sample set. The reassayed standard should agree with its expected value to
within ±10%, or as specified in an individual monograph, for single-element analyses when
analytical wavelengths are between 200 and 500 nm, or concentrations are >1 µg per mL. The
reassayed standard should agree with its theoretical value to within ±20%, or as specified in an
individual monograph, for multi-element analyses, when analytical wavelengths are <200 nm or
>500 nm, or at concentrations of <1 µg per mL. In cases where an individual monograph
provides different guidance regarding the reassayed check standard, the requirements of the
monograph take precedence.
Procedure
Follow the procedure as directed in the individual monograph for the instrumental parameters.
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Because of differences in manufacturers' equipment configurations, the manufacturer's
suggested default conditions may be used and modified as needed. The specification of
definitive parameters in a monograph does not preclude the use of other suitable operating
conditions, and adjustments of operating conditions may be necessary. Alternative conditions
must be supported by suitable validation data, and the conditions in the monograph will take
precedence for official purposes. Data collected from a single sample introduction are treated
as a single result. This result might be the average of data collected from replicate sequential
readings from a single solution introduction of the appropriate standard or sample solution.
Sample concentrations are calculated versus the working curve generated by plotting the
detector response versus the concentration of the analyte in the standard solutions. This
calculation is often performed directly by the instrument.
ICP–MS
When an inductively coupled plasma uses a mass spectral detection system, the technique is
referred to as inductively coupled plasma–mass spectrometry (ICP–MS). In this technique,
analytes are detected directly at their atomic masses. Because these masses must be charged
to be detected in ICP–MS, the method relies on the ability of the plasma source to both
atomize and ionize sample constituents. As is the case with ICP–AES, a wide variety of ICP–MS
instrumentation systems are available.
The systems most commonly in use are quadrupole-based systems. Gaining in interest is timeof-flight ICP–MS. Although still not in widespread use, this approach may see greater use in the
future. Additionally, high-resolution sector field instruments are available.
Regardless of instrument design or configuration, ICP–MS provides both a qualitative and a
quantitative measurement of the components of the sample. Ions are generated from the
analyte atoms by the plasma. The analyte ions are then extracted from the atmosphericpressure plasma through a sampling cone into a lower-pressure zone, ordinarily held at a
pressure near 1 Torr. In this extraction process, the sampled plasma gases, including the
analyte species, form a supersonic beam, which dictates many of the properties of the resulting
analyte ions. A skimmer cone, located behind the sampling cone, “skims” the supersonic beam
of ions as they emerge from the sampling cone. Behind the skimmer cone is a lower-pressure
zone, often held near a milliTorr. Lastly, the skimmed ions pass a third-stage orifice to enter a
zone held near a microTorr, where they encounter ion optics and are passed into the mass
spectrometer. The mass spectrometer separates the ions according to their mass-to-charge
(m/z) ratios. The ICP–MS has a mass range up to 240 atomic mass units (amu). Depending on
the equipment configuration, analyte adducts can form with diluents, with argon, or with their
decomposition products. Also formed are oxides and multiply-charged analyte ions, which can
increase the complexity of the resulting mass spectra. Interferences can be minimized by
appropriate optimization of operational parameters, including gas flows (central, intermediate,
and outer gas flow rates), sample-solution flow, RF power, extraction-lens voltage, etc., or by
the use of collision or reaction cells, or cool plasma operation, if available on a given
instrument. Unless a laboratory is generating or examining isotopes that do not naturally occur,
a list of naturally occurring isotopes will provide the analyst with acceptable isotopes for
analytical purposes. Isotopic patterns also serve as an aid to element identification and
confirmation. Additionally, tables of commonly found interferences and polyatomic isobaric
interferences and correction factors can be used.
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ICP–MS generally offers considerably lower (better) detection limits than ICP–AES, largely
because of the extremely low background that it generates. This ability is a major advantage of
ICP–MS for determination of very low analyte concentrations or when elimination of matrix
interferences is required. In the latter case, some interferences can be avoided simply by
additional dilution of the sample solution. In some applications, analytes can be detected below
the parts per trillion (ppt) level using ICP–MS. As a general rule, ICP–MS as a technique
requires that samples contain significantly less total dissolved solids than does ICP–AES.
The selection of the analytical mass to use is critical to the success of an ICP–MS analysis,
regardless of instrument design. Though some masses are often considered to be the primary
ones, because of their high natural abundance, an alternative mass for a given element is often
used to avoid spectral overlaps (isobaric interferences). Selection of an analytical mass must
always be considered in the context of the sample matrix, the type of instrument being used,
and the concentrations to be measured. Analysts might choose to start with masses
recommended by the manufacturer of their particular instrument and select alternate masses
based on manufacturer's recommendations or published tables of naturally occurring isotopes.8
Optimization of an ICP–MS method is also highly dependent on the plasma parameters and
means of sample introduction. Forward power, gas flow rates, and torch position may all be
optimized to provide the best signal. When organic solvents are used, it is often necessary to
use a higher forward power setting and a lower nebulizer flow rate than would be used for
aqueous solutions. Additionally, when organic solvents are used, it might be necessary to
introduce small amounts of oxygen into the central or intermediate gas to prevent carbon
buildup in the torch or on the sampler cone orifice. The use of a platinum-tipped sampling or
skimmer cone may also be required in order to reduce cone degradation with some organic
solvents.
Calibration
The mass spectral accuracy for ICP–MS detection must be in accordance with the applicable
operating procedures. Because of the inherent differences between the types of instruments
available, there is no general system suitability procedure that can be employed. Analysts
should refer to the tests recommended by the instrument manufacturer for a given ICP–MS
instrument. These may include, but are not limited to, tuning on a reference mass or masses,
peak search, and mass calibration. The analyst should perform system checks recommended by
the instrument manufacturer.
Standardization
The instrument must be standardized for quantification at the time of use. Because the
response (signal vs. concentration) of ICP–MS is generally considered to be linear over a range
of 6 to 8 orders of magnitude, it is not always necessary to continually demonstrate linearity by
the use of a working curve. Once a method has been developed and is in routine use, it is
common practice to calibrate with a blank and a single standard. One-point standardizations
are suitable for conducting limit tests on production materials and final products, provided that
the methodology has been rigorously validated for sufficient specificity, sensitivity, linearity,
accuracy, precision, ruggedness, and robustness. An appropriate blank solution and standards
that bracket the expected range of the sample concentrations should be assayed and the
detector response plotted as a function of analyte concentration. The number and
concentration of standard solutions used should be based on the analyte in question, the
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expected concentrations, and the sample matrix, and should be left to the discretion of the
analyst. Optimally, a correlation coefficient of not less than 0.99, or as indicated in the
individual monograph, should be demonstrated for the working standard curve. Here, too,
however, the nature of the sample matrix, the analyte, the desired sensitivity, and the type of
instrumentation available might dictate a correlation coefficient lower than 0.99. The analyst
should use caution when proceeding with such an analysis and should employ additional working
standards.
To demonstrate the stability of the system since initial standardization, a solution used in the
initial standard curve must be reassayed as a check standard at appropriate intervals
throughout the analysis of the sample set. Appropriate intervals may be established as
occurring after every fifth or tenth sample, or as deemed adequate by the analyst, on the basis
of the analysis being performed. The reassayed standard should agree with its expected value
to within ±10% for single-element analyses when analytical masses are free of interferences
and when concentrations are >1 ng per mL. The reassayed standard should agree with its
expected value to within ±20% for multi-element analyses, or when concentrations are <1 ng
per mL. In cases where an individual monograph provides different guidance regarding the
reassayed check standard, the requirements of the monograph take precedence.
The method of standard additions should be employed in situations where matrix interferences
are expected or suspected. This method involves adding a known concentration of the analyte
element to the sample solution at no fewer than two concentration levels. The instrument
response is plotted against the concentration of the added analyte element, and a linear
regression line is drawn through the data points. The absolute value of the x-intercept
multiplied by any dilution factor is the concentration of the analyte in the sample.
Procedure
Follow the procedure as directed in the individual monograph for the detection mode and
instrument parameters. The specification of definitive parameters in a monograph does not
preclude the use of other suitable operating conditions, and adjustments of operating
conditions may be necessary. Alternative conditions must be supported by suitable validation
data, and the conditions in the monograph will take precedence for official purposes. Because
of differences in manufacturers' equipment configurations, the analyst may wish to begin with
the manufacturer's suggested default conditions and modify them as needed. Data collected
from a single sample introduction are treated as a single result. Data collected from replicate
sequential readings from a single introduction of the appropriate standard or sample solutions
are averaged as a single result. Sample concentrations are calculated versus the working curve
generated by plotting the detector response versus the concentration of the analyte in the
standard solutions. With modern instruments, this calculation is often performed by the
instrument.
GLOSSARY
AUXILIARY GAS:See Intermediate (or Auxiliary) Gas.
AXIAL VIEWING:A configuration of the plasma for AES in which the plasma is directed toward
the spectrometer optical path, also called “end-on viewing.”
CENTRAL (OR NEBULIZER) GAS:One of three argon gas flows in an ICP torch. The central gas is
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used to help create a fine mist of the sample solution when solution nebulization is employed.
This fine mist is then directed through the central tube of the torch and into the plasma.
COLLISION CELL:A design feature of some ICP–MS instruments. Collision cells are used to
reduce interferences from argon species or polyatomic ions and facilitate the analysis of
elements that might be affected by those interferences.
COOL PLASMA:Plasma conditions used for ICP–MS that result in a plasma that is cooler than
that normally used for an analysis. This condition is achieved by using a lower forward power
setting and higher central-gas flow rate, and is used to help reduce isotopic interferences
caused by argon and some polyatomic ions.
COOLANT GAS:See Outer (or Coolant or Plasma) Gas.
FORWARD POWER:The number of watts used to ignite and sustain the plasma during an
analysis. Forward power requirements may vary, depending on sample matrix and analyte.
INTERMEDIATE (OR AUXILIARY) GAS:Gas used to “lift” the plasma off the surface of the torch,
thereby preventing melting of the intermediate tube and the formation of carbon and salt
deposits on the inner tube.
INTERNAL STANDARD:An element added to or present in the same concentration in blanks,
standards, and samples to act as an intensity reference for the analysis. An internal standard
should be used for ICP–AES work and must always be used for quantitative ICP–MS analyses.
LATERAL VIEWING:See Radial Viewing.
m: The ion mass of interest.
MULTIPLY-CHARGED IONS:Atoms that, when subjected to the high-ionization temperature of
the ICP, can form doubly or triply charged ions (X++, X+++, etc.). When detected by MS, the
apparent mass of these ions will be ½ or 1/3 that of the atomic mass.
NEBULIZER:Used to form a consistent sample aerosol that mixes with the argon gas, which is
subsequently sent into the ICP.
OUTER (OR COOLANT OR PLASMA) GAS:The main gas supply for the plasma.
PLASMA GAS:See Outer (or Coolant or Plasma) Gas.
RADIAL VIEWING:A configuration of the plasma for AES in which the plasma is viewed
orthogonal to the spectrometer optic path. Also called “side-on viewing.” See also Lateral
Viewing.
REACTION CELL:Similar to Collision Cell, but operating on a different principle. Designed to
reduce or eliminate spectral interferences.
SAMPLING CONE:A metal cone (usually nickel-, aluminum-, or platinum-tipped) with a small
opening, through which ionized sample material flows after leaving the plasma.
SEQUENTIAL:A type of detector configuration for AES or MS in which discrete emission lines or
isotopic peaks are observed by scanning or hopping across the spectral range by means of a
monochromator or scanning mass spectrometer.
SIMULTANEOUS:A type of detector configuration for AES or MS in which all selected emission
lines or isotopic peaks are observed at the same time by using a polychromator or simultaneous
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mass spectrometer, offering increased analysis speed for analyses of multi-element samples.
SKIMMER CONE:A metal cone through which ionized sample flows after leaving the sampling
cone and before entering the high-vacuum region of an ICP–MS.
STANDARD ADDITIONS:A method used to determine the actual analyte concentration in a
sample when viscosity or matrix effects might cause erroneous results.
TORCH:A series of three concentric tubes, usually manufactured from quartz, in which the ICP
is formed.

INTRODUCTION
Plasma-based instrumental techniques, which are useful for pharmaceutical analyses, fall into
two major categories: those based on the inductively coupled plasma, and those where a
plasma is generated at or near the surface of the sample. The inductively coupled plasma (ICP)
is a high-temperature excitation source that desolvates, vaporizes, and atomizes aerosol
samples and ionizes the resulting atoms. The excited analyte ions and atoms can then
subsequently be detected by observing their emission lines, a method termed inductively
coupled plasma–optical emission spectroscopy (ICP–OES; also referred to as inductively
coupled plasma-atomic emission spectroscopy), or the excited or ground state ions can be
determined by a technique known as inductively coupled plasma–mass spectrometry (ICP–MS).
ICP–OES and ICP–MS may be used for either single- or multi-element analysis and used for
either sequential or simultaneous analyses with good sensitivity over an extended linear range.
For additional information and discussion of the theory and principles of measurements, see
Plasma Spectrochemistry—Theory and Practice

1730 .

QUALIFICATION OF PLASMA SPECTROPHOTOMETERS
Qualification of the ICP–OES or the ICP–MS can be divided into three elements: installation
qualification (IQ), operational qualification (OQ), and performance qualification (PQ)—see also
the general chapter Analytical Instrument Qualification

1058 .

Installation Qualification
The IQ requirements provide evidence that the hardware and software are properly installed in
the desired location, and that the environment, in which the instrument will be used, is
adequate.
Operational Qualification
The purpose of OQ is to demonstrate that instrument performance is suitable. In OQ, an
instrument's performance is characterized using standards of known spectral properties to
verify that the system operates within target specifications. OQ is a check of the key
operational parameters performed after installation and after repairs and/or maintenance.
Instrument vendors often have samples and test parameters available as part of the IQ/OQ
package.
Performance Qualification
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PQ determines whether the instrument is capable of meeting the user's requirements for all the
parameters that may affect the quality of the measurement. Depending on typical use, the
specifications for PQ may be different from the manufacturer's specifications. For validated
methods, specific PQ tests, also known as system suitability tests, can be used in lieu of PQ
requirements. A solution used in the initial standard curve of an ICP–OES or ICP–MS instrument
must be reassayed as a check standard at appropriate, pre-established intervals throughout
the analysis of the sample set.
For single-element ICP–OES analyses, when analytical wavelengths are between 200 and 500
nm, or concentrations are >1 µg/mL, the reassayed standard should agree with its expected
value to within ±10%, or as specified in an individual monograph. For multi-element ICP–OES
analyses, when analytical wavelengths are <200 nm or >500 nm, or at concentrations of <1
µg/mL, the reassayed standard should agree with its theoretical value to within ±20%, or as
specified in an individual monograph. For single-element ICP–MS analyses, when analytical
masses that are free of interferences and when concentrations are >1 ng/mL, the reassayed
standard should agree with its expected value to within ±10%, or as specified in an individual
monograph.
For multi-element ICP–MS analyses, or when concentrations are <1 ng/mL, or for singleelement analyses where interferences may be present, the reassayed standard should agree
with its expected value to within ±20%, or as specified in an individual monograph.
In cases where an individual monograph provides different guidance regarding the reassayed
check standard for ICP–OES or ICP–MS, the requirements of the monograph take precedence.
Specific procedures, acceptance criteria, and time intervals for characterizing ICP–OES or ICP–
MS performance depend on the instrument and intended application.
PROCEDURE
Users must evaluate and select the type of material of construction, pretreatment, and
cleaning of analytical labware used in ICP–OES and ICP–MS analyses. The material must be
inert and, depending on the specific application, resistant to caustics, acids, and/or organic
solvents. For some analyses, diligence must be exercised to prevent the adsorption of analytes
onto the surface of a vessel; contamination of the sample solutions from metal and ions
present in the container also can lead to inaccurate results. For the analysis of a ubiquitous
element, it is often necessary to use the purist grade of reagent or solvent available. Check all
solutions for elemental contamination before they are used in an analysis.
Standard Solution
Standard solutions are used to standardize the instrument at the time-of-use, and prepare
these solutions as directed in the individual monograph. [Note—Commercially available single- or
multi-element standard solutions, traceable to the National Institute of Standards and
Technology or to an equivalent national metrology organization, can be used in the preparation
of standard solutions.] Standard solutions, especially those used for ultra-trace analyses, may
have limited shelf-life. Stability of standard solutions can vary depending on concentration,
analyte of interest, storage container type, and storage conditions. For these reasons,
standard solutions with concentrations<10 ppm (w/v) should be retained for NMT 24 h, unless
stability is demonstrated experimentally.
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The method of standard additions can be used for instrument standardization. This method
involves adding a known concentration of the analyte element to the sample at NMT two
concentration levels against an unspiked sample preparation. The instrument response is
plotted against the concentration of the added analyte element, and a linear regression line is
drawn through the data points. The absolute value of the x-intercept multiplied by any dilution
factor is the concentration of the analyte in the sample, and many instruments will perform the
analyte calculation automatically.
Sample Solution
Although solid samples and slurried samples may be analyzed, it is generally necessary to
prepare solutions of samples for analyses as directed in the individual monograph. Samples may
be dissolved in any solvent, including organic solvents or acids/bases, that are compatible with
the instrument system. Samples that are not soluble in a solvent require digestion. A variety of
digestion techniques could be used to dissolve a sample. These include hot-plate and
microwave-assisted digestions, including open-vessel and closed-vessel approaches. Note that
open-vessel digestion generally is not recommended for the analysis of volatile metals, e.g.,
selenium and mercury.
Analysis
The instrument must be standardized for quantitation at the time of use, following the
procedure as directed in the individual monograph for the instrumental parameters. The
response of standard solutions that bracket the target concentration of an analyte in a sample
is determined against an appropriate blank. The detector response is plotted as a function of
the analyte concentration. When an analysis is performed at or near the detection limit, the
analyst cannot always use a bracketing standard. In such a case, a standard prepared at or
near (within ±10% of) the detection limit should be run in triplicate, with an acceptance criteria
of ±10% of the theoretical value for the standard for single-element standards, and ±20% of
the theoretical value for the standard for multi-element standards.
To demonstrate the stability of the system's initial standardization, the analyst must reassay a
solution used in the initial standard curve as a check standard at appropriate, pre-established
intervals throughout the analysis of the sample set. Unless otherwise indicated in the individual
monograph, the reassayed standard should meet the same acceptance criteria as those
outlined in the PQ section above. Sample concentrations are calculated versus the working
curve generated by plotting the detector response versus the concentration of the analyte in
the standard solutions, and most instruments perform this calculation automatically.
VALIDATION AND VERIFICATION
Validation
Validation is required when the ICP–OES or ICP–MS method is intended for use as an alternative
to the official procedure for testing an official article. The objective of the ICP–OES or the ICP–
MS procedure validation is to demonstrate that the measurement is suitable for its intended
purpose, including quantitative determination of the main component in a drug substance or a
drug product (Category I assays), quantitative determination of impurities or limit tests
(Category II), and identification tests (Category IV). [Note—For definition of different
categories, see Validation of Compendial Procedures

1225 .] Depending on the category of
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the test, analytical procedure validation for the ICP–OES or ICP–MS requires the testing of
linearity, range, accuracy, specificity, precision, detection limit, quantitation limit, and
robustness. These analytical performance characteristics apply to externally standardized
methods and to the method of standard additions.
General chapter 1225 provides definitions and general guidance on the procedures for
analytical validation without indicating specific validation criteria for each characteristic. The
intention of the following sections is to provide the user with specific validation criteria that
represent the minimum expectations for this technology.
ACCURACY
For Category I assays or Category II tests, accuracy can be determined by conducting
recovery studies with the appropriate matrix spiked with known concentrations of elements. It
is also an acceptable practice to compare assay results obtained using the ICP–OES or ICP–MS
procedure under validation to those of an established analytical procedure. In standard addition
methods, accuracy assessments are based on the final intercept concentration, not the
recovery calculated from the individual standard additions.
Validation criteria: 95.0%–105.0% mean recovery for the drug substance assay and the drug
product assay, and 70.0%–150.0% mean recovery for the impurity analysis. These criteria
apply throughout the intended range.
Precision
REPEATABILITY
The analytical procedure is assessed by measuring the concentrations of six independently
prepared sample solutions at 100% of the assay test concentration.
Validation criteria: The relative standard deviation is NMT 5.0% for the drug substance assay,
NMT 5.0% for the drug product assay, and NMT 20% for the impurity analysis.
INTERMEDIATE PRECISION
The effect of random events on the analytical precision of the procedure should be established.
Typical variables include performing the analysis on different days, using different
instrumentation, or having the method performed by two or more analysts. As a minimum, any
combination of these factors totaling three experiments will provide an estimation of
intermediate precision. For example, this could be one analyst on each of 3 days, or one
analyst on two sets of equipment on two different days for one instrument; three analysts
could be on the same piece of equipment.
Validation criteria: The relative standard deviation is NMT 8.0% for the drug substance assay,
NMT 8.0% for the drug product assay, and NMT 25.0% for the impurity analysis.
SPECIFICITY
The procedure must be able to unequivocally assess each analyte element in the presence of
components that are expected to be present, including any matrix components.
Validation criteria: Demonstrated by meeting the accuracy requirement
QUANTITATION LIMIT
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The limit of quantitation (QL) is estimated by calculating the standard deviation of NLT ten
replicate measurements of a blank solution and multiplying by 10. When validating a procedure
using the method of standard additions, the slope of standards applied to a solution of the test
material is used. Other suitable approaches can be used (see general chapter

1225

).

A measurement of a test solution prepared from a representative sample matrix spiked at the
estimated QL concentration must be performed to confirm accuracy. When validating a
procedure using the method of standard additions, the validation criterion applies to the final
experimental result, not the spike recovery of the individual standard addition levels.
Validation criteria: The analytical procedure should be capable of determining the analyte
precisely and accurately at a level equivalent to 50% of the specification.
LINEARITY
A response curve between the analyte concentration and absorbance is prepared from NLT two
standard solutions and a blank (for a total of three data points), at concentrations that
encompass the anticipated concentration of the test solution. The standard curve is then
evaluated using appropriate statistical methods, such as a least-squares regression.
For experiments that do not yield a linear relationship between analyte concentration and the
ICP–OES or ICP–MS response, appropriate statistical methods must be applied to describe the
analytical response.
Validation criteria: Correlation coefficient (R), NLT 0.995 for Category I assays and NLT 0.99
for Category II quantitative tests
RANGE
Range is the interval between the upper and lower concentrations (amounts) of analyte in the
sample (including these concentrations) for which it has been demonstrated that the analytical
procedure has a suitable level of precision, accuracy, and linearity that is demonstrated by
meeting the precision, accuracy, and linearity requirements.
Validation criteria: For Category I tests, the validation range for 100.0% centered
acceptance criteria is 80.0%–120.0%. For noncentered acceptance criteria, the validation
range is 10.0% below the lower limit to 10.0% above the upper limit. For content uniformity,
the validation range is 70.0%–130.0%. For Category II tests, the validation range covers
70.0%–130.0% of the acceptance criteria.
ROBUSTNESS
The reliability of an analytical measurement is demonstrated by deliberate changes to
experimental parameters. Because certain changes to experimental parameters could result in
potential safety issues or damage to equipment, robustness is demonstrated by meeting the
intermediate precision requirements set forth above.
Verification
U.S. Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
users of the analytical procedures, as described in USP–NF, are not required to validate these
procedures if they are provided in a monograph. Instead, users must simply verify their
suitability under actual conditions of use.
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The objective of ICP–OES or ICP–MS procedure verification is to demonstrate that the
procedure, as prescribed in a specific monograph, should be executed by the user with suitable
accuracy, specificity, and precision using the instruments, analysts, and sample matrices
available. According to Verification of Compendial Procedures 1226 , if the verification of the
compendial procedure by following the monograph is not successful, the procedure may not be
suitable for use with the article under test. It may be necessary to develop and validate an
alternative procedure as allowed in General Notices and Requirements 6.30.
Verification of compendial ICP–OES or ICP–MS methods should, at a minimum, include the
execution of the validation parameters for specificity, accuracy, precision, linearity, and limit of
quantitation, when appropriate, as indicated in Validation. USP39

1 Yueh F-Y, Singh JP, Zhang H. Laser-induced breakdown spectroscopy, elemental analysis. In: Encyclopedia of
Analytical Chemistry: Instrumentation and Applications. New York: Wiley; 2000:2066–2087.
2 For additional information on laser ablation, see Russo R, Mao X, Borisov O, Liu H. Laser ablation in atomic
spectrometry. In: Encyclopedia of Analytical Chemistry: Instrumentation and Applications. New York: Wiley;
2000.
3 Payling R, Larkins P. Optical Emission Lines of the Elements. New York: Wiley; 2000.
4 Harrison GR. Massachusetts Institute of Technology Wavelength Tables [also referred to as MIT Wavelength
Tables]. C ambridge, MA: MIT Press; 1969.
5 Winge RK, Fassel VA, Peterson VJ, Floyd MA. Inductively Coupled Plasma Atomic Emission Spectroscopy: An
Atlas of Spectral Information. New York: Elsevier; 1985.
6 Boumans PWJM. Spectrochim Acta A. 1981;36B:169.
7 Boumans PWJM. Line Coincidence Tables for Inductively Coupled Plasma Atomic Emission Spectrometry. 2nd
ed.; Oxford, UK: Pergamon; 1984.
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BRIEFING
771 Ophthalmic Ointments, USP 37 page 389 and PF 39(5) [Sept.–Oct. 2013]. On the
basis of comments received, it is proposed to make the following revisions to this chapter:
1.

Replace “preparations” with “products” throughout the entire text, and include
“Products” in the title, to avoid confusion with compounding preparations not covered
by the present chapter.

2.

Clarify the requirements for particulate and foreign matter.

3.

Include acceptance criteria for bacterial endotoxins.

4.

Include additional information for leachables and extractables.

Additional information can be found in the Stimuli article Ophthalmic Products—Replies to
Comments Received, being published elsewhere in this issue of PF.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
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(GCDF: M. Marques.)
Correspondence Number—C147432

Comment deadline: January 31, 2015
Change to read:
771
PRODUCTS—QUALITY TESTS

OPHTHALMIC OINTMENTS

USP39

Change to read:
Added Substances—Suitable substances may be added to ophthalmic ointments to increase
stability or usefulness, unless proscribed in the individual monograph, provided they are
harmless in the amounts administered and do not interfere with the therapeutic efficacy or with
the responses to the specified assays and tests. No coloring agent may be added, solely for
the purpose of coloring the finished preparation, to an article intended for ophthalmic use (see
also Added Substances under General Notices and under Antimicrobial Effectiveness Testing
51 ).
A suitable substance or mixture of substances to prevent the growth of microorganisms must
be added to ophthalmic ointments that are packaged in multiple-use containers, regardless of
the method of sterilization employed, unless otherwise directed in the individual monograph, or
unless the formula itself is bacteriostatic. Such substances are used in concentrations that will
prevent the growth of or kill microorganisms in the ophthalmic ointments (see also Antimicrobial
Effectiveness Testing 51 and Antimicrobial Agents—Content 341 ). Sterilization
processes are employed for the finished ointment or for all ingredients, if the ointment is
manufactured under rigidly aseptic conditions, even though such substances are used (see also
Parenteral and Topical Preparations in the section Added Substances, under General Notices,
and Sterilization and Sterility Assurance of Compendial Articles 1211 ). Ophthalmic ointments
that are packaged in single-use containers are not required to contain antibacterial agents;
however, they meet the requirements for Sterility Tests

71 .

Containers—Containers, including the closures, for ophthalmic ointments do not interact
physically or chemically with the preparation in any manner to alter the strength, quality, or
purity beyond the official requirements under the ordinary or customary conditions of handling,
shipment, storage, sale, and use.
Metal Particles—Follow the Procedure set forth under Metal Particles in Ophthalmic Ointments
751 .
Leakage—Select 10 tubes of the Ointment, with seals applied when specified. Thoroughly
clean and dry the exterior surfaces of each tube with an absorbent cloth. Place the tubes in a
horizontal position on a sheet of absorbent blotting paper in an oven maintained at a
temperature of 60 ± 3 for 8 hours. No significant leakage occurs during or at the completion of
the test (disregard traces of ointment presumed to originate externally from within the crimp of
the tube or from the thread of the cap). If leakage is observed from one, but not more than
one, of the tubes, repeat the test with 20 additional tubes of the Ointment. The requirement is
met if no leakage is observed from the first 10 tubes tested, or if leakage is observed from not
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more than one of 30 tubes tested.

INTRODUCTION
Ophthalmic products are sterile products that are intended for application to any ocular
structure, including any space adjacent to an ocular structure and its immediate surrounding
spaces.
The routes of administration of ophthalmic products fall into three general categories: topical,
intraocular injections, and extraocular injections. Topical drug products are intended to be
administered to an ocular surface component, such as the eyelid, conjunctiva, or cornea, and
can produce local or systemic effects. Intraocular and extraocular injections are administered
through external boundary tissue. The ophthalmic routes of administration include, but are not
limited to: topical, subconjunctival, sub-tenons, subretinal, subchoroidal, intracorneal,
intrascleral, suprachoroidal, intravitreal, intracameral, justascleral, and retrobulbar routes (see
Figure 1). Ophthalmic products are administered to the eye in a wide variety of dosage forms,
including but not restricted to: solutions, suspensions, ointments, gels, emulsions, strips,
injections, inserts, and implants.

Figure 1. Some of the routes of administration in the eye.
Note—All references to chapters above 1000 are for information purposes only, for use as a
helpful resource. These chapters are not mandatory unless explicitly called out for application.
OPHTHALMIC DOSAGE FORMS
This chapter discusses the specific characteristics of dosage forms that are administered to
any structure in the eye. See Pharmaceutical Dosage Forms 1151 for additional information
pertaining to the description and manufacturing of pharmaceutical dosage forms.
Ophthalmic products have the same or similar requirements as injectables and implants. For
more information on the requirements for these dosage forms, see Injections and Implanted
Drug Products (Parenterals)—Product Quality Tests

1 .

Depending on the formulation, container–closure system, and sterilization process, degradation
and/or morphological changes can occur during the sterilization step of the manufacturing
process and should be minimized. Temperatures required for autoclaving can cause irreversible
damage to certain dosage forms such as suspensions, semisolids, emulsions, and others,
whereas filtration is applicable only to formulations containing particulates with particle sizes
<0.2 µm. An alternative is to manufacture the product from sterile ingredients in an aseptic
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environment.
For multidose products, a suitable antimicrobial preservative is required, and its effectiveness
over the shelf life of the product must be verified.
Solutions
Note—Included in this section are those solid products that, when reconstituted according to
the label instructions, result in a solution.
The corneal contact time of topical ophthalmic solutions increases with the viscosity of the
formulations. Several synthetic polymers, including but not limited to polyvinylalcohol,
polyvinylpyrrolidone, polyethylene glycol, polyacrylic acid—and many cellulose derivatives such
as hypromellose and hydroxyethylcellulose—are commonly used as viscosity enhancers because
of their physiologic compatibility and satisfactory physicochemical properties.
Another approach to increase the corneal contact time involves the use of polymers that
provide the liquid formulation with semisolid consistency only when it is placed in the
conjunctival or corneal area. In this way, easy installation of the solution is followed by
prolonged permanence as a result of the viscoelastic properties of the formed hydrogel.
“Hydrogel”, or “water-based gels”, are three-dimensional networks of polymer chains containing
water within the network. The network can be either physically or chemically cross-linked (a
covalent bonding) structures between polymer chains. The water content of hydrogels can be
adjusted by modulating the composition and conformation of polymers, such as the
hydrophilic/hydrophobic balance of polymer chains and pendant groups, and the degree of
cross-linking. The in situ gelling phenomenon is caused by a change in the conformation of the
polymer(s) that can be triggered by external stimuli such as temperature, pH, ionic content,
and lacrimal fluid, upon delivery to the eye. Additionally, some polymers can interact, via
noncovalent bonds, with conjunctival mucin and maintain the formulation in contact with
corneal tissues.
Solutions can be injected not only by the intravitreal route but also by other routes, such as
subconjunctival, sub-tenons, retrobulbar, suprachoroidal, and subretinal routes.
Suspensions
[Note—Included in this section are those solid products that, when reconstituted according to
the label instructions, result in a suspension.]
Use of aqueous or oily suspensions may be considered for a number of reasons such as the
following: 1) for drugs that are poorly water soluble, 2) for drugs that have poor aqueous
stability, and 3) in cases where there is a need to increase contact time with the eye and to
increase wetting of the eye. The drug particle size is often reduced to levels <10 µm in an
attempt to avoid excessive lacrimation.
After topical instillation, particles are expected to be retained in the cul-de-sac, and the drug
slowly dissolves or is released from the polymeric structures by diffusion, dissolution, polymer
degradation, or ion-exchange.
Suspensions can be injected not only by the intravitreal route but also through other routes,
such as subconjunctival, sub-tenons, retrobulbar, suprachoroidal, and subretinal.
Ointments
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Eye ointments are semisolid products usually intended for application to the conjunctiva,
cornea, or eyelid. They have longer contact time when compared to many solutions. A suitable
ophthalmic ointment base is nonirritating to the eye and permits diffusion of the drug substance
throughout the secretions bathing the eye.
The majority of water-free, oleaginous eye ointment bases are composed of white petrolatum
and liquid petrolatum (mineral oil), or the eye ointment base is a modification of the petrolatumbased formula. They are designed to melt at body temperature. Other types of lipophilic
ointment bases can also be used. An anhydrous vehicle can be advantageous for moisturesensitive drugs.
Gels
Semisolid gel-type products are an alternative to traditional ointments and are based on the
effect of increasing the viscosity to prolong the retention of the drug in the eye. Several types
of gelling agents can be used, such as polyacrylic acid derivatives, carbomer, and
hypromellose.
Emulsions
Topical ophthalmic emulsions are generally prepared by dissolving or dispersing the drug
substance into an oil phase, adding suitable emulsifying and suspending agents, and mixing with
water vigorously to form a uniform oil-in-water emulsion. Each phase is typically sterilized
before or during charging into the mixing vessel. High-shear homogenation may be used to
reduce oil droplet size to submicron size, which may improve the physical stability of the oil
micelles so that they do not coalesce. The resulting dosage form should contain small oil
droplets, uniformly suspended.
Limited aqueous solubility of the drug substance(s) is the most common rationale for developing
an ophthalmic emulsion. The drug substance(s) can be added to the phase in which it is soluble
at the beginning of the manufacturing process, or the drug substance can be added after the
emulsion is prepared by a suitable dispersion process.
The physical stability of the emulsion can be measured by light-scattering techniques that
characterize oil-phase, globule-size distribution. Suitable surfactants may be added to improve
emulsion stability.
Strips
Ophthalmic strips can have different ophthalmic uses including, but not limited to, use as a
diagnostic tool to visualize defects or aberrations in the corneal epithelium or to measure the
amount of tear production. They are made of filter paper, and they can contain compounds
such as fluorescein sodium. They are individually packed to preserve sterility until the moment
of use.
Injections
Although injections are considered a dosage form for nomenclature purposes, they are not
treated as a dosage form in this chapter. Instead, refer to the appropriate physical form, such
as solution, suspension, or others, for general information.
Inserts
Ophthalmic inserts and ocular systems are solid dosage forms of appropriate size and shape
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that are placed in the conjunctival fornix, in the lacrimal punctum (Figure 2), or on the cornea.
Inserts can usually be removed, if adverse effects develop, and provide extended release of
the drug over a certain period of time. Inserts can be classified as erodible (soluble) or
nonerodible (insoluble). Drug release from soluble inserts involves two steps: 1) fast release of
a portion of the drug as the tear fluid penetrates into the system, and 2) slow release as a gel
layer is formed on the surface of the insert. Collagen shields made from porcine sclera collagen
or bovine corium tissue—and devices obtained by molding, extrusion, or compression
(minitablets) of gelling polymers—belong to this category of soluble inserts. Bioerodible polymers
(e.g., cross-linked gelatin derivatives and polyesters) can be used to prepare erodible inserts;
these matrices act as reservoirs or interact with the drug molecules through labile bonds.

Figure 2. Lacrimal punctum.
Soluble inserts can have the drug incorporated into an erodible matrix, such as hydroxypropyl
cellulose, hyaluronic acid, carbomer, or polyacrylic acid. Soluble inserts may be placed in the
lower cul-de-sac and generally dissolve within 12–24 h. Erodible polymeric products undergo
gradual dissolution while releasing the drug, and the patient does not have to remove the
erodible polymeric insert after use.
Insoluble inserts can have a reservoir or matrix structure. Their mechanism of action is based
on diffusion of a fluid into the device, dissolving of the drug, and the creation of a saturated
solution released to the medium by diffusion out of the insert. These insoluble inserts need to
be removed after a certain period of time.
Implants
Implants are injected or implanted into the anterior segment (intracameral, subconjunctival,
sub-tenon, or other parts of the anterior segment) or intravitreal cavities, and the implants can
be in different shapes, such as a disc or a thin rod. Implants can be made of nonbiodegradable
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or biodegradable polymers.
Among the types of nonbiodegradable solid (polymer) implants are reservoir-type implants
anchored to the sclera, in which the drug is released across a nonbiodegradable, semipermeable
polymer. The reservoir-type implants can be made of a variety of materials, including polyvinyl
alcohol–ethylene vinyl acetate. Biodegradable polymers can be used to form injectable solid
implants.
Drug–Device Combination Products
An ophthalmic drug–device combination product is constituted, in most cases, of two
components. One is a pharmaceutical dosage form containing the drug substance(s), and the
other is a device that will activate or facilitate the penetration of the drug substance(s) from
the dosage form into a particular region of the eye. Some examples of the devices are those
that generate waveforms (heat or light).
This chapter is applicable only to the pharmaceutical dosage form component of the ophthalmic
drug–device combination product. The appropriate FDA regulations regarding medical devices
should be used for the device component.
DRUG PRODUCT QUALITY
Procedures and acceptance criteria for testing ophthalmic products are divided into two
categories: 1) those that assess general quality attributes, e.g., identification, potency, purity
(and impurities), sterility, and particulate matter; and 2) those that assess in vitro product
performance, i.e., dissolution or drug release of the drug substance from the drug product.
Quality tests assess the integrity of the dosage form, whereas the performance tests assess
drug release and other attributes that relate to in vivo drug performance. Taken together,
quality and performance tests assure the identity, strength, quality, purity, and efficacy of the
drug product. This chapter addresses the quality tests for ophthalmic products. The
performance tests (dissolution/drug release) are addressed by general information chapter
Ophthalmic Products—Performance Tests

1771 .

Universal Tests
In this chapter, the division of the product quality tests in universal and specific tests does not
strictly follow the ICH guidance Q6A Specifications: Test Procedures and Acceptance Criteria
for New Drug Substances and New Drug Products: Chemical Substances (available at
www.ich.org). Universal tests in this chapter mean the tests that are applicable to all
ophthalmic products, regardless of the dosage form type.
DESCRIPTION
A qualitative description of the drug product should be provided. The acceptance criteria
should contain the final acceptable appearance, including clarity and color, of the dosage form
and packaging. If the color changes during storage, a quantitative procedure may be
appropriate. This is not a compendial test but is part of the manufacturer's specification of the
drug product.
IDENTIFICATION
Identification tests are discussed in General Notices and Requirements, 5.40 Identity.
Identification tests should establish the identity of the drug or drugs present in the article and
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should discriminate between compounds of closely related structures that are likely to be
present. Identity tests should be specific for the drug substance(s) [e.g., infrared (IR)
spectroscopy]. Near-infrared (NIR) or Raman spectrophotometric methods could be acceptable
for the identification of the drug product (see Near-Infrared (NIR) Spectroscopy—Theory and
Practice 1856 and Raman Spectroscopy—Theory and Practice 1858 ). The most widely
used identification procedures for drug substance(s) contained in pharmaceutical dosage forms
are chromatographic procedures with comparison to the appropriate standards (see
Chromatography 621 and Thin-Layer Chromatographic Identification Test 201 ).
Identification by use of a single chromatographic retention time does not constitute a specific
test.
ASSAY
A specific and stability-indicating test should be used to determine the strength (content) of
the drug product. In cases where the use of a nonspecific assay test is justified, other
supporting analytical procedures should be used to achieve overall specificity. A specific
procedure should be used when there is evidence of excipient interference with the nonspecific
assay test. Additional information on specific assays may be found in Antibiotics—Microbial
Assays

81 , Chromatography

Ion Chromatography

621 , Spectrophotometry and Light-Scattering

851 , and

1065 .

IMPURITIES
Process impurities, synthetic byproducts, and other inorganic and organic impurities may be
present in the drug substance and excipients used in the manufacture of the drug product.
These impurities are controlled by the drug substance and excipient monographs. Organic
impurities arising from the degradation of the drug substance in the drug product and those
impurities arising during the manufacturing process of the drug product should be monitored. All
articles meet the requirements in Elemental Impurities—Limits

232

and Residual Solvents

467 .
PH
See pH 791 . Normal tears have a pH of about 7.4. The eye can tolerate products over a
range of pH values from about 3.0 to about 8.6, depending on the buffering capacity of the
formulation. The pH value of the formulation should be the one where the drug product is the
most stable. Formulations that target the extremes of the acceptable pH range will have better
patient acceptability if the formulations have a low buffering capacity.
OSMOLARITY
See Osmolality and Osmolarity 785 . Ophthalmic products may be tolerated over a fairly
wide range of tonicity (0.5%–5% sodium chloride, equivalent to about 171–1711 mOsm/kg).
Hypotonic solutions are better tolerated than hypertonic solutions. Precautions should be taken
to ensure that the product maintains its osmolarity during shelf life. Any possible contributions
or interferences from the packaging system should be considered.
PARTICULATE AND FOREIGN MATTER
All ophthalmic products should be inspected for package integrity and, to the extent possible,
for the presence of observable foreign and particulate matter (visible particulates). These
unwanted particles arise from two sources: extrinsic (i.e., foreign matter); and intrinsic, or
product-related matter. Extrinsic matter cannot be associated with the product or process.
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Intrinsic particles are added during assembly of the product or result from a change over time.
A third category, inherent matter, describes a physical state or particles that are an expected
attribute of the product.
100% inspection of injectable products in clear packages is required to remove final packages
with visible particles. When 100% inspection of the injectable product in the final package is
difficult, such as in opaque containers, alternative methods may be used to determine
acceptability. Visible Particulates in Injections 790 provides further guidance for general
inspection methods and a definition of “essentially free of visible particles” for batch
compliance.
Two general categories apply for product administration to the tissues in the eye. Intraocular
administration includes all ophthalmic products that cross (penetrate) boundary tissue, such as
the cornea and sclera. Extraocular administration of ophthalmic products includes all other
ocular components and spaces. For subvisible particle content, USP guidance is followed.
Products for intraocular use must comply with Particulate Matter in Ophthalmic Solutions

789

. Products for extraocular use must comply with Particulate Matter in Injections 788 .
Considerations for product evaluation and the background for both subvisible methods are
found in Methods for the Determination of Particulate Matter in Injections and Ophthalmic
Solutions

1788 .
STERILITY

Ophthalmic dosage forms shall meet the requirements of Sterility Tests 71 . If the specific
ingredients used in the formulation do not lend themselves to routine sterilization techniques,
ingredients that meet the sterility requirements described in 71 , along with aseptic
manufacture, may be used. The immediate container for ophthalmic products shall be sterile at
the time of filling and closing. It is mandatory that the immediate containers for ophthalmic
products be sealed and tamper proof so that sterility is ensured at the time of first use.
ANTIMICROBIAL PRESERVATIVES
Antimicrobial agents must be added to products that are packaged in containers that allow for
the withdrawal or administration of multiple doses, unless one of the following conditions
prevails: 1) there are different directions in the individual monograph; 2) the substance
contains a radionuclide with a physical half-life of <24 h; and 3) the drug product, without
additional agents, is sufficiently microbicidal to meet the requirements of Antimicrobial
Effectiveness Testing

51 . Substances must meet the requirements of

51

and

Antimicrobial Agents—Content 341 . Acceptance criteria for antimicrobial preservative
content in multiple-unit products should be established.
BACTERIAL ENDOTOXINS
All injected ophthalmic drug products shall be prepared in a manner designed to minimize
bacterial endotoxins as defined in Bacterial Endotoxins Test 85 . The limits are NMT 0.5
EU/mL for ophthalmic irrigation products and NMT 2.0 EU/dose/eye for injected or implanted
drug products. Typically, this test is not required for topically applied ophthalmic products. This
chapter does not address the endotoxin limits for devices that are injected or implanted.
UNIFORMITY OF DOSAGE UNITS
This test is applicable to dosage forms packaged in single-unit containers. It includes both the
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mass of the dosage form and the content of the drug substance(s) in the dosage form. The
test can be performed by either content uniformity or weight variation (see Uniformity of
Dosage Units

905 ).
CONTAINER CONTENTS

Container contents of ophthalmic products should be determined (see Minimum Fill

755 ).

LEACHABLES AND EXTRACTABLES
The packaging system should not interact physically or chemically with the product in any
manner to alter the strength, quality, or purity of the drug product. The packaging system
should meet the requirements in Elastomeric Closures for Injections
660 , Plastic Materials of Construction

381 , Containers—Glass

661.1 , and Plastic Packaging Systems for

Pharmaceutical Use 661.2 . Further information regarding packaging systems testing can be
found in Assessment of Extractables Associated with Pharmaceutical Packaging/Delivery
Systems

1663

and Assessment of Drug Product Leachables Associated with Pharmaceutical

Packaging/Delivery Systems 1664 . The assessment of possible leachables and/or
extractables and the establishment of any acceptance criteria for these compounds should
take into account the risk assessment of the product, its indication, and packaging system.
Furthermore, it should be noted that a risk assessment of extractable/leachable impact on
topical or intraocular route of administration is a challenging undertaking. Toxicological or safety
assessments of primary or secondary packaging component extractables and leachables are not
typically available for ophthalmic routes of administration. A risk assessment may include
evaluation of toxicology and safety from other routes of administration and an assessment of
the Total Daily Intake of the extractable/leachable being evaluated. The preponderance of such
assessments leads to an estimate of extractable/leachable risk via ocular delivery to the
patient.
CONTAINER–CLOSURE INTEGRITY
The packaging system should be closed or sealed in such a manner as to prevent contamination
or loss of contents and should provide evidence of being tamper proof. Validation of container
integrity must demonstrate no penetration of microbial contamination or of chemical or physical
impurities (see Sterile Product Packaging—Integrity Evaluation

1207 ).

Specific Tests
VISCOSITY
An increase in viscosity increases the residence time in the eye. However, drug diffusion out of
the formulation into the eye may be inhibited due to high product viscosity. Ophthalmic
ointments are designed to be of very high viscosity to prolong the residence time in the eye.
The inclusion of viscosity evaluation in the specification of the product should be based on the
type of dosage form and if changes in product viscosity will affect its performance. This is not
a compendial test but is part of the manufacturer’s specification of the drug product. See
Viscosity—Capillary Methods
Rolling Ball Method

911 , Viscosity—Rotational Methods

912 , and Viscosity—

913 .

ANTIOXIDANT CONTENT
If antioxidants are present in the drug product, tests of their content should be established,
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unless oxidative degradation can be detected by another test method such as impurity testing.
Acceptance criteria for antioxidant content should be established. They should be based on the
levels of antioxidant necessary to maintain the product’s stability at all stages throughout its
proposed usage and shelf life.
RESUSPENDABILITY/REDISPERSIBILITY
Consideration must be given to establishing good physical stability of a suspension. If the
particles settle and eventually produce a cake at the bottom of the container, they must
redisperse readily at the time of use to achieve dosage uniformity.
PARTICLE SIZE AND PARTICLE SIZE DISTRIBUTION
The potential for any changes in the particle size of ophthalmic suspensions and emulsions
needs to be evaluated through stability testing (see Light Diffraction Measurement of Particle
Size

429 ).

DROP SIZE
For ophthalmic drug products dispensed as drops, drop sizes may typically range from 20 to 70
µL. Drop size can be controlled by weight or by volume, and it is typically evaluated during
product development.
ADDED SUBSTANCES
Suitable substances may be added to ophthalmic products to increase stability, unless
proscribed in the individual monograph, provided they are harmless in the amounts administered
and do not interfere with therapeutic efficacy or with responses to the specified assays and
tests. Typically, they should be evaluated during product development. The use of ingredients
solely to impart a color, odor, or flavor is prohibited.
USP39

BRIEFING
790 Visible Particulates in Injections, page 6393 of the First Supplement to USP 37–
NF 32. On the basis of feedback that has been received since the chapter became official, the
Dosage Form Expert Committee is proposing the following edits. The edits are to clarify intent,
which is the need to control and have acceptance criteria for extraneous particles, even for
drug products that contain inherent particles.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCDF: D. Hunt.)
Correspondence Number—C148678

Comment deadline: January 31, 2015
790

VISIBLE PARTICULATES IN INJECTIONS

Change to read:
INTRODUCTION
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USP39

All products intended for parenteral administration must be visually inspected for the presence
of particulate matter as specified in Injections and Implanted Drug Products (Parenterals)—
Product Quality Tests 1 . Dry solids, from which constituted solutions are prepared for
injection, meet the requirements for Constituted Solutions in Injections and Implanted Drug
Products (Parenterals)—Product Quality Tests 1 when they are prepared just before use.
Where used in this chapter, the term essentially free means that when injectable drug products
are inspected as described herein, no more than the specified number of units may be observed
to contain visible particulates. Particulate matter is defined in Particulate Matter in Injections
788 as extraneous mobile undissolved particles, other than gas bubbles, unintentionally
present in solutions.
See Subvisible Particulate Matter in Therapeutic Protein Injections
information on inherent, intrinsic, and extrinsic particulates. USP39

787

for additional

Examples of such particulate matter include, but are not limited to, fibers, glass, metal,
elastomeric materials, and precipitates. However, some products such as those derived from
proteins,
USP39

may contain inherent particles or agglomerates; in such cases, requirements for
these particular USP39
visible particulates are specified in the individual monograph or in the approved regulatory
application
but the control and acceptance criteria for extraneous particles described in this chapter
apply. USP39
Where the nature of the contents or the container–closure system permits only limited
capability for inspection of the total contents, the 100% inspection of a batch shall be
supplemented with the inspection of constituted (e.g., dried) or withdrawn (e.g., dark amber
container, suspensions, highly colored liquids) contents of a sample of containers from the
batch. The destructive nature of these tests requires the use of a sample smaller1 than those
traditionally used for non-destructive acceptance sampling after 100% inspection. Although the
tests described in this chapter may be useful during studies to examine product stability, this
chapter is not intended to establish any new testing requirements for stability studies.
INSPECTION PROCEDURE
Used along with 100% inspection during the manufacturing process, this procedure is sufficient
to demonstrate that the batch is essentially free of visible particulates. A complete program for
the control and monitoring of particulate matter remains an essential prerequisite.
Inspected units must be free of visible particulates when examined without magnification
(except for optical correction as may be required to establish normal vision) against a black
background and against a white background. Illumination at the inspection point is maintained
at a minimum intensity between 2000 and 3750 lux. This can be achieved through the use of
two 13-W or 15-W fluorescent lamps (e.g., F13/T5 or F15/T8). The use of a high-frequency
ballast to reduce flicker from the fluorescent lamps is recommended. Alternative light sources
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(e.g., incandescent, LED) that provide illumination at the point of inspection within the
specified minimum intensity range are acceptable. Higher illumination intensity is recommended
for examination of colored solutions or product in containers other than clear glass.
Before performing the inspection, remove any adherent labels from the container, and wash and
dry the outside. The unit under inspection should be gently swirled and/or inverted, ensuring
that no air bubbles are produced, and inspected for approximately 5 s against each of the
backgrounds. The presence of any particles should be recorded.
SAMPLING AT BATCH RELEASE (AFTER 100% MANUFACTURING INSPECTION)
Sample and inspect the batch using ANSI/ASQ Z1.4 (or ISO 2859-1). General Inspection Level
II, single sampling plans for normal inspection with an AQL of 0.65%. Alternative sampling plans
with equivalent or better protection are acceptable. NMT the specified number of units
contains visible particulates.
PRODUCT IN DISTRIBUTION2
If it becomes necessary to evaluate product that has been shipped to customers (e.g.,
because of a complaint or regulatory concern), sample and inspect 20 units. If no particles are
observed in the sample, the batch is considered essentially free of visible particulates. If
available, additional units may be inspected to gain further information on the risk of
particulates in the batch.
1 The special level sampling plans described in ANSI/ASQ Z1.4–2008 or ISO 2859 are appropriate to guide the
selection of sample size and acceptance criteria for this purpose.
2 Testing outlined in Product in Distribution is permissible only if Sampling at Batch Release (after 100%
Manufacturing Inspection) has been successfully completed.

BRIEFING
851 Spectrophotometry and Light-Scattering, USP 37 page 479. It is proposed to
omit this general chapter from USP–NF because it is being replaced by a new series of chapters
describing the specific spectroscopic techniques that are included in the existing
new chapters are: Atomic Absorption Spectroscopy
; Mid-Infrared Spectroscopy

851 . The

852 ; Fluorescence Spectroscopy

853

854 ; Nephelometry, Turbidimetry, and Visual Comparison

855 ; and Ultraviolet-Visible Spectroscopy 857 . The rationale for this revision, and a list of
all the monographs affected by this change, are provided in a Stimuli article entitled “An
Alignment of Concepts and Content across the Spectroscopy General Chapters in the United
States Pharmacopeia–National Formulary (USP–NF)” by TJ Wozniak, C Burgess, JP Hammond,
TL Shelbourn, PR Keller, and HN Pappa, published in Pharmacopeial Forum 40(1). Comments
received after publication of the article suggested the use of decimal points to number the new
chapters as subchapters of 851 (e.g., 851.1 , 851.2 , 851.3 ). Commenters
recommended this approach to avoid unnecessary changes in internal procedures and filing
documents. After a thorough evaluation of the proposal, the Expert Committee decided not to
change the traditional chapter numbering system. In their considerations, the Committee
pointed out that the use of the decimal point would not preclude the application of change
control to both the internal and external specification and regulatory filings. Yet the decimal
point would increase the risk for noncompliance in the laboratory because all the chapters
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would have similar identification numbers.
For a list of chapters and monographs that reference Chapter <851>, see
http://www.usp.org/usp-nf/notices/spectrophotometry-light-scattering. The omission of <851>
does affect the citations within these chapters and monographs. These citations will be
removed when the general chapter is officially omitted.
(GCCA: H. Pappa.)
Correspondence Number—C146616

Comment deadline: January 31, 2015
Delete the following:
851

SPECTROPHOTOMETRY AND LIGHT-SCATTERING

ULTRAVIOLET, VISIBLE, INFRARED, ATOMIC ABSORPTION, FLUORESCENCE,
TURBIDIMETRY, NEPHELOMETRY, AND RAMAN MEASUREMENT
Absorption spectrophotometry is the measurement of an interaction between electromagnetic
radiation and the molecules, or atoms, of a chemical substance. Techniques frequently
employed in pharmaceutical analysis include UV, visible, IR, and atomic absorption
spectroscopy. Spectrophotometric measurement in the visible region was formerly referred to
as colorimetry; however, it is more precise to use the term “colorimetry” only when considering
human perception of color.
Fluorescence spectrophotometry is the measurement of the emission of light from a chemical
substance while it is being exposed to UV, visible, or other electromagnetic radiation. In
general, the light emitted by a fluorescent solution is of maximum intensity at a wavelength
longer than that of the exciting radiation, usually by some 20 to 30 nm.
Light-Scattering involves measurement of the light scattered because of submicroscopic optical
density inhomogeneities of solutions and is useful in the determination of weight-average
molecular weights of polydisperse systems in the molecular weight range from 1000 to several
hundred million. Two such techniques utilized in pharmaceutical analysis are turbidimetry and
nephelometry.
Raman spectroscopy (inelastic light-scattering) is a light-scattering process in which the
specimen under examination is irradiated with intense monochromatic light (usually laser light)
and the light scattered from the specimen is analyzed for frequency shifts.
The wavelength range available for these measurements extends from the short wavelengths of
the UV through the IR. For convenience of reference, this spectral range is roughly divided into
the UV (190 to 380 nm), the visible (380 to 780 nm), the near-IR (780 to 3000 nm), and the IR
(2.5 to 40 µm or 4000 to 250 cm 1).
COMPARATIVE UTILITY OF SPECTRAL RANGES
For many pharmaceutical substances, measurements can be made in the UV and visible regions
of the spectrum with greater accuracy and sensitivity than in the near-IR and IR. When
solutions are observed in 1-cm cells, concentrations of about 10 µg of the specimen per mL
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often will produce absorbances of 0.2 to 0.8 in the UV or the visible region. In the IR and nearIR, concentrations of 1 to 10 mg per mL and up to 100 mg per mL, respectively, may be needed
to produce sufficient absorption; for these spectral ranges, cell lengths of from 0.01 mm to
upwards of 3 mm are commonly used.
The UV and visible spectra of substances generally do not have a high degree of specificity.
Nevertheless, they are highly suitable for quantitative assays, and for many substances they
are useful as additional means of identification.
There has been increasing interest in the use of near-IR spectroscopy in pharmaceutical
analysis, especially for rapid identification of large numbers of samples, and also for water
determination.
The near-IR region is especially suitable for the determination of –OH and –NH groups, such as
water in alcohol, –OH in the presence of amines, alcohols in hydrocarbons, and primary and
secondary amines in the presence of tertiary amines.
The IR spectrum is unique for any given chemical compound with the exception of optical
isomers, which have identical spectra. However, polymorphism may occasionally be responsible
for a difference in the IR spectrum of a given compound in the solid state. Frequently, small
differences in structure result in significant differences in the spectra. Because of the large
number of maxima in an IR absorption spectrum, it is sometimes possible to quantitatively
measure the individual components of a mixture of known qualitative composition without prior
separation.
The Raman spectrum and the IR spectrum provide similar data, although the intensities of the
spectra are governed by different molecular properties. Raman and IR spectroscopy exhibit
different relative sensitivities for different functional groups, e.g., Raman spectroscopy is
particularly sensitive to C–S and C–C multiple bonds, and some aromatic compounds are more
easily identified by means of their Raman spectra. Water has a highly intense IR absorption
spectrum, but a particularly weak Raman spectrum. Therefore, water has only limited IR
“windows” that can be used to examine aqueous solutes, while its Raman spectrum is almost
completely transparent and useful for solute identification. The two major limitations of Raman
spectroscopy are that the minimum detectable concentration of specimen is typically 10 1 M
to 10 2 M and that the impurities in many substances fluoresce and interfere with the
detection of the Raman scattered signal.
Optical reflectance measurements provide spectral information similar to that obtained by
transmission measurements. Since reflectance measurements probe only the surface
composition of the specimen, difficulties associated with the optical thickness and the lightscattering properties of the substance are eliminated. Thus, reflectance measurements are
frequently more simple to perform on intensely absorbing materials. A particularly common
technique used for IR reflectance measurements is termed attenuated total reflectance (ATR),
also known as multiple internal reflectance (MIR). In the ATR technique, the beam of the IR
spectrometer is passed through an appropriate IR window material (e.g., KRS-5, a TlBr-TlI
eutectic mixture), which is cut at such an angle that the IR beam enters the first (front)
surface of the window, but is totally reflected when it impinges on the second (back) surface
(i.e., the angle of incidence of the radiation upon the second surface of the window exceeds
the critical angle for that material). By appropriate window construction, it is possible to have
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many internal reflections of the IR beam before it is transmitted out of the window. If a
specimen is placed in close contact with the window along the sides that totally reflect the IR
beam, the intensity of reflected radiation is reduced at each wavelength (frequency) that the
specimen absorbs. Thus, the ATR technique provides a reflectance spectrum that has been
increased in intensity, when compared to a simple reflectance measurement, by the number of
times that the IR beam is reflected within the window. The ATR technique provides excellent
sensitivity, but it yields poor reproducibility, and is not a reliable quantitative technique unless
an internal standard is intimately mixed with each test specimen.
Fluorescence spectrophotometry is often more sensitive than absorption spectrophotometry.
In absorption measurements, the specimen transmittance is compared to that of a blank; and
at low concentrations, both solutions give high signals. Conversely, in fluorescence
spectrophotometry, the solvent blank has low rather than high output, so that the background
radiation that may interfere with determinations at low concentrations is much less. Whereas
few compounds can be determined conveniently at concentrations below 10 5 M by light
absorption, it is not unusual to employ concentrations of 10 7 M to 10 8 M in fluorescence
spectrophotometry.
THEORY AND TERMS
The power of a radiant beam decreases in relation to the distance that it travels through an
absorbing medium. It also decreases in relation to the concentration of absorbing molecules or
ions encountered in that medium. These two factors determine the proportion of the total
incident energy that emerge. The decrease in power of monochromatic radiation passing
through a homogeneous absorbing medium is stated quantitatively by Beer's law, log10 (1/T) = A
= abc, in which the terms are as defined below.
Absorbance [Symbol: A]—The logarithm, to the base 10, of the reciprocal of the
transmittance (T). [Note—Descriptive terms used formerly include optical density, absorbancy,
and extinction.]
Absorptivity [Symbol: a]—The quotient of the absorbance (A) divided by the product of the
concentration of the substance (c), expressed in g per L, and the absorption path length (b) in
cm. [Note—It is not to be confused with absorbancy index; specific extinction; or extinction
coefficient.]
Molar Absorptivity [Symbol: ]—The quotient of the absorbance (A) divided by the product
of the concentration, expressed in moles per L, of the substance and the absorption path
length in cm. It is also the product of the absorptivity (a) and the molecular weight of the
substance. [Note—Terms formerly used include molar absorbancy index; molar extinction
coefficient; and molar absorption coefficient.]
For most systems used in absorption spectrophotometry, the absorptivity of a substance is a
constant independent of the intensity of the incident radiation, the internal cell length, and the
concentration, with the result that concentration may be determined photometrically.
Beer's law gives no indication of the effect of temperature, wavelength, or the type of solvent.
For most analytical work the effects of normal variation in temperature are negligible.
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Deviations from Beer's law may be caused by either chemical or instrumental variables.
Apparent failure of Beer's law may result from a concentration change in solute molecules
because of association between solute molecules or between solute and solvent molecules, or
dissociation or ionization. Other deviations might be caused by instrumental effects such as
polychromatic radiation, slit-width effects, or stray light.
Even at a fixed temperature in a given solvent, the absorptivity may not be truly constant.
However, in the case of specimens having only one absorbing component, it is not necessary
that the absorbing system conform to Beer's law for use in quantitative analysis. The
concentration of an unknown may be found by comparison with an experimentally determined
standard curve.
Although, in the strictest sense, Beer's law does not hold in atomic absorption
spectrophotometry because of the lack of quantitative properties of the cell length and the
concentration, the absorption processes taking place in the flame under conditions of
reproducible aspiration do follow the Beer relationship in principle. Specifically, the negative log
of the transmittance, or the absorbance, is directly proportional to the absorption coefficient,
and, consequently, is proportional to the number of absorbing atoms. On this basis, calibration
curves may be constructed to permit evaluation of unknown absorption values in terms of
concentration of the element in solution.
Absorption Spectrum—A graphic representation of absorbance, or any function of
absorbance, plotted against wavelength or function of wavelength.
Transmittance [Symbol: T]—The quotient of the radiant power transmitted by a specimen
divided by the radiant power incident upon the specimen. [Note—Terms formerly used include
transmittancy and transmission.]
Fluorescence Intensity [Symbol: I]—An empirical expression of fluorescence activity,
commonly given in terms of arbitrary units proportional to detector response. The fluorescence
emission spectrum is a graphical presentation of the spectral distribution of radiation emitted
by an activated substance, showing intensity of emitted radiation as ordinate, and wavelength
as abscissa. The fluorescence excitation spectrum is a graphical presentation of the activation
spectrum, showing intensity of radiation emitted by an activated substance as ordinate, and
wavelength of the incident (activating) radiation as abscissa. As in absorption
spectrophotometry, the important regions of the electromagnetic spectrum encompassed by
the fluorescence of organic compounds are the UV, visible, and near-IR, i.e., the region from
250 to 800 nm. After a molecule has absorbed radiation, the energy can be lost as heat or
released in the form of radiation of the same or longer wavelength as the absorbed radiation.
Both absorption and emission of radiation are due to the transitions of electrons between
different energy levels, or orbitals, of the molecule. There is a time delay between the
absorption and emission of light; this interval, the duration of the excited state, has been
measured to be about 10 9 second to 10 8 second for most organic fluorescent solutions. The
short lifetime of fluorescence distinguishes this type of luminescence from phosphorescence,
which is a long-lived afterglow having a lifetime of 10 3 second up to several minutes.
Turbidance [Symbol: S]—The light-scattering effect of suspended particles. The amount of
suspended matter may be measured by observation of either the transmitted light
(turbidimetry) or the scattered light (nephelometry).
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Turbidity [Symbol: ]—In light-scattering measurements, the turbidity is the measure of the
decrease in incident beam intensity per unit length of a given suspension.
Raman Scattering Activity—The molecular property (in units of cm4 per g) governing the
intensity of an observed Raman band for a randomly oriented specimen. The scattering activity
is determined from the derivative of the molecular polarizability with respect to the molecular
motion giving rise to the Raman shifted band. In general, the Raman band intensity is linearly
proportional to the concentration of the analyte.
USE OF REFERENCE STANDARDS
With few exceptions, the Pharmacopeial spectrophotometric tests and assays call for
comparison against a USP Reference Standard. This is to ensure measurement under conditions
identical for the test specimen and the reference substance. These conditions include
wavelength setting, slit-width adjustment, cell placement and correction, and transmittance
levels. It should be noted that cells exhibiting identical transmittance at a given wavelength
may differ considerably in transmittance at other wavelengths. Appropriate cell corrections
should be established and used where required.
The expressions, “similar preparation” and “similar solution,” as used in tests and assays
involving spectrophotometry, indicate that the reference specimen, generally a USP Reference
Standard, is to be prepared and observed in a manner identical for all practical purposes to that
used for the test specimen. Usually in making up the solution of the specified Reference
Standard, a solution of about (i.e., within 10%) the desired concentration is prepared and the
absorptivity is calculated on the basis of the exact amount weighed out; if a previously dried
specimen of the Reference Standard has not been used, the absorptivity is calculated on the
anhydrous basis.
The expressions, “concomitantly determine” and “concomitantly measured,” as used in tests
and assays involving spectrophotometry, indicate that the absorbances of both the solution
containing the test specimen and the solution containing the reference specimen, relative to
the specified test blank, are to be measured in immediate succession.
APPARATUS
Many types of spectrophotometers are available. Fundamentally, most types, except those
used for IR spectrophotometry, provide for passing essentially monochromatic radiant energy
through a specimen in suitable form, and measuring the intensity of the fraction that is
transmitted. Fourier transform IR spectrophotometers use an interferometric technique whereby
polychromatic radiation passes through the analyte and onto a detector on an intensity and
time basis. UV, visible, and dispersive IR spectrophotometers comprise an energy source, a
dispersing device (e.g., a prism or grating), slits for selecting the wavelength band, a cell or
holder for the test specimen, a detector of radiant energy, and associated amplifiers and
measuring devices. In diode array spectrophotometers, the energy from the source is passed
through the test specimen and then dispersed via a grating onto several hundred light-sensitive
diodes, each of which in turn develops a signal proportional to the number of photons at its
small wavelength interval; these signals then may be computed at rapid chosen intervals to
represent a complete spectrum. Fourier transform IR systems utilize an interferometer instead

PF 40(6): Nov.-Dec. 2014

106

of a dispersing device and a digital computer to process the spectral data. Some instruments
are manually operated, whereas others are equipped for automatic and continuous recording.
Instruments that are interfaced to a digital computer have the capabilities also of co-adding
and storing spectra, performing spectral comparisons, and performing difference spectroscopy
(accomplished with the use of a digital absorbance subtraction method).
Instruments are available for use in the visible; in the visible and UV; in the visible, UV, and
near-IR; and in the IR regions of the spectrum. Choice of the type of spectrophotometric
analysis and of the instrument to be used depends upon factors such as the composition and
amount of available test specimen, the degree of accuracy, sensitivity, and selectivity desired,
and the manner in which the specimen is handled.
The apparatus used in atomic absorption spectrophotometry has several unique features. For
each element to be determined, a specific source that emits the spectral line to be absorbed
should be selected. The source is usually a hollow-cathode lamp, the cathode of which is
designed to emit the desired radiation when excited. Since the radiation to be absorbed by the
test specimen element is usually of the same wavelength as that of its emission line, the
element in the hollow-cathode lamp is the same as the element to be determined. The
apparatus is equipped with an aspirator for introducing the test specimen into a flame, which is
usually provided by air–acetylene, air–hydrogen, or, for refractory cases, nitrous oxide–
acetylene. The flame, in effect, is a heated specimen chamber. A detector is used to read the
signal from the chamber. Interfering radiation produced by the flame during combustion may be
negated by the use of a chopped source lamp signal of a definite frequency. The detector
should be tuned to this alternating current frequency so that the direct current signal arising
from the flame is ignored. The detecting system, therefore, reads only the change in signal
from the hollow-cathode source, which is directly proportional to the number of atoms to be
determined in the test specimen. For Pharmacopeial purposes, apparatus that provides the
readings directly in absorbance units is usually required. However, instruments providing
readings in percent transmission, percent absorption, or concentration may be used if the
calculation formulas provided in the individual monographs are revised as necessary to yield the
required quantitative results. Percent absorption or percent transmittance may be converted to
absorbance, A, by the following two equations:
A =2

log10 (100

% absorption)

or:
A =2

log10 (% transmittance)

Depending upon the type of apparatus used, the readout device may be a meter, digital
counter, recorder, or printer. Both single-beam and double-beam instruments are commercially
available, and either type is suitable.
Measurement of fluorescence intensity can be made with a simple filter fluorometer. Such an
instrument consists of a radiation source, a primary filter, a specimen chamber, a secondary
filter, and a fluorescence detection system. In most such fluorometers, the detector is placed
on an axis at 90 from that of the exciting beam. This right-angle geometry permits the exciting
radiation to pass through the test specimen and not contaminate the output signal received by
the fluorescence detector. However, the detector unavoidably receives some of the exciting
radiation as a result of the inherent scattering properties of the solutions themselves, or if dust
or other solids are present. Filters are used to eliminate this residual scatter. The primary filter
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selects short-wavelength radiation capable of exciting the test specimen, while the secondary
filter is normally a sharp cut-off filter that allows the longer-wavelength fluorescence to be
transmitted but blocks the scattered excitation.
Most fluorometers use photomultiplier tubes as detectors, many types of which are available,
each having special characteristics with respect to spectral region of maximum sensitivity, gain,
and electrical noise. The photocurrent is amplified and read out on a meter or recorder.
A spectrofluorometer differs from a filter fluorometer in that filters are replaced by
monochromators, of either the prism or the grating type. For analytical purposes, the
spectrofluorometer is superior to the filter fluorometer in wavelength selectivity, flexibility, and
convenience, in the same way in which a spectrophotometer is superior to a filter photometer.
Many radiation sources are available. Mercury lamps are relatively stable and emit energy
mainly at discrete wavelengths. Tungsten lamps provide an energy continuum in the visible
region. The high-pressure xenon arc lamp is often used in spectrofluorometers because it is a
high-intensity source that emits an energy continuum extending from the UV into the IR.
In spectrofluorometers, the monochromators are equipped with slits. A narrow slit provides high
resolution and spectral purity, while a large slit sacrifices these for high sensitivity. Choice of
slit size is determined by the separation between exciting and emitting wavelengths as well as
the degree of sensitivity needed.
Specimen cells used in fluorescence measurements may be round tubes or rectangular cells
similar to those used in absorption spectrophotometry, except that they are polished on all four
vertical sides. A convenient test specimen size is 2 to 3 mL, but some instruments can be fitted
with small cells holding 100 to 300 µL, or with a capillary holder requiring an even smaller
amount of specimen.
Light-scattering instruments are available and consist in general of a mercury lamp, with filters
for the strong green or blue lines, a shutter, a set of neutral filters with known transmittance,
and a sensitive photomultiplier to be mounted on an arm that can be rotated around the
solution cell and set at any angle from 135 to 0 to +135 by a dial outside the light-tight
housing. Solution cells are of various shapes, such as square for measuring 90 scattering;
semioctagonal for 45 , 90 , and 135 scattering; and cylindrical for scattering at all angles.
Since the determination of molecular weight requires a precise measure of the difference in
refractive index between the solution and solvent, [(n n0 )/c], a second instrument, a
differential refractometer, is needed to measure this small difference.
Raman spectrometers include the following major components: a source of intense
monochromatic radiation (invariably a laser); optics to collect the light scattered by the test
specimen; a (double) monochromator to disperse the scattered light and reject the intense
incident frequency; and a suitable light-detection and amplification system. Raman
measurement is simple in that most specimens are examined directly in melting-point capillaries.
Because the laser source can be focused sharply, only a few microliters of the specimen is
required.
PROCEDURE
Absorption Spectrophotometry
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Detailed instructions for operating spectrophotometers are supplied by the manufacturers. To
achieve significant and valid results, the operator of a spectrophotometer should be aware of
its limitations and of potential sources of error and variation. The instruction manual should be
followed closely on such matters as care, cleaning, and calibration of the instrument, and
techniques of handling absorption cells, as well as instructions for operation. The following
points require special emphasis.
Check the instrument for accuracy of calibration. Where a continuous source of radiant energy
is used, attention should be paid to both the wavelength and photometric scales; where a
spectral line source is used, only the photometric scale need be checked. A number of sources
of radiant energy have spectral lines of suitable intensity, adequately spaced throughout the
spectral range selected. The best single source of UV and visible calibration spectra is the
quartz-mercury arc, of which the lines at 253.7, 302.25, 313.16, 334.15, 365.48, 404.66, and
435.83 nm may be used. The glass-mercury arc is equally useful above 300 nm. The 486.13-nm
and 656.28-nm lines of a hydrogen discharge lamp may be used also. The wavelength scale
may be calibrated also by means of suitable glass filters, which have useful absorption bands
through the visible and UV regions. Standard glasses containing didymium (a mixture of
praseodymium and neodymium) have been used widely, although glasses containing holmium
were found to be superior. Standard holmium oxide solution has superseded the use of holmium
glass.1 The wavelength scales of near-IR and IR spectrophotometers are readily checked by
the use of absorption bands provided by polystyrene films, carbon dioxide, water vapor, or
ammonia gas.
For checking the photometric scale, a number of standard inorganic glass filters as well as
standard solutions of known transmittances such as potassium dichromate are available.2
Quantitative absorbance measurements usually are made on solutions of the substance in
liquid-holding cells. Since both the solvent and the cell window absorb light, compensation must
be made for their contribution to the measured absorbance. Matched cells are available
commercially for UV and visible spectrophotometry for which no cell correction is necessary. In
IR spectrophotometry, however, corrections for cell differences usually must be made. In such
cases, pairs of cells are filled with the selected solvent and the difference in their absorbances
at the chosen wavelength is determined. The cell exhibiting the greater absorbance is used for
the solution of the test specimen and the measured absorbance is corrected by subtraction of
the cell difference.
With the use of a computerized Fourier transform IR system, this correction need not be made,
since the same cell can be used for both the solvent blank and the test solution. However, it
must be ascertained that the transmission properties of the cell are constant.
Comparisons of a test specimen with a Reference Standard are best made at a peak of spectral
absorption for the compound concerned. Assays prescribing spectrophotometry give the
commonly accepted wavelength for peak spectral absorption of the substance in question. It is
known that different spectrophotometers may show minor variation in the apparent wavelength
of this peak. Good practice demands that comparisons be made at the wavelength at which
peak absorption occurs. Should this differ by more than ±1 nm from the wavelength specified in
the individual monograph, recalibration of the instrument may be indicated.
TEST PREPARATION
For determinations utilizing UV or visible spectrophotometry, the specimen generally is dissolved
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in a solvent. Unless otherwise directed in the monograph, determinations are made at room
temperature using a path length of 1 cm. Many solvents are suitable for these ranges, including
water, alcohols, chloroform, lower hydrocarbons, ethers, and dilute solutions of strong acids
and alkalies. Precautions should be taken to utilize solvents free from contaminants absorbing in
the spectral region being used. It is usually advisable to use water-free methanol or alcohol, or
alcohol denatured by the addition of methanol but not containing benzene or other interfering
impurities, as the solvent. Solvents of special spectrophotometric quality, guaranteed to be
free from contaminants, are available commercially from several sources. Some other analytical
reagent-grade organic solvents may contain traces of impurities that absorb strongly in the UV
region. New lots of these solvents should be checked for their transparency, and care should
be taken to use the same lot of solvent for preparation of the test solution and the standard
solution and for the blank.
No solvent in appreciable thickness is completely transparent throughout the near-IR and IR
spectrum. Carbon tetrachloride (up to 5 mm in thickness) is practically transparent to 6 µm
(1666 cm 1). Carbon disulfide (1 mm in thickness) is suitable as a solvent to 40 µm (250 cm
1)

with the exception of the 4.2-µm to 5.0-µm (2381-cm 1 to 2000-cm 1) and the 5.5-µm to

7.5-µm (1819-cm 1 to 1333-cm 1) regions, where it has strong absorption. Other solvents
have relatively narrow regions of transparency. For IR spectrophotometry, an additional
qualification for a suitable solvent is that it must not affect the material, usually sodium
chloride, of which the cell is made. The test specimen may also be prepared by dispersing the
finely ground solid specimen in mineral oil or by mixing it intimately with previously dried alkali
halide salt (usually potassium bromide). Mixtures with alkali halide salts may be examined
directly or as transparent disks or pellets obtained by pressing the mixture in a die. Typical
drying conditions for potassium bromide are 105 in vacuum for 12 hours, although grades are
commercially available that require no drying. Infrared microscopy or a mineral oil dispersion is
preferable where disproportionation between the alkali halide and the test specimen is
encountered. For suitable materials the test specimen may be prepared neat as a thin sample
for IR microscopy or suspended neat as a thin film for mineral oil dispersion. For Raman
spectrometry, most common solvents are suitable, and ordinary (nonfluorescing) glass specimen
cells can be used. The IR region of the electromagnetic spectrum extends from 0.8 to 400 µm.
From 800 to 2500 nm (0.8 to 2.5 µm) is generally considered to be the near-IR (NIR) region;
from 2.5 to 25 µm (4000 to 400 cm 1) is generally considered to be the mid-range (mid-IR)
region; and from 25 to 400 µm is generally considered to be the far-IR (FIR) region. Unless
otherwise specified in the individual monograph, the region from 3800 to 650 cm 1 (2.6 to 15
µm) should be used to ascertain compliance with monograph specifications for IR absorption.
Where values for IR line spectra are given in an individual monograph, the letters s, m, and w
signify strong, medium, and weak absorption, respectively; sh signifies a shoulder, bd signifies a
band, and v means very. The values may vary as much as 0.1 µm or 10 cm 1, depending upon
the particular instrument used. Polymorphism gives rise to variations in the IR spectra of many
compounds in the solid state. Therefore, when conducting IR absorption tests, if a difference
appears in the IR spectra of the analyte and the standard, dissolve equal portions of the test
substance and the standard in equal volumes of a suitable solvent, evaporate the solutions to
dryness in similar containers under identical conditions, and repeat the test on the residues.
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In NIR spectroscopy much of the current interest centers around the ease of analysis. Samples
can be analyzed in powder form or by means of reflectance techniques, with little or no
preparation. Compliance with in-house specifications can be determined by computerized
comparison of spectra with spectra previously obtained from reference materials. Many
pharmaceutical materials exhibit low absorptivity in this spectral region, which allows incident
near-IR radiation to penetrate samples more deeply than UV, visible, or IR radiation. NIR
spectrophotometry may be used to observe matrix modifications and, with proper calibration,
may be used in quantitative analysis.
In atomic absorption spectrophotometry, the nature of the solvent and the concentration of
solids must be given special consideration. An ideal solvent is one that interferes to a minimal
extent in the absorption or emission processes and one that produces neutral atoms in the
flame. If there is a significant difference between the surface tension or viscosity of the test
solution and standard solution, the solutions are aspirated or atomized at a different rate,
causing significant differences in the signals generated. The acid concentration of the solutions
also affects the absorption processes. Thus, the solvents used in preparing the test specimen
and the standard should be the same or as much alike in these respects as possible, and should
yield solutions that are easily aspirated via the specimen tube of the burner-aspirator. Since
undissolved solids present in the solutions may give rise to matrix or bulk interferences, the
total undissolved solids content in all solutions should be kept below 2% wherever possible.
CALCULATIONS
The application of absorption spectrophotometry in an assay or a test generally requires the
use of a Reference Standard. Where such a measurement is specified in an assay, a formula is
provided in order to permit calculation of the desired result. A numerical constant is frequently
included in the formula. The following derivation is provided to introduce a logical approach to
the deduction of the constants appearing in formulas in the assays in many monographs.
The Beer's law relationship is valid for the solutions of both the Reference Standard (S) and the
test specimen (U):
AS = abCS

(1)

AU = abCU

(2)

in which AS is the absorbance of the Standard solution of concentration CS; and AU is the
absorbance of the test specimen solution of concentration CU . If CS and CU are expressed in
the same units and the absorbances of both solutions are measured in matching cells having
the same dimensions, the absorptivity, a, and the cell thickness, b, are the same;
consequently, the two equations may be combined and rewritten to solve for CU :
CU = CS(AU /AS)

(3)

Quantities of solid test specimens to be taken for analysis are generally specified in mg.
Instructions for dilution are given in the assay and, since dilute solutions are used for
absorbance measurements, concentrations are usually expressed for convenience in units of µg
per mL. Taking a quantity, in mg, of a test specimen of a drug substance or solid dosage form
for analysis, it therefore follows that a volume (VU ), in L, of solution of concentration CU may
be prepared from the amount of test specimen that contains a quantity WU , in mg, of the drug
substance [Note—CU is numerically the same whether expressed as µg per mL or mg per L],
such that:
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WU = VU CU

(4)

The form in which the formula appears in the assay in a monograph for a solid article may be
derived by substituting CU of equation (3) into equation (4). In summary, the use of equation
(4), with due consideration for any unit conversions necessary to achieve equality in equation
(5), permits the calculation of the constant factor (VU ) occurring in the final formula:
WU = VU CS(AU /AS)

(5)

The same derivation is applicable to formulas that appear in monographs for liquid articles that
are assayed by absorption spectrophotometry. For liquid dosage forms, results of calculations
are generally expressed in terms of the quantity, in mg, of drug substance in each mL of the
article. Thus it is necessary to include in the denominator an additional term, the volume (V), in
mL, of the test preparation taken.
Assays in the visible region usually call for comparing concomitantly the absorbance produced
by the Assay preparation with that produced by a Standard preparation containing
approximately an equal quantity of a USP Reference Standard. In some situations, it is
permissible to omit the use of a Reference Standard. This is true where spectrophotometric
assays are made with routine frequency, and where a suitable standard curve is available,
prepared with the respective USP Reference Standard, and where the substance assayed
conforms to Beer's law within the range of about 75% to 125% of the final concentration used
in the assay. Under these circumstances, the absorbance found in the assay may be
interpolated on the standard curve, and the assay result calculated therefrom.
Such standard curves should be confirmed frequently, and always when a new
spectrophotometer or new lots of reagents are put into use.
In spectrophotometric assays that direct the preparation and use of a standard curve, it is
permissible and preferable, when the assay is employed infrequently, not to use the standard
curve but to make the comparison directly against a quantity of the Reference Standard
approximately equal to that taken of the specimen, and similarly treated.
Fluorescence Spectrophotometry
The measurement of fluorescence is a useful analytical technique. Fluorescence is light emitted
from a substance in an excited state that has been reached by the absorption of radiant
energy. A substance is said to be fluorescent if it can be made to fluoresce. Many compounds
can be assayed by procedures utilizing either their inherent fluorescence or the fluorescence of
suitable derivatives.
Test specimens prepared for fluorescence spectrophotometry are usually one-tenth to onehundredth as concentrated as those used in absorption spectrophotometry, for the following
reason. In analytical applications, it is preferable that the fluorescence signal be linearly related
to the concentration; but if a test specimen is too concentrated, a significant part of the
incoming light is absorbed by the specimen near the cell surface, and the light reaching the
center is reduced. That is, the specimen itself acts as an “inner filter.” However, fluorescence
spectrophotometry is inherently a highly sensitive technique, and concentrations of 10 5 M to
10 7 M frequently are used. It is necessary in any analytical procedure to make a working
curve of fluorescence intensity versus concentration in order to establish a linear relationship.
All readings should be corrected for a solvent blank.
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Fluorescence measurements are sensitive to the presence of dust and other solid particles in
the test specimen. Such impurities may reduce the intensity of the exciting beam or give
misleading high readings because of multiple reflections in the specimen cell. It is, therefore,
wise to eliminate solid particles by centrifugation; filtration also may be used, but some filter
papers contain fluorescent impurities.
Temperature regulation is often important in fluorescence spectrophotometry. For some
substances, fluorescence efficiency may be reduced by as much as 1% to 2% per degree of
temperature rise. In such cases, if maximum precision is desired, temperature-controlled
specimen cells are useful. For routine analysis, it may be sufficient to make measurements
rapidly enough so that the specimen does not heat up appreciably from exposure to the intense
light source. Many fluorescent compounds are light-sensitive. Exposed in a fluorometer, they
may be photo-degraded into more or less fluorescent products. Such effects may be detected
by observing the detector response in relationship to time, and may be reduced by attenuating
the light source with filters or screens.
Change of solvent may markedly affect the intensity and spectral distribution of fluorescence.
It is inadvisable, therefore, to alter the solvent specified in established methods without careful
preliminary investigation. Many compounds are fluorescent in organic solvents but virtually
nonfluorescent in water; thus, a number of solvents should be tried before it is decided
whether or not a compound is fluorescent. In many organic solvents, the intensity of
fluorescence is increased by elimination of dissolved oxygen, which has a strong quenching
effect. Oxygen may be removed by bubbling an inert gas such as nitrogen or helium through the
test specimen.
A semiquantitative measure of the strength of fluorescence is given by the ratio of the
fluorescence intensity of a test specimen and that of a standard obtained with the same
instrumental settings. Frequently, a solution of stated concentration of quinine in 0.1 N sulfuric
acid or fluorescein in 0.1 N sodium hydroxide is used as a reference standard.
Light-Scattering
Turbidity can be measured with a standard photoelectric filter photometer or
spectrophotometer, preferably with illumination in the blue portion of the spectrum.
Nephelometric measurements require an instrument with a photocell placed so as to receive
scattered rather than transmitted light; this geometry applies also to fluorometers, so that, in
general, fluorometers can be used as nephelometers, by proper selection of filters. A ratio
turbidimeter combines the technology of 90 nephelometry and turbidimetry: it contains
photocells that receive and measure scattered light at a 90 angle from the sample as well as
receiving and measuring the forward scatter in front of the sample; it also measures light
transmitted directly through the sample. Linearity is attained by calculating the ratio of the 90
angle scattered light measurement to the sum of the forward scattered light measurement and
the transmitted light measurement. The benefit of using a ratio turbidimetry system is that the
measurement of stray light becomes negligible.
In practice, it is advisable to ensure that settling of the particles being measured is negligible.
This is usually accomplished by including a protective colloid in the liquid suspending medium. It
is important that results be interpreted by comparison of readings with those representing
known concentrations of suspended matter, produced under precisely the same conditions.
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Turbidimetry or nephelometry may be useful for the measurement of precipitates formed by the
interaction of highly dilute solutions of reagents, or other particulate matter, such as
suspensions of bacterial cells. In order that consistent results may be achieved, all variables
must be carefully controlled. Where such control is possible, extremely dilute suspensions may
be measured.
The specimen solute is dissolved in the solvent at several different accurately known
concentrations, the choice of concentrations being dependent on the molecular weight of the
solute and ranging from 1% for Mw = 10,000 to 0.01% for Mw = 1,000,000. Each solution must
be very carefully cleaned before measurement by repeated filtration through fine filters. A dust
particle in the solution vitiates the intensity of the scattered light measured. A criterion for a
clear solution is that the dissymmetry, 45 /135 scattered intensity ratio, has attained a
minimum.
The turbidity and refractive index of the solutions are measured. From the general 90 lightscattering equation, a plot of HC/ versus C is made and extrapolated to infinite dilution, and
the weight-average molecular weight, M, is calculated from the intercept, 1/M.
Visual Comparison
Where a color or a turbidity comparison is directed, color-comparison tubes that are matched
as closely as possible in internal diameter and in all other respects should be used. For color
comparison, the tubes should be viewed downward, against a white background, with the aid of
a light source directed from beneath the bottoms of the tubes, while for turbidity comparison
the tubes should be viewed horizontally, against a dark background, with the aid of a light
source directed from the sides of the tubes.
In conducting limit tests that involve a comparison of colors in two like containers (e.g.,
matched color-comparison tubes), a suitable instrument, rather than the unaided eye, may be
used. USP39

1 National Institute of Standards and Technology (NIST), Gaithersburg, MD 20899: “Spectral Transmittance
C haracteristics of Holmium Oxide in Perchloric Acid,” J. Res. Natl. Bur. Stds. 90, No. 2, 115 (1985). The
performance of an uncertified filter should be checked against a certified standard.
2 For further detail regarding checks on photometric scale of a spectrophotometer, reference may be made to
the following NIST publications: J. Res. Nalt. Bur. Stds. 76A, 469 (1972) [re: SRM 93l, “Liquid Absorbance
Standards for Ultraviolet and Visible Spectrophotometry” as well as potassium chromate and potassium
dichromate]; NIST Spec. Publ. 260–116 (1994) [re: SRM 930 and SRM 1930, “Glass Filters for
Spectrophotometry.”

BRIEFING
855 Nephelometry, Turbidimetry, and Visual Comparison. This proposed new general
chapter was created as a result of the development of specific chapters for spectroscopic
techniques currently described in the general chapter Spectrophotometry and Light-Scattering
851 . The new chapter 855 focuses on light-scattering techniques (specifically
turbidimetry and nephelometry) and visual comparison. The text in this proposal corresponds, in
its majority, to the existing text relevant to these techniques in the current general chapter
851 .
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NEPHELOMETRY, TURBIDIMETRY, AND VISUAL COMPARISON

“Light-scattering” techniques involve measurement of the light scattered or transmitted
because of submicroscopic optical density inhomogeneities of the media analyzed (i.e.,
solutions, gases, or powders). Light-scattering techniques are useful in the determination of
weight-average molecular weights of polydisperse systems in the molecular weight range from
1,000 to several hundred million. Two such techniques used in pharmaceutical analysis are
“turbidimetry” and “nephelometry”.
Terms commonly used in describing light-scattering techniques are:
Turbidance (symbol, S): The light-scattering effect of suspended particles. The amount
of suspended matter may be measured by observation of either the transmitted light
(turbidimetry) or the scattered light (nephelometry).
Turbidity (symbol, ): In light-scattering measurements, the turbidity is the measure of
the decrease in incident beam intensity per unit length of a given suspension.
APPARATUS
Light-scattering instruments are available and generally consist of a mercury lamp with filters
for the strong green or blue lines, a shutter, a set of neutral filters with known transmittance,
and a sensitive photomultiplier to be mounted on an arm that can be rotated around the
solution cell and set at any angle from 135 to 0 to +135 by a dial outside of the light-tight
housing. Solution cells are of various shapes, such as square for measuring 90 scattering;
semioctagonal for 45 , 90 , and 135 scattering; and cylindrical for scattering at all angles.
Because the determination of molecular weight requires a precise measurement of the
difference in refractive index between the solution and solvent [(n × n0 )/c], a second
instrument—a differential refractometer—is needed to measure this small difference.
PROCEDURE
Light-Scattering
Turbidity can be measured with a standard photoelectric filter photometer or
spectrophotometer, preferably with illumination in the blue portion of the spectrum.
Nephelometric measurements require an instrument with a photocell placed so as to receive
scattered rather than transmitted light; this geometry also applies to fluorometers so that, in
general, fluorometers can be used as nephelometers by proper selection of filters. A ratio
turbidimeter combines the technology of 90 nephelometry and turbidimetry: it contains
photocells that receive and measure scattered light at a 90 angle from the sample as well as
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receiving and measuring the forward scatter in front of the sample; it also measures light
transmitted directly through the sample. Linearity is attained by calculating the ratio of the 90
angle scattered light measurement to the sum of the forward scattered light measurement and
the transmitted light measurement. The benefit of using a ratio turbidimetry system is that the
measurement of stray light becomes negligible. The units of turbidity from a calibrated
nephelometer are called nephelometric turbidity units (NTUs). NTUs specifically call for a 90
measurement technique and are also based on the turbidity generated by formazin (a
suspension made by mixing solutions of hydrazine sulfate and hexamethylenetetramine in
water), although safer polymer-bead suspensions are now commercially available and are
recognized as an acceptable alternative. Other recognized units for turbidity include the
formazin turbidity unit (FTU) and the formazin nephelometric unit (FNU), and when
measurements in these units are performed as described above at 90 , these units are
comparable to NTUs.
In practice, it is advisable to ensure that settling of the particles being measured is negligible.
Ensuring that settling of the particles is negligible is usually accomplished by including a
protective colloid in the liquid-suspending medium. It is important that results be interpreted by
comparison of readings with those representing known concentrations of suspended matter,
produced under precisely the same conditions.
Turbidimetry or nephelometry may be useful for the measurement of precipitates formed by the
interaction of highly dilute solutions of reagents, or other particulate matter such as
suspensions of bacterial cells. To achieve consistent results, all variables must be carefully
controlled. Where such control is possible, extremely dilute suspensions may be measured.
The specimen solute is dissolved in the solvent at several different, accurately known
concentrations, with the choice of concentrations being dependent on the molecular weight of
the solute and ranging from 1% for Mw = 10,000 to 0.01% for Mw = 1,000,000. Before
measurements are obtained, each solution must be very carefully cleaned by repeated filtration
through fine filters (specific monographs provide instructions for sample filtration). A dust
particle in the solution vitiates the intensity of the scattered light measured. A criterion for a
clear solution is that the dissymmetry, 45 /135 scattered intensity ratio, has attained a
minimum.
The turbidity and refractive index of the solutions are measured. From the general 90 lightscattering equation, a plot of HC/ versus C is made and extrapolated to infinite dilution, and
the weight-average molecular weight, M, is calculated from the intercept, 1/M.
In polydisperse systems, the concentration, turbidity, and average molecular weight are related
by the equation:
HC/

= 1/M

H = cluster of constants [(16 K)/3] from scattering equations used to relate intensities to
turbidity
C = concentration
= turbidity coefficient
M = weight-average molecular weight
Visual Comparison
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Where a color or turbidity comparison is directed, color-comparison tubes that are matched as
closely as possible in internal diameter and in all other respects should be used. For color
comparison, the tubes should be viewed downward, against a white background, with the aid of
a light source directed from beneath the bottoms of the tubes. However, for turbidity
comparison, the tubes should be viewed horizontally against a dark background with the aid of
a light source directed from the sides of the tubes. In conducting limit tests that involve a
comparison of colors in two similar containers (e.g., matched color-comparison tubes), a
suitable instrument, rather than the unaided eye, may be used. USP39
BRIEFING
858 Raman Spectroscopy. A Stimuli article published in PF 40(1) [Jan.–Feb. 2014]
entitled An Alignment of Concepts and Content across the Spectroscopy General Chapters in
the United States Pharmacopeia–National Formulary (USP–NF) provides insight into the
rationale for the revisions involving the chapters related to spectroscopy and contains a list of
monographs directly affected by the revisions. The applicable information from
Spectrophotometry and Light-Scattering
Raman Spectroscopy
. Chapter

1120

1120

851

was combined with information contained in

to develop this new general chapter, Raman Spectroscopy 858

is a separate general information chapter that is proposed to have a title

and number change to Raman Spectroscopy—Theory and Practice 1858 to be consistent
with the numbering scheme of the other spectroscopy general information chapters. This title
and number change is also proposed in this issue of PF, consistent with the philosophy and
structure presented in the Stimuli article.
(GCCA: A. Potts.)
Correspondence Number—C140000
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RAMAN SPECTROSCOPY

Raman is a vibrational spectroscopic technique and is therefore related to infrared (IR) and
near-infrared (NIR) spectroscopy. The Raman effect itself arises as a result of a change in the
polarizability of molecular bonds during a given vibrational mode and is measured as inelastically
scattered radiation. The appearance of a Raman spectrum is much like that of an IR
absorbance spectrum. The intensities, or the number of Raman photons counted, are plotted
against the shifted energies. The Raman shift is usually expressed in wavenumber and
represents the energy difference between the incident photon energy and the inelastically
scattered photon energy. Unlike IR or NIR spectra that arise when vibrational modes in a
molecule have a dipole change, Raman spectra have frequencies and intensities that arise when
these same modes cause a change in polarization. The spectrum is interpreted in the same
manner as the corresponding mid-infrared spectrum. The positions of the (Raman-shifted)
wavenumbers for a given vibrational mode are identical to the wavenumbers of the
corresponding bands in an IR absorption spectrum. However, the stronger peaks in a Raman
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spectrum are often weak in an IR spectrum, and vice versa. Similarly, wavenumbers above 1500
cm 1 are group frequencies, and strong bands that absorb below 1500 cm 1 can be either
group frequencies or fingerprint bands for the molecule. Thus, the two spectroscopic
techniques are often said to be complementary. For discussion of the theory and principles of
measurements, see Raman Spectroscopy—Theory and Practice
helpful, but not a mandatory, resource.

1120 , which may be a

QUALIFICATION OF RAMAN SPECTROMETERS
Qualification of Raman spectrometers is divided into three components: 1) installation
qualification (IQ), 2) operational qualification (OQ), and 3) performance qualification (PQ). For
further discussion, see the general information chapter Analytical Instrument Qualification
1058 .
Installation Qualification
The IQ requirements provide evidence that the hardware and software are properly installed in
the desired location.
Operational Qualification
Acceptance criteria given in this section are applicable for general use. Acceptance criteria for
particular instruments and applications can vary, depending on the analytical method used and
the desired accuracy of the final result. ASTM standard reference materials are also specified,
with the understanding that in some circumstances (specifically, remote online applications),
calibration using one of these materials may be impractical and other suitably verified materials
can be used.
WAVELENGTH ACCURACY
The accuracy of the wavelength axis is ensured via calibration to maintain the integrity of
Raman peak positions. Wavelength calibration of a Raman spectrometer consists of two parts:
primary wavelength axis calibration and laser wavelength calibration. After both the primary
wavelength axis and the laser wavelength are calibrated, instrument wavelength uncertainty
can be determined. The instrument wavelength uncertainty can be determined by using a
Raman-shift standard or other suitably high-purity material (e.g., Cyclohexane, Naphthalene, or
polystyrene). Selection of a standard with bands present across the full Raman spectral range
is recommended so that instrument wavelength uncertainty can be evaluated at multiple
locations within the spectrum. Using a suitable, well-characterized wavenumber standard, the
analyst conducts the calibration scans from 3800 to 350 cm 1 wavenumbers and compares the
wavenumber of maximum response of several chosen bands using the center-of-gravity,
polynomial spline procedure, or other peak-picking algorithms to the known Raman shift of the
standard (see Table 1).
Table 1. Recommended Wavelength Peak Values for Cyclohexane, Naphthalene, and
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Polystyrene (cm 1)
Cyclohexane
Naphthalene
Polystyrene
384.1
513.8
620.9
426.3
763.8
795.8
801.3
1021.6
1001.4
1028.3
1147.2
1031.8
1157.6
1382.2
1155.3
1266.4
1464.5
1450.5
1444.4
1576.6
1583.1
2664.4
3056.4
1602.3
2852.9
—
2852.4
2923.8
—
2904.5
2938.3
—
3054.3
Acceptance criteria for wavelength accuracy are ±1.5 cm 1 of the recommended values. [Note
—For scanning dispersive instruments, calibration might need to be performed more frequently,
and precision in both a scanning and static operation mode may need to be verified.]
PHOTOMETRIC PRECISION
Laser variation in terms of the total emitted photons occurring between two measurements can
give rise to changes in the photometric precision of the instrument. Unfortunately, it is very
difficult to separate changes in the photometric response associated with variations in the total
emitted laser photons from the sample and sampling-induced perturbations. This is one of the
reasons why the photometric precision acceptance criteria are set relatively loosely; a
tolerance of 10% from reference measurements made from reference material is applied.
Performance Qualification
The objective of performance qualification is to ensure that the instrument is performing within
specified limits with respect to wavelength precision and photometric precision. In certain
cases, when the instrument has been set up for a specific measurement, it might no longer be
possible or desirable to measure the wavelength and photometric (signal) qualification reference
standards used in the OQ. Provided that instrument OQ has shown that the system is fit for
use, a single external performance verification standard can be used on a continuing basis
(e.g., daily or before use). The performance verification standard must match the format of the
samples in the current analysis as closely as possible and must use similar spectral acquisition
parameters. Quantitative measurements of an external performance verification standard can
be used to check both the wavelength accuracy and the photometric precision.
PROCEDURE
Raman spectra can be obtained from several sample presentations including solids, powders,
slurries, gels, liquids, films, and gases. In addition, measurement can be performed through
glass or plastic films that are normally used for containment. Typically, Raman spectroscopy
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does not require any sample preparation because the detectors have a wide dynamic range and
the collection time can be adjusted by the user. Considerations about exposure of the sample
to the laser must be taken into account because high-intensity lasers and small measurement
spots may result in burning of the sample.
It is important to note that specific parameters such as spectrometer noise, limits of detection
(LOD), limits of quantification (LOQ), and acceptable spectral bandwidth for any given
application must be included as part of the analytical procedure. Specific values for tests such
as spectrometer noise and bandwidth will depend on the instrument chosen and the required
purpose. For this reason, specific instrument tests for these parameters are not indicated here.
For additional details, see general information chapter Raman Spectroscopy—Theory and
Practice

1120 , which provides a detailed discussion of Raman spectroscopy.
VALIDATION AND VERIFICATION

The objective of Raman procedure validation, as is the case with validation of any analytical
process, is to demonstrate that the measurement is suitable for its intended purpose. The
procedure for validation is related to the fundamental validation characteristics required for any
analytical procedure. Data pretreatment is often a vital step in the chemometric analysis of
Raman spectral data. Many suitable data pretreatments exist; the selection should be based on
sound scientific judgment and suitability for the intended application.
VALIDATION
Validation is required when a Raman procedure is intended for use as an alternative to the
official procedure for testing an official article. The objective of a Raman procedure validation is
to demonstrate that the measurement is suitable for its intended purpose, including:
quantitative determination of the main component in a drug substance or a drug product
(Category I assays), quantitative determination of impurities or limit tests (Category II), and
identification tests (Category IV); see Table 2 in Validation of Compendial Procedures 1225 .
Depending on the category of the test, the process for analytical procedure validation for
Raman spectroscopy requires the testing of linearity, range, accuracy, specificity, precision,
detection limit, quantitation limit, and robustness. Validated Raman procedures may not be
transferrable to all models and configurations of Raman spectrometers because of differences in
their inherent performance characteristics.
General chapter 1225 provides definitions and general guidance on analytical procedures
validation without indicating specific validation criteria for each characteristic. The sections
that follow are intended to provide the user with specific validation criteria that represent the
minimum expectations for this technology, assuming the typical Category I USP acceptance
criteria of 98.0%–102.0% for a drug substance and 90.0%–110.0% for a drug product. The
actual validation performance characteristics would depend on the acceptance criteria in place
and must provide sufficient evidence that the measurement capability is sufficient for these
acceptance criteria. For each particular application, tighter criteria may be needed to
demonstrate suitability for the intended use.
Accuracy
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For Category I and II procedures, accuracy can be determined by conducting recovery studies
with the appropriate matrix spiked with known concentrations of the analyte. Comparison of
assay results obtained using the Raman procedure under validation with those obtained from an
established alternative analytical procedure may also be used to determine accuracy.
Validation criteria: 98.0%–102.0% recovery for drug substances, 95.0%–105.0% recovery for
drug product assays, and 70.0%–150.0% recovery for impurity analyses. These criteria should
be met throughout the intended range.
Precision
REPEATABILITY
The analytical procedure can be assessed by measuring the concentrations of six independently
prepared sample preparations at 100% of the assay test concentration. Alternatively, this
assessment can be based on measurements of three replicates of three separate sample
solutions at different concentrations. The three concentrations should be close enough that
the repeatability is constant across the concentration range. If this is done, the repeatability
at the three concentrations is pooled for comparison to the acceptance criteria.
Validation criteria: The relative standard deviation is NMT 1.0% for a drug substance, NMT
2.0% for a drug product, and NMT 20.0% for an impurity analysis.
INTERMEDIATE PRECISION
Analysts test the effect on analytical precision of changes in variables, such as performing the
analysis on different days, using different instrumentation, or having the procedure performed
by two or more analysts. At a minimum, any combination of at least two of these factors,
totaling six experiments, will provide an estimate of intermediate precision.
Validation criteria: The relative standard deviation is NMT 1.0% for a drug substance, NMT
3.0% for a drug product assay, and NMT 25.0% for an impurity analysis.
Specificity
For Category I and II procedures, the specificity is demonstrated by meeting the accuracy
requirements. For Category IV procedures, the identity of the analyte must be confirmed by
comparison with appropriate reference substances.
Quantitation Limit
A measurement of a representative sample matrix spiked at the estimated quantitation limit
(QL) concentration must be performed to confirm accuracy. The QL can be estimated by
calculating the standard deviation of NLT six replicate measurements of a blank solution and
multiplying by 10. Alternatively, the standard deviation can be determined from the error of the
intercept from a calibration curve or by determining that the signal-to-noise ratio is >10. Other
suitable approaches can be used (see 1225 ).
A measurement of a test solution prepared from a representative sample matrix spiked at the
required QL concentration must be performed to confirm sufficient sensitivity and adequate
precision. The observed signal-to-noise ratio at the required QL must be >10.

PF 40(6): Nov.-Dec. 2014

121

For Category II procedures, the analytical procedure must be capable of determining the
analyte precisely and accurately at a level equivalent to 50% of the acceptance criteria.
Validation criteria: For the estimated QL to be considered valid, the measured concentration
must be accurate and precise at a level

50% of the acceptance criteria.
Linearity

Although Raman spectroscopy does not obey the Beer–Lambert Law, Raman intensity is directly
proportional to the concentration of the scattering species. A linear relationship between the
analyte concentration and the Raman spectrum response must be demonstrated by preparing
NLT five standard preparations at concentrations encompassing the anticipated concentration
range of the test preparation. The standard curve must be evaluated using appropriate
statistical methods, such as a least-squares regression.
Validation criteria: For the correlation coefficient (R), NLT 0.995 for Category I assays and
NLT 0.99 for Category II quantitative tests
Range
This parameter is demonstrated by meeting linearity, precision, and accuracy requirements.
Validation criteria: For Category I tests, the validation range for 100.0% centered
acceptance criteria is 80.0%–120.0%. For noncentered acceptance criteria, the validation
range is 10.0% below the lower limit to 10.0% above the upper limit. For content uniformity,
the range is 70.0%–130.0%. For Category II tests, the validation range covers 50.0%–120.0%
of the acceptance criteria.
Robustness
The reliability of an analytical measurement must be demonstrated by making deliberate
changes to experimental parameters. For Raman spectroscopy, this can include but is not
limited to changes in sample position, laser/sample interaction, or hardware settings.
VERIFICATION
U.S. Current Good Manufacturing Practice regulations [21 CFR 211.194(a)(2)] indicate that
users of analytical procedures described in USP–NF are not required to validate these
procedures if provided in a monograph. Instead, the users must verify suitability under actual
conditions of use.
The objective of a Raman spectroscopic procedure verification is to demonstrate that the
procedure, as prescribed in specific monographs, is being executed with suitable accuracy,
sensitivity, and precision. The general chapter Verification of Compendial Procedures 1226
notes that if the verification of the compendial procedure, according to the monograph, is not
successful, the procedure may not be suitable for use with the article under test. It may be
necessary to develop and validate an alternative procedure as allowed in General Notices and
Requirements 6.30.
Although complete revalidation of a compendial procedure is not required, verification of the
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compendial Raman spectroscopic procedure includes the demonstration of certain validation
parameters. When the procedure being verified is for identification purposes, specificity is the
only parameter required. However, for quantitative applications, additional validation
parameters must be studied as appropriate; these may include accuracy, precision, and QL, as
indicated in the Validation section of this chapter. USP39
BRIEFING
914 Viscosity—Pressure Driven Methods. On the basis of comments and information
received, the General Chapters—Physical Analysis and the Excipients Expert Committees
propose a new general test chapter regarding the determination of viscosity. This chapter is
useful for Newtonian fluids as well as non-Newtonian fluids. It adds new analytical tools for
the current viscosity family of chapters: Viscosity—Capillary Methods

911 , Viscosity—

Rotational Methods 912 , Viscosity—Rolling Ball Method 913 , and Rheometry 1911 .
A slit viscometer/rheometer that is included in this chapter proposal allows users to greatly
reduce the amount of sample required to determine viscosity, and yet it generates highquality, reproducible results that are similar to those gathered using a stand-alone coneand-plate rheometer. The small sample-volume requirement of micro-slit technology would
provide an excellent benefit for early-stage development in biologics. In addition to the
much lower volumes needed with this approach, it is also possible to measure one sample on
multiple micro-fluidic chips that have different shear-rate ranges. The instrument is designed
to allow complete sample recovery for further analysis. This makes the slit
viscometer/rheometer an ideal noninvasive method for viscosity measurements on expensive
samples that are available in limited amounts.
Interested parties are encouraged to submit comments to Hong Wang, PhD, Senior Scientific
Liaison (tel +1 301.816.8351; email hw@usp.org) for the General Chapters—Physical Analysis
and the Excipients Expert Committees.
(GCPA; EXC: H. Wang.)
Correspondence Number—C147442
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VISCOSITY—PRESSURE DRIVEN METHODS

INTRODUCTION
The viscometers/rheometers that are included in this chapter can be used to measure the
viscosity of both Newtonian and non-Newtonian fluids. The devices include slit
viscometers/rheometers and capillary-extrusion viscometers.
Capillary viscometers that are described in Viscosity—Capillary Methods 911 are based on
the principle that the flow is driven by gravity, and these viscometers can be classified under
one of the pressure-driven methods. However, limitations of glass capillary viscometers render
them inherently unsuitable for use in characterizing non-Newtonian fluids, and their use in
measurements of high-viscosity fluids is impractical as well. Chapter

914

does not address
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such viscometers.
[Note—For additional information, see Rheometry 1911 .]
• METHOD I. SLIT VISCOMETERS/RHEOMETERS
Apparatus: See Figure 1.
The basic design of a slit viscometer/rheometer consists of a rectangular, slit channel with
a uniform cross-sectional area. A test liquid is pumped at a constant flow rate through
this channel. Multiple pressure sensors that are flush mounted at linear distances along
the streamwise direction measure the pressure drop, as depicted in Figure 1.

Figure 1. Basic design of the slit viscometer/rheometer.
Measuring principle: The slit viscometer/rheometer is based on the fundamental principle
that a viscous liquid resists flow, exhibiting a decreasing pressure along the length of the
slit. The pressure decrease or drop (DP) is correlated with the shear stress at the wall
boundary. The apparent shear rate is directly related to the flow rate and the dimension
of the slit. The apparent shear rate (
viscosity (

a),

a),

the shear stress ( ), and the apparent

respectively, are calculated as follows:
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shear rate (s 1)

Q= flow rate (µL/s)
w= width of the flow channel (mm)
h= depth of the flow channel (mm)
= shear stress (Pa)
DP= pressure difference between the leading pressure sensor and the last pressure sensor
(Pa)
l = distance between the leading pressure sensor and the last pressure sensor (mm)
a= apparent viscosity (Pa·s)
To determine the viscosity of a liquid, pump the liquid sample through the slit channel at a
constant flow rate and measure the pressure drop. Using the equations shown above,
calculate the apparent viscosity for the apparent shear rate. For a Newtonian liquid, the
apparent viscosity is the same as the true viscosity, and the single shear-rate
measurement is sufficient. For non-Newtonian liquids, the apparent viscosity is not true
viscosity. To obtain true viscosity, measure the apparent viscosities at multiple apparent
shear rates. Calculate true viscosities, , at various shear rates using the Weissenberg–
Rabinowitsch–Mooney correction factor:

The calculated true viscosity should be the same as the value that is obtained using a
cone-and-plate rheometer at the same shear rate.
Procedure: Select slit dimensions and full-scale pressure of pressure sensors to attain the
desired range of viscosity and shear rates. With a syringe pump to control the flow rate—
or interchangeably, the shear rate—load a test sample into a glass syringe. As necessary,
control the temperature of the sample with the syringe and the slit viscometer specified in
the individual procedure to ±0.1 , unless otherwise specified. Allow to equilibrate at the
specified temperature for about 3–5 min. Set each pressure sensor to zero. Select the
first flow rate or shear rate. Pump the sample at the flow rate, and measure the pressure
readings once the steady-state values are reached. Increase the flow rate (or shear rate)
until the pressure reading of the leading sensor is >5% of the full-scale value. Take the
average of each pressure sensor over time, and calculate the pressure drops. Calculate
the apparent viscosity. If required for the procedure, repeat the measurements four times.
If the test sample is non-Newtonian, vary the shear rate and calculate the corresponding
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apparent viscosities.
Calculation and calibration: Calculate the apparent viscosity by dividing the shear stress
by the apparent shear rate. For non-Newtonian liquids, apply the Weissenberg–
Rabinowitsch–Mooney corrections to obtain the true viscosity curve. Commercial
viscometers are provided with a built-in correction.
Calculate individual pressure sensors by following the recommendations from the
manufacturer. The slit viscometer, however, can be calibrated with a Newtonian standard
of known viscosity. Choose a standard that covers the viscosity range of interest for the
selected slit and pressure sensors. Measure the viscosities at shear rates for 10%, 50%,
and 90% of full scale of the leading pressure sensor, and take the average. Calculate a
constant (k) for the ratio of the reference value (
record.

ref

ref )

to the measured value (

meas )

and

= reference viscosity (Pa·s)
= measured viscosity (Pa·s)

meas

Multiply new viscosity data by k, because the value of k will correct for the uncertainty
and variation of the slit geometry. Ideally, the value of k should remain constant within a
temperature change of 100 . If the k value varies by >1%, consult with the manufacturer
regarding the temperature compensation of the pressure sensors.
USP39

BRIEFING
1120 Raman Spectroscopy, USP 37 page 959. A Stimuli article published in PF 40(1)
[Jan.–Feb. 2014] entitled An Alignment of Concepts and Content across the Spectroscopy
General Chapters in the United States Pharmacopeia–National Formulary (USP–NF) provides
insight into the rationale for the revisions involving the chapters related to spectroscopy and
contains an Appendix, with a list of monographs directly affected by the revisions. For the
current chapter
Scattering

851

1120 , the applicable information from Spectrophotometry and Lightwas combined with information already contained in chapter

1120 . The

chapter number is proposed to change from 1120 to 1858 for consistency with the
numbering scheme of the other spectroscopy general information chapters. A separate general
chapter, Raman Spectroscopy

858 , provides criteria for Installation Qualification,

Operational Qualification, Performance Qualification, Validation, and Verification; 858 is
proposed in this issue of PF, consistent with the philosophy and structure presented in the
Stimuli article.
Additionally, minor editorial changes have been made to update the chapter to current USP
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style.
1120

is referenced in the following general chapters:
Oral Drug Products—Product Quality Tests

2

Topical and Transdermal Drug Products—Product Quality Tests
Excipient Performance

3

1059

Pharmaceutical Dosage Forms

1151

The revision of 1120 does affect the citations within these chapters. These citations will
be updated when the revised general chapter becomes official.
(GCCA: A. Potts.)
Correspondence Number—C140001

Comment deadline: January 31, 2015
Change to read:
1120
1858

RAMAN SPECTROSCOPY

RAMAN SPECTROSCOPY—THEORY AND PRACTICE

USP39

Change to read:
INTRODUCTION
Raman spectroscopy shares many of the principles that apply to other spectroscopic
measurements discussed in Spectrophotometry and Light-Scattering 851 . Raman is a
vibrational spectroscopic technique and is therefore related to infrared (IR) and near-infrared
(NIR) spectroscopy. The Raman effect itself arises as a result of a change in the polarizability
of molecular bonds during a given vibrational mode and is measured as inelastically scattered
radiation.
A Raman spectrum is generated by exciting the sample of interest to a virtual state with a
monochromatic source, typically a laser. Light elastically scattered (no change in wavelength)
is known as Rayleigh scatter and is not of interest in Raman spectrometry, except for marking
the laser wavelength. However, if the sample relaxes to a vibrational energy level that differs
from the initial state, the scattered radiation is shifted in energy. This shift is commensurate
with the energy difference between the initial and final vibrational states. This “inelastically
scattered” light is referred to as Raman scatter. Only about one in 106–108 photons incident on
the sample undergoes Raman scattering. Thus lasers are employed in Raman spectrometers. If
the Raman-scattered photon is of lower energy, it is referred to as Stokes scattering. If it is of
higher energy, it is referred to as anti-Stokes scattering. In practice, nearly all analytically
useful Raman measurements make use of Stokes-shifted Raman scatter.
The appearance of a Raman spectrum is much like an infrared spectrum plotted linearly in
absorbance. The intensities, or the number of Raman photons counted, are plotted against the
shifted energies. The x-axis is generally labeled “Raman Shift/cm 1” or “Wavenumber/cm 1”.
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The Raman shift is usually expressed in wavenumber and represents the difference in the
absolute wavenumber of the peak and the laser wavenumber. The spectrum is interpreted in
the same manner as the corresponding mid-infrared spectrum. The positions of the (Raman
shifted) wavenumbers for a given vibrational mode are identical to the wavenumbers of the
corresponding bands in an IR absorption spectrum. However, the stronger peaks in a Raman
spectrum are often weak in an IR spectrum, and vice versa. Thus the two spectroscopic
techniques are often said to be complementary.
Raman spectroscopy is advantageous because quick and accurate measurements can often be
made without destroying the sample (solid, semisolid, liquid or, less frequently, gas) and with
minimal or no sample preparation. The Raman spectrum contains information on fundamental
vibrational modes of the sample that can yield both sample and process understanding. The
signal is typically in the visible or NIR range, allowing efficient coupling to fiber optics. This also
means that a signal can be obtained from any medium transparent to the laser light; examples
are glass, plastics, or samples in aqueous media. In addition, because Raman spectra are
ordinarily excited with visible or NIR radiation, standard glass/quartz optics may be used. From
an instrumental point of view, modern systems are easy to use, provide fast analysis times
(seconds to several minutes), and are reliable. However, the danger of using high-powered
lasers must be recognized, especially when their wavelengths are in the NIR and, therefore, not
visible to the eye. Fiber-optic probes should be used with caution and with reference to
appropriate government regulations regarding lasers and laser classes.
In addition to “normal” Raman spectroscopy, there are several more specialized Raman
techniques. These include resonance Raman (RR), surface-enhanced Raman spectroscopy
(SERS), Raman optical activity (ROA), coherent anti-Stokes Raman spectroscopy (CARS),
Raman gain or loss spectroscopy, and hyper-Raman spectroscopy. These techniques are not
widely employed in pharmaceutical laboratories, and are not addressed in this general
information chapter.
QUALITATIVE AND QUANTITATIVE RAMAN MEASUREMENTS
There are two general classes of measurements that are commonly performed by Raman
spectrometry: qualitative and quantitative.
Qualitative Raman Measurements
Qualitative Raman measurements yield spectral information about the functional groups that are
present in a sample. Because the Raman spectrum is specific for a given compound, qualitative
Raman measurements can be used as a compendial ID test, as well as for structural elucidation.
Quantitative Raman Measurements
For instruments equipped with a detector that measures optical power (such as Fourier
transform [FT]-Raman spectrometers), quantitative Raman measurements utilize the following
relationship between signal, S , at a given wavenumber,
analyte, C:
S

=K

(

L

, and the concentration of an

)4 P 0 C

in which K is a constant that depends on laser beam diameter, collection optics, sample
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is the Raman cross section of the particular vibrational mode;

L

is the laser wavenumber;
is the wavenumber of the vibrational mode; and P0 is the laser
power. The Raman cross section, V , is characteristic of the nature of the particular
vibrational mode. The sample volume is defined by size of the focus of the laser beam at the
sample, the optic being used for focusing, and the optical properties of the sample itself. Spot
sizes at the sample can range from less than 1 µm for a microprobe to 6 mm for a large area
sample system. For Raman spectrometers that measure the number of photons per second
(such as change-coupled device [CCD]-Raman spectrometers) the corresponding equation is:
S

=K

L(

L

)3 P 0 C

From the above equations, it is apparent that peak signal is directly proportional to
concentration. It is this relationship that is the basis for the majority of quantitative Raman
applications.
FACTORS AFFECTING QUANTIFICATION
Sample-Based Factors
The most important sample-based factors that deleteriously affect quantitative Raman
spectrometry are fluorescence, sample heating, absorption by the matrix or the sample itself,
and the effect of polarization. If the sample matrix includes fluorescent compounds, the
measured signal will usually contain a contribution from fluorescence. Fluorescence will be
observed only if the laser excitation wavelength overlaps with an absorption band of a
fluorescent compound. Fluorescence is typically observed as a broad sloping background
underlying the Raman spectrum. Fluorescence can cause both a baseline offset and reduced
signal-to-noise ratio. The wavelength range and intensity of the fluorescence is dependent on
the chemical composition of the fluorescent material. Because fluorescence is generally a much
more efficient process than Raman scattering, even very minor amounts of fluorescent
impurities can lead to significant degradation of the Raman signal. Fluorescence can be reduced
by using longer wavelength excitation sources such as 785 nm or 1064 nm. However, it should
be remembered that the strength of the Raman signal is proportional to ( L
)4, so the
advantage of using a long-wavelength excitation laser to minimize fluorescence is at least
partially offset by the reduced strength of the Raman signal. The greatest signal-to-noise ratio
will be obtained by balancing fluorescence rejection, signal strength, and detector response.
Fluorescence in solids can sometimes be mitigated by exposing the sample to the laser radiation
for a period of time before measurement. This process is called photobleaching, and operates
by degrading the highly absorbing species. Photobleaching is less effective in liquids, where the
sample is mobile, or if the amount of fluorescent material is more than a trace.
Sample heating by the laser source can cause a variety of effects, such as physical form
change (melting), polymorph conversion, or sample burning. The chance for sample heating is
greatest when the spot size at the sample is the smallest, i.e., when a microprobe is being
used. This is usually an issue for colored, highly absorbing species, or very small particles that
have low heat transfer. The effects of sample heating are usually observable either as changes
in the Raman spectrum over time or by visual inspection of the sample. Besides decreasing the
laser flux, a variety of methods can be employed to diminish laser-induced heating, such as
moving the sample or laser during the measurement or improving the heat transfer from the
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sample with thermal contact or liquid immersion.
Absorption of the Raman signal by the matrix or the sample itself can also occur. This problem
is more prevalent with long-wavelength FT-Raman systems where the Raman signal can overlap
with an NIR overtone absorption. This effect will be dependent on the optics of the system as
well as on the sample presentation. Associated with this effect is variability from scattering in
solids as a result of packing and particle-size differences. The magnitude of all of these effects,
however, is typically less severe than in NIR because of the limited depth of penetration and
the relatively narrower wavelength region sampled in Raman spectroscopy.
Finally, it should be recognized that laser radiation is polarized and the Raman spectra of
crystalline materials and other oriented samples can differ significantly depending on the way
that the sample is mounted. If the Raman spectrometer is capable of producing linearly
polarized radiation at the sample then a polarization scrambler is recommended for routine
sample analysis.
Sampling Factors
Raman spectroscopy is a zero-background technique, in that the signal at the detector is
expected to be zero in the absence of a sample. This situation can be contrasted with
absorption spectrometry, where the signal at the detector is at a maximum in the absence of a
sample. Zero-background techniques are inherently sensitive because small changes in sample
concentration lead to proportionate changes in the signal level. The instrument will also be
sensitive to other sources of light that can cause sample-to-sample variations in the measured
signal level. In addition, a large background signal caused by fluorescence will lead to an
increased noise level (photon shot noise). Thus it may be very difficult to use the absolute
Raman signal for direct determination of an analyte. Other potential sources of variation are
changes in the sample opacity and heterogeneity, changes in the laser power at the sample,
and changes in optical collection geometry or sample position. These effects can be minimized
by sampling in a reproducible, representative manner. Careful design of the instrumentation can
reduce these effects but they cannot be eliminated entirely.
Use of an internal reference standard is the most common and robust method of eliminating
variations caused by absolute intensity fluctuations. There are several choices for this
approach. An internal standard can be deliberately added, and isolated peaks from this
standard can be employed; or a band due to a moiety such as an aromatic ring, the Raman
cross-section of which does not change with the way the sample is prepared, can also be
used. For solution spectra, an isolated solvent band can be employed because the solvent will
remain relatively unchanged from sample to sample. Also, in a formulation, an excipient peak
can be used if it is in substantial excess compared to the analyte. The entire spectrum can also
be used as a reference, with the assumption that laser and sample-orientation changes will
affect the entire spectrum equally.
A second important sampling-based factor to consider is spectral contamination. Raman
scattering is a weak effect that can be masked by a number of external sources. Common
contamination sources include sample-holder artifacts (container or substrate) and ambient
light. Typically, these issues can be identified and resolved by careful experimentation.
APPARATUS
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Components
All modern Raman measurements involve irradiating a sample with a laser, collecting the
scattered radiation, rejecting the Rayleigh-scattered light, differentiating the Raman photons
by wavelength, and detecting the resulting Raman spectrum. All commercial Raman instruments
therefore share the following common features to perform these functions:
1.
2.
3.
4.
5.

Excitation source (laser)
Sampling device
Device to filter/reject light scattered at the laser wavelength
Wavelength processing unit
Detector and electronics
EXCITATION SOURCE (LASER)

Table 1 identifies several common lasers used for pharmaceutical applications or Raman
spectrometry. UV lasers have also been used for specialized applications but have various
drawbacks that limit their utility for general analytical measurements. As more applications for
UV lasers are described, it is likely that they may become more common for Raman
spectrometry.

Laser ,
nm
(nearest
whole
number)
NIR Lasers

1064

Table 1. Lasers Used in Pharmaceutical Applications
Wavelength
Range, nm
(Stokes
Region, 100
Typical
cm 1
Power
to 3000
at
Type
Laser
cm 1 shift)
Comments
Solid
state
(Nd:YAG) Up to 3 W

830

Diode

785
Visible
Lasers

Diode

Up to 300
mW
Up to 500
mW

Up to 500
He–Ne
mW
Doubled
532
(Nd:YAG) Up to 1 W
514.5
Ar+
Up to 1 W
488–632.8
Ar+
Up to 1 W
632.8

1075–1563

Commonly used in Fourier transform
instruments

827–980

Typically limited to 2000 cm 1; Raman
shift because of CCD spectral response;
less common than the other lasers

791–1027

Most widely used dispersive Raman laser

637–781

Relatively small fluorescence risk

535–632.8
517–608
490–572

High fluorescence risk
High fluorescence risk
High fluorescence risk

SAMPLING DEVICE
Several sampling arrangements are possible, including direct optical interfaces, microscopes,
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fiber optic-based probes (either noncontact or immersion optics), and sample chambers
(including specialty sample holders and automated sample changers). The sampling optics can
also be designed to obtain the polarization-dependent Raman spectrum, which often contains
additional information. Selection of the sampling device will often be dictated by the analyte
and sample. However, considerations such as sampling volume, speed of the measurement,
laser safety, and reproducibility of sample presentation should be evaluated to optimize the
sampling device for any given application.
FILTERING DEVICE
The intensity of scattered light at the laser wavelength (Rayleigh) is many orders of magnitude
greater than the Raman signal and must be rejected prior to the detector. Notch filters are
almost universally used for this purpose and provide excellent rejection and stability combined
with small size. The traditional use of multistage monochromators for this purpose, although still
viable, is now rare. In addition, various filters or physical barriers to shield the sample from
external radiation sources (e.g., room lights, laser plasma lines) may be required depending on
the collection geometry of the instrument.
WAVELENGTH PROCESSING UNIT
The wavelength scale may be encoded by either a scanning monochromator, a grating
polychromator (in CCD-Raman spectrometers) or a two-beam interferometer (in FT-Raman
spectrometers). A discussion of the specific benefits and drawbacks of each of the dispersive
designs compared to the FT instrument is beyond the scope of this chapter. Any properly
qualified instruments should be suitable for qualitative measurements. However, care must be
taken when selecting an instrument for quantitative measurements, as dispersion and response
linearity might not be uniform across the full spectral range.
DETECTOR
The silicon-based CCD array is the most common detector for dispersive instruments. The
cooled array detector allows measurements over the spectral range from 4500 to 100 cm 1
Raman shift with low noise when most visible lasers, such as frequency-doubled neodymiumdoped yttrium–aluminum–garnet (Nd:YAG) (532 nm) or helium–neon (632.8 nm) lasers, are
used. When a 785-nm diode laser is used, the wavelength range is reduced to about 3100 to
100 cm 1. The most commonly used CCD has its peak wavelength responsivity when matched
to the commonly used 632.8-nm He–Ne gas laser or 785-nm diode laser. FT instruments
typically use single-channel germanium or indium–gallium–arsenide (InGaAs) detectors
responsive in the NIR to match the 1064-nm excitation of a Nd:YAG laser.
Calibration
Raman instrument calibration involves three components: primary wavelength (x-axis), laser
wavelength, and intensity (y-axis).
PRIMARY WAVELENGTH (X-AXIS)
In the case of FT-Raman instruments, primary wavelength-axis calibration is maintained, at
least to a first approximation, with an internal He–Ne laser. Most dispersive instruments utilize
atomic emission lamps for primary wavelength-axis calibration. In all instruments suitable for
analytical Raman measurements, the vendor will offer a procedure of x-axis calibration that can
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be performed by the user. For dispersive Raman instruments, a calibration based on multiple
atomic emission lines is preferred. The validity of this calibration approach can be verified
subsequent to laser wavelength calibration by using a suitable Raman shift standard. For
scanning dispersive instruments, calibration might need to be performed more frequently, and
precision in both a scanning and static operation mode may need to be verified.1
LASER WAVELENGTH
Laser wavelength variation can impact both the wavelength precision and the photometric
(signal) precision of a given instrument. Even the most stable current lasers can vary slightly in
their measured wavelength output. The laser wavelength must therefore be confirmed to
ensure that the Raman shift positions are accurate for both FT-Raman or dispersive Raman
instruments. A reference Raman shift standard material such as those outlined in ASTM E184096 (2002)1 or other suitably verified materials can be utilized for this purpose. [Note—Reliable
Raman shift standard values for frequently used liquid and solid reagents, required for
wavenumber calibration of Raman spectrometers, are provided in the ASTM Standard Guide
cited. These values can be used in addition to the highly accurate and precise low-pressure arc
lamp emission lines that are also available for use in Raman instrument calibration. ]
Spectrometric grade material can be purchased from appropriate suppliers for this use. Certain
instruments may use an internal Raman standard separate from the primary optical path.
External calibration devices exactly reproduce the optical path taken by the scattered
radiation. [Note—When chemical standards are used, care must be taken to avoid
contamination and to confirm standard stability. ]
Unless the instrument is of a continuous calibration type, the primary wavelength axis
calibration should be performed, as per vendor procedures, just prior to measuring the laser
wavelength. For external calibration, the Raman shift standard should be placed at the sample
location and measured using appropriate acquisition parameters. The peak center of a strong,
well-resolved band in the spectral region of interest should be evaluated. The position can be
assessed manually or with a suitable, valid peak-picking algorithm. The software provided by
the vendor might measure the laser wavelength and adjust the laser wavelength appropriately
so that this peak is at the proper position. If the vendor does not provide this functionality, the
laser wavelength should be adjusted manually. Depending on the type of laser, the laser
wavelength can vary with temperature, current, and voltage. Wavelength tolerances can vary
depending on the specific application.
SIGNAL LEVEL (Y-AXIS)
Calibration of the photometric axis can be critical for successful quantification by using certain
analytical methods (chemometrics) and method transfer between instruments. Both FT-Raman
and dispersive Raman spectrometers should undergo similar calibration procedures. The
tolerance of photometric precision acceptable for a given measurement should be assessed
during the method development stage.
To calibrate the photometric response of a Raman instrument, a broad-band emission source
should be used. There are two accepted methods. Method A utilizes a tungsten white light
source.2 The output power of such sources is traceable to the National Metrology Institute
(NMI). In the United Kingdom, the National Physical Laboratory also provides calibrated light
bulbs. Several other vendors also provide NIST-traceable irradiance calibration standards. This
method is applicable to all common laser excitation wavelengths listed in Table 1. In Method B,
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NIST standard reference materials (SRMs) are utilized.3 Several doped-glass fluorescence
standards are currently available.
Method A—The source should be placed at the sample location with the laser off and the
response of the detector measured (using parameters appropriate for the instrument). The
output for the source used for calibration should be known. The ratio of the measured response
to the true response should be determined and a correction file generated. This correction
should be applied to all spectra acquired with the instrument. Most manufacturers will provide
both appropriate calibration sources and software for this approach. If the manufacturer does
not provide a procedure or method, the user can accomplish the task using a source obtained
from NIST and appropriate software. If a manufacturer's method is used, attention must be
paid to the calibration procedure and source validity. The user should obtain appropriate
documentation from the manufacturer to ensure a qualified approach.
Method B—The fluorescence standard should be placed at the sample location. With the laser
on, a spectrum of the SRM should be obtained (using parameters appropriate for the
instrument). The output of the source used for calibration should be known. The ratio of the
measured response to the true response should be determined and a correction file generated.
This correction should be applied to all spectra acquired with the instrument. Most
manufacturers will provide both appropriate calibration sources and software for this approach.
If the manufacturer does not provide a procedure or method, the user can accomplish the task
using a source obtained from NIST and appropriate software. If a manufacturer's method is
used, attention must be paid to the calibration procedure and source validity. The user should
obtain appropriate documentation from the manufacturer to ensure a qualified approach. [Note
—Method B is currently appropriate for systems with 785-nm (SRM 2241), 532-nm (SRM 2242),
and both 514.5-nm and 488-nm (SRM 2243) laser excitation. NIST is currently developing other
SRMs that will be wavelength-specific for 1064-nm (SRM 2244) and 632.8-nm excitation
(expected to be available in 2006). ]
EXTERNAL CALIBRATION
Detailed functional validation employing external reference standards is recommended to
demonstrate instrumental suitability for laboratory instruments, even for instruments that
possess an internal calibration approach. The use of external reference standards does not
obviate the need for internal quality control procedures; rather, it provides independent
documentation of the fitness of the instrument to perform the specific analysis or purpose. For
instruments installed in a process location or in a reactor where positioning of an external
standard routinely is not possible, including those instruments that employ an internal
calibration approach, the relative performance of an internal versus an external calibration
approach should be periodically checked. The purpose of this test is to check for changes in
components that might not be included in the internal calibration method (process lens, fiberoptic probe, etc.), e.g., photometric calibration of the optical system.
QUALIFICATION AND VERIFICATION OF RAMAN SPECTROMETERS
The suitability of a specific instrument for a given method is ensured by a thorough technologysuitability evaluation for the application; a routine, periodic instrument operational qualification;
and the more frequent performance verification (see Definition of Terms and Symbols). The
purpose of the technology-suitability evaluation is to ensure that the technology proposed is
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suitable for the intended application. The purpose of the instrument qualification is to ensure
that the instrument to be used is suitable for its intended application and, when requalified
periodically, continues to function properly over extended time periods. When the device is
used for a specific qualitative or quantitative analysis, regular performance verifications are
made. Because there are many different approaches to measuring Raman spectra, instrument
operational qualification and performance verification often employ external standards that can
be used on any instrument. As with any spectrometric device, a Raman instrument needs to be
qualified for both wavenumber (x-axis and shift from the excitation source) and photometric
(signal axis) precision.
In performance verification, a quality-of-fit to an initial scan or group of scans (often referred
to in nonscanning instruments as an accumulation) included in the instrumental qualification can
be employed. In such an analysis, it is assumed that reference standard spectra collected on a
new or a newly repaired, properly operating instrument represent the best available spectra.
Comparison of spectra taken over time on identical reference standards (either the original
standard or identical new standards, if stability of the reference standards is a concern) forms
the basis for evaluating the long-term stability of a Raman measurement system.
Frequency of Testing
Instrumental qualification is performed at designated intervals or following a repair or significant
optical reconfiguration, such as the replacement of the laser, the detector or the notch or
edge filters. Full instrument requalification might not be necessary when changing between
sampling accessories such as a microprobe, a sample compartment, or a fixed fiber-optic probe.
Performance verification tests may be sufficient in these cases; instrument-specific guidance
from the vendor on qualification requirements should be followed. Tests include wavelength (xaxis and shift from the excitation source) and photometric (signal axis) precision. Instrument
qualification tests require that specific application-dependent tolerances be met.
Performance verification is carried out on the instrument configured for the analytical
measurements and is performed more frequently than instrument qualification. Performance
verification includes measurement of the wavelength uncertainty and intensity-scale precision.
Wavelength precision and intensity-scale precision tests may be needed prior to any data
collection on a given day. Performance is verified by matching the current spectra to those
collected during the previous instrument qualification.
Instrument Operational Qualification
It is important to note that the acceptance specifications given in both the Instrument
Operational Qualification and Performance Qualification sections are applicable for general use;
specifications for particular instruments and applications can vary depending on the analysis
method used and the desired accuracy of the final result. ASTM standard reference materials
are also specified, with the understanding that under some circumstances (specifically remote
on-line applications) calibration using one of these materials may be impractical, and other
suitably verified materials can be employed. At this juncture it is important to note that specific
parameters such as spectrometer noise, limits of detection (LOD), limits of quantification (LOQ),
and acceptable spectral bandwidth for any given application should be included as part of the
analytical method development. Specific values for tests such as spectrometer noise and
bandwidth will be dependent on the instrument chosen and the purpose required. As a result,
specific instrument tests for these parameters are not dictated in this information chapter.
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WAVELENGTH (X-AXIS) ACCURACY
It is important to ensure the accuracy of the wavelength axis via calibration to maintain the
integrity of Raman peak positions. Wavelength calibration of a Raman spectrometer consists of
two parts: primary wavelength axis and laser wavelength calibration. After both the primary
wavelength axis and the laser wavelength are calibrated, instrument wavelength uncertainty
can be determined. This can be accomplished using a Raman shift standard such as the ASTM
shift standards or other suitably verified material. Selection of a standard with bands present
across the full Raman spectral range is recommended so that instrument wavelength
uncertainty can be evaluated at multiple locations within the spectrum. The tolerance of
wavelength precision that is required for a given measurement should be assessed during the
method-development stage. [Note—For scanning dispersive instruments, calibration might need
to be performed more frequently, and precision in both a scanning and static operation mode
may need to be verified. ]
PHOTOMETRIC PRECISION
Laser variation in terms of the total emitted photons occurring between two measurements can
give rise to changes in the photometric precision of the instrument. Unfortunately, it is very
difficult to separate changes in the photometric response associated with variations in the total
emitted laser photons from the sample- and sampling-induced perturbations. This is one of the
reasons why absolute Raman measurements are strongly discouraged and why the photometric
precision specification is set relatively loosely. The tolerance of photometric precision required
for a given measurement should be assessed during the method-development stage.
PERFORMANCE QUALIFICATION
The objective of performance qualification is to ensure that the instrument is performing within
specified limits with respect to wavelength precision, photometric axis precision, and
sensitivity. In certain cases when the instrument has been set up for a specific measurement
(for example, installed in a process reactor), it might no longer be possible or desirable to
measure the wavelength and photometric (signal) qualification reference standards identified
above. Provided instrument operational qualification has shown that the equipment is fit for
use, a single external performance verification standard can be used to reverify function on a
continuing basis (for example, a routinely used process solvent signal, for both wavelength and
photometric precision, following reactor cleaning). The performance verification standard should
match the format of the samples in the current analysis as closely as possible and use similar
spectral acquisition parameters. Quantitative measurements of an external performance
verification standard spectrum check both the wavelength (x-axis and laser wavelength) and
the photometric (signal) precision. Favorable comparison of a series of performance verification
spectra demonstrates proper continued operation of the instrument.
WAVELENGTH PRECISION
The wavelength precision should be measured by collecting data for a single spectrum of the
selected Raman shift standard for a period equal to that used in the photometric consistency
test. When appropriate, powdered samples should be repacked between each set of
measurements. Peak positions across the spectral range of interest are used to calculate
precision. Performance is verified by matching the current peak positions to those collected
during the previous instrument qualification and should not vary with a standard deviation of
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more than ±0.3 cm 1, although this specification can be adjusted according to the required
accuracy of the measurement.
PHOTOMETRIC PRECISION
The photometric precision should be measured by collecting data for a single spectrum of a
suitably verified reference standard material for a specified time. After suitable baseline
correction, the areas of a number of bands across the spectral range of interest should be
calculated by means of an appropriate algorithm. The area of the strongest band is set to 1,
and all other envelopes are normalized to this band. Performance is verified by matching the
current band areas to the respective areas collected during the previous instrument
qualification. The areas should vary by no more than 10%, although this specification can be
adjusted according to the required accuracy of the measurement.
LASER POWER OUTPUT PRECISION AND ACCURACY
This test is applicable only to Raman instruments with automatic, internal laser power meters.
Instruments without laser power measurement should utilize a calibrated laser power meter from
a reputable supplier. The laser output should be set to a representative output, dictated by the
requirements of the analytical measurement and the laser power measured. The output should
be measured and checked against the output measured at instrument qualification. The power
(in milliwatts or watts) should vary by no more than 25% compared to the qualified level. If the
power varies by more than this amount, the instrument should be serviced (as this variation
might indicate, among other things, a gross misalignment of the system or the onset of failure
of the laser).
For instruments with an automatic, internal laser power meter, the accuracy of the values
generated from the internal power meter should be compared to a calibrated external laser
power meter at an interval of not more than 12 months. The internally calculated value should
be compared to that generated by the external power meter. Performance is verified by
matching the current value to that generated during the previous instrument qualification. The
manufacturer might provide software to facilitate this analysis. If the instrument design
prevents the use of an external power meter, then the supplier should produce documentation
to ensure the quality of the instrument and provide a recommended procedure for the above
analysis to be accomplished during a scheduled service visit.
METHOD VALIDATION
Validation of Raman methods will follow the same protocols described in Validation of
Compendial Procedures 1225 in terms of accuracy, precision, etc. However, several of
these criteria are affected by variables specific to Raman spectrometry. Fluorescence is the
primary variable that can affect the suitability of a method. The presence of fluorescent
impurities in samples can be quite variable and have little effect on the acceptability of a
material. The method must be flexible enough to accommodate different sampling regimes that
may be necessary to minimize the effects of these impurities.
Detector linearity must be confirmed over the range of possible signal levels. Fluorescence
might drive both the signal baseline and the noise higher than that used in the validation, in
which case the fluorescence must be decreased, or the method modified to accommodate the
higher fluorescence levels. This is also true for the precision, limit of detection, and limit of
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quantification of the method, as increased baseline noise will negatively impact all of these
values. Because fluorescence can also affect quantification caused by baseline shifts,
acceptable quantification at different levels of photobleaching, when used, should also be
confirmed.
The impact of the laser on the sample must be determined. Visual inspection of the sample and
qualitative inspection of the Raman spectrum for measurements with differing laser powers and
exposure times will confirm that the sample is not being altered (other than by photobleaching).
Specific variables to confirm in the spectrum are shifts in peak position, changes in peak height
and band width, and unexpected changes in background intensity.
Method precision must also encompass sample position. The sample presentation is a critical
factor for both solids and liquids, and must be either tightly controlled or accounted for in the
calibration model. Sample-position sensitivity can often be minimized by appropriate sample
preparation or sample holder geometry, but will vary from instrument to instrument based on
excitation and collection optical configuration.
DEFINITION OF TERMS AND SYMBOLS
calibration model is a mathematical expression that relates the response from an analytical
instrument to the properties of samples.
instrument bandpass (or resolution) is a measure of the capability of a spectrometer to
separate radiation of similar wavelengths.
operational qualification is the process by which it is demonstrated and documented that the
instrument performs according to specifications, and that it can perform the intended task. This
process is required following any significant change such as instrument installation, relocation,
major repair, etc.
performance qualification is the process of using one or more well-characterized and stable
reference materials to verify consistent instrument performance. Qualification may employ the
same or different standards for different performance characteristics.
raman spectra4 are plots of the radiant energy, or number of photons, scattered by the sample
through the indirect interaction between the molecular vibrations in the sample and
monochromatic radiation of frequency much higher than that of the vibrations. The abscissa is
usually the difference in wavenumber between the incident and scattered radiation.
(normal) raman scattering4 is the inelastic scattering of radiation that occurs because of
changes in the polarizability, of the relevant bonds during a molecular vibration. Normal Raman
spectra are excited by radiation that is not in resonance with electronic transitions in the
sample.
raman wavenumber shift 4,
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is the wavenumber of the exciting line minus the wavenumber of the scattered radiation. SI
unit: m 1. Common unit: cm 1 = 100 m 1.

where is the differential Raman cross section, is positive for Stokes scattering and negative
for anti-Stokes scattering.

THEORY
Raman spectroscopy shares many of the principles that apply to other spectroscopic
measurements. Raman is a vibrational spectroscopic technique; it is complementary to midinfrared (IR) and near-infrared (NIR) spectroscopy, because both techniques rely on interaction
with the molecular structure of the material. The Raman effect itself arises as a result of a
change in the polarizability of molecular bonds during a given vibrational mode and is measured
as inelastically scattered radiation, whereas absorption intensity at IR or NIR wavelengths
occurs due to differences in dipole moments. Raman spectrometry is particularly sensitive to
non-polar bonds (e.g., C–C, single, or multiple bonds), and thus, strong dipole oscillators such
as carbon dioxide do not show Raman scattering because the molecular geometry does not give
rise to polarizability. The appearance of a Raman spectrum is much like an IR absorbance
spectrum. The intensities, or the number of Raman photons counted, are plotted against the
shifted energies. The x-axis is generally labeled “Raman shift/cm 1” or “wavenumber/cm 1”.
The Raman shift is usually expressed in terms of wavenumber and represents the energy
difference between the incident photon energy and the inelastically scattered photon energy.
In addition, water, which has a strong IR absorption spectrum, only exhibits a weak Raman
signature and is a useful solvent for this technique. The spectral features and intensities of
Raman and IR/NIR are therefore different for most organic molecules, and thus the spectra of
the different techniques may be used to complement specificity and characterization.
A Raman spectrum is generated by exciting the sample of interest to a virtual state with an
appropriate light source. Light elastically scattered (no change in wavelength) is known as
Rayleigh scatter and is not of interest in Raman spectrometry, except for marking the laser
wavelength. However, if the sample relaxes to a vibrational energy level that differs from the
initial state, either up or down, the scattered radiation is shifted in energy. This shift is
commensurate with the energy difference between the initial and final vibrational states. This
“inelastically scattered” light is referred to as Raman scatter. Only about 1 of 106–108 photons
incident on the sample undergoes Raman scattering. Lasers can provide high photon densities
and are used in Raman spectrometers to compensate for this inherently low Raman scattering
efficiency; also, the Rayleigh scattered light can be filtered easily to reduce stray light
interferences. Lasers can also be tuned to avoid fluorescence from the sample or matrix, or to
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excite to resonant modes to enhance the signal. If the Raman-scattered photon is of lower
energy than the excitation source, it is referred to as Stokes scattering, and if it is of higher
energy, it is referred to as anti-Stokes scattering. In practice, nearly all analytically useful
Raman measurements make use of Stokes-shifted Raman scatter.
APPLICATIONS
Raman spectroscopy can be used for a variety of applications ranging from verification of raw
materials to process monitoring of drug production to quality control of products. These
applications include optimizing polymorph (or crystalline structure) analysis; synthesis of new
drugs; gaining process understanding through real-time monitoring of reactors, crystallizers,
and blenders; verifying raw materials; and ensuring product quality. Once a potential new drug
is identified, the method for synthesizing the drug is developed, and Raman spectroscopy is
ideal for monitoring reactant, intermediate, and product concentrations, as well as determining
pathways, kinetics, mechanisms, end-points, and yields for a variety of reaction types. Qualityby-design control of the product requires assurance that its final form (e.g., gel cap or tablet)
contains the correct amount of active pharmaceutical ingredient (API), its polymorph (if
appropriate), excipient, and other additives such as dyes. Raman spectroscopy has been used
to monitor mixing in blenders, as well as to inspect individual products before shipment, and
may be a useful alternative to HPLC in stability studies. Analysis of the data using
chemometrics tools is common for many applications. Proper design of experiment, calibration
standard selection, and maintenance are important considerations for any chemometric model.
QUALITATIVE AND QUANTITATIVE RAMAN MEASUREMENTS
There are two general classes of measurements that are commonly performed using Raman
spectrometry: qualitative and quantitative.
Qualitative Raman Measurements
Qualitative Raman measurements yield spectral information about the molecular structure of the
sample. Because the Raman spectrum is specific for a given compound, qualitative Raman
measurements can be used as a compendial identification test.
Quantitative Raman Measurements
For instruments equipped with a detector that measures optical power, such as Fourier
transform (FT)–Raman spectrometers, quantitative Raman measurements use the following
relationship.

I(

s)

= Raman scattering intensity at wavelength

I( L) = incident laser intensity at wavelength
N = number density of scatters

s

L

d ( s )/dW = Raman cross-section at s
Z = geometric factor that takes into account the spectrometer depth of field
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Raman signal intensity is non-zero when the polarizability derivative, d /dW, with respect to
the normal coordinate of the vibration, is not zero.
SAMPLING FACTORS
Raman spectroscopy is a zero-background technique in that the signal at the detector is
expected to be zero in the absence of a sample. This situation can be contrasted with
absorption spectrometry, where the intensity at the detector is at a maximum in the absence
of a sample. Zero-background techniques are inherently sensitive, because small changes in
sample concentration lead to proportionate changes in the signal level. The instrument is
sensitive to other sources of light that can cause sample-to-sample variations in the measured
signal level. In addition, a large background signal can be caused by fluorescence. Thus, it may
be very difficult to use the absolute Raman signal intensities for direct determination of an
analyte. Other potential sources of variation are changes in the sample opacity and
heterogeneity, changes in the laser power at the sample, and changes in optical collection
geometry or sample position. These effects can be minimized by careful method design related
to preparation and presentation of the sample as well as instrument factors.
Use of an internal reference standard is the most common and robust method for eliminating
variations caused by absolute intensity fluctuations. There are several options for this
approach. An internal standard can be added deliberately, and isolated peak(s) from this
standard can be used. Alternatively, the analyst can use a band due to a moiety such as an
aromatic ring, the Raman intensity of which does not change with the way the sample is
prepared. For solution spectra, an isolated solvent band can be used because the solvent will
remain relatively unchanged from sample to sample. In a formulation, an excipient peak can be
used if it is present in substantial excess, compared with the analyte.
A second, important sampling-based factor to consider is spectral contamination. Raman
scattering is a weak effect that can be masked by a number of external sources. Common
sources of contamination include sample-holder artifacts (container or substrate) and ambient
light. Typically, these issues can be identified and resolved by careful experimentation.
APPARATUS
Components
Regarding the instrumentation, modern systems are easy to use, provide fast analysis times
(milliseconds to several minutes), and are reliable.
All modern Raman measurements involve irradiating a sample with a laser, collecting the
scattered radiation, rejecting the Rayleigh scattered light, differentiating the Raman photons by
wavelength, and detecting the resulting Raman spectrum. Therefore, all commercial Raman
instruments have the following features in common to perform these functions:
Excitation source (laser)
Sampling device
Device to filter/reject light scattered at the laser wavelength
Wavelength processing unit
Detector and electronics
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Excitation Source (Laser)
The danger of using high-powered lasers must be recognized, especially when their
wavelengths are in the NIR range and are therefore not visible to the eye. Fiber-optic probes
should be used with caution after referring to appropriate government regulations regarding
lasers and laser classes.
Table 1 identifies several common lasers used for pharmaceutical applications or Raman
spectrometry.
Table 1. Lasers Used in Pharmaceutical Applications
Wavelength
Range (nm)
(Stokes
Region,
Laser ,
nm
(nearest
whole
number)
NIR Lasers

1064

Type

Solid
state
(Nd:YAG) Up to 3 W

830

Diode

785
Visible Lasers

Diode

632.8
532
514.5
488–632.8
UV Lasers
257.3

248.3
244.0
229.0

224.3

Typical
Power
at
Laser

Up to 300
mW
Up to 500
mW

Up to 500
He–Ne
mW
Doubled
(Nd:YAG) Up to 1 W
Ar+
Up to 1 W
Ar+
Up to 1 W
Doubled Up to 200
Ar-ION
mW
20 mW to
1.8 W
NeCu
peak
Doubled Up to 100
Ar-ION
mW
Doubled Up to 10
Ar-ION
mW
20 mW to
1.8 W
HeAg
peak

100 cm 1
to
3000 cm 1
shift)

Comments

1075–1563

Commonly used in FT instruments

836–1105
791–1027

Typically limited to 2000 cm 1; Raman
shift because of charge coupled device
(CCD) spectral response; less common
than the other lasers
Most widely used dispersive Raman
laser

637–781

Relatively small fluorescence risk

535–633
517–608
490–572

High fluorescence risk
High fluorescence risk
High fluorescence risk

258–279

249–268
245–263
230–246

225–241
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Sampling Device
Several sampling arrangements are possible, including direct optical interfaces, microscopes,
fiber optic-based probes (either noncontact or immersion optics), and sample chambers
including specialty sample holders and automated sample changers. The sampling optics can
also be designed to obtain polarization-dependent Raman spectra. The choice of sampling
device is often dictated by the analyte and sample. However, considerations such as sampling
volume, speed of the measurement, laser safety, and reproducibility of sample presentation
should be evaluated to optimize the sampling device for any given application.
Filtering Device
The intensity of scattered light at the laser wavelength (Rayleigh) is many orders of magnitude
more than the Raman signal and must be rejected before it reaches the detector. Notch filters
are almost universally used for this purpose and provide excellent rejection and stability
combined with small size. The traditional use of multi-stage monochromators for this purpose,
although still viable, is now rare. In addition, various filters or physical barriers to shield the
sample from external radiation sources (e.g., room lights or laser plasma lines) may be required,
depending on the collection geometry of the instrument.
Wavelength Processing Unit
The wavelength scale may be encoded by either a scanning monochromator, a grating
polychromator [in Charge Coupled Device (CCD)-Raman spectrometers], or a two-beam
interferometer (in FT-Raman spectrometers). A discussion of the specific benefits and
drawbacks of each of the dispersive designs compared to the FT instrument is beyond the
scope of this chapter. Any properly qualified instrument should be suitable for qualitative
measurements. However, care must be taken when selecting an instrument for quantitative
measurements, because dispersion and response linearity might not be uniform across the full
spectral range.
Detector
The silicon-based CCD array is the most common detector for dispersive instruments. The
cooled array detector allows measurements over the spectral range from 4500 to 100 cm 1
Raman shift with low noise when most visible lasers, such as frequency-doubled neodymiumdoped: yttrium–aluminum–garnet (Nd:YAG; 532 nm) or helium–neon (632.8 nm) lasers, are
used. When a 785-nm diode laser is used, the wavelength range is reduced to about 3100 to
100 cm 1. The most commonly used CCD has its peak wavelength responsivity when matched
to the commonly used 632.8-nm He–Ne gas laser or 785-nm diode laser. FT instruments
typically use single-channel germanium or indium–gallium–arsenide (InGaAs) detectors
responsive in the NIR to match the 1064-nm excitation of an Nd:YAG laser.
SPECIALIZED TECHNIQUES
In addition to “normal” Raman spectrometry, there are several more specialized Raman-based
techniques. These include Raman microscopy and confocal Raman microscopy (CRM), spatially
offset Raman spectroscopy (SORS), resonance Raman (RR), deep UV resonance Raman
spectroscopy (DUVRRS), surface-enhanced Raman spectroscopy (SERS), Raman optical activity
(ROA), coherent anti-Stokes Raman spectroscopy (CARS), Raman gain or loss spectroscopy,
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and hyper-Raman spectroscopy. Some of these techniques are currently in use, and these are
described below. Those that have very specialized uses in pharmaceutical laboratories are not
addressed in this general information chapter.
Microspectroscopy and Imaging Techniques
CONFOCAL MICROSCOPY/IMAGING
The distribution of the various compounds within a given material can be characterized either
on the surface by microscopy or inside the sample, three dimensionally, using confocal imaging.
The use of Raman scattering allows for the collection of detailed chemical information. Raman
microscopy techniques have the following advantages:
No preparation of the sample required
Excellent spatial resolution
Clear image quality
Outstanding chemical differentiation
It is possible to collect a signal from a single point on a sample, disperse it into a spectrum
using a spectrometer, and detect the spectrum using a multi-channel detector such as a CCD
or photo-diode array (PDA). In this case, instead of obtaining trivial cumulative information
about the spot signal intensity, we can obtain a signal spectrum, which can be transformed
into detailed information about the chemical composition of the given spot on the sample. The
three-dimensional array of data sets, two spatial and one spectral, that is recorded in such an
imaging measurement, has become known as a “hypercube”, or data cube. These microscopy
systems are capable of determining a spatial resolution down to approximately 250 nm.
The pharmaceutical industry has specific challenges for confocal Raman microscopy in
characterizing the structure and distribution of the active components within surface coatings
of formulations, dosage forms, and delivery devices, to name a few. For example, highresolution chemical mapping for homogeneity testing of solid oral dosage forms, creams, and
ointments may be useful in select applications.
Spatially Offset Raman Spectroscopy (SORS)
SORS provides highly accurate chemical analysis of objects beneath obscuring surfaces (e.g.,
coatings or non-interfering packaging materials). Examples of uses include, but are not limited
to, the identification of tablets inside plastic bottles or screening for counterfeit tablets inside
blister packs.
A SORS measurement will make at least two Raman measurements: one at the surface and one
at an offset position, typically a few millimeters away. The two spectra can be subtracted
using a scalar to produce two spectra representing the subsurface and surface spectra. For a
simple, two-layer system, such as powder in a plastic bottle, the powder spectrum can be
measured without knowing the bottle material or its relative signal contribution. To do this
without using an offset measurement would involve severe restriction by the interfering signals
of the packaging and any fluorescence signals originating from the surface layer. Scaled
subtraction works well for two-layer systems, but multivariate analysis may be required for
more complicated situations, such as where the overlying material contains components
included in the sublayer (living tissue, for example).
Deep UV Resonance Raman Spectroscopy (DUVRRS)
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DUVRRS usually uses excitation wavelengths in the 190–300-nm range. There are three major
advantages of DUVRRS procedures over their near-UV, visible, or NIR counterparts. These
advantages relate to: 1) sensitivity or signal enhancement, 2) fluorescence background
elimination, 3) spectral complexity, and 4) ambient solar or artificial light background
elimination.
1. Raman Signal Enhancement: Raman signals are enhanced as a result of moving from the
NIR or visible into the UV, for two reasons—Rayleigh-law enhancement and resonance
enhancement.
a. Rayleigh-Law Raman Enhancement: Raman scattering follows the Rayleigh
scattering law whereby the scattered signal is proportional to the inverse fourth
power of wavelength. When excitation occurs in the UV at 248 nm, Rayleigh
scattering law describes a signal enhancement of 20× to 100× when compared
to excitation at two other, often-proposed laser wavelengths at 532 and 785
nm, respectively.
b. Preresonance and Resonance Raman Enhancement: The second form of signal
enhancement is a result of excitation within an absorption band of a target
material. Pre-resonance or resonance can provide much higher signal than
Rayleigh-law enhancements ranging from weak preresonant enhancement
factors of 5× or 10× to strong resonance enhancement factors of 1 million to
100 million. Preresonance enhancement for water is weak, being about five times
more than Rayleigh-law enhancement alone. The combined effect of Rayleighlaw and preresonance enhancement for water is >120×, with excitation at 248
vs. 532 nm.
2. The primary interference in Raman spectroscopy is the native fluorescence, which can
be emitted by the sample under investigation or by impurities or background materials
within the field of view of the laser. Raman scattering is a far less efficient process than
Rayleigh scattering or fluorescence. Typically, Raman scattering is 100× less efficient
than fluorescence. Therefore, if any fluorescence process occurs within the target
molecules or surrounding materials within the exposure volume of the excitation laser
beam, it could overwhelm the weak Raman emissions. For excitation in the visible
wavelength region, the fluorescence efficiency of materials can be >10,000–100,000×
greater than Raman scattering efficiency. Even in the deep UV, when resonance
enhancement occurs, fluorescence can still be at least 500–1,000× greater than Raman
scattering. However, deep UV Raman reduces fluorescence, primarily because there are
few electronic absorption states at excitation energy and thus fluorescent states are
not populated; in addition, it has been proven in practice that organic materials do not
fluoresce below the 260–270-nm region. Simplification of the Raman band structure
enables easier interpretation of results, which often include complex, overlapping band
structures for organic and biological materials with normal Raman scattering.
3. The third advantage of operating in the deep UV is that there exists essentially no
background irradiation of samples because of solar irradiation or artificial lighting.
Current DUVRRS systems come is a large variety of configurations. These variations are
primarily related to the light source (laser) and detector systems.
CALIBRATION
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Raman instrument calibration involves three components: primary wavelength (x-axis), laser
wavelength, and intensity (y-axis).
Primary Wavelength (X-axis)
In the case of FT-Raman instruments, primary wavelength–axis calibration is maintained, at
least to a first approximation, with an internal He–Ne laser. Most dispersive instruments use
atomic emission lamps for primary wavelength–axis calibration. In all instruments suitable for
analytical Raman measurements, the vendor offers a procedure for x-axis calibration that can
be performed by the user. For dispersive Raman instruments, a calibration based on multiple
atomic emission lines is preferred. The validity of this calibration approach can be verified after
laser wavelength calibration by using a suitable Raman shift standard. For scanning dispersive
instruments, calibration might need to be performed more frequently, and precision in both a
scanning mode and a static operation mode may need to be verified.1
Laser Wavelength
Laser wavelength variation can affect both the wavelength precision and the photometric
(signal) precision of a given instrument. Even the most stable current lasers can vary slightly in
their measured wavelength output. The laser wavelength must therefore be confirmed to
ensure that the Raman shift positions are accurate for both FT-Raman and dispersive Raman
instruments. A reference Raman shift standard material such as those outlined in ASTM E18401
or other suitably verified materials can be used for this purpose. [Note—Reliable Raman shift
standard values for frequently used liquid and solid reagents required for wavenumber
calibration of Raman spectrometers are provided in the ASTM Standard Guide cited. These
values can be used in addition to the highly accurate and precise low-pressure arc lamp
emission lines that are also available for use in Raman instrument calibration.] Spectrometricgrade material can be purchased from appropriate suppliers for this use. Certain instruments
may use an internal Raman standard that is separate from the primary optical path. External
calibration devices reproduce exactly the optical path taken by the scattered radiation. [Note
—When chemical standards are used, care must be taken to avoid contamination and to
confirm standard stability.]
Unless the instrument is of a continuous-calibration type, the primary wavelength–axis
calibration should be performed, as per vendor procedures, just before measuring the laser
wavelength. For external calibration, the Raman shift standard should be placed at the sample
location and measured using appropriate acquisition parameters. The peak center of a strong,
well-resolved band in the spectral region of interest should be evaluated. The position can be
assessed manually or with a suitable, valid peak-picking algorithm. The software provided by
the vendor might measure the laser wavelength and adjust the laser wavelength appropriately
so that this peak is at the proper position. If the vendor does not provide this functionality, the
laser wavelength should be adjusted manually. Depending on the type of laser, the laser
wavelength can vary with temperature, current, and voltage. Wavelength tolerances can vary
depending on the specific application.
Signal Level (Y-axis)
Calibration of the photometric axis can be critical for successful quantification using certain
analytical methods and for method transfer between instruments. Both FT-Raman and
dispersive Raman spectrometers should undergo similar calibration procedures. The photometric
precision acceptable for a given measurement should be assessed during the procedure
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development stage.
To calibrate the photometric response of a Raman instrument, a broad-band emission source
should be used. There are two accepted methods; however, other appropriate procedures may
also be used. Method A uses a tungsten white light source.2 The output power of such sources
is traceable to the National Metrology Institute. In the United Kingdom, the National Physical
Laboratory also provides calibrated light sources. Several other vendors provide National
Institute of Standards and Technology (NIST)-traceable irradiance calibration standards. This
method (Method A) is applicable to all common laser excitation wavelengths listed in Table 1. In
Method B, NIST standard reference materials (SRMs) are used.3 Several doped-glass
fluorescence standards are currently available.
Method A: The source should be placed at the sample location with the laser off and the
response of the detector measured (using parameters appropriate for the instrument). The
output of the source used for calibration should be known. The ratio of the measured response
to the true response should be determined, and a correction file generated. This correction
should be applied to all spectra acquired with the instrument. Most manufacturers will provide
appropriate calibration sources and software for this approach. If the manufacturer does not
provide a procedure or method, the user can accomplish the task using a source obtained from
NIST and appropriate software. If a manufacturer's method is used, attention must be paid to
the calibration procedure and source validity. The user should obtain appropriate
documentation from the manufacturer to ensure a qualified approach.
Method B: The fluorescence standard should be placed at the sample location. With the laser
on, a spectrum of the SRM should be obtained (using parameters appropriate for the
instrument). The output of the source used for calibration should be known. The ratio of the
measured response to the true response should be determined, and a correction file generated.
This correction should be applied to all spectra acquired with the instrument. Most
manufacturers will provide appropriate calibration sources and software for this approach. If the
manufacturer does not provide a procedure or method, the user can accomplish the task using
a source obtained from NIST and appropriate software. If a manufacturer's method is used,
attention must be paid to the calibration procedure and source validity. The user should obtain
appropriate documentation from the manufacturer to ensure a qualified approach. [Note
—Method B is currently appropriate for systems with 785-nm (SRM 2241), 532-nm (SRM 2242),
514.5-nm and 488-nm (SRM 2243), 1064-nm (SRM 2244) and 632.8-nm excitation (SRM 2245).]
External Calibration
Detailed functional validation using external reference standards is recommended to
demonstrate instrumental suitability of laboratory instruments, even for instruments that
possess an internal calibration approach. The use of external reference standards does not
obviate the need for internal quality control procedures; rather, it provides independent
documentation of the fitness of the instrument to perform the specific analysis or purpose. For
instruments installed in a process location or in a reactor where routine positioning of an
external standard is not possible, including those instruments that use an internal calibration
approach, the relative performance of an internal versus an external calibration approach
should be checked periodically. The purpose of this test is to detect changes in components
that might not be included in the internal calibration method (process lens, fiber-optic probe,
and others).
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FACTORS THAT AFFECT MEASUREMENT PERFORMANCE
Sample-Based Factors
Raman spectroscopy is advantageous because quick and accurate measurements can often be
made without destroying the sample (solid, semisolid, liquid, or gas) and with minimal or no
sample preparation. The Raman spectrum contains information on fundamental vibrational
modes of the sample that can yield both sample and process understanding. The signal is
typically in the visible or NIR optical range, allowing samples to be analyzed directly through
packaging or directly in media that is transparent at these wavelengths. Raman spectra are
ordinarily excited with visible or NIR radiation, and standard glass/quartz and fiber optics may
be used.
The most important sample-based factor that deleteriously affects quantitative Raman
spectroscopy is fluorescence. Other factors, such as local sample heating by the light source,
absorption by the matrix or the sample itself, and the effect of polarization, can also be
problematic and must be addressed during procedure development. If the sample matrix
includes fluorescent compounds, the measured signal will usually contain a contribution from
fluorescence. Fluorescence will be observed only if the laser excitation wavelength overlaps
with an absorption band of a fluorescent compound. Fluorescence is typically observed as a
broad, sloping background underlying the Raman spectrum. Fluorescence can cause both a
baseline offset and a reduced signal-to-noise ratio. The wavelength range and intensity of the
fluorescence depend on the chemical composition of the fluorescent material. Because
fluorescence is generally a much more efficient process than Raman scattering, even minor
amounts of fluorescent impurities can lead to significant degradation of the Raman signal.
Fluorescence can be reduced by using longer wavelength excitation sources such as 785 or
1064 nm. However, it should be remembered that the strength of the Raman signal is
proportional to ( L
), so the advantage of using a long-wavelength excitation laser to
minimize fluorescence is at least partially offset by the reduced strength of the Raman signal.
The greatest signal-to-noise ratio will be obtained by balancing fluorescence rejection, signal
strength, and detector response.
Fluorescence in solids can sometimes be mitigated by exposing the sample to the laser radiation
for a period of time before measurement. This process is called photobleaching, and operates
by degrading the highly absorbing species. Photobleaching is less effective in liquids, where the
sample is mobile, or if the amount of fluorescent material is more than a trace.
Sample heating by the laser source can cause a variety of effects, such as physical form
change (melting), polymorph conversion, or sample burning. The likelihood of sample heating is
greatest when the spot size at the sample is the smallest, i.e., when a microprobe or
microscope is being used. This is usually an issue for colored, highly absorbing species, or very
small particles that have low heat transfer. The effects of sample heating are usually
observable, either as changes in the Raman spectrum over time or by visual inspection of the
sample. Besides decreasing the laser flux, a variety of methods can be used to diminish laserinduced heating, such as moving the sample or laser during the measurement or improving the
heat transfer from the sample with thermal contact or liquid immersion.
Absorption of the Raman signal by the matrix or the sample itself can also occur. This problem
is more prevalent with long-wavelength FT-Raman systems where the Raman signal can overlap
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with a NIR overtone absorption. This effect will be dependent on the optics of the system, as
well as on the sample presentation. Associated with this effect is variability from scattering in
solids as a result of packing and particle-size differences. The magnitude of all of these effects
is typically smaller than in NIR spectroscopy because of the limited depth of penetration and
the relatively narrower wavelength region sampled in Raman spectroscopy.
Finally, it should be recognized that laser radiation is polarized, and the Raman spectra of
crystalline materials and other oriented samples can differ significantly, depending on the way
that the sample is mounted. If the Raman spectrometer is capable of producing linearly
polarized radiation at the sample, then a polarization scrambler is recommended for routine
sample analysis.
PROCEDURE VALIDATION
Validation of Raman procedures will follow the protocols described in general chapter Validation
of Compendial Procedures 1225 . Several of these criteria are affected by variables specific
to Raman spectrometry. Fluorescence is the primary variable that can affect the suitability of a
procedure. The presence of fluorescent impurities in samples can be quite variable and can
have little effect on the acceptability of a material. The procedure must be flexible enough to
accommodate different sampling regimens that may be necessary to minimize the effects of
these impurities.
Detector linearity must be confirmed over the range of possible signal levels. Fluorescence
might drive both the signal baseline and the noise higher than the levels used in the validation,
in which case the fluorescence must be decreased, or the procedure must be modified to
accommodate the higher fluorescence levels. This is also true for the precision, limit of
detection, and limit of quantification of the procedure, as increased baseline noise will
adversely affect all of these values. Because fluorescence can also affect quantification
caused by baseline shifts, acceptable quantification at different levels of photobleaching, when
used, should be confirmed.
The effect of the laser on the sample must be determined. Visual inspection of the sample and
qualitative inspection of the Raman spectrum for measurements with differing laser powers and
exposure times will confirm that the sample is not being altered (other than by photobleaching).
Specific variables to confirm in the spectrum are shifts in peak position, changes in peak height
and band width, and unexpected changes in background intensity.
Precision must also encompass sample position. The sample presentation is a critical factor for
both solids and liquids and must be either tightly controlled or accounted for in the calibration
model. Sample-position sensitivity can often be minimized by appropriate sample preparation or
sample-holder geometry but will vary from instrument to instrument, based on excitation and
collection optical configuration.
In addition, many suitable chemometric algorithms for data pretreatment and calibration exist.
The selection of these algorithms should be based on sound scientific judgment and suitability
for the intended application.
Ongoing Procedure Evaluation
Validated Raman procedures should be subject to ongoing performance evaluation, which may
include monitoring of accuracy, precision, and other suitable procedure parameters. If
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performance is unacceptable, corrective action is necessary. This involves conducting an
investigation to identify the cause of the change in performance of the procedure and may
indicate that the Raman procedure is not suitable for continued use. Improving the Raman
procedure so that it meets measurement suitability criteria may require additional procedure
development as well as validation experiments, with documentation, demonstrating that the
improved procedure is suitable for the intended application. The extent of revalidation required
depends on the cause of the change in performance of the procedure and the nature of
corrective action required to establish suitable performance. Appropriate change controls
should be implemented to document ongoing continuous-improvement activities.
Revalidation of a qualitative model may be necessary as a result of the following:
Addition of a new material to the spectral reference library
Changes in the source of material supply
Identification of previously unknown critical attribute(s) of material(s)
Revalidation of a quantitative model may be necessary as a result of the following:
Changes in the composition of the test sample or finished product
Changes in the manufacturing process
Changes in the sources or grades of raw materials
Changes in the reference analytical procedure
Major changes in instrument hardware
Outliers: Sample spectra that produce a Raman response that differs from the qualitative or
quantitative calibration model may produce an outlier. This does not necessarily indicate an
out-of-specification result, but rather an outlier indicates that further testing of the sample
may be required. If subsequent testing of the sample by an appropriate procedure indicates
that the property of interest is within specifications, then the sample meets its specifications.
Outlier samples may be incorporated into an updated calibration model after execution and
documentation of suitable validation studies.
Method Transfer
Controls and measures for demonstrating the suitability of performance after method transfer
are similar to those required for any analytical procedure. Exceptions to general principles for
conducting method transfer for Raman procedures should be justified on a case-by-case basis.
The transfer of a Raman procedure is often performed by using a Raman calibration model on a
second instrument that is similar to the primary instrument used to develop and validate the
procedure. When a calibration model is transferred to another instrument, procedures and
criteria must be applied to demonstrate that the calibration model meets suitable measurement
criteria on the second instrument. The selection of an appropriate calibration model transfer
procedure should be based on sound scientific judgment. USP39

1 ASTM E1840-96 (2002) Standard Guide for Raman Shift Standards for Spectrometer Calibration, ASTM
International, 100 Barr Harbor Drive, PO Box C 700, West C onshohocken, PA, USA 19428-2959.
2 NIST-traceable tungsten white light source statement: While the calibration of the Raman frequency (or
Raman shift, cm 1 ) axis using pure materials and an existing ASTM standard is well accepted, techniques for
calibration of the Raman intensity axis are not. Intensity calibrations of Raman spectra can be accomplished

PF 40(6): Nov.-Dec. 2014

150

with certified white light sources.
3 NIST SRM 2241: Ray KG, McC reery RL. Raman intensity correction standard for systems operating with 785nm excitation. Appl. Spectrosc. 1997, 51, 108–116.
4 C halmers, J., Griffiths, P., Eds. Handbook of Vibrational Spectroscopy; John Wiley & Sons, Ltd: New York,
2002.
1 ASTM E1840 Standard Guide for Raman Shift Standards for Spectrometer Calibration, ASTM International,
100 Bar Harbor Drive, PO Box C 700, West C onshohocken, PA, USA 19428-2959.

2 NIST traceable tungsten white light source statement: While the calibration of the Raman
frequency (or Raman shift, cm 1) axis using pure materials and an existing ASTM standard is
well accepted, techniques for calibration of the Raman intensity axis are not. Intensity
calibrations of Raman spectra can be accomplished with certified white light sources.
3 NIST SRM 2241: Ray KG, McCreery RL. Raman intensity correction standard for systems
operating with 785-nm excitation. Appl Spectrosc. 1997;51:108–116.
BRIEFING
1251 Weighing On An Analytical Balance, USP 37 page 1253. Additional changes are
being introduced in this chapter in order to align with the modifications recently introduced in
chapter Balances

41 . The reference to ASTM E898 is being updated.

Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCPA: H. Pappa.)
Correspondence Number—C148525

Comment deadline: January 31, 2015
1251

WEIGHING ON AN ANALYTICAL BALANCE

Change to read:
INTRODUCTION
Weighing is a frequent step in analytical procedures, and the balance is an essential piece of
laboratory equipment. The general information described here applies directly to electronic
balances used in analytical procedures. Although many portions of the chapter are applicable to
all balances, some are applicable only to analytical balances. This chapter should not be
considered all-inclusive, and other sources of information (e.g., the US National Institute for
of USP39
Science and Technology and balance manufacturers) may be useful and applicable when
analysts perform a weighing operation or implement a weighing procedure.1,2 The information
given in this chapter is applicable not only to balances used for materials that must be
accurately weighed (see Balances
Change to read:

41 ) but also to balances used in all analytical procedures.
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QUALIFICATION
Users should consult Analytical Instrument Qualification 1058 , standard operating
procedures, and recommendations from manufacturers when they devise qualification plans.
Installation
The balance's performance depends on the conditions of the facility where it is installed.
Analysts should consult information provided by the manufacturer before they install a balance.
SUPPORT SURFACE
The balance should be installed on a solid, level, nonmagnetic surface that minimizes the
transmission of vibration (e.g., a floor-mounted, granite weigh bench). If a metallic support
surface is used, the surface should be grounded in order to prevent the buildup of static
electricity.
LOCATION
If possible, the balance should be located in a room that is temperature and humidity
controlled. The location should have a clean, consistent electrical power supply. The location
should be free of drafts and should not be near ovens, furnaces, air conditioner ducts, or
cooling fans from equipment or computers. The balance should be positioned away from outside
windows so that direct sunlight does not strike the balance. The balance should not be
installed near sources of electromagnetic radiation such as radio-frequency generators, electric
motors, or hand-held communication devices (including cordless telephones, cellular telephones,
and walkie-talkies). The balance should not be located near magnetic fields induced by
laboratory instrumentation or other equipment.
The performance of the balance should be assessed following installation and before use in
order to demonstrate adequate performance. In some situations, it may not be possible to
position the balance in an optimum environment. Examples of potential facility issues include
the following:
1. Air currents sometimes are present in the laboratory.
2. Temperatures in the laboratory vary excessively (check the manufacturer's literature
about temperature sensitivity).
3. Humidity is either very low or very high. Either condition may increase the rate at which
the sample weight varies because of pickup or loss of water. Low humidity increases the
buildup of static electricity.
4. Adjacent operations are causing vibration.
5. Corrosive materials are used nearby or are routinely weighed.
6. The balance is located within a fume hood because it is used to weigh corrosive or
hazardous materials.
7. The balance is adjacent to equipment that produces a magnetic field (e.g., a magnetic
stirrer).
8. Direct sunlight strikes the balance.
In situations when the balance is located near equipment or systems that induce vibration,
drafts, electromagnetic radiation, magnetic fields, or changes in temperature or humidity, the
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assessment should be conducted with those systems operating in order to duplicate a worstcase scenario.
Operational Qualification
An operational qualification should be performed either by the user or by a qualified third-party
vendor after the equipment has been installed.
As a minimum, the power should be turned on and the balance should be allowed to equilibrate
according to the manufacturer's instructions (1–24 h, depending on the type of balance) before
use. Depending on the balance, analysts should include the following procedures in the
operational qualification:
1.
2.
3.
4.
5.
6.

Mechanical mobility of all moveable parts
Control of stable indication
Manually triggered or automatic adjustment by means of built-in weights
Operation of ancillary equipment
Tare function
Initial calibration

Several types of electronic analytical balances use built-in weights for manually triggered or
automatic adjustment. This adjustment usually is applied to reduce the drift of the balance
over time and to compensate for drifts caused by variations in the ambient temperature.
Calibration normally is performed as part of the operational qualification, but it also can be
performed periodically thereafter. Calibration should be performed at the location where the
balance is used in normal operation.
Performance Qualification
Table 1 provides a list of the most important balance properties that should be assessed during
performance qualification. Depending on the risk of the application and the required weighing
process tolerance, some of these tests may be omitted. Tests also can be omitted if there is
evidence that the property in question has only minimal effect on the weighing performance.
Any procedures used should be consistent with in-house standard operating procedures,
applicable for the specific balance, and adequately justified. Performance qualification should be
performed periodically as described in standard operating procedures, and the frequency of
each of the individual tests can vary depending on the criticality of the property.
The weights that are used to perform the tests should be stored and handled in a manner that
minimizes contamination. Before executing the tests, the analyst
technician USP39
should place the weights in the vicinity of the balance for an appropriate time to reach
sufficient thermal equilibrium. If possible, all
USP39

tests should be carried out with a single test weight in order to minimize handling errors, but
multiple test weights are permitted.
The tests should be recorded in such a manner that the data can be used to easily track
balance performance and to assist in laboratory investigations as needed. Meaningful
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acceptance criteria can be set depending on the required weighing tolerance, i.e., the maximum
allowed deviation permitted by specifications, regulations, etc., of a quantity to be weighed
from its target value. Procedures should be in place to address test results that are outside
acceptable ranges and to provide assurance that balance cleanliness and environment have not
affected the result. Also, a procedure should be in place for removing a balance from operation
when observed results fall outside acceptable ranges.
Table 1. Suggested Performance Tests and Acceptance Criteria
Acceptance
Property
Definition
Examples
Criteria
NMT 0.05%
deviation where
41 is
applicable. For
other uses,
Change in weighing value divided by
respective
the change in load, usually
The test load at or
tolerance
USP38
measured between zero and the
sufficiently close to the
requirement
Sensitivity capacity of the balance.
capacity of the balance.
divided by 2.
NMT 0.05%
deviation where
Ability of a balance to follow the
41 is
linear relationship between a load
applicable. For
and the indicated weighing value.
other uses,
Nonlinearity usually is expressed as
respective
the largest magnitude of any
tolerance
linearity deviation within the test
From 3 to 6 points over
requirement
Linearity
interval.
the range of the balance. divided by 2.
Performed in the center of
gravity and the four
Deviation in the measurement value quadrants (for rectangular
NMT 0.05%
caused by eccentric loading—in
platter shapes) or at
deviation where
other words, the asymmetrical
analogous locations for
placement of the center of gravity other platter shapes. Test
41 is
of the load relative to the load
load usually should be 30% applicable. For
receiver. Eccentricity usually is
of the capacity of the
other uses,
expressed as the largest magnitude balance or higher (refer to respective
of any of the deviations between an the manufacturer's manual tolerance
off-center reading and the center for any possible upper
requirement
Eccentricity reading for a given test load.
limit).
divided by 2.
Ability of a weighing instrument to
display identical measurement
values for repeated weighings of the
same objects under the same
Requirement
conditions, e.g., the same
measurement procedure, same
from 41
operator, same measuring system,
where
same operating conditions, and
10 replicate weighings
applicable. For
same location over a short period of (using a test weight that is other uses,
time. Repeatability usually is
a few percent of the
user specified
expressed as the standard deviation nominal capacity of the
requirements
Repeatability of multiple weighings.
balance).
will apply.
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Sensitivity, linearity, and eccentricity all account for systematic deviations; i.e., they limit the
accuracy of the balance (based on the definition of accuracy in Validation of Compendial
Procedures 1225 and ICH Q2). In the International Vocabulary of Metrology (VIM) and
documents of the International Organization for Standardization, this concept is referred to as
trueness. Because deviations are largely independent from each other, it is not likely that all
deviations occur simultaneously and have the same algebraic sign. Therefore the arithmetic
addition of all individual deviations to assess the balance accuracy would constitute a rather
conservative approach. A quadratic addition of the individual deviations is a more realistic
approach. By allocating 50% of the weighing tolerance budget to the acceptance criteria of the
individual properties, e.g., sensitivity, linearity, and eccentricity, analysts ensure adherence to
the required weighing tolerance. Therefore, the acceptance criteria for the individual properties
that account for the systematic deviations are set to weighing tolerance divided by 2. These
properties—or a subset of them—also can be taken to fulfill the accuracy requirement described
in 41 . In this case the acceptance criteria thus allow a maximum deviation of 0.05% for
sensitivity, linearity, and eccentricity. Repeatability preferably is tested with a test weight of a
few percent of the balance capacity. At the lower end of its measurement range, the
performance of laboratory balances is limited by the finite repeatability, and limitations induced
by systematic deviations normally can be neglected. Therefore, the whole weighing tolerance
budget can be allocated to the acceptance criterion of the repeatability test.
For the sensitivity and linearity tests as described above, the analyst should use certified
weights with an appropriate weight class (e.g., according to International Organization of Legal
Metrology R111 or American Society for Testing and Materials E617, available from
www.oiml.org and www.astm.org, respectively). [Note—If a differential method is used for the
linearity test, certified weights may not be required.]
Depending on the acceptance criterion, it may be sufficient to consider only the nominal weight
value of the test weights. If the nominal value of the test weight is considered, analysts should
ensure that the maximum permissible error does not exceed one-third of the acceptance
criterion. Alternatively, if the certified value of the test weight is considered, its calibration
uncertainty should not exceed one-third of the acceptance criterion. If more than one weight
is used to perform the test, the calibration uncertainties of the weights must be summed and
the sum should not exceed one-third of the acceptance criterion. For tests such as
eccentricity or repeatability, the use of certified weights is optional, but analysts must ensure
that the mass of the weight does not change during the test.
The tests described above also can be included in formal periodic calibration in order to fulfill
applicable cGMP requirements.
Balance Checks
A balance check using an external weight helps ensure that the balance meets weighing
tolerance requirements. The balance check is performed at appropriate intervals based on
applicable standard operating procedures. The frequency of the balance check depends on the
risk of the application and the required weighing tolerance. Checks with external weights can
be replaced partially using automatic or manually triggered adjustment by means of built-in
weights. When analysts perform the balance check with an external weight, the same
acceptance criteria may apply as described in the sensitivity test above.
Minimum Weight
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The minimum net sample weight,
in short, minimum weight, USP39
mmin, of a
an analytical USP39
balance can be expressed by the equation:
mmin = k × s/required weighing tolerance
where k is the coverage factor (usually 2 or larger) and s is the standard deviation (in a mass
unit, e.g., in mg) of not fewer than 10 replicate measurements of a test weight.
If the standard deviation obtained is less than 0.41d, where d is the scale interval, the
standard deviation is replaced by 0.41d. The lower limit of 0.41d for the standard deviation
results from the rounding error of the digital indication of a weighing instrument. The rounding
error that is allocated to a single reading is calculated as 0.29d. Note that a weighing always
consists of two readings, one before and one after placing/removing the sample on/from the
pan, with the difference between the two indications being the net sample weight. The two
individual rounding errors are usually added quadratically, leading to 0.41d. Taring the
instrument after placing the tare container on the pan does not affect the rounding error as
the zero indication is also rounded. USP39
The minimum weight describes the lower limit of the balance below which the required
weighing tolerance is not adhered to. The equation above takes into account that the
performance of laboratory
analytical USP39
balances at the lower end of the measurement range is limited by the finite repeatability.
For materials that must be accurately weighed, 41 stipulates that repeatability is
satisfactory if two times the standard deviation of the weighed value, divided by the nominal
value of the weight used
desired smallest net weight (smallest net weight that the users plan to use on that balance),
USP39

does not exceed 0.10%. For this criterion the equation above simplifies to:
mmin = 2000 × s
If the standard deviation obtained is less than 0.41d, where d is the scale interval, the
standard deviation is replaced by 0.41d.
USP39

If not subject to the requirements of 41 , the minimum weight value may vary depending on
the required weighing tolerance and the specific use of the balance.
To facilitate handling, the test weight that is used for the repeatability test does not need to
be at the minimum weight value but can be larger because the standard deviation of
repeatability is only a weak function of the test weight value.
In order to satisfy the required weighing tolerance, when samples are weighed the amount of
sample mass (i.e., the net weight) must be equal to or larger than the minimum weight. The
minimum weight applies to the sample weight, not to the tare or gross weight.
Factors that can influence repeatability while the balance is in use include:
1. The performance of the balance and thus the minimum weight can vary over time
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4.
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because of changing environmental conditions.
Different operators may weigh differently on the balance—i.e., the minimum weight
determined by different operators may be different.
The standard deviation of a finite number of replicate weighings is only an estimation of
the true standard deviation, which is unknown.
The determination of the minimum weight with a test weight may not be completely
representative for the weighing application.
The tare vessel also may influence minimum weight because of the interaction of the
environment with the surface of the tare vessel.

For these reasons, when possible, weighings should be made at larger values than the minimum
weight .
, i.e., > the desired smallest net weight that the users plan to use on that balance should be
larger than the minimum weight. USP39

OPERATION OF THE ANALYTICAL BALANCE
Select the appropriate balance for the quantity and performance needed. General chapter

41

provides requirements for balances used for materials that must be accurately weighed. The
balance user should check the balance environment (vibration, air currents, and cleanliness)
and status of calibration before use.
Receivers
To ensure suitable performance in measuring the weight of a specimen, analysts should
consider selection of a proper receiver for the material.
GENERAL CHARACTERISTICS
All receivers must be clean, dry, and inert. The total weight of the receiver plus the specimen
must not exceed the maximum capacity of the balance. With a properly maintained and
adjusted laboratory balance, weighing uncertainty for small samples, i.e., net weights with a
mass not exceeding typically a few percent of the capacity of the balance, essentially is
determined by the repeatability. However, repeatability depends on the size and surface area
of the weighed object. For this reason large or heavy receivers introduce a deviation from the
conditions under which the repeatability was determined without considering the receivers.
Therefore, either receivers of a low mass and small surface should be used (especially in cases
when specimens of low weight are being measured) or the repeatability test should be
performed with the receiver placed on the weighing pan as a preload. Receivers should be
constructed from nonmagnetic materials in order to prevent magnetic interference with
electronic balance components. Receivers should be used at ambient temperature in order to
prevent the formation of air currents within the weighing chamber.
SOLID SAMPLES
Receivers for weighing solid materials include weighing paper, weighing dishes, weighing funnels,
or enclosed vessels, including bottles, vials, and flasks. Hygroscopic papers are not
recommended for weighing because they may have a detrimental effect on the observed
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results.
Weighing dishes typically are constructed from a polymer or from aluminum. Antistatic weighing
dishes are available for measuring materials that retain static electricity. Weighing funnels
typically are constructed from glass or from a polymer. The design of this type of receiver
combines attributes of a weighing dish and a transfer funnel, which can simplify the analytical
transfer of a weighed powder to a narrow-necked vessel such as a volumetric flask. For solid
samples that are volatile or deliquescent, analysts must weigh the material into an enclosed
vessel. Where practical, analysts should use an enclosed vessel with a small opening in order to
reduce sample weight loss from volatilization or weight gain from the adsorption and absorption
of atmospheric water.
LIQUID SAMPLES
Receivers for liquid samples typically are inert, enclosed vessels. For liquid samples that are
volatile or deliquescent, analysts should use an enclosed vessel with a small opening, and the
enclosure should be replaced rapidly following material transfer. Special precautions should be
taken to be certain that the receiver and the enclosure are constructed from a material that is
compatible with the liquid sample. The receiver and enclosure must have a seal that is
sufficient to prevent leaks from a liquid that is of low viscosity or has low surface tension or a
low boiling point.
Types of Weighing
WEIGHING FOR QUANTITATIVE ANALYSIS
The initial step for many quantitative analyses is to accurately weigh a specified amount of a
sample. Section 6.50.20 in the General Notices and Requirements stipulates that solutions for
quantitative measures must be prepared using accurately weighed analytes: i.e., analysts must
use a balance that meets the criteria in 41 . Errors introduced during the weighing of a
sample can affect the accuracy of all subsequent analytical measurements.
ADDITION WEIGHING
Addition weighings typically are used for solid samples or liquid samples for which volatility is
not an issue. The receiver is placed on the balance. After the balance display stabilizes, the
analyst should tare the balance; add the desired amount of material to the receiver; allow the
balance display to stabilize; record the weight; and quantitatively transfer the material to an
appropriate vessel or, if it cannot be guaranteed that the entire amount has been transferred,
weigh the receiver again and note the weight difference.
DISPENSE WEIGHING
Dispense weighing typically is used for weighing emulsions or viscous liquids such as ointments.
In these situations it is not practical to weigh the material into a typical receiver. Accordingly,
the analyst should tare the balance; place the sample on the balance in a suitable container
(e.g., a bottle, tube, transfer pipet, or syringe) that has been wiped clean on the outside;
record the weight after the balance display stabilizes; transfer the desired amount of sample to
an appropriate receiving vessel, such as a volumetric flask; and place the pipet or syringe back
onto the balance. The difference in the two weighings is equal to the weight of the transferred
specimen.
GRAVIMETRIC DOSING
Gravimetric dosing typically is used for sample and standard preparations or capsule filling. For
such weighing the analyst places the volumetric flask, vial, or capsule shell on the balance;
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tares the balance after the balance display stabilizes; adds the solid or liquid components into
the receiver by means of dosing units; and records the respective weights.
Problem Samples
ELECTRICALLY CHARGED SAMPLES AND RECEIVERS
Dry, finely divided powders may be charged with static electricity that can make the powder
either attracted to or repelled by the receiver or the balance, causing inaccurate weight
measurements and specimen loss during transfer. A drift in the balance readings should alert
the operator to the possibility that the material has a static charge. Commercially available
balances with a built-in antistatic device can be used to remedy the problem. Such devices
may use piezoelectric components or a very small amount of a radioactive element (typically
polonium) to generate a stream of ions that dissipate the static charge when passed over the
powder being weighed. Antistatic weigh boats, antistatic guns, and antistatic screens also are
commercially available. The static charge depends also on the relative humidity of the
laboratory, which in turn depends on atmospheric conditions. Under certain conditions, static
charge is caused by the type of clothing worn by the operator and this charge can cause large
errors in the weighing. Borosilicate glassware and plastic receivers have a well-known
propensity for picking up static charge, especially at low relative humidity. The gloves used to
protect the operator also may increase the potential for a static charge problem. Placing the
container in a metal holder may help to shield the static charge, and antistatic gloves also can
help to alleviate the problem.
VOLATILE SAMPLES
When weighing a liquid that has a low boiling point, analysts must receive the specimen in a
vessel with a gas-tight enclosure of small diameter. The analyst then tares the vessel and
enclosure, adds the desired amount of sample, and replaces the enclosure. After the balance
display stabilizes, the analyst records the specimen weight.
WARM OR COOL SAMPLES
Samples that are warm or cool should be equilibrated in the laboratory, or the weight readings
may be erroneous. With regard to warm samples, the apparent weight is smaller than the true
weight because of heat convection. For example, a flask that is warmer than ambient air warms
up this air, which then flows upward along the flask and reduces the apparent weight of the
contents by viscous friction.
HYGROSCOPIC SAMPLES
Hygroscopic materials readily absorb moisture from the atmosphere and steadily gain weight if
left exposed. Therefore, hygroscopic samples must be either weighed promptly or placed in a
vessel with a gas-tight enclosure. For a gas-tight vessel, analysts should tare the vessel and
enclosure, add the desired amount of sample, and replace the enclosure. After the balance
display stabilizes, the analyst can record the specimen weight.
ASEPTIC OR BIOHAZARDOUS SAMPLES
The weighing of sterile or biohazardous samples should take place within the confines of a clean
bench, biosafety cabinet, isolator, or similar containment device. Air flow within the hood
potentially can cause balance instability, so after a balance has been installed under a hood,
analysts should perform a rigorous qualification study with suitable weight artifacts (see
in order to determine the acceptability of the balance performance in this environment.
WEIGHING CORROSIVE MATERIALS

41 )
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Many chemicals, such as salts, are corrosive, and materials of this nature should not be spilled
on the balance pan or inside the balance housing. Extra care is essential when materials of this
nature are weighed. Analysts should consider the use of sealed containers such as weighing
bottles or syringes. In the event of a spill, requalification of balance may be necessary,
depending on the nature of the spill.
Safety Considerations When Weighing
During a weighing, the analyst may be exposed to high concentrations of a pure substance.
The analyst must carefully consider this possibility at all times and should be familiar with the
precautions described in the substance¢s Material Safety Data Sheet before weighing it.
Hazardous materials should be handled in an enclosure that has appropriate air filtration. Many
toxic—and possibly allergenic—substances present as liquids or finely divided particles. When
weighing these substances, analysts should use a mask that covers the nose and mouth to
prevent any inhalation of the substance, and they should use gloves to prevent any contact
with the skin. [Note—The use of gloves is good practice for handling any chemical. If it is
necessary to handle the container being weighed, the analyst should wear gloves not only for
self-protection but also to prevent moisture and oils from being deposited on the weighed
container.]

1 National Physical Laboratory. Good practice guide No. 70, weighing in the pharmaceutical industry. 2004.
http://resource.npl.co.uk/docs/science_technology/mass_force_pressure/clubs_groups/instmc_weighing_panel/pharmaweigh.p
Accessed 21 March 2012. [Note—Nomenclature in this chapter tends to follow this document, except where it
conflicts with USP terms.]
2 American Society for Testing and Materials. E898 Standard test method of testing top-loading, direct-reading
laboratory scales and balances. 2005
2013 USP38

. http://www.astm.org/Standards/E898.htm. Accessed 21 March 2012.
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INTRODUCTION
Drug products can chemically interact with their associated packaging systems and/or the
system's plastic materials and components of construction while the product is being
manufactured, shipped, stored, and administered. The magnitude of these interactions must
not be such that the interactions adversely affect the suitability for use of the drug product or
the packaging system. While suitability for use includes several quality aspects of the packaged
drug product and its performance, the suitability for use aspect addressed in this chapter is
patient safety.
The potential patient safety impact of interactions between a drug product and its packaging is
assessed and established via the appropriate testing of the packaging systems and its materials
and components of construction. Plastic Packaging Systems and Their Materials of
Construction 661 establishes the tests and specifications that are necessary and
appropriate for ensuring that such systems are suitable for use, specifically safe for use.
Chapter

661

consists of two sub-chapters, Plastic Materials of Construction

Plastic Packaging Systems for Pharmaceutical Use

661.1

and

661.2 .

SCOPE
The purpose of this chapter is to communicate the key concepts behind Chapter

661

and

its related sub-chapters, 661.1 and 661.2 , and to provide additional information and
guidance regarding the application and applicability of this set of chapters. Given the large and
diverse nature of the pharmaceutical marketplace, the proper use and application of the

661

suite of chapters may not be intuitive to some stakeholders. Therefore, this chapter is
intended to assist users in understanding and utilizing these chapters.
GENERAL PRINCIPLES
The Overall Assessment Process
The objective of USP packaging systems standards is to establish the tests and specifications
that ensure packaging systems do not materially impact the safety or effectiveness of
pharmaceutical products. Given the complex nature of packaging systems and their
manufacturing and development processes, multiple testing procedures are needed to establish
their suitability for use with a specific pharmaceutical product. The logical development and
manufacturing process progression for packaged drug products, starting with the packaging
system's materials of construction, continuing with the packaging system itself, and ending
with the packaged drug product, forms the basis of a three-stage approach to packaging
systems qualification, as illustrated in Figure 1.
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Figure 1. The three-stage process for the characterization and safety qualification of packaging
systems and their materials of construction.
The process for establishing a packaging system's suitability for use includes: characterization
of its materials of construction (ingredients); testing and assessment of the system itself
(extractables); and testing and assessment of the packaged pharmaceutical product
(leachables). The initial step of the process involves chemically characterizing candidate
materials of construction to the extent that the choice of materials to use in the construction
of a packaging system can be rationally made and scientifically justified. The intermediate step
of system assessment is useful and necessary as it bridges the risk assessment gap between
testing starting materials and testing finished product, while providing a means for optimizing
pharmaceutical product testing. The intermediate test is necessary as materials of construction
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undergo considerable stress, such as exposure to high temperatures, while they are being
converted into either components of the packaging system or the packaging system itself.
Furthermore, processing aids and additional additives may be introduced during the
manufacturing process for a packaging system. Thus, the extractables profile of a system is
likely to be different from, and potentially more complex than, the sum of the extractables
profiles of its materials of construction. Therefore, the initial assessment of risk made in
material selection is appropriately revisited by testing and qualification of the overall packaging
system itself.
Ultimately, the effect that packaging may have on the drug product user is mediated by
packaging-derived substances that are present in the drug product. The third stage of the
process is product assessment, specifically leachables testing of the packaged product and
impact assessment, which considers the user's exposure to the leachables.
Materials Assessment: Characterization, Screening, and Selection, USP 661.1
To ensure that a packaging system is suited for its intended use, it is important to select
materials of construction which are suited for use in packaging systems. Testing and
characterizing materials of construction for attributes relevant to their suitability provides a
rational basis for material selection in designing a packaging system. The intentional selection
of well-characterized materials minimizes the risk that a system made from those materials will
be unsuitable. Considering safety specifically, selection of materials that have the tendency to
be safe increases the likelihood that packaging systems made from those materials will be safe.
Therefore, the characterization of materials of construction is the first step in the process of
developing and qualifying safe packaging materials. Additionally, chemical characterization data
may also provide the basis for effective and appropriate change control.
The intent of 661.1 is to establish, with a degree of confidence, whether potential material
candidates could adversely affect the quality and safety of pharmaceutical products. The basic
tenet of Materials Assessment, as reflected in 661.1 , is that knowing the general
composition and certain general characteristics of a material of construction allows one to:
Rationally assess the potential safety impact of the materials with a degree of certainty
that is appropriate for early product development and/or manufacturing.
Forecast with some degree of accuracy the identity of the extractables from that
material of construction and from systems that use that material of construction.
Use the assessment and forecast to establish and justify the use (or non-use) of a
particular material in a particular packaging system.
To this end, 661.1 defines a well-characterized material of construction as one whose:
Identity has been definitively established.
Biocompatibility (biological reactivity) has been established.
General physicochemical properties have been established.
Additives and extractable metals have been quantified.
Chapter

661.1

testing is not a guarantee that plastic systems constructed from materials

meeting 661.1 specifications will be suitable for their intended use. It is, however, not
always the case that testing of a system's materials of construction directly and completely
correlates with subsequent testing of the plastic system. Characterization of a material using
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661.1 merely establishes the composition or characteristics of the material and enables the
decision as to whether the material is an appropriate candidate for use in a packaging system.
Nevertheless, 661.1 testing leverages the logical connection between material additives,
material extractables, and system extractables, and thus provides a useful indication of the
probable suitability-for-use issues for materials and systems. The actual qualification of the
material occurs when the entire system is qualified for use in a particular application via

661.2

testing.
Packaging System Assessment and Qualification, USP 661.2
The impact of packaging systems on the chemical composition of packaged drug products can
be established in two ways. The packaging system itself can be characterized with respect to
substances that can be extracted from it (extractables). Secondly, the packaged drug product
can be tested for packaging-derived substances that have leached into it (leachables). In the
case of extractables assessment, the impact is predicted based on a relationship which is
established (or inferred) between extractables and leachables. In the case of leachables
assessment, the impact is specifically measurable, assuming that all the relevant leachables
can be discovered, identified, and quantified in the packaged product. In either case, 661.2
establishes the tests and specifications for the packaging system, while referring users to
relevant informational chapters (e.g. Assessment of Extractables Associated with
Pharmaceutical Packaging/Delivery Systems

1663

for extractables and Assessment of Drug

Product Leachables Associated with Pharmaceutical Packaging/Delivery Systems
leachables) for insights on how to design and execute relevant studies.

1664

for

Considering the packaging system as the test article, the intent of 661.2 is to establish the
testing needed to produce the data required for establishing the packaging system's safety.
Chapter 661.2 refers to this process of establishing the safety of packaging systems as
chemical assessment and notes that a packaging system is chemically suited for its intended
use if:
The packaging system is constructed from well-characterized materials, as established
by testing according to 661.1 .
The packaging system's general physicochemical properties have been established.
The packaging system's biocompatibility (biological reactivity) has been established.
The packaging system has been established to be safe by means of the appropriate
chemical testing and toxicological assessment.
The packaging system is chemically compatible with the packaged product, as
established by appropriate compatibility assessments (e.g., stability studies).
Considering the fourth bullet point, 661.2 notes that appropriate chemical testing includes
performing extractables testing, leachables testing, and the relevant toxicological assessment
of the extractables and/or leachables results. In addition to being the basis for toxicological
safety assessments, information about a packaging system's extractables can be used in
several ways to optimize finished product testing for leachables. The potential quality and/or
safety or impact of extractables may facilitate identification of leachables that might adversely
affect product quality. Such leachables of potential concern would necessarily be among the

PF 40(6): Nov.-Dec. 2014

164

targeted analytes in testing of a final pharmaceutical product within its packaging system. The
targeting of specific leachables, as opposed to the screening of pharmaceutical products for
unspecified leachables, has significant analytical benefits, including the ability to develop,
validate, and utilize test procedures that are appropriately sensitive, specific, and accurate.
Further, extractables (and their accumulation levels in extracts) can be used to forecast the
levels of leachables in the finished product, depending on how well the extraction conditions
mimic the pharmaceutical product's composition and actual conditions of clinical use. If the
extraction conditions are such that they accelerate and modestly exaggerate the product's
clinical use conditions, then the extractables and their levels in the extracts can be
extrapolated to estimate the maximum levels of leachables in the finished product. Additionally,
if such extractables are assessed for their safety or quality impact, the results of that
assessment can also be extrapolated as to the pharmaceutical product. Finally, if no adverse
impact is found based on the extractables data, then no adverse impact can be inferred for the
leachables in the packaged pharmaceutical product.

APPLICABILITY AND APPLICATION OF

661.1

Applicability
1. The holder of the drug product application and drug product manufacturer [in the case
of many over-the-counter products (OTCs), where there is no application] bear primary
responsibility and accountability for ensuring the requirements of the chapter are met.
The means by which the holder of the drug product application and drug product
manufacturer obtains information to meet the requirement is at the discretion of the
holder.
2. The testing required and specifications for materials of construction contained within
661.1 are relevant to and applicable for all drug dosage forms, as it is the universal
expectation that packaging materials be constructed from well-characterized materials,
regardless of the potential interaction between a dosage form. However, an essential
principle reflected in 661.2 is that packaging systems be tested for extractables and
that the approach be consistent with the nature of the interaction between the drug
product and its packaging. This includes consideration of the drug product contact
condition (e.g. liquid vs. dry) and the potential interaction between the dosage form
and its packaging system. By referencing 1663 for extractables testing, 661.2
provides the means by which extractables studies relevant for specific dosage forms
can be designed, implemented, and interpreted.
3. The outcome of

661.1

testing is that the tested construction material has been

well-characterized. Characterization data generated during 661.1 testing can be
used to support decisions on the proper use of the tested material. However, the
characterization data does not specifically or universally qualify the material for use in
packaging systems, as the material's use can vary depending on the packaging
applications. It is the responsibility of the developer or user of the tested material to
decide if the material is appropriate for their intended application. Thus, it is the
developer's or user's expert review of the 661.1 test results, coupled with additional
information as necessary and appropriate, that establishes whether a well-characterized
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material is suitable for use in a specific application.
Alternatively, the outcome of testing plastic packaging systems via 661.2 is an
assessment of the probable safety impact of that system on the packaged drug
product. This assessment is based on the biological reactivity testing, the
physiochemical testing, and the extractable/leachables testing that are required by
661.2 . Thus, a packaging system that has been tested per

661.2

and which meets

the specifications contained within 661.2 , including a toxicological safety
assessment of the extractables and/or leachables data, is qualified for use consistent
with the conditions under which it was tested, subject to review by the appropriate
regulatory authority.
4. There are two means for demonstrating a material of construction has met the
requirements of

661.1 . The first means is direct testing and meeting the

requirements in

661.1 . The second means is the use of the material with a currently

approved finished drug product. Specifically,

661.1

states “individual materials of

construction are deemed to have met the requirements of
system meets the requirements of
regulatory authority”.

661.1

if the packaging

661.2 , having been accepted by the appropriate

5. Application of 661.1 and 661.2 to materials of construction or systems other
than packaging systems for finished drug products is beyond the scope of these
chapters, but the concepts and principles of these chapters may be applicable and
relevant to other systems (and their materials for construction) such as medical devices
for drug product administration, manufacturing systems for pharmaceutical products,
and packaging/storage systems for drug substances. It is the expectation that future
compendial chapters will be developed to address these other pharmaceuticallyimportant systems.
6. The Scope of 661.1 is materials of construction and of 661.2 is packaging
systems. A third type of test article, components, is not directly considered in the
Scope of either chapter. In this context, a component is defined as an intermediate
part used in the construction of a packaging system and is constructed from multiple
materials of construction. Thus, a laminated film that is used to construct a bag is
considered to be a component of the packaging system that includes the bag.
Since a component is constructed from materials and is part of a system, if component
testing is deemed to be necessary, the relevant testing and specifications for the
component are contained within 661.2 . The provisions in 661.2 for packaging
systems must be met for components whose testing has been deemed to be necessary.
The component must be constructed from materials that meet the requirements of
661.1

and the component must be tested by the methods, and meet the

specifications, contained in

661.2 .

7. Testing of materials of construction via 661.1 is predicated on the circumstance
that the material will most likely interact with the packaged drug product when the
material is used in a packaging system. It is not necessary for a material used in a
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packaging system to be well-characterized if there is little or no chance of the material
and the packaged drug product interacting. Under these conditions the materials of
construction would be considered non-interacting and would be exempt from 661.1
testing. The designation of a material of construction as “non-interacting” must be
accepted by the appropriate regulatory authority.

Although it is beyond the Scope of 661.1 to establish the means by which a material of
construction is established as “non-interacting”, it is relevant to differentiate between the
potentially similar terms “no direct contact” and “non-interacting”, where the term “no direct
contact” means that the material and the packaged drug product do not come into direct
physical contact under the clinical conditions of use. Although it may well be the case that in a
specific application a “no direct contact” material of construction is also a “non-interacting”
material of construction, it may also be the case that “no direct contact” does not insure “noninteracting”, especially when the conditions of contact include long durations and/or
substantially elevated temperatures.
Application
1. There are two means of demonstrating that a material of construction has met the
requirements of

661.1 . The first means is to perform the testing contained within

661.1 and meet the specifications in 661.1 . The second means is the use of a
material in the packaging system of a currently approved finished drug product.
Specifically, 661.1 states “individual plastic materials of construction are deemed to
be well-characterized and appropriate for use if they are used in a packaging system
that meets the requirements in 661.2 or if the packaging system has been deemed
appropriate for pharmaceutical use by the appropriate regulatory authority.” However, it
is noted that such a conclusion is only valid for the specific packaging system meeting
the requirements of 661.2 and cannot be extended to other packaging systems
using the same material (or materials) of construction. If the same material of
construction is used in another packaging system, then its suitability for use in that
packaging system must be established.
2. The outcome of

661.1

testing is that the tested material of construction has been

well-characterized. Characterization data generated during 661.1 testing can be
used to support decisions on the proper use of the tested material. However, the
characterization data do not specifically or universally qualify the material for use in
packaging systems, because the material's use can vary depending on the packaging
applications. Alternately, the outcome of testing plastic packaging systems via

661.2

is an assessment of the probable safety impact of that system on the packaged drug
product. This assessment is based on the biological reactivity testing, the
physicochemical testing, and the extractables/leachables testing that are required by
661.2 . Thus, a packaging system that has been tested per

661.2

and which meets

the specifications contained within 661.2 , including a toxicological safety
assessment of the extractables and/or leachables data, is qualified for use consistent
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with the conditions under which it was tested, subject to approval by the appropriate
regulatory authority.
3. The identification tests required in 661.1 serve the purpose of categorizing a
material so that it is properly tested and evaluated against the appropriate
specifications. The specifications for Identification are based on a comparison of the
test result obtained for the test material versus the relevant Reference Standard. This
comparison is based on the concept of substantial equivalence as opposed to exacting
quantitative specifications. Establishing substantial equivalence requires that the test
results and test material versus Reference Standard be judged to be equivalent.
Although the individual Specifications for the individual materials contained in 661.1
may include information that is relevant to establishing substantial equivalence, this
information in and of itself is not deemed to be a specification. For example, although
the infrared (IR) Identification specifications may include wavenumber targets, these
targets are not specifications but rather serve the purpose of establishing the expected
general characteristics of the IR spectra.
4. Establishing the potential safety impact of a material of construction cannot rely on a
single testing strategy, as no single testing strategy is sufficient to identify all potential
safety-impacting attributes of a material. Thus, the chemical testing proscribed in
661.1 is orthogonal: Physicochemical tests provide a general overview of extracted
substances; Extractable Metals tests address potential sources of elemental impurities;
while Plastic Additives tests address potential organic extractables. It is also the case
that chemical testing alone may not demonstrate all potential safety-impacting
attributes. Thus, chemical testing is augmented by the orthogonal approach of
establishing Biological Reactivity.
5. A well-characterized plastic material is tested for its extractable levels of all metals that
are known components of the plastic material. They could originate from the starting
materials used to manufacture the plastic material, reagents used in the manufacturing
process (e.g., catalysts), and from additives present in the plastic materials. Such
metals are termed “relevant metals”. Additionally, materials are tested for metals that
are specified in other compendial documents as being relevant for plastic materials.
6. It may be that not all of the relevant metals for a particular material of construction are
specified in

661.1 , and that some relevant metals become known by another means

(for example, vendor certification). All relevant metals, regardless of their inclusion in
661.1 , must be tested for. Procedures for relevant metals that are not specified in
661.1

must be established and should be consistent with the procedures used for

metals that are specified in

661.1 . Specifications must be established for relevant

metals that are not specified in

661.1 ; such specifications should be consistent with

the specifications established for metals that are specified in

661.1 .

7. Extractable metals testing described in 661.1 is required for all materials of
construction used in packaging systems, regardless of whether the material is specified
in

661.1 . Extractable metals test procedures for materials that are not specified in

661.1

must be established and should be consistent with the procedures used for

materials that are specified in

661.1 . Extractable metals specifications must be
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established for materials that are not specified in

661.1 ; such specifications should

be consistent with the specifications established for materials that are specified in
661.1 .
8. The plastic additives testing described in 661.1 is required for all materials of
construction used in packaging systems, regardless of whether the material is specified
in 661.1 . Procedures for materials that are not specified in 661.1 must be
established and should be consistent with the procedures used for materials that are
specified in

661.1 . Specifications must be established for materials that are not

specified in

661.1 ; such specifications should be consistent with the specifications

established for materials that are specified in

661.1 .

9. It is the responsibility of the user of materials that are not currently listed in 661.1
to: (a) develop those tests methods and specifications that are required per the points
noted previously; (b) justify those test methods and specifications, specifically
considering their consistency with test methods and specifications that exist for
materials that are currently listed in 661.1 ; and (c) possess the test results
obtained when the material is tested, in accordance with the tests outlined in the
points noted previously.
10. Additionally, it is possible that materials specified in the chapter may contain additives
that are not addressed in

661.1 . These materials must be tested for such additives.

Procedures for additives that are not specified in

661.1

must be established and

should be consistent with the procedures used for materials that are specified in
661.1 . Specifications must be established for additives that are not specified in
661.1 ; such specifications should be consistent with the specifications established for
materials that are specified in 661.1 .
11. The sole purpose of the tests for plastic additives is to establish which additives are
present and to ensure that the levels of these additives are known. This information is
relevant because additives are typically a source of extractables and leachables.
12. The recommendation of specific tests, test methods, and test parameters in 661.1
does not preclude the use of other suitable methods, procedures, or parameters, but
the conditions presented in 661.1 take precedence for official purposes. Alternative
test methods and conditions must be demonstrated to be suitable by means of
appropriate and sufficient validation data. Important aspects of alternative methods
include the completeness of the extraction process and the specificity, sensitivity, and
applicability of the analytical test methods. Extraction methods employed must have a
demonstrated ability to quantitatively transfer additives from the material to the
extracting medium and must do so without modifying the chemical nature of the additive
unless such modification is an integral part of the test methodology. Test methods
employed must have equivalent ability compared with the test methods contained in
661.1 , to produce a clear and unambiguous identification of all relevant additives at
levels at least as low as the levels specified in 661.1 .
13. Point #12 notwithstanding, the substitution of alternate tests for those that are
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required by 661.1 is not appropriate. Thus, for example, substitution of an oxidixable
substance test for the Total Organic Carbon test specified in Physiochemical Tests is
not appropriate. Additionally, substitutions for Specifications that exist in
not allowed.

661.1

are

14. In at least two places (extractable metals and plastic additives), 661.1 requires that
materials be tested for all relevant analytes, and defines relevant analytes as “analytes
that one has reason to believe could be present in the material”. Clearly, an analyte will
be present in a material if it is intentionally or knowingly added to the material during its
production or if testing of the material has revealed the analyte's presence. While test
methods included in 661.1 may be of sufficiently broad scope to detect all relevant
metals or additives, this is not always the case and one cannot rely on the methods to
reveal all relevant analytes. It may be the case that the material's vendor has
knowledge that may be unavailable to the material's user, which is germane to
establishing relevant analytes. Thus, it is reasonable to expect that material vendors
and users work together to produce a complete and robust list of relevant analytes. It
is particularly important that a material's vendor inform the material's user when it is
clear to the vendor that the user has missed a relevant analyte in the user's testing.
It is reasonable to anticipate that there may be some information that the vendor is not in a
position to share with a material's user. Nevertheless, it is in the interest of both the vendor
and the user that a material be well-characterized and that the characterization include all
relevant analytes. Thus, it is strongly recommended that the vendor and the user find a means
of establishing all relevant analytes. For example, consider the case of extractable metals.
While it may be the case that the material's vendor would decline to share detailed information
about the use of a zinc-containing reagent in the preparation of a material, it is adequate for
the purpose of material characterization for the vendor to communicate that zinc should be a
targeted analyte.
Description of Polymers Contained in 661.1
POLYETHYLENES
High- and low-density polyethylene are long-chain ethylene-based polymers synthesized under
controlled conditions of heat and pressure with the aid of catalysts from NLT 85.0% ethylene
and NLT 95.0% total olefins. Other olefin ingredients that are most frequently used are butene,
hexene, and propylene. High- and low-density polyethylene both have an IR absorption
spectrum that is distinctive for polyethylene, and each possesses characteristic thermal
properties. High-density polyethylene has a density between 0.941 and 0.965 g/cm3. Lowdensity polyethylene has a density between 0.850 and 0.940 g/cm3. Additives are added to the
polymer in order to optimize its chemical, physical, and mechanical properties, thereby
rendering it suitable for its intended use. These additives may include nucleating agents,
clarifying agents, antioxidants, colorants, lubricants, antiblocking agents, and others. These
additives typically are present individually in the polypropylene at levels of 0.01 to 0.3 weight
%, and the total levels of the antioxidants typically are less than 0.3%. Other additives,
specifically amides and stearates, typically are present in polyethylenes individually at levels of
0.5 weight % or less. Polyethylene materials that provide light protection can contain as much
as 4% by weight titanium oxide.
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POLYPROPYLENE
Propylene polymers are long-chain polymers synthesized from propylene or other olefins, for
example, ethylene or butene, with the aid of catalysts. A certain number of additives are added
to the polymer in order to optimize its chemical, physical, and mechanical properties, thereby
rendering it suitable for its intended use. These additives may include nucleating agents,
clarifying agents, antioxidants, colorants, lubricants, antiblocking agents, and others. These
additives typically are present individually in the polypropylene at levels of 0.01 to 0.3 weight
%, and the total levels of the antioxidants typically are less than 0.3% polypropylene that
provides light protection can contain as much as 4% by weight titanium oxide.
POLYOLEFINS
Polyolefins are obtained by polymerization of a simple olefin monomer (an alkene with the
general formula Cn H2n) or by co-polymerization of these substances. The term “Polyolefins”
means oil-like and refers to the oily or waxy feeling that these materials have. Polyolefins
consist only of carbon and hydrogen atoms that are nonaromatic. Examples of such monomers
include ethylene (resulting in polyethylene) and propylene (polypropylene), although these
specific materials are addressed separately in this chapter. Polyolefins are reserved for those
materials that meet the provided description but do not meet the descriptions of either
polyethylene or polypropylene. These polymers also include cyclic olefin polymers, cyclic olefin
copolymers, and ethylene vinyl acetate polymers. Polyolefins usually are processed by
extrusion, injection molding, blow molding, and rotational molding methods. Hence, their additive
packages include appropriate stabilizers, antioxidants, lubricants, mold release or slip agents,
antistatics, and the like.
POLYETHYLENE TEREPHTHALATE AND POLYETHYLENE TEREPHTHALATE G
Polyethylene terephthalate (PET) polymers are long-chain crystalline polymers prepared by the
condensation of ethylene glycol with dimethyl terephthalate or terephthalic acid. PET
copolymer resins are prepared in a similar way except that they may also contain a small
amount of either isophthalic acid (NMT 3 mole %) or 1,4-cyclohexaedimethanol (NMT 5 mole
%). Polymerization is conducted with the aid of catalysts and stabilizers. PET polymers may
contain silica or silicates (NMT 0.5% by weight) and may contain colorants.
POLY(VINYL CHLORIDE)
Poly(vinyl chloride) (PVC) polymers are long-chain vinyl chloride polymers synthesized from vinyl
chloride monomers via free radical polymerization. Various additives are compounded into PVC
to provide the materials with properties that render it suitable for its intended use. These
additives may include heat stabilizers, primary and secondary plasticizers, stabilizers, impact
modifiers, lubricants, pigments, and others. These additives typically are present individually in
the PVC at levels ranging from 0.1 to 45 weight %.

APPLICABILITY AND APPLICATION OF

661.2

Applicability
1. The holder of the drug product application and drug product manufacturer (in the case
of many OTCs, where there is no application) bear primary responsibility and
accountability for ensuring the requirements of the chapter are met. The means by
which the holder of the drug product application and drug product manufacturer obtain
information to meet the requirement is at the discretion of the holder.
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2. Chapter

171

661.2

deals solely with packaging systems. Components of packaging

systems can be tested per 661.2 at the discretion of the holder of the drug product
application and as approved by regulatory authority. Materials of construction are not
tested per

661.2 .
Application

1. Chemical characterization of either extracts of packaging systems (extractables) or of
packaged drug products (leachables), followed by toxicological safety evaluation, is
universally recognized as a necessary and appropriate means of establishing the safety
impact between packaging systems and their contents. Thus, 661.2 requires that all
packaging systems be demonstrated to be safe by performing a chemical assessment.
However,

661.2

does not specify the details of the chemical assessment process,

either in terms of the test methods or the specifications. Rather,
the relevant informational chapters (

1663

for extractables and

661.2
1664

references
for

leachables) thereby providing users of 661.2 with a means for designing and
implementing an effective, efficient, and more or less customized extractables or
leachables assessments that comply with regulatory requirements.
2. Chapter 661.2 provides holders of packaging system or drug product applications
and/or packaged drug products manufacturers with the flexibility to operate within the
context of their own specific situation and their own specific risk-management
philosophy. The trade-off for having such flexibility is that it is the responsibility of the
holders and manufacturers to justify their test methods and specifications. It is proper
and appropriate that the justification exists and that it be judged (and approved) on
the basis of its individual scientific and risk-management merits.
3. Leachables whose chemical formula includes transition metals, metalloids, other metals,
and lanthanides and actinides are elemental impurities. To the extent that extractables
mirror leachables, extractables can be construed to be potential elemental impurities.
Chapter Elemental Impurities—Limits 232 contains specifications for elemental
impurities in drug products. In some manner, these specifications are relevant to
packaging systems, as leachables of the appropriate composition represent a certain
proportion of a drug product's elemental impurity burden. However, if the proportion is
not known, then

232

specifications for drug products cannot be directly translated

to specifications for leachables which themselves are elemental impurities. Thus,
661.2

requires that leachables that are elemental impurities be appropriately assessed

toxicologically for their potential safety impact and correctly notes the existence of
232 . However,

661.2

specifications in 232
safety impact. USP39

does not specifically attempt to use the product
to set leachables specifications as the means to establish
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Spectrochemistry 730 , which appears elsewhere in this PF. This chapter provides
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1. INTRODUCTION
The purpose of this general chapter is to provide a general overview of fundamental principles,
instrumentation and application of inductively coupled plasma optical emission spectroscopy
(ICP–OES) and inductively coupled plasma mass spectrometry (ICP–MS). It is the companion
chapter to Plasma Spectrochemistry
general chapter.

730 . A glossary of terms is located at the end of this

2. SAMPLE PREPARATION
Sample preparation is critical to the success of plasma-based analysis and is the first step in
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performing any analysis via ICP–OES or ICP–MS. Plasma-based techniques are heavily
dependent on sample transport into the plasma, and because ICP–OES and ICP–MS share the
same sample introduction system, the means by which samples are prepared may be applicable
to either technique. The most conventional means by which samples are introduced into the
plasma is via solution nebulization. If solution nebulization is employed, solid samples must be
dissolved in order to be presented into the plasma for analysis. These samples may be dissolved
in any appropriate solvent. There is a strong preference for the use of aqueous or dilute nitric
acid solutions, because there are minimal interferences with these solvents compared to other
solvent choices. Hydrogen peroxide, hydrochloric acid, sulfuric acid, perchloric acid,
combinations of acids, or various concentrations of acids can all be used to dissolve the sample
for analysis. Dilute hydrofluoric acid can be used, but great care must be taken when using this
acid to ensure the safety of the analyst, and to protect the components of the sample
introduction system, specifically: peristaltic pump tubing, the nebulizer, spray chamber, and
inner torch tube should be manufactured from hydrofluoric acid-tolerant materials. Proper
safety procedures must be followed to protect the analyst, as well. Additionally, alternative
means of dissolving the sample can be employed. These include, but are not limited to: the use
of dilute bases, straight or diluted organic solvents, combinations of acids or bases, and
combinations of organic solvents, or any solvent that is compatible with the instrumentation.
When samples are introduced into the plasma via solution nebulization, it is important to
consider the potential matrix effects and interferences that might arise from the solvent. The
use of an appropriate internal standard and/or matching the standard matrix with samples
should be applied for ICP–OES and ICP–MS analyses in cases where accuracy and precision are
not adequate. The use of an internal standard should be considered the rule, rather than the
exception, in the case of ICP–MS analyses. In either event, the selection of an appropriate
internal standard should consider the analyte in question, ionization energy, wavelengths or
masses, and the nature of the sample matrix.
Where a sample is found not to be soluble in any acceptable solvent, a variety of digestion
techniques can be employed. These include hot-plate digestion and microwave-assisted
digestions, including open-vessel and closed-vessel approaches. The decision regarding the
type of digestion technique to use depends on the nature of the sample being digested, as well
as on the analytes of interest.
Use acids, bases, and hydrogen peroxide of ultra-high purity, especially when ICP–MS is
employed. Deionized water must be at least 18 M . Check diluents for interferences before
they are used in an analysis. Because it is not always possible to obtain organic solvents that
are free of metals, use organic solvents of the highest quality possible with regard to metal
contaminants. Open-vessel digestion is generally not recommended for the analysis of volatile
metals, e.g., selenium and mercury. The suitability of a digestion technique, whether openvessel or closed-vessel, should be supported by spike recovery experiments in order to verify
that, within an acceptable tolerance, volatile metals have not been lost during sample
preparation. Additionally, it may be necessary to extract the analyte(s) of interest, should a
sample not completely dissolve. In such an instance, the validity of the extract must be
demonstrated by means of spike and recovery studies.
It is important to consider the selection of the type, material of construction, pretreatment,
and cleaning of analytical lab ware used in ICP–OES and ICP–MS analyses. The material must
be inert and, depending on the specific application, resistant to caustics, acids, and/or organic
solvents. For some analyses, diligence must be exercised to prevent the absorption of analytes
onto the surface of a vessel, particularly in ultra-trace analyses. Contamination of the sample

PF 40(6): Nov.-Dec. 2014

174

solutions from metal and ions present in the container can lead to inaccurate results.
The use of lab ware that is not certified to meet Class A tolerances for volumetric flasks is
acceptable if the linearity, accuracy, and precision of the method have been experimentally
demonstrated to be suitable for the purpose at hand.
3. SAMPLE INTRODUCTION
There are two ways to introduce the sample into the nebulizer: by means of a peristaltic pump,
and by self-aspiration. The peristaltic pump is preferred and serves to ensure that the flow rate
of sample and standard solution to the nebulizer is the same irrespective of sample viscosity.
The speed setting of the peristaltic pump should remain constant throughout an analysis during
the time period when readings are being taken by the instrument. In some cases, where a
peristaltic pump is not required, self-aspiration can be used.
The purpose of a nebulizer is to generate very small droplets of the sample, with the goal of
generating a fine aerosol mist. A wide variety of nebulizer types is available, including
pneumatic (concentric and cross-flow), grid, and ultrasonic nebulizers. Micronebulizers, highefficiency nebulizers, direct-injection high-efficiency nebulizers, and flow-injection nebulizers
are also available. The selection of the nebulizer for a given analysis should consider the sample
matrix, analyte, and desired sensitivity. Some nebulizers are better suited for use with viscous
solutions or those containing a high concentration of dissolved solids, whereas others are
better suited for use with organic solutions.
Note that the self-aspiration of a fluid is due to the Bernoulli, or Venturi, effect. Not all types of
nebulizers will support self-aspiration. The use of a concentric nebulizer, for example, is
required for self-aspiration of a solution.
Once a sample leaves the nebulizer as an aerosol, it enters the spray chamber, which is
designed to permit only the smallest droplets of sample solution into the plasma; as a result,
typically only 1%–2% of the sample aerosol reaches the ICP, although some special-purpose
nebulizers have been designed that permit virtually all of the sample aerosol to enter the ICP.
As with nebulizers, there is more than one type of spray chamber available for use with ICP–
OES or ICP–MS. Examples include the Scott double-pass spray chamber, as well as cyclonic
spray chambers of various configurations. The spray chamber must be compatible with the
sample and solvent and must equilibrate and wash out in as short a time as possible. When a
spray chamber is selected, the nature of the sample matrix, the nebulizer, the desired
sensitivity, and the analyte should all be considered. Gas and liquid chromatography systems
can be interfaced with ICP–OES and ICP–MS for molecular speciation, ionic speciation, or other
modes of separation chemistry, based on elemental emission or mass spectrometry.
Ultimately, the selection of sample introduction hardware should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and precision for
the analysis at hand.
In addition to solution nebulization, it is possible to analyze solid samples directly via laser
ablation (LA). In such instances, the sample enters the torch as a solid aerosol. LA–ICP–OES
and LA–ICP–MS are better suited for qualitative analyses of pharmaceutical compounds
because of the difficulty in obtaining appropriate standards. Nonetheless, quantitative analyses
can be performed if it can be demonstrated, through appropriate method validation, that the
available standards are adequate (2).
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4. STANDARD PREPARATION
Single- or multi-element standard solutions, whose concentrations are traceable to primary
reference standards, such as those of the National Institute of Standards and Technology
(NIST), can be purchased for use in the preparation of working standard solutions.
Alternatively, standard solutions of elements can be accurately prepared from standard
materials, as appropriate, and their concentrations can be determined independently. Working
standard solutions, especially those used for ultra-trace analyses, may have limited shelf life,
depending on the analyte in question, the type of storage container, the solution's
concentration, and the storage conditions. As a general rule, working standard solutions with
concentrations less than 10 ppm (w/v) should be retained for NMT 24 h unless stability is
demonstrated experimentally. The selection of the standard matrix is of fundamental importance
in the preparation of element standard solutions. Spike recovery experiments should be
conducted with specific sample matrices in order to determine the accuracy of the method. If
sample matrix effects cause excessive inaccuracies, standards, blanks, and sample solutions
should be matrix matched, if possible, in order to minimize matrix interferences.
In cases where matrix matching is not possible, an appropriate internal standard or the method
of standard additions should be used for ICP–OES or ICP–MS. The method of standard additions
may be necessary, even with the use of matrix-matched solutions and internal standards. In
any event, the selection of an appropriate internal standard should consider the analytes in
question, their ionization and excitation energies, their chemical behavior, their wavelengths or
masses, and the nature of the sample matrix. Ultimately, the selection of an internal standard
should be demonstrated experimentally to provide sufficient specificity, sensitivity, linearity,
accuracy, and precision of the analysis at hand.
The method of standard additions involves adding a known concentration of the analyte
element to the sample at no fewer than two concentration levels plus an unspiked sample
preparation. The instrument response is plotted against the concentration of the added analyte
element, and a linear regression line is drawn through the data points. The absolute value of
the x-intercept multiplied by any dilution factor is the concentration of the analyte in the
sample.
Optimization of the ICP–OES or ICP–MS method is also highly dependent on the plasma
parameters and means of sample introduction. Forward power, gas flow rates, and torch
position may all be optimized to provide the best signal. Selection of wavelengths or isotopes
must be carefully considered. The presence of dissolved carbon at concentrations of a small
percentage in aqueous solutions enhances ionization of selenium and arsenic in an inductively
coupled argon plasma. This phenomenon frequently results in a positive bias for ICP–OES and
ICP–MS selenium and arsenic quantification measurements, which can be remedied by using the
method of standard additions or by adding a small percentage of carbon, such as analytically
pure glacial acetic acid, to the linearity standards.
5. INDUCTIVELY COUPLED PLASMA (ICP)
The components that make up the ICP excitation source include the argon gas supply, torch,
radio frequency (RF) induction coil, impedance-matching unit, and RF generator. Argon gas is
almost universally used in the ICP. The plasma torch consists of three concentric tubes
designated as the inner, the intermediate, and the outer tube. The intermediate and outer
tubes are almost universally made of quartz. The inner tube can be made of quartz or alumina if
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the analysis is conducted with solutions containing hydrofluoric acid. The nebulizer gas flow
carries the aerosol of the sample solution into and through the inner tube of the torch and into
the plasma. The intermediate tube carries the intermediate (sometimes referred to as the
auxiliary) gas. The intermediate gas flow helps to lift the plasma off the inner and intermediate
tubes to prevent their melting and the deposition of carbon and salts on the inner tube. The
outer tube carries the outer (sometimes referred to as the plasma or coolant) gas, which is
used to form and sustain the toroidal plasma. The tangential flow of the coolant gas through
the torch constricts the plasma and prevents the ICP from expanding to fill the outer tube,
keeping the torch from melting.
An RF induction coil, also called the load coil, surrounds the torch and produces an oscillating
magnetic field, which in turn sets up an oscillating current in the ions and electrons produced
from the argon. The impedance-matching unit serves to efficiently couple the RF energy from
the generator to the load coil. The unit can be of either the active or the passive type. An
active matching unit adjusts the impedance of the RF power by means of a capacitive network,
whereas the passive type adjusts the impedance directly through the generator circuitry.
Within the load coil of the RF generator, the energy transfer between the coil and the argon
creates a self-sustaining plasma. Collisions of the ions and electrons liberated from the argon
ionize and excite the analyte atoms in the high-temperature plasma. The plasma operates at
temperatures of 6,000–10,000 K, so most covalent bonds and analyte-to-analyte interactions
are eliminated.
6. INDUCTIVELY COUPLED PLASMA OPTICAL EMISSION SPECTROSCOPY (ICP–OES)
The ICP can use either an optical or a mass spectral detection system. In the former case,
ICP–OES, analyte detection is achieved at an emission wavelength of the analyte in question.
Because of differences in technology, a wide variety of ICP–OES systems are available, each
with different capabilities as well as different advantages and disadvantages. Simultaneousdetection systems are capable of analyzing multiple elements at the same time, thereby
shortening analysis time and improving background detection and correction. Sequential
systems move from one wavelength to the next (sometimes referred to as slewing) to perform
analyses, and often provide a larger number of analytical lines from which to choose.
Modern instruments typically use array detectors as detection devices. Array detectors,
including charge-coupled devices and charge-injection devices, have detectors assembled on a
chip, making it possible to combine the advantages of both simultaneous and sequential
systems. These types of detection devices are used in the most powerful spectrometers,
providing rapid analysis and a wide selection of analytical lines. Some instruments may use
photomultiplier tubes (PMT's) for detection. PMT's are best-suited for simultaneous analyses;
however, the use of PMT's is quickly waning, and array detectors are more commonly found.
The ICP can be viewed in either axial or radial (also called lateral) mode. The torch is usually
positioned horizontally in axially viewed plasmas and is viewed end on, whereas it is positioned
vertically in radially viewed plasmas and is viewed from the side. Axial viewing of the plasma
can provide higher signal-to-noise ratios (better detection limits and precision); however, it
also incurs greater matrix and spectral interferences. Axial plasmas normally require the use of a
shear gas, which effectively removes the coldest part of the plasma to help reduce selfabsorption. Methods validated on an instrument with a radial configuration may not be
completely transferable to an instrument with an axial configuration, and vice versa.
Additionally, dual-view instrument systems are available, making it possible for the analyst to
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take advantage of either torch configuration. The selection of the optimal torch configuration
will depend on the sample matrix, the analyte in question, the analytical wavelength(s) used,
the cost of instrumentation, the required sensitivity, and the type of instrumentation available
in a given laboratory.
Regardless of torch configuration or detector technology, ICP–OES is a technique that provides
a qualitative and/or quantitative measurement of the optical emission from excited atoms or
ions at specific wavelengths. These measurements are then used to determine the analyte
concentration in a given sample. Upon excitation, an atom or atomic ion emits an array of
different frequencies of light that are characteristic of the distinct energy transition allowed for
that element. The intensity of the light is generally proportional to the analyte concentration.
It is necessary to correct for the background emission from the plasma. Sample concentration
measurements are usually determined from a working curve of known standards over the
concentration range of interest. It is, however, possible to perform a single-point calibration
under certain circumstances, such as limit tests, if the method has been validated for sufficient
specificity, sensitivity, linearity, accuracy, precision, ruggedness, and robustness.
Because there are distinct transitions between atomic energy levels, and because the atoms in
the ICP are rather dilute, emission lines have narrow bandwidths. However, because the
emission spectra from the ICP contain many lines, and because “wings” of these lines overlap
to produce a nearly continuous background on top of the continuum that arises from the
recombination of argon ions with electrons, a high-resolution spectrometer is required in ICP–
OES.
The decision regarding which spectral line to measure should include an evaluation of potential
spectral interferences. All atoms in a sample are excited simultaneously; however, the presence
of multiple elements in some samples can lead to spectral overlap. Spectral interference can
also be caused by background emission from the sample or plasma. Modern ICPs usually have
background correction available, and a number of background correction techniques can be
applied. Simple background correction typically involves measuring the background emission
intensity at a baseline level away from the main peak and subtracting this value from the total
signal being measured. Mathematical modeling to subtract the interfering signal as a
background correction can also be performed with certain types of ICP–OES spectrometers.
One simple way to avoid spectral interferences is to select an analytical line that is free of
interferences, if possible.
The selection of the analytical spectral line is critical to the success of the ICP–OES analysis,
regardless of torch configuration or detector type. Though some wavelengths are preferred,
the final choice must be made in the context of the sample matrix, the type of instrument being
used or the sensitivity required. Analysts might choose to start with the wavelengths
recommended by the manufacturer of their particular instrument and select alternative
wavelengths based on manufacturer recommendations or published wavelength tables (3, 4, 5,
6, 7). Ultimately, the selection of analytical wavelengths should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and precision of
the analysis at hand.
Forward power, gas flow rates, viewing height, and torch position can all be optimized to
provide the best signal. However, it must also be kept in mind that these same variables can
influence matrix and spectral interferences.
The analysis of the Group I elements can pose some challenges. When atomic ions are formed
from elements in this group, they assume a noble gas electron configuration, with
correspondingly high excitation energy. Because the first excited state of these ions is
extremely high, few are excited, so emission intensity is correspondingly low. This situation can
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be improved by reducing the fractional ionization that can in turn be achieved by using lower
forward power settings in combination with adjusted viewing height or nebulizer gas flow, or by
adding an ionization suppression agent to the samples and standards.
When organic solvents are used, it is often necessary to use a higher forward power setting,
higher intermediate and outer gas flows, and a lower nebulizer gas flow than would be employed
for aqueous solutions, as well as a reduction in the nebulizer gas flow. It could be necessary to
reduce the peristaltic pump speed, and alter the selection of the spray chamber. When using
organic solvents, it could be necessary to bleed small amounts of oxygen into the torch to
prevent carbon buildup in the torch.
6.1 Calibration
The wavelength accuracy for ICP–OES detection must comply with the manufacturer's
applicable operating procedures. Because of the inherent differences among the types of
instruments available, there is no general system suitability procedure that can be employed.
Calibration routines recommended by the instrument manufacturer for a given ICP–OES
instrument should be followed.
6.2 Standardization
The instrument must be standardized for quantitation at time of use. Because ICP–OES is a
technique generally considered to be linear over a range of 6–8 orders of magnitude, it is not
always necessary to continually demonstrate linearity by the use of a standard curve
composed of multiple standards. Once a method has been developed and is in routine use, it is
possible to calibrate with a blank and a single standard. One-point standardizations are suitable
for conducting limit tests, as well as other analyses, on production materials and final products
if the method has been rigorously validated for sufficient specificity, sensitivity, linearity,
accuracy, precision, ruggedness, and robustness. The use of single-point standardization is
also acceptable for qualitative ICP–OES analyses, where the purpose of the experiment is to
confirm the presence or absence of elements without the requirement of an accurate
quantitation.
An appropriate blank solution and standards that bracket the expected range of the sample
concentrations should be assayed and the detector response plotted as a function of analyte
concentration, as in the case where the concentration of a known component is being
determined within a specified tolerance. The plot of the analyte concentration against the
known concentrations of components is usually performed automatically by the instrument.
It is not always possible to employ a bracketing standard when an analysis is performed at or
near the detection limit. This lack of a bracketing standard is acceptable for analyses
conducted to demonstrate the absence or removal of elements below a specified limit. The
number and concentrations of standard solutions used should be based on the purpose of the
quantitation, the analyte in question, the desired sensitivity, and the sample matrix. Regression
analysis of the standard plot should be employed to evaluate the linearity of detector response,
and individual monographs may establish other criteria.
6.3 Procedure
It is important to follow the procedure for the instrument parameters, as directed in the
individual monograph. The specification of definitive parameters in a monograph does not
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preclude the use of other suitable operating conditions, and adjustments of operating
conditions may be necessary. Because of differences in manufacturers' equipment
configurations, the manufacturer's suggested default conditions could be used and modified as
needed. Alternative conditions must be supported by suitable validation data, and the
conditions in the monograph will take precedence for official purposes. Data collected from a
single sample introduction are treated as a single result. This result might be the average of
data collected from replicate sequential readings from a single solution introduction of the
appropriate standard or sample solution. Sample concentrations are calculated versus the
working curve generated by plotting the detector response versus the concentration of the
analyte in the standard solutions, which is often calculation directly by the instrument.
7. INDUCTIVELY COUPLED PLASMA MASS SPECTROMETRY (ICP–MS)
When using the ICP–MS, analytes are detected directly at their atomic masses. Because these
masses must be charged to be detected in ICP–MS, the method relies on the ability of the
plasma source to both atomize and ionize sample constituents. As is the case with ICP–OES, a
wide variety of ICP–MS instrumentation systems are available.
The systems most commonly in use are quadrupole-based systems. Additionally, high-resolution
sector field instruments and time of flight-based instruments are available, as are multiple
quadrupole systems. Regardless of instrument design or configuration, ICP–MS provides both a
qualitative and a quantitative measurement of the components of the sample.
Ions are generated from the analyte atoms by the plasma, and ions are then extracted from
the atmospheric-pressure plasma through a sampling cone into a lower-pressure zone, ordinarily
held at a pressure near 1 Torr. In this extraction process, the sampled plasma gases, including
the analyte species, form a supersonic beam, which dictates many of the properties of the
resulting analyte ions. A skimmer cone, located behind the sampling cone, “skims” the
supersonic beam of ions as they emerge from the sampling cone. Behind the skimmer cone is a
lower-pressure zone, often held in milliTorr ranges. Lastly, the skimmed ions pass a third-stage
orifice to enter a zone held near microTorr pressures, where they encounter ion optics and are
passed into the mass spectrometer. The pressure differences aid in moving the ions along and
into the mass spectrometer, which separates the ions according to their mass-to-charge (m/z)
ratios. The ICP–MS has a mass range up to 240 atomic mass units.
Depending on the equipment configuration, analyte adducts can form with diluents, with argon,
or with their decomposition products. Also formed are oxides and multiply-charged analyte ions,
which can increase the complexity of the resulting mass spectra. Interferences can be
minimized by appropriate optimization of operational parameters, including gas flows (central,
intermediate, and outer gas flow rates), sample-solution flow, RF power, extraction-lens
voltage, etc., or by the use of collision or reaction cells, or cool plasma operation, if available
on a given instrument. Unless a laboratory is generating or examining isotopes that do not
naturally occur, a list of naturally occurring isotopes will provide the analyst with acceptable
isotopes for analytical purposes. Isotopic patterns also serve as an aid to element identification
and confirmation. Additionally, tables of commonly found interferences and polyatomic isobaric
interferences and correction factors can be used, and are often pre-programmed into an
instrument.
ICP–MS generally offers considerably better detection limits than ICP–OES, largely because of
the extremely low background noise that it generates. This ability is a major advantage of ICP–
MS for determination of very low analyte concentrations or when elimination of matrix

PF 40(6): Nov.-Dec. 2014

180

interferences is required. In the latter case, some interferences can be avoided simply by
additional dilution of the sample solution. In some applications, analytes can be detected below
the parts per trillion (ppt) level using ICP–MS. As a general rule, ICP–MS as a technique
requires that samples contain significantly less total dissolved solids than does ICP–OES.
The selection of the analytical mass to use is critical to the success of the ICP–MS analysis,
regardless of instrument design. Though some masses are often considered to be the primary
ones, because of their high natural abundance, an alternative mass for a given element is often
used to avoid spectral overlaps (isobaric interferences). Selection of an analytical mass must
always be considered in the context of the sample matrix, the type of instrument being used,
and the concentrations to be measured. Analysts could choose to start with masses
recommended by the manufacturer of their particular instrument and select alternate masses
based on manufacturer's recommendations or published tables of naturally occurring isotopes
(8).
Optimization of the ICP–MS method is also highly dependent on the plasma parameters and
means of sample introduction. Forward power, gas flow rates, and torch position may all be
optimized to provide the best signal. When organic solvents are used, it is often necessary to
use a higher forward power setting and a lower nebulizer flow rate than would be used for
aqueous solutions. Additionally, when organic solvents are used, it could be necessary to
introduce small amounts of oxygen into the central or intermediate gas to prevent carbon
buildup in the torch or on the sampler cone orifice. The use of a platinum-tipped sampling or
skimmer cone may also be required in order to reduce cone degradation with some organic
solvents.
7.1 Calibration
The mass spectral accuracy for ICP–MS detection must be in accordance with the applicable
operating procedures. Because of the inherent differences between the types of instruments
available, there is no general system suitability procedure that can be employed. Analysts
should refer to the tests recommended by the instrument manufacturer for a given ICP–MS
instrument.
7.2 Standardization
The instrument must be standardized for quantification at the time of use. Because the
response (signal vs. concentration) of ICP–MS is generally considered to be linear over a range
of 6–8 orders of magnitude, it is not always necessary to continually demonstrate linearity by
the use of a working curve. Once a method has been developed and is in routine use, it is
common practice to calibrate with a blank and a single standard. One-point standardizations
are suitable for conducting limit tests on production materials and final products, provided that
the method has been rigorously validated for sufficient specificity, sensitivity, linearity,
accuracy, precision, ruggedness, and robustness. An appropriate blank solution and standards
that bracket the expected range of the sample concentrations should be assayed and the
detector response plotted as a function of analyte concentration, which are normally performed
by the instrument. The number and concentration of standard solutions used should be based
on the analyte in question, the expected concentrations, and the sample matrix, and should be
left to the discretion of the analyst.
The method of standard additions should be employed in situations where matrix interferences
are expected or suspected. This method involves adding a known concentration of the analyte
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element to the sample solution at no fewer than two concentration levels. The instrument
response is plotted against the concentration of the added analyte element, and a linear
regression line is drawn through the data points. The absolute value of the x-intercept
multiplied by any dilution factor is the concentration of the analyte in the sample. In many
instances, the instrument will perform this calculation automatically after being programmed to
use the method of standard additions.
7.3 Procedure
Follow the procedure for the detection mode and instrument parameters for ICP–MS, as
directed in the individual monograph. The specification of definitive parameters in a monograph
does not preclude the use of other suitable operating conditions, and adjustments of operating
conditions may be necessary. Alternative conditions must be supported by suitable validation
data, and the conditions in the monograph will take precedence for official purposes. Because
of differences in manufacturers' equipment configurations, the analyst could begin with the
manufacturer's suggested default conditions and modify them as needed. Data collected from a
single sample introduction are treated as a single result. Data collected from replicate
sequential readings from a single introduction of the appropriate standard or sample solutions
are averaged as a single result. Sample concentrations are calculated versus the working curve
generated by plotting the detector response versus the concentration of the analyte in the
standard solutions. With modern instruments, this calculation is often performed by the
instrument.
8. GLOSSARY
Auxiliary gas: See Intermediate (or auxiliary) gas.
Axial viewing: A configuration of the plasma for AES in which the plasma is directed toward
the spectrometer optical path, also called “end-on viewing.”
Central (or nebulizer) gas: One of three argon gas flows in an ICP torch. The central gas is
used to help create a fine mist of the sample solution when solution nebulization is employed.
This fine mist is then directed through the central tube of the torch and into the plasma.
Collision cell: A design feature of some ICP–MS instruments. Collision cells are used to reduce
interferences from argon species or polyatomic ions and facilitate the analysis of elements that
might be affected by those interferences.
Cool plasma: Plasma conditions used for ICP–MS that result in a plasma that is cooler than
that normally used for an analysis. This condition is achieved by using a lower forward power
setting and higher central-gas flow rate, and is used to help reduce isotopic interferences
caused by argon and some polyatomic ions.
Coolant gas: See Outer (or coolant or plasma) gas.
Forward power: The number of watts used to ignite and sustain the plasma during an analysis.
Forward power requirements may vary, depending on sample matrix and analyte.
Intermediate (or auxiliary) gas: Gas used to “lift” the plasma off the surface of the torch,
thereby preventing melting of the intermediate tube and the formation of carbon and salt
deposits on the inner tube.

PF 40(6): Nov.-Dec. 2014

182

Internal standard: An element added to or present in the same concentration in blanks,
standards, and samples to act as an intensity reference for the analysis. An internal standard
should be used for ICP–AES work and must always be used for quantitative ICP–MS analyses.
Lateral viewing: See Radial viewing.
m: The ion mass of interest.
Multiply-charged ions: Atoms that, when subjected to the high-ionization temperature of the
ICP, can form doubly or triply charged ions (X++, X+++, etc.). When detected by MS, the
apparent mass of these ions will be ½ or 1/3 that of the atomic mass.
Nebulizer: Used to form a consistent sample aerosol that mixes with the argon gas, which is
subsequently sent into the ICP.
Outer (or coolant or plasma) gas: The main gas supply for the plasma.
Plasma gas: See Outer (or coolant or plasma) gas.
Radial viewing: A configuration of the plasma for AES in which the plasma is viewed orthogonal
to the spectrometer optic path. Also called “side-on viewing.” See also Lateral viewing.
Reaction cell: Similar to Collision cell, but operating on a different principle. Designed to reduce
or eliminate spectral interferences. Used in ICP–MS.
Sampling cone: A metal cone (usually nickel-, aluminum-, or platinum-tipped) with a small
opening, through which ionized sample material flows after leaving the plasma in ICP–MS.
Sequential: A type of detector configuration for AES or MS in which discrete emission lines or
isotopic peaks are observed by scanning or hopping across the spectral range by means of a
monochromator or scanning mass spectrometer.
Simultaneous: A type of detector configuration for AES or MS in which all selected emission
lines or isotopic peaks are observed at the same time by using a polychromator or simultaneous
mass spectrometer, offering increased analysis speed for analyses of multi-element samples.
Skimmer cone: A metal cone through which ionized sample flows after leaving the sampling
cone and before entering the high-vacuum region of an ICP–MS.
Standard additions: A method used to determine the actual analyte concentration in a sample
when viscosity or matrix effects might cause erroneous results.
Torch: A series of three concentric tubes, usually manufactured from quartz, in which the ICP
is formed.
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information on the theory of X-ray fluorescence spectrometry and the acceptable practices for
consistent analysis and interpretation of X-ray fluorescence (XRF) spectroscopic data. This
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1. INTRODUCTION
This general chapter provides information regarding the theory and acceptable practices for the
consistent analysis and interpretation of X-ray fluorescence spectroscopic data. X-ray
fluorescence (XRF) spectrometry is an instrumental technique based on the measurement of
characteristic X-ray photons caused by the excitation of atomic inner-shell electrons by a
primary X-ray source. The XRF technique can be used for both qualitative and quantitative
analysis of liquids, powders, and solid materials. Although some vendors supply radioactive
isotope-based source instruments, nearly all modern instruments use an X-ray tube as the
source.
2. PRINCIPLES OF X-RAY FLUORESCENCE SPECTROMETRY
The X-rays produced by an X-ray tube include characteristic lines corresponding to the anode
material, and a continuum also known as Bremsstrahlung radiation. Both types of X-rays can be
used to excite atoms in a specimen and thus induce X-rays. The intensity of both of these
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types can be adjusted by the voltage and current settings of the X-ray generator. These
parameters can be adjusted to optimize the flux of X-ray photons for each element of interest.
Further adjustments, such as the addition of filters in the primary beam, can be used to remove
undesirable and potentially interfering tube spectral lines. Secondary targets may be used to
produce an excitation X-ray beam that differs from the primary X-ray tube spectrum, with the
aim of achieving optimum excitation conditions. Numerous instrument designs with different
geometrical configurations, for example, secondary filters and polarization, are used to optimize
X-ray detection and reduce background contributions.
Although many variations exist, XRF instrumentation can be divided into two categories:
wavelength-dispersive XRF (WDXRF) and energy-dispersive XRF (EDXRF) instruments. The main
distinguishing factor between these two technologies is the method used to separate the
spectrum emitted by all atoms in the sample according to X-ray photon energy.
The energy (or the wavelength) of the X-ray photon is characteristic of a given electron
transition in an atom, and is therefore qualitative in nature. The intensity of the emitted
radiation is indicative of the number of atoms in the sample, and therefore constitutes the
quantitative nature of the technique.
3. PHYSICS OF X-RAY EXCITATION AND EMISSION
3.1 Ionization and the Photo-Electric Effect
The emission of characteristic X-ray radiation results from an electron transition between two
inner shells of an atom, after ionization. After, for example, the ejection of an electron from the
K-shell, the atom is ionized and the ion is left in a high-energy state, E1, with E1 being equal to
the energy required to remove the K-electron from the shell to a situation where it is at rest
(no remaining kinetic energy) at infinite distance from the nucleus. This interaction between
electromagnetic radiation (a photon) and an atom resulting in an electron being excited is
called the photo-electric effect. It is typically the largest contribution to absorption of X-rays.
E1 thus corresponds to the binding energy of the electron, which is identical to the energy of
the atomic level. The excited state has a very limited life span, and will decay rapidly by a
transition of an electron from an outer shell to the vacancy in the inner shell. The atom is still
ionized, with an electron vacancy in the other shell. Let the energy state after this transition
be represented by E2, corresponding to the binding energy of the electron prior to the
transition. The energy difference, DE, is represented by

DE = E1

E2 [1]

can be released in two competing processes: the Auger effect, or the emission of a photon. For
XRF, obviously the latter is of interest. The energy of the photon emitted is thus equal to DE.
The binding energies of the inner electrons are not affected by the chemical state of the atom
concerned. The atomic energy levels are unique (characteristic) to the element, thus the
energy difference between two given levels is also a characteristic. Therefore, the resulting Xray photon is called a characteristic photon. The energy of the characteristic photons is
varying in a systematic way with the atomic number Z of the elements, a fact that can be
represented using Moseley's law [1]:
Ephoton = k(Z

s)2

[2]

where k is a constant for a given series (as defined by the shell with the initial electron
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vacancy) and s is the screening constant. A fairly complete tabulation of the energies of
characteristic radiation can be found in the work by Bearden [2]. Assume that the initial
vacancy was created in the K-shell. After an electron transition from, for example, the L3-shell,
the atom still has an electron vacancy, but in the L3-shell, while a photon with an energy E
corresponding to
Ephoton = Ek

EL3 [3]

has escaped the atom. The vacancy in the L3-shell can subsequently be filled by an electron
from the M5-shell (assuming that this is a high-atomic-number element). This results in a
vacancy in the M5-shell that can then decay further. At the end of this cascade, the ion is
back in the neutral state.
3.2 Scattering
The most important interaction between X-rays and matter is the photo-electric effect,
described above. Two other mechanisms are coherent and incoherent scatter.
3.2.1 COHERENT SCATTER
Coherent scatter is elastic scattering of electromagnetic radiation by a free, charged particle.
It is also known as Thomson scattering. The electric field of the incident photon accelerates
the charged particle. This particle will subsequently emit radiation with the same energy as the
incident photon, but travelling in a different direction.
3.2.2 INCOHERENT SCATTER
Incoherent scatter of a photon is usually called Compton scatter. Compton scatter is inelastic
in nature. Both momentum and energy are conserved in the process. After Compton scattering,
the electron has acquired considerable momentum (and is excited from the atom), and a photon
with a longer wavelength than the incident photon is emitted (see Figure 1). The conservation
of energy and of momentum leads to a simple relationship between the scattering angle F and
the wavelength difference D

between the incident and the Compton scattered photon:
D

= 0.00243· (1

cosF)

[4]

Equation [4] calculates the wavelength shift in nm. The peaks of Compton scattered radiation
are typically broader than those corresponding to characteristic radiation or coherently
scattered radiation. The reason is that most X-ray fluorescence spectrometers do not have a
collimated incident beam. The incident angle on the specimen can thus vary significantly. This
contributes to wide variation in total scattering angles F, leading to variation in D .
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Figure 1. Compton scattering of an X-ray photon; F is the scattering angle (from Willis and
Duncan [3] with permission).
3.3 Conversion Between Energy and Wavelength
Photons exhibit a wave-particle duality [4]. The energy E of the ‘particle’ and the wavelength
of the ‘wave’ are related through Planck's constant h
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where E is the photon energy; h is Planck's constant; and c is the speed of light in vacuum. By
substituting these values in Equation [5], and expressing photon energy E in keV and
wavelength

in nm, the following is obtained:

This allows quick and easy conversion between energy and wavelength scales. Note that
shorter wavelengths correspond to higher energies.
Commonly, textbooks designed around WDXRF will use wavelength units for the characteristic
radiation. On the other hand, when dealing with EDXRF, the scale of choice is an energy scale
with keV as the unit. Photon energy can be converted to photon wavelength and vice versa
using Equation [6]. The frequency of the electromagnetic radiation (which can be calculated
using c/

or from E/h) is not used when relating to XRF analysis.
3.4 The Electromagnetic Spectrum

The X-ray range is typically the spectral range between 0.01 nm and 10 nm, and it spans 4
orders of magnitude. In practice, however, the range of X-rays commonly analyzed varies from
about 0.04 to 1 nm.
The X-ray region of the electromagnetic spectrum can also be expressed in terms of the
characteristic radiation of the elements. Most wavelength-dispersive X-ray spectrometers can
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be equipped to analyze characteristic lines between about 0.04 and 4.4 nm. This allows
analysis of all elements in the periodic table from carbon upwards (Z = 6). With dedicated
analyzers, the elemental range can be extended to include beryllium, although issues with
limited specificity and sensitivity severely limit the practical applications for the quantitative
analysis of beryllium.
3.5 Selection Rules
The transitions in the process described above are governed by quantum-mechanical selection
rules. XRF radiation is observed with reasonable probability only from those transitions where
Dj = –1, 0, +1
and
Dl = –1 or +1
where j and l are the usual quantum numbers. The correspondence between shell designations
(K, L, M…) and the quantum numbers n, l, and m is given in Table 1. This means that in
transitions such as K ¬ L1 and L1 ¬ M1, both shells with l = 0 for initial and final state are
forbidden radiative transitions. These transitions, however, can be accompanied by the
emission of an Auger electron.
Table 1. Correspondence between Shell Designations (K, L, M, N) and Quantum Numbers
(n, l, m)
Quantum numbers
Number
Total
of
number
Number
electrons
of
of
Subshell
to fill
electrons
Shell
n
l
m
orbitals
designation
subshell
in shell
K
1
0
0
1
1s
2
2
2
0
0
1
2s
2
L

M
N

2
3

1
0

1,0,1
0

3
1

2p
3s

6
2

3

1

1,0, 1

3

3p

6

3
4

2
0

5
1

3d
4s

10
2

4

1

3

4p

6

4

2

5

4d

10

4

3

7

4f

14

2, 1,0,1,2
0
1,0, 1
2, 1,0,1,2
3, 2, 1,0,1,2,3

8

18
32

After the initial vacancy has been created, the ion is in a highly excited state. After an
electron transition, for example, K ¬ L3, an energy equal to the difference in the binding
energies (see Equation [3]) between the two shells involved can be released. In the case on
hand, this gives rise to the emission of a K photon. Photon emission is, however, only one of
two competing processes. The other is the emission of an Auger electron. This is the process in
which the energy is transferred to another electron, which escapes the ion with a certain
kinetic energy EKin. The kinetic energy can be calculated in much the same fashion as the
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photon energy, using the energy levels from the shells involved. If the energy released from the
K ¬ L3 transition is transferred to an L1 electron, the kinetic energy can be calculated from
EKin = EAuger = EK

EL1

EL3

[7]

The kinetic energy of the Auger electron is characteristic because it is made up of
characteristic quantities. The vacancies created after the emission of an Auger electron can
subsequently decay, either by other Auger electrons or by photons.
3.6 Fluorescence Yield
The fluorescence yield (symbol ) is defined as the probability that a vacancy is filled through
a radiative transition. For the K-shell this is simply:

where IK is the total number of K-shell X-ray photons and nK is the number of vacancies
created in the K-shell. For the L-shell and M-shell, a similar definition applies for each of the
subshells, but the number of primary vacancies needs to be corrected for the cascade effects
and the occurrence of Coster-Kronig transitions [5]. These are nonradiative transitions
between subshells having the same principal quantum number. Data regarding values for
fluorescence yields can be found in the work by Bambynek et al. [5] and Hubbell et al. [6].
3.7 Counting Statistical Error
The counting statistical error (CSE) is the uncertainty in the measurement of the number of
photons, which is subject to a Poisson distribution. The distribution of the number of photons
can be approximated by a normal distribution, because the number of photons counted is
usually sufficiently large. The standard deviation N of an intensity measurement of N counts is
given by the square root of the number of counts:
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Most measurements in XRF are now expressed as an intensity, I, which is simply the ratio of
the number of photons counted divided by the measuring time, t. The counting statistical error
on a measured intensity can be calculated using

This indicates that the counting statistical error on an intensity measurement becomes smaller
with longer measurement times. Measuring longer on an XRF instrument (under otherwise
constant conditions of measurement) reduces the relative uncertainty on the measurement.
This is generally applicable until the resulting CSE becomes comparable to the overall
instrument error. For high-end instrumentation, the order of magnitude of this overall
instrument error is about 0.1% or better. Performing measurements with a CSE significantly
lower than the overall instrumental error will not lead to more precise results. The counting
statistical error thus imposes a theoretical lower limit to the precision of an X-ray
measurement. The contribution of the instrumental errors is added to the CSE to obtain the
total error on the measurement.
The intensity of a photon beam is calculated from the number of photons collected divided by
the time taken for the measurement, expressed in counts per second (cps) or kilocounts per
second (kcps).
3.8 Lower Limit of Detection
The lower limit of detection (LLD) is defined as the concentration that will yield a positive
intensity above background intensity with a given confidence level. For analysis near the
detection limit, the intensity of the peak will be comparable to the intensity of the background.
For example, a net signal that is 3 times larger than the CSE of the background will satisfy this
criterion with 99.7% confidence. This intensity can then be converted to a concentration using
the sensitivity S of the spectrometer for the analyte considered:
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where k is a factor depending upon the confidence level chosen; S is the sensitivity (expressed
as net intensity per unit concentration) and CSE is the counting statistical error of the
determination. Substituting Equation [10] where
background yields

I

is the CSE of the intensity of the

where IB is the intensity of the background radiation at the analytical line considered. The LLD
can be improved by:
increasing the sensitivity, S, of the spectrometer
decreasing the intensity of the background, IB
increasing the measurement time, t.
The third method, increasing the measurement time, seems to be an especially easy way to
improve detection limits, but it is limited because long counting times can make the method
impractical. Hence, for a given spectrometer configuration, any increase in the sensitivity
results in a similar increase of the background intensity. Quadrupling the sensitivity also leads
to a 4-fold higher background intensity and an improvement of the LLD by a factor of 2.
3.9 Nomenclature of X-Ray Emission Lines
There are different nomenclatures in use involving the designation of the X-ray emission lines.
IUPAC published a systematic notation for X-ray emission lines and absorption edges, based on
the energy-level designation. In practice and in many publications, Siegbahn’s notation is still
dominant. For the most important characteristic lines, the correspondence between Siegbahn
and the IUPAC notation is given in Table 2.
Table 2. Correspondence between Siegbahn and IUPAC Notation for the Most Important
Characteristic Lines
K-series
M-series
L-series
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K

1,2

or K
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IUPAC

Siegbahn

IUPAC

K–L2,3

L

1

L3 –M5

K

1

K–L3

L

2

L3 –M4

K

2

K–L2

L

1

L2 –M4

K

1

K–M3

L

2

L3 –N5

1,3

K–M2,3

L

1

L2 –N4

2

K–N2,3

L

L2 –M1

L

L3 –M1

K
K

Siegbahn
M
M

1,2

IUPAC
M5 –N6,7
M4 –N6

4. SAMPLE PREPARATION
With XRF it is possible to analyze most materials, irrespective of their physical state—whether
they are liquids, powders, or solids—with little or no additional sample preparation. A significant
advantage is the sample-size capacity: the XRF technique can accommodate large sample
masses (usually in the gram weight range), thereby minimizing analytical sampling errors. This
enhances the degree to which the sample presented to the spectrometer is representative of
the bulk material submitted for analysis. A primary concern is that the final sample surface is
flat when it is placed into the measuring position.
Measurements can be performed in a variety of environmental conditions including air, nitrogen,
helium, and vacuum. Most X-ray spectrometers typically use vacuum as the medium of
analysis, with the exception of some bench-top instruments. Liquid samples are incompatible
with vacuum environments, so helium, air, or nitrogen at near-ambient pressure is used. Air and
nitrogen readily absorb low-energy X-rays; therefore, their use is generally limited to the
analysis of high-energy X-rays. Liquid and powder samples are commonly analyzed in helium, as
this significantly lowers the absorption of the characteristic radiation from the specimen,
compared with the effects of air or nitrogen.
4.1 Liquid Samples
Liquid samples need to be placed into disposable sample cups before being introduced to the
spectrometer. The sample cup should be constructed with an appropriate supporting film known
to be free of contaminant elements. Suitable films, such as polyester or polypropylene, may
have a thickness as low as 1.5 µm. It is also important that the disposable cup is an
appropriate size so that it is not viewed by the spectrometer; this ensures that the signals
measured are coming from the sample only, and not from the sample cup.
Furthermore, it is important to understand the relationships among the sample matrix, elements
of interest, and concept of infinite thickness. In general, when analyzing samples composed of
low-atomic-number elements (e.g., organic matrices), it is important to use a thicker sample
than when analyzing for the same elements in a heavier (e.g., metallic) matrix. This ensures
that the intensity of the X-rays produced (and detected) is only dependent upon the
specimen's composition and not also on the quantity of mass analyzed. The thickness at which
the intensities are no longer dependent upon the thickness of the specimen presented to the
spectrometer is called the “critical thickness” (also known as “infinite thickness”). The critical
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thickness depends upon the energies of the emission lines considered, the sample matrix, and—
to a lesser degree—also on the excitation conditions. In many cases, it may not be possible to
obtain infinitely thick samples because of lack of sufficient material or because the critical
thickness may exceed sample cup depth; the latter can happen when analyzing liquids that are
mainly composed of water or organic compounds. In these cases, correction procedures are
applicable. In many cases, a simple modification to the analytical procedure—ensuring that all
samples analyzed are of “constant” mass—is sufficient to avoid problems relating to non-infinite
thickness.
An additional consideration is variation of the density between samples and standards. The
analysis of samples that do not satisfy the requirement of critical thickness will be further
complicated by limitations imposed by the geometry of the instrument. The X-rays incident on
the sample and the X-rays emitted from the sample form a complex shape in three dimensions
that is essentially a cone. The geometry is referred to as a “wedge”. This geometry limits the
usefulness of traditional matrix correction because these conventional methods assume a
uniform X-ray sampling volume, as opposed to a cone. In most cases, the difference between a
cone-shaped geometry and the simpler geometry model is insignificant. This effect is more
pronounced when measuring heavy elements in light matrix samples (such as organics). In
these cases, it can have severe effects on the calculated concentrations if it is not
considered. However, it is possible to include a geometric model of the wedge with a matrix
correction technique referred to as the “wedge effect correction” [7].
An alternative solution is to have an infinitely thin layer of sample, thereby removing any
possible sample interference (matrix effects), as well as the geometrical effect described
above. This is not always practical, and in practice it can be difficult to prepare reproducible
samples and standards.
4.2 Powder Samples
To ensure infinite sample thickness, loose powder samples may be simply weighed and placed
directly into a disposable sample cup as described above. For reasons described below, it is
often advantageous to lightly pack the powder, using constant pressure and a clean tool.
Variations in sample compaction due to manual pressing can be compensated for by using the
Compton corrections, which can account for small variations in sample thickness and/or
density. These powders can also be ground to a finer particle size (if required) and then
pressed to produce a solid pellet.
Preferably, all non-homogenous solid samples, such as coated tablets, should be ground using a
grinding device. Similarly, any homogenous and flat sample that has too small an area to cover
the instrument optical aperture should also be ground. For softer materials, a pestle and mortar
may be sufficient, and for other materials swing mills, ball mills, and/or cryogenic grinding mills
may be required. The analyst should ensure that the grinding means do not contribute traces of
the analyte elements; this can be ascertained easily by grinding/milling pure compounds and
comparing the spectra. By convention, the maximum powder (particle) size should be 50 µm or
less. It is, however, more important to have a consistent particle size for both standards and
samples. This ensures the homogeneity of the sample and provides an accurate representation
of the entire sample, not just the near-surface layer. It is then possible to load a sample into a
disposable sample cup, or to press the sample into a pellet. The disadvantage of pressing a
sample into a pellet is that it may be necessary to blend a binder (e.g., wax or cellulose) into
the sample. The use of such a material must be considered as a possible source of
contamination. A number of different binders are available to improve the mechanical properties
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of the pellet. An advantage of pressing a sample is that it removes air voids, which can absorb
X-rays, and thus after pressing, the measurements typically show enhanced light element
reproducibility.
Furthermore, it is possible to directly measure a pressed pellet without a supporting film. It is
important to note that supporting films can result in signal attenuation, depending upon the
element of interest. This effect is commonly seen with lighter elements such as sodium (Na),
magnesium (Mg), and aluminum (Al). The other key advantage is that the pellet ensures a flat
surface that is available for reproducible excitation from all angles. In addition, pelletized
samples can be measured in vacuum conditions, and this reduces any photon absorption by air
or any other gas such as helium (He). Some materials such as lactose and cellulose are selfbinding, thus there are no deleterious considerations when preparing a pellet except for the
additional time spent on sample preparation. It is important to note that standards and samples
must be treated the same from sample preparation through analysis.
Because the majority of pharmaceutical materials have an organic matrix, it is recommended to
use a quantity of material corresponding to a thickness of about 1.5 cm. This can be used for
both liquids and loose powder samples (provided all samples and standards have a similar matrix
composition). Furthermore, any minor sample thickness variations can be compensated for by
Compton ratio corrections.
5. INSTRUMENTATION
All spectrometers include a source (e.g., X-ray tube), some kind of source filtration mechanism,
a sample chamber, and a detector. In addition, wavelength-dispersive systems have a set of
collimators and an analyzing crystal. These components, and a few optional items, are
discussed below and are further divided according to type of instrument. A diagram of a
wavelength-dispersive spectrometer is shown in Figure 2. An energy-dispersive spectrometer is
simpler in that the collimators and the crystal shown in Figure 2 are not present, and the
detector is pointed directly at the sample.

Figure 2. Schematic diagram of a wavelength-dispersive XRF spectrometer, indicating the main
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components.
5.1 X-Ray Tube
The two most important components of an X-ray tube are the filament (used as a cathode)
and the anode. The filament is the source of electrons, which are accelerated to the anode
material by a strong electric field between filament and anode. Upon impact with the anode,
the electrons can gradually lose their kinetic energy, generating heat and a continuous
spectrum of X-ray radiation in the process. Alternatively, when the electrons ionize atoms from
the anode, the resulting vacancy can decay by emitting characteristic X-ray radiation. The
total spectrum of an X-ray tube thus consists of the characteristic lines of the anode element
(which is discrete in nature) superimposed on a continuum. Note that the continuum radiation,
scattered by the specimen, is the main source of the background observed in XRF analysis.
5.2 Primary Beam Filter
Most X-ray spectrometers are equipped with one or more programmable beam filters. These
filters are thin metal foils (typically between 50 and 1,000 microns in thickness) that are
mounted on a mechanical device that can move a particular filter in the path of the primary
beam. The main purpose of the primary beam is to eliminate the characteristic lines of the Xray tube anode. If for example a rhodium anode tube is used, a significant part of the incident
rhodium X-rays will be scattered by the sample. The fraction that is coherently scattered
cannot be distinguished from rhodium lines that are created by atoms in the sample. In such a
case, to allow for analysis of rhodium in the sample, the primary beam filter is used to prevent
characteristic lines from the X-ray tube from reaching the sample. Another application of beam
filters is the reduction of background in certain energy ranges. The lower limit of detection can
be improved in cases where the background intensity is significant. However, the use of primary
beam filters also leads to a degradation of sensitivity, and care must be taken to achieve
optimum setup conditions.
5.3 Wavelength-Dispersive X-Ray Fluorescence Spectrometry
5.3.1 PRINCIPLE OF OPERATION—BRAGG’S LAW
As the name implies, the wavelength-dispersive spectrometers employ an X-ray
monochromatizing strategy, using Bragg's Law of Diffraction, to split the X-ray spectrum into
its individual components (or rather, narrow energy bands):
n
where n is the order of reflection;

= 2dsin

[13]

is the wavelength of the photons considered; d is the

spacing of the crystallographic planes, and is the angle of incidence (and reflection) with
respect to the crystal’s plane. In the vast majority of applications, the first order (n = 1) is
used. For diffraction of photons with wavelength

to occur, the angle

must be selected

such that the product of 2dsin equals . Bragg’s Law can be viewed as the requirement for
positive interference of X-ray photons. Consider a monochromatic and parallel beam of X-rays
of a specific wavelength

with electrical vectors of equal amplitude in phase along any point

of the direction of propagation. This beam is incident on a crystal at an angle

. The beam is
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scattered in all directions. However, constructive interference only occurs in those directions
for which the phase relationship is conserved. This happens at an angle for incident rays 1
and 2 (Figure 3), for which the path difference AB + BC is equal to an integer number of
wavelengths . The integer n refers to the order of the diffraction. The most intense
diffraction peaks—and thus the highest measured intensity—can be obtained when n = 1 (first
order). Higher-order diffractions with n = 2, 3, or 4 do occur, but the efficiency is low.

Figure 3. Geometry involving Bragg's law.
5.3.2 DISPERSION
The dispersion of a WDXRF instrument can be calculated by differentiating Equation [13] as
follows:

Dispersion is a measure of the angular separation between peaks corresponding to two different
wavelengths. A larger value for the dispersion indicates a larger angular separation, thus a
smaller (potential) overlap between photons of slightly different wavelengths. Decreasing the
2d spacing is an obvious way to improve on angular dispersion; the 2d spacing is, however,
determined by the crystal used. For most of the wavelength range, there are at least two
crystals available; the one with the smaller spacing offers the better angular separation, but
typically this involves a loss of intensity. Well-defined crystals with known 2d spacing are used
as monochromators. A list of commonly used crystals appears in Table 3.
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Table 3. Commonly Used Monochromators in WDXRF
Crystal
Name
Reflection plane
2d spacing (nm)
Element Range
LiF(220)
Lithium fluoride
(220)
0.2848
V-U
LiF(200)
Lithium fluoride
(200)
0.4028
K-U
Ge
Germanium
(111)
0.6532
P, S, Cl
PE or PET
Pentaerythritol
(002)
0.8742
Cl-Al
Thallium acid
TlAP
phthalate
(1010)
2.575
Mg-O
Layered synthetic
microstructure
3 – 12
Mg-Be
Dispersion only describes the angular separation between two peaks; it does not describe the
width of the peak, which is typically referred to as resolution (in other forms of spectrometry)
and is calculated from the full width of the peak at half height. The actual resolution from the
detector system has no discernible influence on peak separation.
The choice of crystal and angle of the detector relative to the crystal determine which
elemental X-ray lines may enter the detector. The main task of the detectors in WDXRF is
reduced to counting photons with a known energy, as the use of the monochromator crystal
thus separates the selection of the wavelength of the photons from the actual counting.
5.3.3 DETECTORS FOR WDXRF
Gas-filled detectors: Gas-filled detectors consist of a cylindrical volume filled with a noble gas
such as argon (Ar) or krypton (Kr), and a wire running through the center of the detector (see
Figure 4).

Figure 4. Schematic diagram of a flow counter.
An incoming photon (represented by its energy h ) can remove an outer (valence) electron of
one of the inert gas atoms. For an argon-filled detector:
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The energy required for the ionization, ei, depends on the element; for argon (Ar), about 26 eV
is required to create an ion-electron pair. The total number of such primary ionizations, np,
caused per incident photon with energy E can then be calculated using:

The electric field between the wire and the outer body will cause the electrons to accelerate
towards the anode wire. The positive ions, on the other hand, will migrate towards the housing.
The resulting electric field gives rise to a cascade of ionization events. The result of this
cascade effect is as follows: for each of the individual electrons originally created by the
incident photon, many more electrons are finally collected at the anode wire (this is called the
gas amplification factor and is typically around 104 to 106), creating a voltage drop which is
then processed by the counting electronics.
The entrance window should absorb as few of the incoming photons as possible, because any
photons absorbed into the window are lost from the counting circuit, thus reducing the
sensitivity. Large windows with low attenuation for long wavelengths can be made from
stretched polymers, such as polyethylene or polyester, coated with a conductive material at
the interior of the counter to provide for a homogeneous electric field. Such thin windows need
a mechanical support to withstand the pressure difference caused by the vacuum in the
spectrometer chamber. The collimator is usually preferred as a support because it will also
reduce the amount of radiation that is scattered from the crystal or the multilayer.
On the other hand, the polymer windows have small pinholes. These pinholes allow the counting
gas to gradually leak away. Such detectors would have only a very short lifetime before the
counting gas leaked away or became so contaminated that it would effectively render the
detector useless. To compensate for the leaks, a constant flow of counting gas is used, the
excess of which is vented away out of the spectrometer chamber; such detectors are
therefore called flow proportional counters (or gas flow detectors). Only a fraction of this flow
is leaking into the spectrometer chamber, whereas the remainder is leaving the detector
through a tube and is vented into the atmosphere. It is essential for the overall stability of the
spectrometer that the pressure and temperature of the gas are kept constant. Hence, most
instruments are equipped with a gas-density stabilizer.
Gas flow proportional counters are the preferred counters for the detection of X-rays with very
long wavelengths in wavelength-dispersive spectrometers. The counting efficiency of the gas-
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filled detectors is determined by the absorption in the entrance window and the capture
efficiency (absorption of the incident radiation) of the counting gas for the wavelengths of
interest. The capture efficiency depends on the path length available within the detector; the
composition of the counting gas; and its pressure. The absorption properties of the window
determine the efficiency of the detector at the long wavelengths, whereas the absorption
properties of the gas determine the efficiency at the shorter wavelengths. Considering the
typical dimensions, the nature of the gas, and the pressure, the absorption of the gas as
function of the wavelength of the incident photon can be calculated. Around wavelengths of
0.2–0.3 nm, about half of the incident photons are not absorbed, reflecting a low efficiency.
This is the main reason why sequential WDXRF instrumentation is equipped with more than one
detector.
Scintillation counter: WDXRF instruments are generally fitted with a scintillation counter for
the detection of shorter wavelengths for which the gas proportional counter is less efficient.
The operation of the scintillation counter is based on two distinct stages: a scintillation crystal
and a photo-multiplier tube (Figure 5).

Figure 5. Schematic diagram of a scintillation counter.
In the first stage, the incoming photon is absorbed by a “scintillator crystal”. A scintillator is a
material that emits light when it is excited by ionizing radiation, such as X-rays. Many different
scintillator materials exist, with different properties regarding radiation hardness, operating
temperature range, decay times, optical properties, and other properties. The most commonly
used scintillator material in WDXRF instruments is a sodium iodide (NaI) crystal, doped with
thallium (Tl). The scintillating crystal is optically coupled to a “photo-multiplier”, which consists
of a photo-cathode and a series of dynodes. In the second stage, upon impact by a photon,
the photo-cathode releases free electrons. These are then accelerated toward a series of
dynodes. At each dynode, the impact of the electrons generates more electrons. If 10 dynodes
are used, the total amplification provided is about a factor of 106.
The counting efficiency of the scintillation counter is largely determined by the thickness of the
sodium iodide thallium [NaI(Tl)] crystal. The counting efficiency for a 3-mm-thick crystal is
better than 99% for wavelengths of 0.05 nm and longer. This allows the detection of highenergy photons such as Sn-K with high efficiency.
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The production of light photons is higher in the scintillation detector than the number of
electron-ion pairs created in a flow counter; this should lead to a better resolution. However,
this advantage is cancelled out by the low yield of photo-electrons by the photo-cathode,
where less than 1 electron is freed for every 10 incident light photons. Compared to the gasfilled counters, the resolution of a scintillation counter is worse.
The use of the WDXRF technique (typically with power in the kW range) for organic matrix
sample analysis is limited because heat generated by the X-rays may be sufficient to induce
significant specimen alteration, such as browning or burning of the sample surface.
Furthermore, even if the sample is measured for a very short time by WDXRF, the heat imparted
to the sample surface may induce the loss of volatile elements [e.g., mercury (Hg) and
selenium (Se)]. The WDXRF technique is, however, perfectly suited to measure inorganic
materials that can withstand elevated temperatures. Examples of common inorganic materials
that are suitable for WDXRF measurement are calcium carbonate (CaCO3 ) and sodium chloride
(NaCl).
5.4 Energy-Dispersive X-Ray Fluorescence Spectrometry
5.4.1 PRINCIPLE OF OPERATION
The energy-dispersive XRF technique typically involves simultaneous detection of photons of
different energies that are emitted by the atoms in the sample. The detector determines both
the photon's energy and the intensity, which is the number of photons per unit of time. To
provide adequate resolution for distinguishing between characteristic lines and overlapping lines
from other elements, most EDXRF instruments are equipped with a high-resolution detector and
a multi-channel analyzer (MCA). The MCA essentially provides a histogram representation of the
spectrum. High-end instruments use sophisticated calculation (deconvolution) algorithms to
identify the peaks (i.e., to establish the presence of certain elements) and to obtain intensity
data from the histogram. EDXRF is theoretically a simultaneous technique because it measures
the complete spectrum in a single counting phase. However, significant improvements in
performance can be achieved by measuring the sample using two or more different excitation
conditions, each optimized for a certain energy range.
Compared to WDXRF, the design of an EDXRF spectrometer is much simpler because it lacks a
high-precision goniometer and the associated collimators. The positioning of the detector
relative to the sample is very simple; the most obvious requirement is that there should not be
a direct path between the anode of the X-ray tube through the entrance window of the
detector onto the active body. Distances between the X-ray tube window and specimen, and
between the specimen and detector entrance window, can be small, in the order of 1–2 cm.
Furthermore, as only limited collimation is required, the angle of acceptance of the photons
from the specimen can be quite large. Low-power X-ray tubes with ratings up to 50 W are
used. Because of the inherent simplicity of their design, wide variation of systems with varying
capabilities exists. A typical spectrum on an energy-dispersive spectrometer is shown in Figure
6. The energy on the horizontal axis increases from left to right. The peak shape is nearly
perfect Gaussian.
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Figure 6. Energy-dispersive spectrum of a brass specimen. From left, the peaks are due to Cu K
, Zn K , Cu K , and Zn K . The horizontal axis is energy and the vertical axis is in counts
per channel. This spectrum was recorded at 75,000 cps with 50 kV and an Ag primary filter to
reduce the background. The full width at half maximum (FWHM) is about 165 eV at the Cu K
peak.
5.4.2 DETECTORS
The resolution of the detector system determines both the peak width (expressed as FWHM)
and the peak separation. Systems may be equipped with gas-filled, solid-state, or semiconductor detectors. The three most common solid-state detectors used are:
Liquid nitrogen-cooled silicon-lithium drifted Si(Li)
Liquid nitrogen-cooled germanium detectors, such as the LeGe and HPGe
Detectors based on intrinsic silicon, such as the PIN detector (PIN stands for positive,
intrinsic, and negative) and the SDD (silicon drift detector).
The first two types of detectors allow for high photon-capture efficiency but require relatively
bulky, well-insulated containers (Dewar) for the liquid nitrogen. These detectors are generally
rather large, which improves sensitivity, and thick, which improves capture efficiency for highenergy photons. They are typically found on floor-standing equipment. Bench-top systems are
equipped with detectors that are based on intrinsic silicon. These types of detectors do not
require cooling to temperatures as low as the other two categories; temperatures between
25 and 15 are acceptable. Peltier-cooling or electro-thermal cooling is sufficient to reach
those temperatures. The detectors are smaller and thinner than their bulk siblings. Older
equipment might still be using so-called PIN detectors, but all of the newer equipment tends to
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be equipped with an SDD. The SDDs have much better resolution and can be used at much
higher intensities than the PIN detectors, which are typically limited to about 220 eV at Mn K .
The SDDs combined with state-of-the-art electronics have a resolution (expressed as FWHM)
of better than 145 eV at Mn K . This is comparable to liquid nitrogen-cooled semi-conductor
detectors. A word of caution is required as the resolution worsens with increasing count rate or
intensity. Most manufacturers therefore specify resolution at an impractical, low count rate of
1,000 cps or 2,000 cps.
5.5 Polarized X-Ray Spectrometry
5.5.1 PRINCIPLE OF OPERATION
The most elaborate EDXRF spectrometers use polarization or a secondary target to modify the
spectral distribution of the X-ray source; the aim is to reduce, or ideally eliminate, the intensity
of the continuum background. This effort is a logical consequence of Equation [3]. Due to the
fact that the major component of the background is scattered tube radiation, one method of
preventing radiation from the X-ray tube from reaching the detector system is the use of
polarized radiation. These systems have applications in the analysis of, for example, residues of
palladium (Pd) catalyst in some pharmaceutical ingredients.
5.5.2 POLARIZED RADIATION AND POLARIZING TARGET
The orientation of the electric field vector E of the photons generated in an X-ray tube is
random but always perpendicular to the direction of propagation. Using a Cartesian coordinate
system, with the z-direction coinciding with the direction of propagation, the two components
of the electric field vector in the x-direction (denoted by Ex) and y-direction (Ey) are identical
and obey the following relationship:

The component along the axis of propagation, Ez is zero; this is because electromagnetic
radiation is a transverse wave. After “coherent scattering” in the yz plane, the field vector of
photons traveling in the y direction, Ey, is also reduced to zero. This beam of photons, all with
their electric field vector parallel to the x-direction, is directed at the sample and interacts in
the usual way. The photons cause ionizations and can be scattered, but they cannot be
scattered in the direction along the x-axis, because the electric field vector cannot have a
component parallel to the direction of propagation. If the detector is now placed somewhere
along the x-direction (still in the same frame of reference), the background is significantly
reduced because the main contribution (i.e., scatter from the incident radiation) is absent. The
process is inefficient because there is no active polarization; it is entirely achieved by
suppressing one component of the electromagnetic wave, thereby significantly reducing its
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intensity. Therefore, high-power X-ray tubes are used.
5.5.3 SECONDARY TARGETS
The use of secondary targets in energy-dispersive spectrometry has been widespread for highpower instrumentation. The aim is to reduce the background, thus improving the lower limit of
detection. When “electrons” decelerate, they generate Bremsstrahlung of a continuous nature;
however, photons do not generate Bremsstrahlung. The principle behind an instrument equipped
with secondary targets is to use a classic X-ray tube to provide a beam of X-rays (including
the troublesome continuum) and direct it at a secondary target which is typically a metal. The
radiation emanating from the secondary target will consist of the very intense characteristic
radiation corresponding to the nature of the target and scattered continuum. The intensity of
the scattered background is relatively low, especially when the target material is a metal of
medium to high atomic number. There is no additional continuum created by the incident
photons, but a tiny contribution to background radiation is created by the high-energy photoelectrons. The radiation from the secondary target is directed at the sample for excitation
purposes. The spectrum from the sample is composed of the characteristic lines from the
elements present; the scattered characteristic radiation from the secondary target; and the
concomitantly scattered continuum from the tube. The latter contribution is very weak because
it has been subjected to two scattering events, one at the secondary target and another one
at the sample. If the instrument is equipped with a selection of secondary targets, then
significant improvements in the lower limit of detection can be obtained. The two-step process
requires a higher-power X-ray tube to get the same flux at the sample when compared to
direct excitation, so it is generally not incorporated into bench-top instrumentation. Currently,
secondary targets are often used in combination with polarization targets. This combination is
straightforward, because both types of targets can use the same geometrical arrangement.
5.6 Total Reflection X-Ray Fluorescence Spectrometry
Another variety, Total Reflection X-ray Fluorescence (TXRF, also sometimes abbreviated to
TRXRF), specializes in the analysis of infinitely thin and extremely homogenous samples derived
from liquids. Typically, TXRF instrumentation employs an X-ray source, which is directed at the
sample under a very small angle with respect to the surface. The detector is typically placed
above the sample at a 90 angle. The TXRF technique commonly uses internal standards (mixed
into the unknowns) and geometrical relationships to determine elemental concentrations.
6. QUALITATIVE XRF ANALYSIS
This section applies to both WDXRF and EDXRF.
6.1 X-Ray Spectra
Qualitative analysis by means of X-ray fluorescence is relatively simple because the
characteristic line spectra of the elements are simple and are not affected by chemical
bonding; i.e., these spectra are truly elemental. For qualitative (and quantitative) analysis, the
main lines are those from the K- and L-series. The K-lines result from electron transitions after
one of the K-electrons has been expelled. Due to quantum mechanical selection rules, not all
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transitions are allowed. Transitions from the L-shell to the K-shell are limited to transitions
involving L2 and L3, as radiative transitions between the L1-shell and K-shell are forbidden.
These transitions are the most probable, leading to the most dominant line in the spectra. For
most elements, the energy difference between the L2- and L3-shell is rather small (in the order
of a few eV), so the emitted lines are typically not separated and simply considered a doublet.
Radiative transitions from M- and N-shells to the K-shell are also occurring. These give rise to a
more complex part of the K-spectrum. In practice, however, only the K 1,3 doublet (resulting
from transitions between M3 and K and M2 and K) is of importance. The relative intensity
between the K and the K varies from 1 in 1,000 for sodium (Na) to 1 in 6 for plutonium (Pu),
with the K always being the most intense line of the series.
The K line is generated by an electron transition from an electron in the L3 shell, following the
removal of a K-shell electron. The K line is the most dominant line in an element’s series. The
K electrons of an element, however, have the highest binding energy of all electrons in the
atom, and thus are only excited by high-energy incident photons. This is generally not a
problem for the low- and middle-atomic number elements, but excitation of the K-lines of
elements with atomic numbers above 50, for example, might not be possible, as the excitation
potential is higher than the maximum operational voltage on most X-ray tubes.
Whereas the K-line spectra are typically limited to 2 lines only, the situation for the L-series
spectra is more complicated. For lead (Pb), a total of 46 L-lines are listed in Bearden [2]. Many
of these are weak, or are doublets. For qualitative analysis, not all of these lines are to be
considered. In all cases, it is important to realize that, if the K is visible, then the K must be
visible too, and must have a higher intensity.
6.2 Qualitative Analysis
Qualitative analysis typically consists of a few simple steps. After the spectra have been
collected, the background is subtracted. A fraction of these photons propagate in the direction
of the analyzing crystal (WDXRF) or directly to the detector (EDXRF). Next, a peak search is
performed, and finally, these peaks are identified, i.e., each is attributed to a particular
element. Efficient algorithms for qualitative analysis look for the presence of each element,
rather than trying to identify each peak. This is different from X-ray diffraction, where each
peak is checked for a match with a phase. In this method, the peak search is performed first.
Then, for each element, the presence of the K 1,2 -doublet is verified. If this line is found in the
spectrum, then the weaker lines of the same series (K 1,3 and K 2 ) are investigated. Note
that all characteristic lines in the same series should appear, except in cases where the
intensity of a weaker line is similar to the intensity of the background. For elements with higher
atomic numbers where the K-lines are not excited (or not detected due to limitations in
detection hardware) the process starts with the L-line spectra. The intensity ratios of, for
example, K to K are listed in several databases [8, 9]. The tabulated ratios are for the
‘isolated’ atom; they reflect the intensities as obtained from an atom without any matrix
effects. These ratios can be corrected quite easily for matrix effects, even in the case of
overlapping lines. Only elements that are present at trace levels (with intensities comparable to
the standard deviation of the background intensity) are usually deemed ‘not present’.
7. QUANTITATIVE XRF ANALYSIS
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7.1 Selection of Analytical Line
The characteristic emission spectra of most elements contain several lines. The choice of an
analytical line for a given element is largely dependent on three factors: the concentration of
the element in the sample; the potentially interfering lines; and the excitation capabilities of
the spectrometer. In most cases, the K emission line of an element is preferred. When the
excitation of the K-lines is not possible due to limitations of the tube and/or generator, the use
of L-lines, with their lower energy, is necessary. Use of the L -line (when the K -line is not
excited) does not involve much of a detriment because for those elements, the intensity of the
L-lines is quite high. Also, the detection efficiency of the L-line photons is then much higher
than that of the high-energy K-lines of the same element. For elements with high atomic
numbers (i.e., Z larger than about 72), the L offers a very good alternative to the L and
these lines have comparable sensitivities.
In general, on a typical WDXRF instrument, all elements with atomic numbers up to 56 are
measured on their K -line. For elements with higher atomic numbers, the L -line is used. For
EDXRF spectrometers equipped with SDD-using generators (and tubes) with a maximum voltage
of at least 30 kV, K-lines are available to measure for elements up through about Z = 47; the
L-line spectra are used for all elements with higher atomic numbers. The exact point at which
the switch over occurs between the K-line and the L-line spectra depends on factors such as
the application and the anode material of the X-ray tube used.
Quantification procedures are carried out using routine spectroscopic techniques involving the
measurement of blanks and standards of varying elemental concentrations. The measured
intensities are then corrected for background and for line overlap, if required. In a number of
cases, a straightforward linear relationship between the intensity of the analyte and its
concentration can be established. This is especially the case with low concentrations in a
constant matrix. In the more general case, however, corrections for matrix effects are required.
Matrix effects are not the limiting factor in the precision of the final analysis, but they must be
accounted for in order to obtain an accurate measurement.
7.2 Matrix Correction Techniques
7.2.1 ORIGIN OF MATRIX EFFECTS
XRF is typically applied to condensed samples, without resorting to dissolution of the sample in
an abundance of acids or other solvents. Thus, the samples remain concentrated, in contrast
to many other techniques. Because of this, the XRF technique is prone to matrix effects, in
that the relationship between the intensity of a particular analyte and its concentration is
generally not as simple and straightforward as with diluted specimens. With the latter, this
relationship between concentration and intensity is often expressed as a straight line. However,
the presence of other elements at high concentrations can cause deviations of this straightline relationship. The physics of X-ray emission and detection is well understood and relatively
simple for bulk materials, and this provides a solid theoretical basis for a mathematical
description of matrix effects. Matrix effects can thus be described accurately and correctly
using a variety of mathematical techniques, and several methods have been developed to
address them. Two main matrix effects can be distinguished and are discussed below—
absorption and enhancement.
Absorption: Absorption as a matrix effect occurs when the matrix elements and the analyte
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element have different absorption properties for the characteristic radiation of the analyte. If
the mass attenuation coefficient of one or more of the matrix elements is larger than the mass
attenuation coefficient of the analyte, the matrix will absorb more of the analyte radiation than
expected and the measured intensity of the analyte will be lower. This results in a concave
calibration curve. If, on the other hand, the absorption of the matrix elements is lower, a higher
intensity of the analyte will be measured and a convex calibration curve will be observed.
Absorption as a matrix effect can be large, reducing the intensity by as much as 100% (and
more) or “increasing” it by as much as 10%, depending upon the analyte and matrix elements.
The magnitude of the absorption effect depends on the wavelength of the analytical line
considered and the composition of the specimen. In a given specimen, the absorption effect
can be significant for the characteristic line of one analyte and rather insignificant for another.
The absorption effect can also differ significantly for the same analyte when measured on two
different characteristic lines.
The three processes that cause absorption are the photo-electric effect, the coherent scatter,
and the incoherent scatter. In general terms, photons with a given energy will be absorbed
more with increasing atomic number of the absorbing element. Also, the absorption by a given
element decreases in a steady, smooth manner when the photon energy increases. However,
when the photon energy exceeds the binding energy of electrons in an inner shell, the photoelectric effect (see Ionization and the Photo-Electric Effect) causes an increase in absorption.
This leads to discontinuities in the absorption curve at energies corresponding to the binding
energy of the electron levels. These discontinuities are called absorption edges; the energy at
which the absorption edge occurs is equal to the binding energy of the electron shell
concerned.
Enhancement: Enhancement as a matrix effect is the process whereby the characteristic
radiation of matrix elements is absorbed by atoms of the analyte, subsequently causing
characteristic radiation of the analyte. The intensity of the analyte is thus enhanced, which
leads to concave calibration curves. For a given analyte, all characteristic lines from the same
series are enhanced to the same degree. This is because the root cause of the enhancement is
the photo-electric absorption of radiation from matrix elements. The effect of enhancement is
typically smaller than that of absorption. It is most pronounced in alloys of the first-row
transition elements, where it can reach 25%. In many other applications, the enhancement
effect is smaller, but is still important enough to warrant consideration and correction.
7.2.2 FUNDAMENTAL PARAMETER METHODS
The physical processes involved in absorption and excitation in XRF are well understood and
easy to model mathematically. All entities required are listed in a variety of tables and
databases. The calculations were previously tedious and time consuming, but with the current
computing power available, the calculation effort is no longer an obstacle. Fundamental
parameter methods are based on the underlying physical processes governing X-ray
fluorescence, including the specifics of the instrument's geometry; the anode material of the Xray tube; the voltage on the tube; and the composition of the specimen. The derivation of the
equations is beyond the scope of this chapter, but is addressed by Criss and Birks [10] and
Shiraiwa and Fujino [11].
7.2.3 COMPTON CORRECTION
The use of Compton scattered radiation as a means to correct for matrix effects (as well as for
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variations in sample preparation) has been described by Reynolds [12] and Taylor and
Andermann [13]. The Compton correction is based on the fact that the intensity of incoherent
(or Compton) scatter is inversely related to the mass attenuation coefficient of the sample. In
practice, a high-energy characteristic line from the tube anode is used. Measuring the intensity
of the Compton scattered tube line thus reveals information about the absorption properties at
the wavelength of the Compton scattered line. At first glance this seems to be of limited use,
but in the field of X-rays, values of the mass attenuation coefficients for the same sample at
different energies/wavelengths are proportional. This relationship, and the fact that absorption
is the major source of matrix effects, explains why the Compton correction is a powerful
correction method in a variety of matrices.
It is, however, not generally applicable and will fail in cases where there are significant
absorption edges between the wavelengths of the Compton scattered radiation, at the
wavelength of the analytical line used. The correction is based on the relationship between
Compton scatter and the sample's absorption properties, and it does not correct for
enhancement.
7.2.4 INFLUENCE COEFFICIENT ALGORITHMS
Matrix correction methods based on influence coefficients have the general format:

(based on Lachance and Traill [14]) where Ci and Cj are the concentrations of the analyte i
and the interfering element j, respectively, and ij is the influence coefficient, expressing the
influence of interfering element j on the analyte i. All concentrations are expressed as weight
fraction. The summation in equation has n 1 terms, for a sample consisting of n elements or
compounds; this is a simple yet essential feature of the algorithm. The same set of equations
with n terms in the summation would lead to a homogeneous set of simultaneous equations,
from which only “ratios” rather than absolute values could be derived.
Because the sum of the concentrations of all elements (whether they are measured or not) in a
specimen always totals 1, one element can be eliminated. Most influence coefficient algorithms
in software are based on this equation, however they may differ in “how the values of the
coefficients are calculated”.
7.2.5 EMPIRICAL INFLUENCE COEFFICIENTS
Lachance and Traill [14] indicated that the value of the coefficients should be calculated from
theory, but they only provided a simple and limited method that fails to consider enhancement
or the polychromatic nature of the incident beam. Therefore, in many cases the coefficients
were determined using multiple regression methods. Many early variations on influence
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coefficient algorithms were based on regression techniques that were used to calculate the
value of the coefficients. However, the use of regression methods should be discouraged as
they often lead to overly optimistic indications of precision and then often fail during validation.
This is especially problematic if not enough certified reference materials are used in the
calibration. The minimum number of standards used should be at least three times the number
of parameters. Each of the influence coefficients whose value is determined by regression
consumes one degree of freedom, as does the determination of slope and intercept.
The total number of parameters to be determined can grow rapidly for a single analyte. For
example, assume that there are three interfering elements, and thus with slope and intercept, a
total of five parameters need to be determined. This requires a minimum of 15 “independent”
and “uncorrelated” standard samples. Note that replicates of the same standard sample do not
count as individual samples, but instead count as a single one; this is a common source of
error. Also, care must be taken to ensure that the standards are uncorrelated. This implies that
a series of dilutions from a given standard cannot be used when empirical influence coefficients
are to be determined. In a dilution series, two (or more) components A and B increase (or
decrease) in the same direction. Thus the effect of component A on the intensity of the
analyte cannot be distinguished from component B's effects, leading to erroneous values for
the influence coefficients.
7.2.6 THEORETICALLY CALCULATED INFLUENCE COEFFICIENTS
De Jongh [15] was the first to publish a method detailing the calculation of influence
coefficients, using theory only to eliminate a compound other than the analyte. The algorithm is
still in common use today. The eliminated compound can be the non-fluorescing matrix, such as
cellulose, or the matrix when its concentration is not certified. Note that the concentration
range over which the algorithm delivers precise results is rather limited when the matrix effects
are severe. This is a direct consequence of the fact that the values of the influence coefficient
are calculated for a particular composition of the sample. For routine analysis involving
relatively limited concentration ranges, the algorithm delivers excellent results. In contrast to
the situation where the values of influence coefficients are determined by regression (see
Empirical Influence Coefficients) it is feasible to calibrate using dilution series.
7.3 Measurement Method Development and Calibration
7.3.1 OVERVIEW
Once the elements of interest have been identified, the spectrometer measurement parameters
must be set appropriately. This involves determining the ‘ideal’ measurement conditions for each
element. The list of parameters to be selected for each analyte can include, for example, the
voltage and current on the X-ray tube; the crystal and the collimator (WDXRF); the type of
primary beam filter (if used); and other parameters. For elements that are similar in atomic
number, the settings will be quite similar. The precision of XRF measurements is theoretically
limited by the counting statistical error (CSE). It has been shown that the CSE of a
measurement of N counts (photons) is given by the square root of N. It is a generally accepted
practice to determine the measurement times that obtain an acceptable counting statistical
error (CSE) for each element of interest. Sample preparation errors and the CSE are the largest
contributors to the total analytical precision. Once the measurement time has been established,
it is important to ensure that the background positions and methods for peak fitting are also
appropriate.
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After the net intensities of the elements of interest have been obtained from a suitable number
of reference standards, a calibration can be performed. For low concentrations of analytes in
an otherwise constant matrix, linear regression may be appropriate. When evaluating specimens
with higher concentrations of analytes, the calibration also involves correction for matrix
effects. The fact that the EDXRF technique is not capable of measuring the organic
constituents of an actual pharmaceutical composition is of little concern. This is certainly true
if the composition of the matrix is constant, and if the total content of measurable elements is
low. But if these two conditions are not satisfied, the difference in scattering properties can
result in calculation errors if not corrected. Fortunately, there are numerous strategies that
accommodate these differences, such as the fundamental parameters method or the Compton
correction method. The nature of matrix effects, as well as methods to correct for them, have
been discussed above. The application of these methods to calibration and analysis of
unknowns will be discussed in the sections below.
7.3.2 CALIBRATION USING INFLUENCE COEFFICIENT ALGORITHMS
Calibration using influence coefficients is rather straightforward. Once the values for the
coefficients have been calculated for each of the standard samples, the summation

can be calculated where for standard samples, the concentrations Cj are known. The value of
Mi for one standard sample will be different from the value for another standard sample, and it
does not matter whether the difference is significant or slight (large or small). If adequate
corrections for background have been made, calibration is then represented by
Ci = Ki Ii Mi

[20]

where the product of the measured intensity Ii and the corresponding value for the matrix
effect Mi is regressed against the given, known concentration Ci to determine the slope Ki. This
equation assumes that the intensity Ii is properly corrected for the background. In those cases
where the intensity of the background is constant between samples and standards, a slightly
modified equation can be used:
Ci = Bi + Ki IiMi

[21]

where Bi is the intensity of the background. In this case, both Bi and Ki are determined by
regression analysis. In situations where the background intensity varies significantly between
samples, or between samples and standards, proper background correction must be applied to
the measured intensities, and the corrected intensities must be used for the calibration.
7.3.3 CALIBRATION USING COMPTON CORRECTION
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In this case, both the intensity of the analyte Ii and the intensity of the Compton scattered
line IC are measured. The intensity of the Compton is inversely proportional to the mass
attenuation coefficient [12], or

Combining this with equation 20 leads to

The intensity of the analyte and the Compton line are measured on a suite of standard samples
and regressed against the analyte concentration to determine the value of the slope of the
calibration. A background factor Bi can be determined as well.
7.3.4 CALIBRATION USING FUNDAMENTAL PARAMETER METHODS
The physical processes involved in absorption and excitation during XRF are well understood,
and it is possible to calculate the value of the matrix effect based on several factors: the
composition of the sample; the type and settings of the tube; the geometry of the
spectrometer; and the fundamental parameters:
Mi = f(Ci, Cj ,…,Cn, tube, geometry, fp)

[24]

This value of Mi is calculated for each standard and for each analyte of interest, and then
applied in the usual manner.
7.3.5 INTERNAL STANDARD METHOD
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An alternative to the methods described above is the internal standard method. A fixed
quantity of an element s (other than the analyte i) is added to all specimens. The element s is
chosen such that it is not present in the specimens, thus ensuring that its concentration is the
same for all specimens. In the absence of matrix effects, the measured intensity of its
characteristic radiation would also be constant. Any variation in its intensity (other than the
variation resulting from the counting statistical error) is attributed to the presence of matrix
effects. The idea is to choose the internal standard element s in such a way that the intensity
of its characteristic radiation is subject to the same matrix effects as the intensity of the
analyte element under consideration. Both intensities—of the analyte and of the added element
—increase (or decrease) in proportion to one another depending upon the matrix effect.
Equation [22] can be modified for the internal standard element s:
Cs = Ks Is Ms

[25]

In this equation, Cs is a constant. Taking the ratio of Equation [20] and Equation [25] and
solving for the only unknown, Ci, yields

It is important to note that the terms of the first fraction in Equation [26] are either all
constants (Ki, Ks and Cs ) or are proportional to one another (Mi/Ms ). Equation [26] can thus be
reduced to

where all of these constants are collated in a single variable Ki*.
The main challenge in applying this method is the selection of the element to be used as the
internal standard. This element must not be present in the specimens (or at most, present at
very low levels that will not interfere with the analysis). Also, its characteristic radiation must
be subject to the same matrix effects as the analyte(s) of interest, and its emission spectrum
should not cause interference. In particular, care must be taken to ensure that the analyte
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element and the internal standard are both subject to (or both not subject to) enhancement by
a matrix element. In the same fashion, when the analyte is in the presence of matrix elements
that strongly absorb the characteristic radiation of the analyte, the same should apply to the
characteristic intensity of the internal standard element.
When the samples are organic matrices typical of pharmaceuticals, it is easy to satisfy the
essential requirement that the characteristic radiation of both the analyte(s) and the internal
standard are subject to the same matrix effects. These organic matrices do not exhibit
characteristic radiation of their constituent elements, which makes it easier to find a suitable
internal standard element. A simple guideline is to choose an element that is not present in the
samples and that has an emission line close to the one of the analyte’s (with regard to either
wavelength or energy). The characteristic lines themselves do not have to be the same or
even from the same series, and the method also works when the analytical line is a K and the
line of the internal standard is, for example, an L . It must be noted that there is no
requirement for the internal standard element to be a pure element. Stable compounds that are
easily soluble in a solvent can be used. The solvent is, in many cases, the same as the base
material of the specimens and the calibration standards. If more than one internal standard
element is to be used, it is recommended that both elements/compounds are added in a single
internal standard solution, to minimize errors.
7.4 System Suitability Criteria
Performance characteristics that demonstrate the suitability of an XRF method are similar to
those required for any analytical procedure. A discussion of the applicable general principles is
found in general chapter Validation of Compendial Procedures

1225 .

7.4.1 LIMIT OF DETECTION AND LIMIT OF QUANTITATION
The lower limit of detection may be expressed as:

with Inet representing the net count rate at the concentration C; Ib as the count rate of the
background; and t b as the background measurement time. It is noteworthy that the detection
limit will improve with the square root of the measuring time.
The limit of quantitation can be estimated by calculating the standard deviation of NLT six
replicate measurements of a blank and multiplying by 10. Other suitable approaches may be
used (see

1225 ).
7.4.2 LONG-TERM STABILITY AND DRIFT CORRECTION

Under standard operating conditions, instrumental drift of X-ray spectrometers is less than 1%
relative and can be as small as 0.1% relative for high-end instrumentation in well-maintained
laboratories over the same time period. To monitor instrument drift, one or more stable
sample(s) with reasonable intensities (to minimize the CSE) for the analytes of interest can be
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measured on a regular basis. It is not necessary to use “in-type” drift correction samples. It is
common to use glassy samples and alloys. Most instruments have drift correction routines
within the software, and because XRF is a very robust technique, it may only be necessary to
utilize a drift-monitor once per month. However, it is recommended that most laboratories
practice drift monitoring more frequently.
7.4.3 ANALYSIS
Once a method has been established through the calibration procedure, a sample analysis may
be performed. It is essential to ensure that samples and standards are treated in exactly the
same manner. This includes specimen preparation and specimen presentation to the instrument.
7.4.4 CALCULATIONS AND REPORTING
In the event that the free-pressed-pellet sample method is used (i.e., pressed without binder),
the spectrometer results represent final sample concentrations, and no further calculations are
required. Similarly, both loose powders (i.e., pure, fine materials) and undiluted liquids measured
in disposable sample containers require no further calculation and the spectrometer results
represent final sample concentrations. Any material that has been diluted, such as a liquid or
pressed pellet, will require additional calculation. Most modern XRF instrumentation comes with
software packages that include calculation functions that accommodate dilution factors and
automatically back-calculate sample concentrations. For diluted, pressed-pellet samples, the
reported units may be weight % or ppm. The actual units for the concentrations are of little
importance, as long as care has been taken to work with the proper conversion factors. If a
calibration for liquid samples is setup to deliver results in µg/mL, the final concentration of a
given element can be calculated in µg/g from the solution element concentration in µg/mL.
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BRIEFING
1771 Ophthalmic Products—Performance Tests, PF 39(5) [Sept.–Oct. 2013]. On the
basis of comments received, it is proposed to revise this chapter. The word "preparations" is
being replaced with "products" in the title and throughout the text to avoid confusion with
compounding preparations not covered by this chapter. See the Briefing under Ophthalmic

PF 40(6): Nov.-Dec. 2014

216

Products—Quality Tests 771 and a Stimuli to the Revision Process article, Ophthalmic
Products—Replies to Comments Received, published elsewhere in this issue of PF.
(GCDF: M. Marques.)
Correspondence Number—C147433

Comment deadline: January 31, 2015
Add the following:
1771

OPHTHALMIC PRODUCTS—PERFORMANCE TESTS
INTRODUCTION

This chapter provides information on performance tests to assess drug release from finished
ophthalmic products. These tests are applicable to products that have an extended-release
mechanism (beyond 1 day); the dissolution/drug release rate is rate limiting for absorption and
is expected to provide a controlled therapeutic response. Examples of such products include
intraocular matrix-type, polymer-based bioerodible implants, non-bioerodible intraocular matrix
and reservoir implants, intraocular injectable suspensions/colloidal systems, intraocular in situforming depots and gels, punctual plug-based delivery systems, non-biodegradable drug release
devices (e.g., drug-coated stents, drug-coated contact lenses), biodegradable and nondegradable ocular inserts/bioadhesives (for cul-de-sac or conjunctival-sac applications), and
other such dosage forms. For products having a localized and immediate response when applied
to the eye (e.g., topically applied dosage forms, including dispersed systems, having very short
residence time for absorption), a dissolution/drug release test may have no practical value.
Application of a dissolution/drug release test to assess performance as a surrogate for in vivo
testing should be considered only with appropriately validated in vivo–in vitro correlations (see
general chapter In Vitro and In Vivo Evaluation of Dosage Forms 1088 ). Dissolution/drug
release tests are used as a quality control tool for specific product attributes (e.g., burst
release from matrix-type, biodegradable, polymeric systems). These tests may have the ability
to distinguish between different lots of a drug product having one or more formulation and/or
process changes.
Changes may be related to the drug substance(s) or excipients present in the formulation,
physical and/or chemical attributes of the finished formulation, critical manufacturing variables,
shipping and storage effects, aging effects, or other formulation and/or process factors critical
to the performance of the ophthalmic product. Such changes may affect the performance
characteristics of the dosage form when applied to the eye. Consideration should be given to
whether processing or components are intended to provide for prolonged exposure to any part
of the eye and whether a dissolution/drug release test could be used to demonstrate this
effect.
PERFORMANCE TESTS (DISSOLUTION/DRUG RELEASE)
Depending on the design and release mechanism of the dosage form, the dissolution/drug
release test can be developed using any apparatus described in the general chapters
Ophthalmic Products—Quality Tests

771

or Drug Release

724 . Novel dosage forms may
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require the use of noncompendial equipment and/or conditions. Any dissolution/drug release
test should be discriminative for the intended critical quality attributes of the product and
should be properly validated (see The Dissolution Procedure: Development and Validation
1092 ). The test conditions should reasonably mimic the method of administration of the
product and in vivo conditions to establish, if possible, an in vivo–in vitro correlation that can
be used to predict in vivo performance of the product. USP39
BRIEFING
2040 Disintegration and Dissolution of Dietary Supplements, page 6439 of the First
Supplement to USP 37–NF 32 and PF 39(3) [May–June 2013]. It is proposed to make the
following changes in this chapter:
1.

Use of papain or bromelain instead of pepsin in Tier 2 of Rupture Test for Soft Shell
Capsules

2.

Remove exception from compliance with the Dissolution requirements for chewable
tablets. The Dissolution test for chewable tablets should have the same conditions and
requirements as for immediate-release tablets.

3.

New conditions for use of enzymes in Dissolution testing:
Use of pepsin for dissolution medium with pH 4.0.
Use of papain or bromelain for dissolution medium with pH >4.0 and <6.8.
Increase the amount of pancreatin from 1750 USP Units of protease
activity/L to 2000 USP Units of protease activity/L.
Clarify that the procedure for pepsin activity determination is the one in
Pepsin, in the Reagent Specifications section of USP–NF.
Include the pretreatment procedure to be used when the dissolution medium
contains surfactants or other ingredients known to denature the enzyme being
used.

The rationale and data supporting these revisions can be found in the Stimuli article Use of
Enzymes in the Dissolution Testing of Gelatin Capsules and Gelatin-Coated Tablets—Revisions to
Dissolution

711 , being published elsewhere in this issue of PF.

Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCDF: N. Davydova.)
Correspondence Number—C151226

Comment deadline: January 31, 2015
2040

DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS
INTRODUCTION

This general chapter is provided to determine compliance with the disintegration and dissolution
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standards for dietary supplements where stated in the individual monographs.
For the purposes of this chapter, dietary supplement dosage forms have been divided into three
categories: Vitamin–Mineral Dosage Forms, Botanical Dosage Forms, and Dietary Supplements
Other Than Vitamin–Mineral and Botanical Dosage Forms. Vitamin–Mineral Dosage Forms
include articles prepared with vitamins, minerals, or combinations of these dietary ingredients,
as described in Table 1. Botanical Dosage Forms comprise formulations containing ingredients of
botanical origin, including plant materials and extracts. Dietary Supplements Other Than
Vitamin–Mineral and Botanical Dosage Forms encompass dietary supplements formulated with
lawfully recognized dietary ingredients that are different from those pertaining to the two
foregoing categories (e.g., amino acids, chondroitin, and glucosamine).
Where a dietary supplement represents a combination of the categories mentioned above, and
there is a difference between the requirements for the individual categories, the more stringent
requirement applies. [Note—“More stringent requirement” means stricter acceptance criteria
and/or milder operational conditions.]
Disintegration and dissolution tests as described in this chapter are quality-control tools to
assess performance characteristics of dietary supplement finished dosage forms. These
performance standards are intended to detect problems that may arise due to use or misuse, or
changes in coatings, lubricants, disintegrants, and other components. These performance tests
are also intended to detect manufacturing process issues, such as overcompression and
overdrying, that would affect the release characteristics of the final dosage forms. These tests
are not intended to be used as a demonstration or as a surrogate for in vivo absorption,
bioavailability, or effectiveness, unless an in vitro–in vivo correlation (IVIVC) has been
established.
Change to read:
DISINTEGRATION
This test is provided to determine whether dietary supplement capsules or tablets disintegrate
within the prescribed time when placed in a liquid medium at the experimental conditions
presented below. Compliance with the limits on Disintegration stated in the individual
monographs for dietary supplements is required, except where the label states that the
products are intended for use as troches, are to be chewed, or are designed as extendedrelease dosage forms. Dietary supplements claiming to be extended-release dosage forms must
comply with standards other than disintegration to verify that the release of the dietary
ingredients from the dosage form is for a defined period of time. Dietary supplements claiming to
be extended-release dosage forms shall not be labeled as in compliance with USP unless a USP
monograph exists for such product. Determine the type of units under test from the labeling
and from observation, and apply the appropriate procedure to six or more units.
For purposes of this test, disintegration does not imply complete solution of the unit or even of
its active constituent. Complete disintegration is defined as that state in which any residue of
the unit, except fragments of insoluble coating or capsule shell, remaining on the screen of the
test apparatus or adhering to the lower surface of the disk (if used) is a soft mass having no
palpably firm core.
Apparatus
Apparatus A: Use the Apparatus described in Disintegration

701

for capsules or tablets
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that are NMT 18 mm long. For larger capsules or tablets, use Apparatus B.
Apparatus B: The apparatus1 consists of a basket-rack assembly, a 1000-mL low-form beaker
for the immersion fluid, a thermostatic arrangement for heating the fluid between 35 and 39 ,
and a device for raising and lowering the basket in the immersion fluid at a constant frequency
rate between 29 and 32 cycles/min through a distance of 53–57 mm. The volume of the fluid in
the vessel is such that at the highest point of the upward stroke, the wire mesh remains at
least 15 mm below the surface of the fluid and descends to NLT 25 mm from the bottom of the
vessel on the downward stroke. At no time should the top of the basket-rack assembly become
submerged. The time required for the upward stroke is equal to the time required for the
downward stroke, and the change in stroke direction is a smooth transition rather than an
abrupt reversal of motion. The basket-rack assembly moves vertically along its axis. There is no
appreciable horizontal motion or movement of the axis from the vertical.
Basket-rack assembly: The basket-rack assembly (see Figure 1) consists of three open-ended
transparent tubes, each 77.5 ± 2.5 mm long and having an inside diameter of 32.0–34.6 mm
and a wall 2.0–3.0 mm in thickness; the tubes are held in a vertical position by two plastic
plates, each 97 ± 2 mm in diameter and 7.5–10.5 mm in thickness, with three holes, 36.0–40.6
mm in diameter, equidistant from the center of the plate and equally spaced from one another.
Attached to the undersurface of the lower plate is 10-mesh No. 23 (0.025-inch) W- and Mgauge woven stainless-steel wire cloth having a plain square weave. The parts of the
apparatus are assembled and rigidly held by means of three bolts passing through the two
plastic plates. A suitable means is provided to suspend the basket-rack assembly from the
raising and lowering device, using a point on its axis. The design of the basket-rack assembly
may be varied somewhat, provided that the specifications for the glass tubes and the screen
mesh size are maintained.
Beaker: Low form, 1000 mL; the difference between the diameter of the plastic plates, which
hold the tubes in a vertical position, and the inside diameter of the beaker should be NMT 6
mm.2
Disks: Each tube is provided with a perforated cylindrical disk 15.3 ± 0.15 mm in thickness and
31.4 ± 0.13 mm in diameter. The disk is made of a suitable, transparent plastic material having
a specific gravity of between 1.18 and 1.20. Seven holes 3.15 ± 0.1 mm in diameter extend
between the ends of the cylinder, one of the holes being in the center and the other six parallel
to it and spaced equally tangent to a circle with a radius of 4.2 mm from the center of the disk.
All surfaces of the disk are smooth.3
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Figure 1. Basket-rack assembly, Disintegration, Apparatus B (dimensions in mm).
Procedure
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Test six dosage forms as described below for each dosage type. [Note—Two basket
arrangements for a total of six tubes are necessary for Apparatus B.] If 1 or 2 dosage forms fail
to disintegrate completely, repeat the test on 12 additional dosage forms.
Uncoated tablets: Place 1 Tablet in each of the tubes of the basket and, if prescribed, add a
disk to each tube. Operate the apparatus, using water or the specified medium as the
immersion fluid, maintained at 37 ± 2 . At the end of 30 min, lift the basket from the fluid and
observe the tablets.
Plain coated tablets: Place 1 Tablet in each of the tubes of the basket and, if the tablet has
a soluble external sugar coating, immerse the basket in water at room temperature for 5 min.
Then, if prescribed, add a disk to each tube and operate the apparatus, using water or the
specified medium as the immersion fluid, maintained at 37 ± 2 . At the end of 30 min, lift the
basket from the fluid and observe the tablets.
Delayed-release (enteric-coated) tablets: Omit the use of a disk. Place 1 Tablet in each of
the six tubes of the basket, and if the tablet has a soluble external sugar coating, immerse the
basket in water at room temperature for 5 min. Then operate the apparatus using simulated
gastric fluid TS, maintained at 37 ± 2 , as the immersion fluid. After 1 h of operation in
simulated gastric fluid TS, lift the basket from the fluid and observe the tablets: the tablets
show no evidence of disintegration, cracking, or softening. Operate the apparatus using
simulated intestinal fluid TS, maintained at 37 ± 2 , as the immersion fluid for the time specified
in the monograph. Lift the basket from the fluid and observe the tablets.
Delayed-release (enteric-coated) soft shell capsules: Place 1 softgel capsule in each of
the six tubes of the basket. Omit the use of a disk. Operate the apparatus using simulated
gastric fluid TS, maintained at 37 ± 2 , as the immersion fluid. After 1 h of operation in
simulated gastric fluid TS, lift the basket from the fluid and observe the softgels: the softgels
show no evidence of disintegration or rupture that would permit the escape of the contents.
Operate the apparatus with disks using simulated intestinal fluid TS, maintained at 37 ± 2 , as
the immersion fluid for NMT 60 min. Lift the basket from the fluid and observe the capsules.
Hard shell capsules: Apply the test for Uncoated tablets using as the immersion fluid,
maintained at 37 ± 2 , a 0.05 M acetate buffer prepared by mixing 2.99 g of sodium acetate
trihydrate and 1.66 mL of glacial acetic acid with water to obtain a 1000-mL solution with a pH
of 4.50 ± 0.05. Attach a removable wire cloth, as described in Basket-rack assembly, to the
surface of the upper plate of the basket-rack assembly. At the end of 30 min, lift the basket
from the fluid and observe the capsules.
Soft shell capsules: Proceed as directed in Rupture Test for Soft Shell Capsules.
Use of Disks
Vitamin–mineral dosage forms: Add a disk to each tube unless otherwise specified in the
Procedure above or in the individual monograph.
Botanical dosage forms: Omit the use of disks unless otherwise specified in the Procedure
above or in the individual monograph.
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Dietary supplements other than vitamin–mineral and botanical dosage forms: Omit the
use of disks unless otherwise specified above or in the individual monograph.
Tolerances
All of the 6 dosage forms initially tested or NLT 16 of a total of 18 dosage forms tested
disintegrate completely.
Change to read:
RUPTURE TEST FOR SOFT SHELL CAPSULES
Medium: Water; 500 mL
Apparatus: Use Apparatus 2 as described in Dissolution

711 , operating at 50 rpm.

Time: 15 min
Procedure: Place 1 Capsule in each vessel, and allow the capsule to sink to the bottom of the
vessel before starting rotation of the blade. Use sinkers if the capsules float. Observe the
capsules, and record the time taken for each capsule shell to rupture.
Tolerances: The requirements are met if all of the capsules tested rupture in NMT 15 min. If 1
or 2 of the capsules rupture in >15 min but NMT 30 min, repeat the test on 12 additional
capsules: NMT 2 of the total of 18 capsules tested rupture in >15 min but NMT 30 min. For soft
gelatin capsules that do not conform to the above rupture test acceptance criteria, repeat the
test with the addition of purified pepsin to the Medium that results in an activity of 750,000
Units or less per 1000 mL.
For soft gelatin capsules that do not conform to the above rupture test acceptance criteria,
repeat the test with the addition of papain to the Medium in the amount that results in an
activity of NMT 555,000 Units/L of Medium or with the addition of bromelain in the amount that
results in an activity of NMT 30 gelatin-dissolving units (GDU)/L of Medium. [Note—Determine
papain activity using the Assay test in the monograph for Papain and bromelain activity using
the procedure in Bromelain, in the Reagent Specifications section.] USP39

Change to read:
DISSOLUTION
This test is provided to determine compliance with the Dissolution requirements where stated in
the individual monographs for dietary supplements., except where the label states that tablets
are to be chewed.
USP39

The operative assumption inherent in this test is that if the index vitamin or mineral or marker
compound(s) for a botanical is dissolved within the time frame and under conditions specified,
the dosage form does not suffer from formulation- or manufacturing-related problems affecting
the adequate release of the active ingredients.
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For Dosage Forms Containing or Coated with Gelatin
For hard or soft gelatin capsules and gelatin-coated tablets that do not conform to the
dissolution specification because of the presence of cross-linking, the dissolution procedure
should be repeated with the addition of enzymes to the medium, as described below.
DISSOLUTION MEDIUM WITH PH

4.0

Enzyme: Pepsin, activity determined by the procedure in Pepsin, in the Reagent Specifications
section.
Amount: A quantity of pepsin that results in an activity of NMT 750,000 Units/L of dissolution
medium.
DISSOLUTION MEDIUM WITH PH >4.0 AND <6.8
Enzyme: Papain, activity determined by the Assay test in the monograph for Papain; or
bromelain, activity determined by the procedure in Bromelain, in the Reagent Specifications
section.
Amount: A quantity of papain that results in an activity of NMT 555,000 Units/L of dissolution
medium, or a quantity of bromelain that results in an activity of NMT 30 GDU/L of dissolution
medium.
DISSOLUTION MEDIUM WITH PH

6.8

Enzyme: Pancreatin, protease activity determined by the procedure in Assay for protease
activity (Casein digestive powder) in the monograph for Pancreatin.
Amount: A quantity of pancreatin that results in a protease activity of NMT 2,000 Units/L of
dissolution medium.
DISSOLUTION MEDIUM CONTAINING SURFACTANTS OR OTHER COMPONENTS KNOWN TO
DENATURE THE ENZYME
If the dissolution medium contains surfactants or other components known to denature the
enzyme to be used, a pretreatment step should be applied. The pretreatment step is performed
under the same dissolution conditions (apparatus, rotation, and flow rate), except to use a
medium with the corresponding amount of enzyme as directed in the preceding section and
without the surfactant or component known to denature the enzyme. To achieve the final
specified volume of medium, the pretreatment step may be conducted with a smaller volume of
medium without the surfactant or component in such a manner that the final specified volume
is achieved after the addition of the surfactant or component at the end of the pretreatment
step. Perform the pretreatment step until capsule rupture, but for NMT one-half of the total
dissolution time specified in the procedure. The pretreatment time is included in the total
dissolution time specified in the procedure.
USP39

Apparatus
See 711 for description of apparatus used, Apparatus Suitability Test, and other related
information.
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Figure 2 shows the schematic view of a flow-through cell (USP Apparatus 4) specifically
intended for dissolution of lipid-filled soft shell capsules. The lower part [Figure 2 (1)] is made
up of two adjacent chambers connected to an overflow device. The dissolution medium passes
through chamber A and is subjected to an upward flow. The flow in chamber B is directed
downward to a small-size bore exit that leads upward to a filter assembly. The middle part
[Figure 2 (2)] of the cell has a cavity designed to collect lipophilic excipients that float on the
dissolution medium. A metal grid serves as a rough filter. The upper part [Figure 2 (3)] holds a
filter unit for paper, glass fiber, or cellulose filters.
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Figure 2. Flow-through cell designed for lipid-filled soft gelatin capsules (dimensions in mm).
Of the types of apparatus described in
monograph.

711 , use the one specified in the individual

For hard or soft gelatin capsules and gelatin-coated tablets that do not conform to the
dissolution specification, repeat the test as follows. Where water or a medium with a pH of less
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than 6.8 is specified as the Medium in the individual monograph, the same Medium specified
may be used with the addition of purified pepsin that results in an activity of 750,000 Units or
less per 1000 mL. For media with a pH of 6.8 or greater, pancreatin can be added to produce
NMT 1750 USP Units of protease activity per 1000 mL.
USP39

Vitamin–Mineral Dosage Forms
All dietary supplement capsules or tablets containing folic acid are subject to the dissolution
test and criteria for folic acid described in this chapter. This test is required because of the
importance of the relationship between folate deficiency and the risk of neural tube defects.
Dietary supplement capsules or tablets containing water-soluble vitamins, minerals, or their
combination are subject to the dissolution test and criteria for index vitamins, index minerals, or
both, described in this chapter. Dietary supplement tablet and hard shell capsule with solid
contents dosage forms containing vitamin A are subject to the dissolution test and criteria for
vitamin A described in this chapter. Dissolution standards were not established and therefore
are not applicable to vitamin A in dietary supplement soft shell capsules filled with liquids. Table
1 summarizes the dissolution requirements for the assigned USP classes of dietary supplements.
Vitamin–mineral combinations that do not belong to any of the USP classes listed in Table 1 are
subject to the Dissolution test and criteria specified in the individual monographs.

USP
Class
I

II

III

IV

V
VI

VII

Table 1. Dietary Supplements—Vitamin–Mineral Dosage Forms
Dissolution
Dissolution Requirements for
Requirements for Soft
Tablets and Hard Shell
Shell Capsules Filled
Ingredients
Capsules with Solid Contents
with Liquids
Oil-Soluble
Vitamins
Vitamin A (if present)
Not applicable
One index water-soluble
Water-Soluble One index water-soluble vitamin and vitamin and folic acid (if
Vitamins
folic acid (if present)
present)
Water-Soluble One index water-soluble vitamin, one One index water-soluble
Vitamins with
index element, and folic acid (if
vitamin, one index element,
Minerals
present)
and folic acid (if present)
Vitamin A (if present), one index
One index water-soluble
Oil- and Water- water-soluble vitamin, and folic acid vitamin and folic acid (if
Soluble Vitamins (if present)
present)
Oil- and Water- Vitamin A (if present), one index
One index water-soluble
Soluble Vitamins water-soluble vitamin, one index
vitamin, one index element,
with Minerals
element, and folic acid (if present)
and folic acid (if present)
Minerals
One index element
One index element
Oil-Soluble
Vitamins with
Vitamin A (if present) and one index
Minerals
element
One index element
SELECTION OF INDEX WATER-SOLUBLE VITAMINS AND INDEX ELEMENTS

Compliance with the dissolution requirements for dietary supplements representing combinations
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of water-soluble vitamins (Water-Soluble Vitamins Capsules and Water-Soluble Vitamins
Tablets) and combinations of oil- and water-soluble vitamins (Oil- and Water-Soluble Vitamins
Capsules and Oil- and Water-Soluble Vitamins Tablets) is determined by measuring the
dissolution of a single index vitamin from the water-soluble vitamins present. Riboflavin is the
index vitamin when present in the formulation. For formulations that do not contain riboflavin,
pyridoxine is the index vitamin. If neither riboflavin nor pyridoxine is present in the formulation,
the index vitamin is niacinamide (or niacin), and in the absence of niacinamide (or niacin), the
index vitamin is thiamine. If none of these four water-soluble vitamins is present in the
formulation, the index vitamin is ascorbic acid.
Compliance with the dissolution requirements for dietary supplements representing combinations
of minerals (Minerals Capsules and Minerals Tablets) is determined by measuring the dissolution
of only one index element. Iron is the index element when present in the formulation. For
formulations that do not contain iron, the index element is calcium. If neither iron nor calcium is
present, the index element is zinc. In the absence of all three of these elements, magnesium is
the index element.
Compliance with the dissolution requirements for dietary supplements representing combinations
of water-soluble vitamins and minerals (Water-Soluble Vitamins with Minerals Capsules and
Water-Soluble Vitamins with Minerals Tablets) and combinations of oil- and water-soluble
vitamins and minerals (Oil- and Water-Soluble Vitamins with Minerals Capsules and Oil- and
Water-Soluble Vitamins with Minerals Tablets) is determined by measuring the dissolution of one
index water-soluble vitamin and one index element, designated according to the respective
hierarchies described above.
DISSOLUTION CONDITIONS FOR VITAMIN A TABLETS
Note—Perform this test under light conditions that minimize photodegradation.
Medium: 1% (w/v) Sodium ascorbate and 1% (w/v) octoxynol 9 in 0.05 M phosphate buffer,
pH 6.8; 900 mL
Apparatus 2: 75 rpm
Time: 45 min
DISSOLUTION CONDITIONS FOR FOLIC ACID
Note—Perform this test under light conditions that minimize photodegradation.
Test 1
Medium: Water; 900 mL. If the units tested do not meet the requirements for dissolution in
water, test six additional dosage units for dissolution in a medium of 900 mL of 0.05 M pH 6.0
citrate buffer solution, prepared by mixing 9.5 mL of 0.1 M citric acid monohydrate and 40.5 mL
of 0.1 M sodium citrate dihydrate in a 100-mL volumetric flask, diluting with water to volume,
mixing, and adjusting to a pH of 6.0 by using either 0.1 M hydrochloric acid or 0.1 M sodium
hydroxide solution.
Apparatus 1: 100 rpm, for capsules
Apparatus 2: 75 rpm, for tablets
Time: 1 h
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
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Medium: 45 mM citrate buffer, pH 6.0; 250 mL
Apparatus 3: 30 dpm
Screen (top and bottom): 56-mesh
Time: 1 h
Note—Compliance with the dissolution requirements for folic acid does not exempt the product
from dissolution testing of the pertinent index vitamin or the corresponding index mineral.
DISSOLUTION CONDITIONS FOR INDEX WATER-SOLUBLE VITAMINS AND INDEX MINERALS
Test 1
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm, for capsules
Apparatus 2: 75 rpm, for tablets
Time: 1 h
For formulations containing 25 mg or more of the index vitamin, riboflavin, use the following
conditions:
Medium: 0.1 N hydrochloric acid; 1800 mL
Apparatus 1: 100 rpm, for capsules
Apparatus 2: 75 rpm, for tablets
Time: 1 h
Test 2 (not suitable for minerals): If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 2.
Medium: 45 mM citrate buffer, pH 6.0; 250 mL
Apparatus 3: 30 dpm
Screen (top and bottom): 56-mesh
Time: 1 h
Note—Compliance with dissolution requirements for the pertinent index vitamin or index mineral
does not exempt the product from dissolution testing of folic acid, if present.
PROCEDURES
In the following procedures, combine equal volumes of the filtered solutions of the six individual
specimens withdrawn, and use the pooled sample as the test specimen. Determine the average
amount of vitamin A, folic acid, or the index vitamin or element dissolved in the pooled sample.
Make any necessary modifications, including concentration of the analyte in the volume of
Sample solution taken. Use the Medium for preparation of the Standard solution and dilution, if
necessary, of the Sample solution.
Vitamin A: Determine the percentage of retinyl acetate or retinyl palmitate dissolved by using

PF 40(6): Nov.-Dec. 2014

229

the following procedure.
Standard solution: Dissolve a suitable amount of USP Retinyl Acetate RS or USP Retinyl
Palmitate RS in isopropyl alcohol, and dilute with Medium to obtain a concentration similar to
that expected in the Sample solution. [Note—The amount of alcohol should be 5%–10%.]
Sample solution: Withdraw a portion of the solution under test, pass through a suitable filter
of 0.45-µm pore size, and use the pooled sample as the test specimen.
Solution A: Methanol and water (90:10)
Solution B: Methanol and isopropyl alcohol (55:45)
Mobile phase: See Table 2.
Time
(min)
0
8
13
13.1
15

Table 2
Solution A
(%)
100
0
0
100
100

Solution B
(%)
0
100
100
0
0

Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for retinyl acetate and NMT 2.0 for retinyl palmitate
Relative standard deviation: NMT 2.0%
Analysis
Samples: Appropriate Standard solution and Sample solution

Result = (rU/rS) × (CS × V/L) × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
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rS = peak area of the all-trans-retinyl ester from the appropriate Standard solution
CS = concentration of retinol in the appropriate Standard solution (µg/mL)
V = volume of Medium, 900 mL
L = label claim of vitamin A, as retinol (µg/tablet)
Folic acid: Determine the amount of folic acid (C19 H19 N7 O6 ) dissolved by using the procedure
set forth in the assay for Folic Acid in Oil- and Water-Soluble Vitamins with Minerals Tablets, in
comparison with a Standard solution having a known concentration of USP Folic Acid RS in the
same Medium.
Niacin or Niacinamide, Pyridoxine, Riboflavin, and Thiamine: Determine the amount of the
designated index vitamin dissolved by using the procedure set forth in the Assay for Niacin or
Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine in Water-Soluble Vitamins
Tablets.
Ascorbic acid: Determine the amount of ascorbic acid (C6 H8 O6 ) dissolved by adding 10 mL of
1.0 N sulfuric acid and 3 mL of starch TS to 100.0 mL of Sample solution, and titrating
immediately with 0.01 N iodine VS. Perform a blank determination, and make any necessary
corrections.
Iron, Calcium, Magnesium, and Zinc: Determine the amount of the designated index element
dissolved by using the procedure set forth in the appropriate assay in Minerals Capsules.
TOLERANCES
The requirements are met if NLT 75% of the labeled content of vitamin A, NLT 75% of the
labeled content of folic acid, and NLT 75% of the labeled content of the index vitamin or the
index element from the units tested is dissolved.
Botanical Dosage Forms
Compliance with dissolution requirements necessitates the testing of six dosage units
individually, or testing two or more dosage units in each of the six vessels of the dissolution
apparatus, and measuring the dissolution of one or more index/marker compound(s) or the
extract specified in the individual monograph.
PROCEDURES
Combine equal volumes of the filtered solutions of the six or more individual specimens
withdrawn, and use the pooled sample as the Sample solution. Determine the average amount
of index or marker compound(s) or the extract dissolved in the pooled sample by the procedure
specified in the individual monograph. Make any necessary modifications, including
concentration of the analyte in the volume of the Sample solution taken. Use the Medium for
preparation of the Standard solution and dilution, if necessary, of the Sample solution.
TOLERANCES
Unless otherwise specified in the individual monograph, the requirements are met if NLT 75% of
the labeled content of the index or marker compound(s) or the extract from the units tested is
dissolved in 1 h.

PF 40(6): Nov.-Dec. 2014

231

Dietary Supplements Other Than Vitamin–Mineral and Botanical Dosage Forms
Unless otherwise stated in the individual monographs for dietary supplement dosage forms in
this category, compliance requires the testing of six individual units, measuring the dissolution
of the dietary ingredient as the average of the six units tested.
PROCEDURES
Combine equal volumes of the filtered solutions of the six specimens withdrawn, and use the
pooled sample as the Sample solution. Determine the average amount of dietary ingredient
dissolved in the pooled sample by the procedure specified in the individual monograph. Make
any necessary modifications, including concentration of the analyte in the volume of the
Sample solution taken. Use the Medium for preparation of the Standard solution and for
dilution, if necessary, of the Sample solution.
TOLERANCES
Because of the diversity of chemical characteristics and solubilities of dietary ingredients
pertaining to this category, general tolerances cannot be established. See individual
monographs for Tolerances.
USP REFERENCE STANDARDS <11>
USP Folic Acid RS
USP Retinyl Acetate RS
USP Retinyl Palmitate RS
1 An apparatus and disks meeting these specifications are available from Varian Inc., 13000 Weston Parkway,
C ary, NC 27513, or from laboratory supply houses.
2 1000-mL low-form beakers, designed in compliance with the current ASTM E 960 Type I or Type II or ISO
3819 specifications, meet the size requirements.
3 The use of automatic detection using modified disks is permitted where the use of disks is specified or
allowed. Such disks must comply with the requirements for density and dimensions given in this chapter.

BRIEFING
Reagents Introduction, page 6948 of the Second Supplement to USP 37. Because of the
deletion of the general chapter Heavy Metals 231 , it is proposed to remove the crossreference to this chapter in 6.6 Heavy Metals in Reagents and specify the use of Standard
Lead Solution TS.
Additionally, minor editorial changes have been made to update the introduction to current
USP style.
(HDQ: M. Marques.)
Correspondence Number—C151538
1. DEFINITIONS
1.1 Blank
A blank consists of the same quantities of the same reagents treated in the same manner as
the specimen under test.
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1.2 Control
A control is a blank to which has been added the limiting quantity of the substance being
tested for, or is a specified comparison solution prepared as directed in the particular test.
2. DESCRIPTION OF THE REAGENT ENTRY
See Figure 1.

Figure 1. Components of the reagent entry.
3. VISUAL COMPARISONS
For color and turbidity comparisons, proceed as directed in Spectrophotometry and LightScattering 851 , Visual Comparison. The tubes used in this procedure are frequently called
“Nessler tubes”.
In making visual comparisons of the densities of turbid fluids, compensate for difference in
color, if necessary, by viewing the turbidity through a column of water, the depth of which is
determined by the volume specified in the individual reagent specification. Place the water in
color-comparison tubes, and hold one of the tubes above the control tube and the other below
the specimen tube.
4. RETAIN THE FILTRATE
“Retain the filtrate” is to be understood, unless otherwise indicated, that the washings of the
residue are not to be added to the filtrate obtained.
5. EXPRESSION R2O3
The expression R2 O3 is intended to indicate the residue on ignition from compounds precipitated
upon the addition of ammonium hydroxide, such as iron oxide (Fe2 O3 ) and aluminum oxide
(Al2 O3 ).
Change to read:
6. GENERAL TESTS FOR REAGENTS
The following general test methods are provided for the examination of reagents to determine
their compliance with the specifications of the individual reagents and are to be used unless it
is otherwise directed in such specifications.
6.1 Boiling or Distilling Range for Reagents
Use the following procedure for determining the boiling or distilling range of reagents, unless
otherwise directed in the individual specifications:
Apparatus: Use apparatus similar to that specified for Distilling Range 721 , Method I,
except that the distilling flask is to be of 250-mL capacity, to have a short neck, and to be
connected to the condenser by means of a three-way connecting tube fitted with standard-

PF 40(6): Nov.-Dec. 2014

233

taper ground joints.
Procedure: Place the distilling flask in an upright position in the perforation in the asbestos
board, and connect it to the condenser.
Measure 100 mL of the liquid to be tested in a graduated cylinder, and transfer to the boiling
flask together with some device to prevent bumping. Use the cylinder as the receiver for the
distillate. Insert the thermometer, and heat so as to distill at the rate of 3–5 mL/min. Make a
preliminary trial, if necessary, to determine the adjustment for the proper rate of heating. Read
the thermometer when about 20 drops have distilled and thereafter at volumes of distillate of 5,
10, 40, 50, 60, 90, and 95 mL. Continue the distillation until the dry point is reached.
The Boiling or Distilling Range is the interval between the temperatures when 1 mL and 95 mL,
respectively, have distilled.
6.2 Amino Nitrogen Test in Reagents
Determine the percentage of loss on drying of the sample in appropriate conditions. Transfer
about 500 mg of the sample to a 100-mL beaker. Add 20 mL of water. Adjust the pH
potentiometrically with 0.1 N hydrochloric acid or 0.2 N sodium hydroxide to 6.0. Add 10 mL of
formaldehyde solution. Titrate the solution potentiometrically with 0.2 N sodium hydroxide to a
pH of 9.0. Calculate the percentage of amino nitrogen:

where %LOD is the percentage of loss on drying.
6.3 Arsenic in Reagents
Select reagents for this test for a low arsenic content, so that a blank test results in either no
stain or one that is barely perceptible.
Apparatus: Prepare a generator by fitting a 1-hole rubber stopper into a wide-mouth bottle of
about 60-mL capacity. Through the perforation insert a vertical exit tube about 12 cm in total
length and 1 cm in diameter along the entire upper portion (for about 8 cm) and constricted at
its lower extremity to a tube about 4 cm in length and about 5 mm in diameter. The smaller
portion of the tube should extend to just slightly below the stopper. Place washed sand or a
pledget of purified cotton in the upper portion to about 3 cm from the top of the tube. Moisten
the sand or cotton uniformly with lead acetate TS, and remove any excess or adhering droplets
of the latter from the walls of the tube. Into the upper end of this tube fit a second glass tube
12 cm in length, with an internal diameter of 2.5–3 mm, by means of a rubber stopper. Just
before running the test, place a strip of mercuric bromide test paper (see Indicator and Test
Papers) in this tube, crimping the upper end of the strip so that it will remain in position about 2
cm above the rubber stopper. Clean and dry the tube thoroughly each time it is used.
Standard arsenic solution: Use the Standard Preparation, prepared as directed in Arsenic
211 .
Test preparation: Add 1 mL of sulfuric acid to 5 mL of a solution of the chemical substance (1
in 25), unless another quantity is directed in the individual reagent specification. Omit its
addition entirely in the case of inorganic acids. Unless especially directed otherwise, add 10 mL
of sulfurous acid. Evaporate the liquid in a small beaker, on a steam bath, until it is free from
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sulfurous acid and has been reduced to about 2 mL in volume. Dilute with water to 5 mL to
obtain the Test preparation. Substances subjected to special treatments specified in the
individual reagent specification may be used directly as the Test preparation. [Note—Solutions
prepared by the dissolving of the chemical substances in dilute acids are not considered to
have undergone special treatment.]
Standard stain: Place in the generator bottle 5 mL of potassium iodide TS, 2.0 mL of Standard
arsenic solution, 5 mL of acid stannous chloride TS, and 28 mL of water. Add 1.5 g of
granulated zinc (in No. 20 powder), and immediately insert the stopper containing the exit tube.
Keep the generator bottle immersed in water at 25 during the period of the test to moderate
the reaction so that the stain will take the form of a distinctive band to facilitate the
comparison of color intensity. When evolution of hydrogen has continued for 1 h, remove the
mercuric bromide test paper for comparison. This stain represents 2 µg of arsenic.
Procedure: Pipet into the generator bottle 5 mL of potassium iodide TS and 5 mL of the Test
preparation, and add 5 mL of acid stannous chloride TS. Set the apparatus aside at room
temperature for a period of 10 min, then add 25 mL of water and 1.5 g of granulated zinc (in
No. 20 powder), and proceed as directed for the Standard stain. Remove the mercuric bromide
test paper, and compare the stain upon it with the Standard stain: the stain produced by the
chemical tested does not exceed the Standard stain in length or in intensity of color, indicating
NMT 10 parts of arsenic per million parts of the substance being tested. Because light, heat,
and moisture cause the stain to fade rapidly, place the papers in clean, dry tubes, and make
comparisons promptly.
Interfering chemicals: Antimony, if present in the substance being tested, produces a gray
stain. Sulfites, sulfides, thiosulfates, and other compounds that liberate hydrogen sulfide or
sulfur dioxide when treated with sulfuric acid must be oxidized by means of nitric acid and then
reduced by means of sulfur dioxide as directed for the Test preparation before they are placed
in the apparatus. Certain sulfur compounds, as well as phosphine, give a bright yellow band on
the test paper. If sulfur compounds are present, the lead acetate-moistened cotton or sand
will darken. In that case, repeat the operation as directed for the Test preparation upon a
fresh portion of the solution being tested, and use greater care in effecting the complete
removal of the sulfurous acid. In testing hypophosphites, observe special care to oxidize
completely the solution being tested as directed; otherwise the evolution of phosphine may
result in a yellow stain that may be confused with the orange-yellow color produced by arsine.
The stain produced by phosphine may be differentiated from that given by arsine by means of
moistening it with 6 N ammonium hydroxide. A stain caused by arsine becomes dark when so
treated, but a stain produced by phosphine does not materially change in color.
6.4 Chloride in Reagents
Standard chloride solution: Dissolve 165.0 mg of dried sodium chloride in water to make
1000.0 mL. This solution contains the equivalent of 0.10 mg of chlorine (Cl) in each mL.
Procedure: Neutralize, if alkaline, a solution of the quantity of the reagent indicated in the
test in 25 mL of water, or a solution prepared as directed in the test, with nitric acid, litmus
paper being used as the indicator, and add 3 mL more of nitric acid. Filter the solution, if
necessary, through a filter paper previously washed with water until the paper is free from
chloride, and add 1 mL of silver nitrate TS. Mix, and allow to stand for 5 min protected from
direct sunlight. Compare the turbidity, if any, with that produced in a control made with the
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same quantities of the same reagents as in the final test and a volume of Standard chloride
solution equivalent to the quantity of chloride (Cl) permitted by the test. Adjust the two
solutions with water to the same volume before adding the silver nitrate TS, and compare the
turbidities.
In testing barium salts, neutralize, if alkaline, the solution containing the reagent, with nitric
acid, and add only 3 drops more of nitric acid. Conduct the remainder of the test as described
previously.
In testing salts giving colored solutions, dissolve 2 g of the reagent in 25 mL of water, and add
3 mL of nitric acid. Filter the solution, if necessary, through a filter paper previously washed
with water, and divide the filtrate into two equal portions. Treat one portion with 1 mL of silver
nitrate TS, allow to stand for 10 min, and, if any turbidity is produced, filter it through a
washed filter paper until clear, and use the filtrate as a blank. Treat the other portion with 1
mL of silver nitrate TS, mix, and allow to stand for 5 min protected from direct sunlight.
Compare the turbidity with that produced in the blank by the addition of a volume of Standard
chloride solution equivalent to the quantity of chloride (Cl) permitted in the test, both solutions
being adjusted with water to the same volume.
6.5 Flame Photometry for Reagents
The use of flame photometric procedures to determine traces of calcium, potassium, sodium,
and strontium is called for in some of the reagent specifications. The suitability of such
determinations depends upon the use of adequate apparatus, and several instruments of
suitable selectivity are available. The preferred type of flame photometer is one that has a redsensitive phototube, a multiplier phototube, a monochromator, an adjustable slit-width control,
a selector switch, and a sensitivity control. Other types of photometers may be used, provided
the operator has proved that the instrument will determine accurately the amount of impurities
permitted in the reagent to be tested.
The flame photometric procedures depend upon the use of semi-internal standards, and thus
require both a Sample solution and a Control solution. For the Sample solution, a specified
weight of specimen is dissolved and diluted to a definite volume. For the Control solution, the
same amount of specimen is dissolved, the limiting amounts of the suspected impurities are
added, and the solution is then diluted to the same definite volume as the Sample solution. The
flame photometer is set as directed in the general procedures and then adjusted to give an
emission reading as near 100% transmittance as is possible with the Control solution at the
wavelength specified for the particular impurity concerned. With the instrument settings left
unchanged, the emission from the Sample solution is read at the same wavelength and at a
specified background wavelength. The background reading is then used to correct the observed
emission of the Sample solution for the emission due to the specimen and the solvent. The
specimen being tested contains less than the specified limit of impurity if the difference
between the observed background and total emissions for the Sample solution is less than the
difference between the observed emissions for the Control solution and the Sample solution at
the wavelength designated for the particular impurity.
Calcium in reagents
Standard calcium solution: Dissolve 250 mg of calcium carbonate in a mixture of 20 mL of
water and 5 mL of diluted hydrochloric acid, and when solution is complete, dilute with water to
1 L. This solution contains 0.10 mg of calcium (Ca) per mL.
Procedure: Use the Sample solution and the Control solution prepared as directed in the
individual test procedure.
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Set the slit-width control of a suitable flame photometer at 0.03 mm, and set the selector
switch at 0.1. Adjust the instrument to give the maximum emission with the Control solution at
the 422.7-nm calcium line, and record the transmittance. Without changing any of the
instrument settings, record the transmittance for the emission of the Sample solution at 422.7
nm. Change the monochromator to the wavelength specified in the individual test procedure,
and record the background transmittance for the background emission of the Sample solution:
the difference between the transmittances for the Sample solution at 422.7 nm and at the
background wavelength is not greater than the difference between transmittances observed at
422.7 nm for the Sample solution and the Control solution.
Potassium in reagents
Standard potassium solution: Dissolve 191 mg of potassium chloride in a few mL of water,
and dilute with water to 1 L. Dilute a portion of this solution with water in the ratio of 1:10 to
obtain a concentration of 0.01 mg of potassium (K) per mL.
Procedure: Use the Sample solution and the Control solution prepared as directed in the
individual test procedure. [Note—In testing calcium salts, use an oxyhydrogen burner.]
Set the slit-width control of a suitable flame photometer equipped with a red-sensitive detector
at 0.1 mm, unless otherwise directed, and set the selector switch at 0.1. Adjust the instrument
to give the maximum emission with the Control solution at the 766.5-nm potassium line, and
record the transmittance. Without changing any of the instrument settings, record the
transmittance for the emission of the Sample solution at 766.5 nm. Change the monochromator
to 750 nm, and record the background transmittance for the background emission of the
Sample solution: the difference between the transmittances for the Sample solution at 766.5
and 750 nm is not greater than the difference between transmittances observed at 766.5 nm
for the Sample solution and the Control solution.
Sodium in reagents
Standard sodium solution: Dissolve 254 mg of sodium chloride in a few mL of water, and
dilute with water to 1 L. Dilute a portion of this solution with water in the ratio of 1:10 to
obtain a concentration of 0.01 mg of sodium (Na) per mL.
Procedure: Use the Sample solution and the Control solution prepared as directed in the
individual test procedure.
Set the slit-width control of a suitable flame photometer at 0.01 mm, and set the selector
switch at 0.1. Adjust the instrument to give the maximum emission with the Control solution at
the 589-nm sodium line, and record the transmittance. Without changing any of the instrument
settings, record the transmittance for the emission of the Sample solution at 589 nm. Change
the monochromator to 580 nm, and record the background transmittance for the background
emission of the Sample solution: the difference between the transmittances for the Sample
solution at 589 and 580 nm is not greater than the difference between transmittances
observed at 589 nm for the Sample solution and the Control solution.
Strontium in reagents
Standard strontium solution: Dissolve 242 mg of strontium nitrate in a few mL of water, and
dilute with water to 1 L. Dilute a portion of this solution with water in the ratio of 1:10 to
obtain a concentration of 0.01 mg of strontium (Sr) per mL.
Procedure: Use the Sample solution and the Control solution prepared as directed in the
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individual test procedure.
Set the slit-width control of a suitable flame photometer at 0.03 mm, and set the selector
switch at 0.1. Adjust the instrument to give the maximum emission with the Control solution at
the 460.7-nm strontium line, and record the transmittance. Without changing any of the
instrument settings, record the transmittance for the emission of the Sample solution at 460.7
nm. Change the monochromator to the wavelength specified in the individual test procedure,
and record the background transmittance for the background emission of the Sample solution:
the difference between the transmittances for the Sample solution at 460.7 nm and at the
background wavelength is not greater than the difference between transmittances observed at
460.7 nm for the Sample solution and the Control solution.
6.6 Heavy Metals in Reagents
Standard lead solution: Use Standard Lead Solution (see Heavy Metals
standard lead solution TS. USP39

231 )

Each mL of this solution contains the equivalent of 0.01 mg of lead (Pb).
Procedure: Unless otherwise directed, test for heavy metals as follows:
(a) If the heavy metals limit is 0.0005% (5 ppm), dissolve 6.0 g of the specimen in water to
make 42 mL.
(b) If the heavy metals limit is 0.001% (10 ppm) or more, or in the event of limited solubility,
use 4 g, and dissolve in water to make 40 mL, warming, if necessary, to aid solution.
For the control, transfer 7 mL of the solution from (a) to a color-comparison tube, and add a
volume of Standard lead solution equivalent to the amount of lead permitted in 4 g of the
reagent. Dilute with water to 35 mL, and add diluted acetic acid, or ammonia TS, until the pH is
about 3.5, determined potentiometrically, then dilute with water to 40 mL, and mix. Transfer
the remaining 35 mL of the solution from (a) to a color-comparison tube closely matching that
used for the control, and add diluted acetic acid, or ammonia TS, until the pH is about 3.5,
determined potentiometrically, then dilute with water to 40 mL, and mix. Then to each tube add
10 mL of hydrogen sulfide TS, mix, and compare the colors by viewing through the colorcomparison tube downward against a white surface. The color in the test specimen is not
darker than that of the control.
If the solution of the reagent is prepared as in (b), use for the control 10 mL of the solution,
and add to it a volume of Standard lead solution equivalent to the amount of lead permitted in
2 g of the reagent. Dilute the remaining 30 mL of solution (b) with water to 35 mL, and proceed
as directed in the preceding paragraph, beginning with “add diluted acetic acid, or ammonia
TS,” in the second sentence.
If the reagent to be tested for heavy metals is a salt of an aliphatic organic acid, substitute 1
N hydrochloric acid for the diluted acetic acid specified in the foregoing method.
6.7 Insoluble Matter in Reagents
Dissolve the quantity of reagent specified in the test in 100 mL of water, heat to boiling unless
otherwise directed, in a covered beaker, and warm on a steam bath for 1 h. Filter the hot
solution through a tared sintered-glass crucible of fine porosity. Wash the beaker and the filter
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thoroughly with hot water, dry at 105 , cool in a desiccator, and weigh.
6.8 Loss on Drying for Reagents
Determine as directed in Loss on Drying

731 .

6.9 Nitrate in Reagents
Standard nitrate solution: Dissolve 163 mg of potassium nitrate in water, add water to make
100 mL, and dilute 10 mL of this solution with water to 1 L to obtain a solution containing the
equivalent of 0.01 mg of nitrate (NO3 ) per mL.
Brucine sulfate solution: Dissolve 600 mg of brucine sulfate in 600 mL of nitrate-free, dilute
sulfuric acid (2 in 3) that previously has been cooled to room temperature, and dilute with the
acid to 1 L. [Note—Prepare the nitrate-free sulfuric acid by adding 4 parts of sulfuric acid to 1
part of water, heating the solution to dense fumes of sulfur trioxide, and cooling. Repeat the
dilution and heating three or four times.]
Sample solution: To the weight of sample specified in the individual reagent specification,
dissolved in the designated volume of water, add Brucine sulfate solution to make 50 mL.
Control solution: To a volume of Standard nitrate solution equivalent to the weight of nitrate
(NO3 ) specified in the individual reagent specification, add the weight of sample specified in the
individual reagent specification, and then add Brucine sulfate solution to make 50 mL.
Blank solution: Use 50 mL of Brucine sulfate solution.
Procedure: Heat the Sample solution, Control solution, and Blank solution in a boiling water
bath for 10 min, then cool rapidly in an ice bath to room temperature. Adjust a suitable
spectrophotometer to zero absorbance at 410 nm with the Blank solution. Determine the
absorbance of the Sample solution, note the result, and adjust the instrument to zero
absorbance with the Sample solution. Determine the absorbance of the Control solution: the
absorbance reading for the Sample solution does not exceed that for the Control solution.
6.10 Nitrogen Compounds in Reagents
PROCEDURE: Unless otherwise directed, test for nitrogen compounds as follows: dissolve the
specified quantity of test specimen in 60 mL of ammonia-free water in a Kjeldahl flask
connected through a spray trap to a condenser, the end of which dips below the surface of 10
mL of 0.1 N hydrochloric acid. Add 10 mL of freshly boiled sodium hydroxide solution (1 in 10)
and 500 mg of aluminum wire, in small pieces, to the Kjeldahl flask, and allow to stand for 1 h,
protected from loss of and exposure to ammonia. Distill 35 mL, and dilute the distillate with
water to 50 mL. Add 2 mL of freshly boiled sodium hydroxide solution (1 in 10), mix, add 2 mL of
alkaline mercuric–potassium iodide TS, and again mix: the color produced is not darker than
that of a control containing the amount of added N (as ammonium chloride) specified in the
individual test procedure.
6.11 Phosphate in Reagents
Standard phosphate solution: Dissolve 143.3 mg of dried monobasic potassium phosphate
(KH2 PO4 ) in water to make 1000.0 mL. This solution contains the equivalent of 0.10 mg of
phosphate (PO4 ) in each mL.
Phosphate reagent A: Dissolve 5 g of ammonium molybdate in 1 N sulfuric acid to make 100
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mL.
Phosphate reagent B: Dissolve 200 mg of p-methylaminophenol sulfate in 100 mL of water,
and add 20 g of sodium bisulfite. Store this reagent in well-filled, tightly stoppered bottles, and
use within 1 month.
Procedure: [Note—The tests with the specimen and the control are made preferably in
matched color-comparison tubes.] Dissolve the quantity of the reagent specified in the test, or
the residue obtained after the prescribed treatment, in 20 mL of water, by warming, if
necessary, add 2.5 mL of dilute sulfuric acid (1 in 7), and dilute with water to 25 mL. (If
preferable, the test specimen or the residue may be dissolved in 25 mL of approximately 0.5 N
sulfuric acid.) Then add 1 mL each of Phosphate reagents A and B, mix, and allow to stand at
room temperature for 2 h. Compare any blue color produced with that produced in a control
made with the same quantities of the same reagents as in the test with the specimen, and a
volume of Standard phosphate solution equivalent to the quantity of phosphate (PO4 )
designated in the reagent specifications.
6.12 Residue on Ignition in Reagents
Procedure: Unless otherwise directed, determine the residue on ignition as follows: accurately
weigh 1–2 g of the substance to be tested in a suitable crucible that previously has been
ignited, cooled, and weighed. Ignite the substance, gently and slowly at first and then at a
more rapid rate, until it is thoroughly charred, if organic in nature, or until it is completely
volatilized, if inorganic in nature. If the use of sulfuric acid is specified, cool the crucible, add
the specified amount of acid, and ignite the crucible gently until fumes no longer are evolved.
Then ignite the crucible at 800 ± 25 , cool in a suitable desiccator, and weigh. If the use of
sulfuric acid is not specified, the crucible need not be cooled but can be ignited directly at 800
± 25 once the charring or volatilization is complete. Continue the ignition until constant weight
is attained, unless otherwise specified.
Conduct the ignition in a well-ventilated hood, but protected from air currents, and at as low a
temperature as is possible to effect the complete combustion of the carbon. A muffle furnace
may be used, if desired, and its use is recommended for the final ignition at 800 ± 25 .
6.13 Sulfate in Reagents
Standard sulfate solution: Dissolve 181.4 mg of potassium sulfate (dried at 105 for 2 h) in
water to make 1000 mL. This solution contains the equivalent of 0.10 mg of sulfate (SO4 ) per
mL.
Procedure:
Method I: Neutralize, if necessary, a solution of the quantity of the reagent or residue
indicated in the test in 25 mL of water, or a solution prepared as directed in the test, with
hydrochloric acid or with ammonia TS, litmus paper being used as the indicator, and add 1 mL
of 1 N hydrochloric acid. Filter the solution, if necessary, through a filter paper previously
washed with water, and add 2 mL of barium chloride TS. Mix, allow to stand for 10 min, and
compare the turbidity, if any, with that produced in a control containing the same quantities of
the same reagents used in the test and a quantity of Standard sulfate solution equivalent to
the quantity of sulfate (SO4 ) permitted in the test. Adjust the two solutions with water to the
same volume before adding the barium chloride TS.
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Method II: Heat the solution to boiling, prepared as directed in the individual test procedure,
or the filtrate designated in the procedure, and add 5 mL of barium chloride TS. Then digest the
solution on a steam bath for 2 h, and allow to stand overnight. If any precipitate is formed,
filter the solution through paper, wash the residue with hot water, and transfer the paper
containing the residue to a tared crucible. Char the paper, without burning, and ignite the
crucible and its contents to constant weight. Perform a blank determination concurrently with
the test specimen determination, and subtract the weight of residue obtained from that
obtained in the test specimen determination to obtain the weight of residue attributable to the
sulfate content of the specimen.
BRIEFING
2-Pyrrolidone. It is proposed to add this new reagent used in the test for 2-Pyrrolidone in
the monograph for Povidone.
(HDQ: M. Marques.)
Correspondence Number—C151653

Comment deadline: January 31, 2015
Add the following:
2-Pyrrolidone,
C4 H7 NO—85.11 [616-45-5]—Use a suitable grade with a content of NLT 98.0% (by GC).
[Note—A suitable grade is available as catalog number TCI-P0575 from
www.spectrumchemical.com.] USP39
BRIEFING
Benzyl Ether. It is proposed to add this new reagent used in the Assay and the test for
Organic Impurities in the monograph for Benzyl Benzoate.
(HDQ: M. Marques.)
Correspondence Number—C151494

Comment deadline: January 31, 2015
Add the following:
Benzyl Ether
(Dibenzyl ether), C14 H14 O—198.26 [103-50-4]—Use a suitable grade with a content of NLT
99%. USP39
BRIEFING
-Lactoglobulin. It is proposed to add this new reagent used in the tests for Content of
Lactalbumin and Limit of

-Lactoglobulin in the monograph for

(HDQ: M. Marques.)
Correspondence Number—C43220

Comment deadline: January 31, 2015
Add the following:
-Lactoglobulin—

-Lactalbumin.

-
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[9045-23-2]—Use -Lactoglobulin from bovine milk with a content of NLT 90% (by
polyacrylamide electrophoresis). USP39
BRIEFING
-Lactoglobulin A. It is proposed to add this new reagent used in Identification test C,
Identification of -Zein by SDS-Polyacrylamide Gel Electrophoresis, in the revision to the
monograph for Zein published in PF 40(5) [Sept.–Oct. 2014].
(HDQ: M. Marques.)
Correspondence Number—C140556

Comment deadline: January 31, 2015
Add the following:
-Lactoglobulin A,
18,363 Da by calculation [50863-92-8]—Use a suitable grade from bovine milk with a
content of NLT 90% (by electrophoresis). USP39
BRIEFING
Bromelain, USP 37 page 1383. It is proposed to update the description of this reagent and
include the procedure for activity determination.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C151216

Comment deadline: January 31, 2015
Change to read:
Bromelain— A proteolytic enzyme isolated from pineapple. Use a suitable grade.
[9001-00-7]
A glycoprotein which is highly active thiol proteinase. It is found in the leaves and stems of the
pineapple plant. Yellowish-white to tan powder.
Activity determination
pH 4.5 water: Adjust to a pH of 4.5 with 0.1 N hydrochloric acid.
Gelatin substrate: Dissolve 25 g of gelatin in 375 mL of hot water. Bring to a boil. Cool to 45 .
Adjust the pH to 4.5 with 0.1 N hydrochloric acid. Dilute with pH 4.5 water to 500 mL. Keep it
at 45 . This substrate should be prepared fresh daily.
Buffer solution: Add 150 mg of sodium chloride to 700 mL of pH 4.5 water, stir to dissolve,
then add 5.7 mL of acetic acid. Adjust to a pH of 4.5 with 50% sodium hydroxide, if
necessary. Dilute to 1 L.
3% Hydrogen peroxide solution: Transfer 2.5 mL of hydrogen peroxide to a 25-mL volumetric
flask. Dilute with pH 4.5 water to volume.
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pH 9.0 formaldehyde solution: Adjust a 100-mL formaldehyde solution to a pH of 9.0 with 0.1 N
sodium hydroxide.
Bromelain preparation: Weigh 100 mg of bromelain with a theoretical activity of 2400 GDU/g. If
the sample activity differs by more than 10% from 2400 GDU/g, determine the sample weight:
mg of sample = (2400 x 100) / theoretical activity
Transfer the sample to a 50-mL volumetric flask. Add 8.3 mL of Buffer solution. Let stand for 30
min at room temperature. Dilute with pH 4.5 water to volume. Add a small stir bar and stir for
10–15 min. This solution must be tested within 30 min of the time the Buffer solution is
added.
Procedure: Transfer 25 mL of Gelatin substrate to each of two 100-mL beakers containing stir
bars and place them in a water bath at 45 for 5 min. One beaker is for the Test solution and
the other for the Blank solution.
Test solution
Add 1.0 mL of Bromelain preparation into the beaker, start timing, and swirl.
After exactly 20 min of incubation at 45 , add 0.1 mL of 3% Hydrogen peroxide solution, and
swirl.
Incubate for an additional 5 min.
Remove the beaker from the water bath and, with constant stirring, insert the pH electrode.
Record the pH after 10 s (initial pH).
Adjust to a pH of 6.0 with 0.1 N sodium hydroxide. [Note—When adjusting the pH to 6.0 be
cautious at pH 5.8; the pH increases slowly but minute additions of sodium hydroxide at
this point will significantly increase the pH.]
Add 10 mL of pH 9.0 formaldehyde solution with constant stirring.
Titrate to a pH of 9.0 with 0.1 N sodium hydroxide VS. Record the volume of titrant used.
This is the test titer, T.
Blank solution: Run concurrently with the Test solution by starting the Blank solution
determination 12 min after the Test solution is started.
Add 0.1 mL of 3% Hydrogen peroxide solution to the Blank solution beaker, and swirl.
After exactly 20 min of incubation at 45 , add 1.0 mL of Bromelain preparation, and swirl.
Incubate for an additional 15 min.
Remove the beaker from the water bath and, with constant stirring, insert the pH electrode.
Record the pH after 10 s (initial pH).
Adjust to a pH of 6.0 with 0.1 N sodium hydroxide. See the Note under Test solution.
Add 10 mL of pH 9.0 formaldehyde solution with constant stirring.
Titrate to a pH of 9.0 with 0.1 N sodium hydroxide VS. Record the volume of titrant used.
This is the blank titer, B.
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Calculation
One Gelatin Digestion Unit (GDU) is the amount of enzyme which, after 20 min of digestion at
45 , will liberate 1 mg of amino nitrogen from a standard gelatin solution at a pH of 4.5.
GDU/g = (T

B) × 14 × N × (50/W)

T = mL of 0.1 N sodium hydroxide used with the Test solution
B = mL of 0.1 N sodium hydroxide used with the Blank solution
N = actual normality of 0.1 N sodium hydroxide VS from standardization
W = weight of bromelain taken (g)
USP39

BRIEFING
Calcium Citrate, USP 37 page 1385. Because of the deletion of the general chapter Heavy
Metals 231 , it is proposed to replace the cross-reference to this chapter with the crossreference to Heavy Metals (Reagent test)
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C151536

Comment deadline: January 31, 2015
Change to read:
Calcium Citrate, Ca3 (C6 H5 O7 )2 ·4H2 O—570.49 [813-94-5]—A white, crystalline powder.
Freely soluble in 3 N hydrochloric acid and in 2 N nitric acid; slightly soluble in water; insoluble
in alcohol. To 15 mL of hot 2 N sulfuric acid add, in small portions and with stirring, about 500
mg of calcium citrate. Boil the mixture for 5 min, and filter while hot: the cooled filtrate
responds to the identification test for Identification Tests—General, Citrate

191 .

Assay—Accurately weigh about 400 mg of the salt, previously dried at 150 to constant
weight, and transfer to a 250-mL beaker. Dissolve the test specimen in 150 mL of water
containing 2 mL of 3 N hydrochloric acid, add 15 mL of 1 N sodium hydroxide and 250 mg of
hydroxy naphthol blue, and titrate with 0.05 M edetate disodium VS until the solution turns
deep blue. Each mL of 0.05 M edetate disodium is equivalent to 8.307 mg of calcium citrate
[Ca3 (C6 H5 O7 )2 ]: between 97.5% and 101% is found.
Calcium oxide and carbonate—Triturate 1 g of calcium citrate with 5 mL of water for 1 min:
the mixture does not turn red litmus blue. Then add 5 mL of warm 3 N hydrochloric acid: only a
few isolated bubbles escape.
Hydrochloric acid-insoluble matter—Dissolve 5 g by heating with a mixture of 10 mL of
hydrochloric acid and 50 mL of water for 30 min: not more than 2.5 mg of insoluble residue
remains (0.05%).
Loss on drying

731 —Dry it at 150 to constant weight: it loses between 12.2% and 13.3%
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of its weight.
Arsenic

211 —Proceed with 0.50 g as directed for organic compounds (6 ppm of As).

Heavy metals, Method I 231 :
Heavy Metals (Reagent test): USP39
0.002%.
BRIEFING
Calcium Sulfate, USP 37 page 1386. It is proposed to correct the CAS number of this
reagent.
(HDQ: M. Marques.)
Correspondence Number—C151534

Comment deadline: January 31, 2015
Change to read:
Calcium Sulfate, CaSO4 ·2H2 O—172.17 [7778-18-9
10101-41-4 USP39
]—Use ACS reagent grade.
BRIEFING
Chenodeoxycholic Acid, USP 37 page 1388. It is proposed to update the specification of this
reagent.
(HDQ: M. Marques.)
Correspondence Number—C151212

Comment deadline: January 31, 2015
Change to read:
Chenodeoxycholic Acid, C24 H40 O4 —392.57 [474-25-9]—White to off-white powder.
Use a suitable grade with a content of NLT 95%. USP39

Assay—When tested by thin-layer chromatography, with the use of plates coated with
chromatographic reversed-phase C18 mixture, a developing system consisting of 1 N acetic
acid in methanol and 1 N acetic acid (19:1), and sprayed with a mixture of sulfuric acid and
methanol (1:1), heated at 110 for 20 minutes, and examined visually and under longwavelength UV light, a single spot is exhibited.
Melting range

741 : between 165 and 168 .

USP39

BRIEFING
Formic Acid, 98 Percent. It is proposed to add this new reagent used in the test for Formic
Acid in the monograph for Povidone.
(HDQ: M. Marques.)
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Correspondence Number—C151654

Comment deadline: January 31, 2015
Add the following:
Formic Acid, 98 Percent,
HCOOH—46.03 [64-18-6]—Use a suitable grade with a content of NLT 98%.

USP39

BRIEFING
Lithocholic Acid, USP 37 page 1407. It is proposed to update the specification of this
reagent.
(HDQ: M. Marques.)
Correspondence Number—C151258

Comment deadline: January 31, 2015
Change to read:
Lithocholic Acid, C24 H40 O3 —376.57 [434-13-9]—White powder.
Use a suitable grade with a content of NLT 97% by titration. USP39

Assay—When tested by thin-layer chromatography, with the use of plates coated with
chromatographic silica gel mixture, a developing system consisting of a mixture of toluene, 1,4dioxane, and acetic acid (15.2: 4.2: 0.6), and sprayed with a mixture of sulfuric acid and
methanol (1:1), heated at 110 for 20 minutes, and examined visually and under longwavelength UV light, a single spot is exhibited.
Melting range

741 : between 184 and 186 .

USP39

BRIEFING
Polyoxyethylene 10 Lauryl Ether, USP 37 page 1418. It is proposed to correct the CAS
number of this reagent and update the web address of a potential supplier.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C151322

Comment deadline: January 31, 2015
Change to read:
Polyoxyethylene 10 Lauryl Ether (Decaethylene Glycol Monododecyl Ether) C32 H66 O11 —626.86
[6540-99-4
9002-92-0 USP39
]—Use a suitable grade. [Note—A suitable grade is available as catalog number P9769 at
http://www.sigma.com
http://www.sigma-aldrich.com. USP39
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]
BRIEFING
Poly(tetrafluoroethylene). It is proposed to add this new reagent (see Polytef in the Reagent
Specifications section in Reagents, Indicators and Solutions).
(HDQ: M. Marques.)
Correspondence Number—C151652

Comment deadline: January 31, 2015
Add the following:
Poly(tetrafluoroethylene)
(Polytef; Polytetrafluoroethylene Resin; Teflon), (C2 F 4 )n, where n is at least 20,000 [900284-0]—Use a suitable grade. USP39
BRIEFING
Sodium Ammonium Phosphate, USP 37 page 1425. Because of the deletion of the general
chapter Heavy Metals 231 , it is proposed to remove the cross-reference to this chapter in
the Heavy Metals test and specify the use of Standard Lead Solution TS.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C151537

Comment deadline: January 31, 2015
Change to read:
Sodium Ammonium Phosphate, (Microcosmic Salt), NaNH4 HPO4 ·4H2 O—209.07—Colorless
crystals or white granules. Freely soluble in water; insoluble in alcohol. Effloresces in air and
loses ammonia.
INSOLUBLE MATTER AND AMMONIUM HYDROXIDE PRECIPITATE
Analysis: Dissolve 10 g in 100 mL of water, add 10 mL of ammonia TS, and heat on a steam
bath for 1 hr. If any precipitate is formed, filter, wash well with water, and ignite.
Acceptance criteria: NMT 1 mg (0.01%)
CHLORIDE (REAGENT TEST): One g shows NMT 0.02 mg of Cl (0.002%).
HEAVY METALS
Analysis: Dissolve 3 g in 25 mL of water, add 15 mL of 1 N sulfuric acid, then add 10 mL of
hydrogen sulfide TS.
Acceptance criteria: Any brown color developed in 1 min is not darker than that of a control
containing 3 mL of Standard Lead Solution (see
Standard Lead Solution TS USP39
and 0.5 mL of 1 N sulfuric acid (0.001%).

231 )
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NITRATE
Analysis: Dissolve 1 g in 10 mL of water, add 0.1 mL of indigo carmine TS, then add, with
stirring, 10 mL of sulfuric acid.
Acceptance criteria: Blue color persists for 10 min (about 0.005%).
SULFATE (REAGENT TEST, METHOD II)
Analysis: Dissolve 10 g in 100 mL of water, add 5 mL of hydrochloric acid, and filter if
necessary.
Acceptance criteria: NMT 5 mg (0.02%)
BRIEFING
Thorium Nitrate, USP 37 page 1435. It is proposed to correct the CAS number of this
reagent.
(HDQ: M. Marques.)
Correspondence Number—C151323

Comment deadline: January 31, 2015
Change to read:
Thorium Nitrate, Th(NO3 )4 ·4H2 O—552.12
13470-07-0 USP39
]—Use ACS reagent grade.

[13823-29-5

BRIEFING
Edetate Disodium, Tenth-Molar (0.1 M).This new volumetric solution is used in the Assay
in the monograph for Magnesium Oxide.
(HDQ: M. Marques.)
Correspondence Number—C151657

Comment deadline: January 31, 2015
Edetate Disodium, Tenth-Molar (0.1 M)
C10 H14 N2 Na2 O8 ·2H2 O 372.24
37.22 g in 1000 mL
Dissolve 37.22 g of edetate disodium in water to make 1000 mL, and standardize the solution as
follows.
Accurately weigh about 400 mg of chelometric standard calcium carbonate, previously dried at
110 for 2 h and cooled in a desiccator, or dried according to the label instructions, transfer to
a 400-mL beaker, add 10 mL of water, and swirl to form a slurry. Cover the beaker with a
watch glass, and introduce 4 mL of diluted hydrochloric acid from a pipet inserted between the
lip of the beaker and the edge of the watch glass. Swirl the contents of the beaker to dissolve
the calcium carbonate. Wash down the sides of the beaker, the outer surface of the pipet, and
the watch glass with water, and dilute with water to about 200 mL. While stirring the solution,
preferably with a magnetic stirrer, add about 30 mL of the edetate disodium solution from a 50mL buret. Adjust the solution to a pH of 12–13 with sodium hydroxide TS, add 300 mg of
hydroxy naphthol blue, and continue the titration with the edetate disodium solution to a blue
endpoint.
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USP39

BRIEFING
Silver Nitrate, Tenth-Normal (0.1 N), USP 37 page 1459. It is proposed to update the
standardization of this volumetric solution by changing to use primary or volumetric standard
sodium chloride and to add more details on how it should be dried.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C151535

Comment deadline: January 31, 2015
Change to read:
Silver Nitrate, Tenth-Normal (0.1 N)
AgNO3 , 169.87
16.99 g in 1000 mL
Dissolve about 17.5 g of silver nitrate in 1000 mL of water, and standardize the solution as
follows.
Transfer about 100 mg, accurately weighed, of reagent-grade
primary or volumetric standard USP39

sodium chloride, previously dried at 110 for 2 hours,
dried according to the label instructions or, if this information is not available, dried at 110
for 2 h, USP39
to a 150-mL beaker, dissolve in 5 mL of water, and add 5 mL of acetic acid, 50 mL of
methanol, and about 0.5 mL of eosin Y TS. Stir, preferably with a magnetic stirrer, and titrate
with the silver nitrate solution.

BRIEFING
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L## (Allantoin, Cosmosil HILIC). It is proposed to add this new column used in the Assay and
the test for Organic Impurities in the monograph for Allantoin, published elsewhere in this issue
of PF.
(HDQ: M. Marques.)
Correspondence Number—C123398

Comment deadline: January 31, 2015
Add the following:
L## (Allantoin, Cosmosil HILIC)
—Triazol groups chemically bonded to porous silica particles, 1.5–10 µm in diameter.

USP39

BRIEFING
L## (Ezetimibe, CHIRACEL OD-RH). It is proposed to add this new column used in the test
for Organic Impurities, Procedure 2, in the monograph for Ezetimibe, published in PF 40(5).
(HDQ: M. Marques.)
Correspondence Number—C122772

Comment deadline: January 31, 2015
Add the following:
L## (Ezetimibe, CHIRACEL OD-RH)
—Cellulose tris(3,5-dimethylphenylcarbamate) reversed-phase chiral stationary-phase coated
on 3- or 5-µm silica gel particles. USP39
BRIEFING
L## (Rosuvastatin Calcium, CHIRALCEL OJ-RH). It is proposed to add this new column used
in the Optical Purity test in the monograph for Rosuvastatin Calcium, published in PF 40(2).
(HDQ: M. Marques.)
Correspondence Number—C119454

Comment deadline: January 31, 2015
Add the following:
L## (Rosuvastatin Calcium, CHIRALCEL OJ-RH)
—Cellulose tris(4-methylbenzoate)-coated porous spherical particles, 3–5 µm in diameter, for
use with reversed-phase mobile phases. [Note—A suitable column is Chiralcel OJ-RH from
www.chiraltech.com.] USP39
BRIEFING
L## (Sodium Nitrite, IonPac AS12A). It is proposed to add this new column used in the
Assay and Impurities tests in the monograph for Sodium Nitrite, published in PF 40(5).
(HDQ: M. Marques.)
Correspondence Number—C109886

Comment deadline: January 31, 2015
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Add the following:
L## (Sodium Nitrite, IonPac AS12A)—
A strong anion-exchange resin consisting of highly cross-linked 9-µm supermacroporous (2000
) particles functionalized with very low cross-linked latex (0.2%) to provide alkyl quarternary
ammonium ion sites. USP39
BRIEFING
L8, USP 37 page 1462. It is proposed to include a monolithic silica rod in the description of
this phase.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C151280

Comment deadline: January 31, 2015
Change to read:
L8—An essentially monomolecular layer of aminopropylsilane chemically bonded to totally porous
silica gel support, 1.5–10 µm in diameter,
or a monolithic silica rod. USP39

BRIEFING
L10, USP 37 page 1462. It is proposed to include a monolithic silica rod in the description of
this phase.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C151260

Comment deadline: January 31, 2015
Change to read:
L10—Nitrile groups chemically bonded to porous silica particles, 1.5–10 µm in diameter,
or a monolithic silica rod. USP39

BRIEFING
L11, USP 37 page 1462. It is proposed to include a monolithic silica rod in the description of
this phase.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C151259
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Comment deadline: January 31, 2015
Change to read:
L11—Phenyl groups chemically bonded to porous silica particles, 1.5–10 µm in diameter,
or a monolithic silica rod. USP39

BRIEFING
L20, USP 37 page 1462. It is proposed to include a monolithic silica rod in the description of
this phase.
Additionally, minor editorial changes have been made to update the reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C151261

Comment deadline: January 31, 2015
Change to read:
L20—Dihydroxypropane groups chemically bonded to porous silica or hybrid particles, 1.5–10 µm
in diameter,
or a monolithic silica rod. USP39

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 6955 of the Second Supplement to
USP 37.
(HDQ.)
Correspondence Number—C119210; C120637; C130334; C130335; C132328; C133815;
C134099; C142805; C143139; C145618; C145619; C145620; C145622; C145623; C145625
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
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Add the following:
Abiraterone Acetate Tablets
T
Add the following:
Aprepitant Capsules
T USP39
Add the following:
Cetirizine Hydrochloride Orally Disintegrating Tablets
T USP39
Add the following:
Doxercalciferol Capsules
T, LR USP39
Add the following:
Eszopiclone Tablets
T USP39
Delete the following:
Propoxyphene Hydrochloride Capsules
T USP39
Delete the following:
Propoxyphene Hydrochloride and Acetaminophen Tablets
T USP39
Delete the following:
Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules
T USP39
Delete the following:
Propoxyphene Napsylate Tablets
T USP39
Delete the following:
Propoxyphene Napsylate and Acetaminophen Tablets
T USP39
Delete the following:
Propoxyphene Napsylate and Aspirin Tablets
T USP39
Add the following:
Rhodiola rosea Capsules
W USP39

USP39
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Add the following:
Rhodiola rosea Tablets
W USP39
Add the following:
Rosuvastatin Tablets
W USP39
Add the following:
Ubiquinol Capsules
T, LR USP39
BRIEFING
Description and Relative Solubility of USP and NF Articles, page 6965 of the Second
Supplement to USP 37.
(HDQ.)
Correspondence Number—C115726; C123293; C126997; C132879; C142593; C144975;
C149851
Add the following:
Abiraterone Acetate: White to off-white powder. Freely soluble in methylene chloride, in
tetrahydrofuran, and in toluene; soluble in methanol, in ethanol, in ethyl acetate, in isobutyl
methyl ketone, in N,N-dimethylformamide, and in acetone; sparingly soluble in acetonitrile and
in dimethyl sulfoxide; slightly soluble in hexane; very slightly soluble in 0.1 N hydrochloride;
practically insoluble in aqueous media over a wide range of pH values. USP39
Add the following:
Aprepitant: White to off-white powder. Sparingly soluble in alcohol; slightly soluble in
acetonitrile; practically insoluble in water. USP39
Add the following:
Doxercalciferol: White to off-white powder or crystalline solid. Soluble in N,Ndimethylformamide; sparingly soluble in methanol; slightly soluble in acetonitrile; practically
insoluble in water. USP39
Add the following:
Linezolid: White to off-white or cream-colored, crystalline powder. Sparingly soluble in
acetone, in ethanol, and in methanol; very slightly soluble in water. USP39
Add the following:
Lufenuron: White or pale yellow powder. Freely soluble in acetonitrile; soluble in dehydrated
alcohol; practically insoluble in water. USP39
Add the following:
Paliperidone: White to yellow powder. Sparingly soluble in 0.1 N hydrochloride and in
methylene chloride; slightly soluble in N,N-dimethylformamide and in terahydrofuran; practically
insoluble in water, in 0.1 N sodium hydroxide, and in hexane. USP39
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Add the following:
Vardenafil Hydrochloride: White or slightly brown or yellow powder. Freely soluble in
anhydrous alcohol; slightly soluble in water; practically insoluble in heptane. USP39
BRIEFING
Borage Seed Oil, page 7026 of the Second Supplement to USP 37. On the basis of comments
received, the following changes are proposed:
1.
Add an orthogonal Identification test B, based on the new general chapter Identification
of Fixed Oils by Thin-Layer Chromatography 202 . The new chapter was proposed
in PF 40(3) [May–June 2014] and is expected to become official on August 1, 2015.
2.
Add a Labeling requirement.
3.
Add a USP Reference Standards section to include USP Borage Seed Oil RS required in
Identification test B.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: H. Dinh.)
Correspondence Number—C150951

Comment deadline: January 31, 2015
Add the following:
Borage Seed Oil
[84012-16-8].
DEFINITION
Borage Seed Oil is derived from seeds of Borago officinalis L. The oil is extracted by cold press
or supercritical fluid extraction and then refined. A suitable antioxidant may be added.
IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and Fixed Oils, Fatty Acid
Composition

401 .

Add the following:
• B. Identification of Fixed Oils by Thin-Layer Chromatography 202 : The RF values of
the principal spots of the Sample solution correspond to those of the Standard solution.
USP39

IMPURITIES
•
Heavy Metals, Method II
NMT 10 µg/g
SPECIFIC TESTS

231 :
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• Fats and Fixed Oils, Acid Value

401 : NMT 1.0

• Fats and Fixed Oils, Peroxide Value

401 : NMT 5.0

• Fats and Fixed Oils, Saponification Value

401 : 184–194

• Fats and Fixed Oils, Unsaponifiable Matter

401 : NMT 2.0%

• Fats and Fixed Oils, Fatty Acid Composition 401 : Borage Seed Oil exhibits the
composition profile of fatty acids in Table 1.
Table 1
Shorthand Percentage
Fatty Acid
Notation
(%)
Palmitic acid
16:0
8.0–11.0
Stearic acid
18:0
2.0–5.0
Oleic acid
18:1
14.0–19.0
-Linolenic acid
Linoleic acid
Arachidic acid
Gadoleic acid
Behenic acid
Erucic acid
Nervonic acid
• Refractive Index

18:3
18:2
20:0
20:1
22:0
22:1
24:1

18.0–24.0
34.0–42.0
NMT 0.5
2.0–6.0
NMT 0.8
NMT 5.0
NMT 4.5

831 : 1.474–1.478 at 20

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, preferably under an atmosphere of an
inert gas, protected from light.
Add the following:
• Labeling: Label it to indicate the name and quantity of any added antioxidants. Where
Borage Seed Oil is intended for use in the manufacture of dosage forms, it is so labeled.
USP39

Add the following:
• USP Reference Standards
USP Borage Seed Oil RS

11

USP39
2S (USP37)

BRIEFING
Evening Primrose Oil, page 7028 of the Second Supplement to USP 37 and PF 39(4) [July–
Aug. 2013]. Based on the comments received, the following changes are proposed:
1.
Add an orthogonal Identification B test. This test is based on the new general chapter
Identification of Fixed Oils by Thin-Layer Chromatography 202 . The new chapter
was proposed in PF 40(3) and is expected to become official on August 1, 2015.
2.
Add a labeling requirement.
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3.
Add a USP Evening Primrose Oil RS required for the Identification B test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: H. Dinh.)
Correspondence Number—C150950

Comment deadline: January 31, 2015
Add the following:
Evening Primrose Oil
[90028-66-3].
DEFINITION
Evening Primrose Oil is derived from seeds of Oenothera biennis L. The oil is extracted by cold
press, where seeds are squeezed at very high pressure. It can be extracted using hexane as a
solvent. It is then refined. A suitable antioxidant may be added.
IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and Fixed Oils, Fatty Acid
Composition

401 .

Add the following:
• B. Identification of Fixed Oils by Thin-Layer Chromatography 202 : The RF values
of the principal spots of the Sample solution correspond to those of the Standard solution.
USP39

IMPURITIES
• Heavy Metals, Method II

231 : NMT 10 µg/g

SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : NMT 1.0

• Fats and Fixed Oils, Peroxide Value

401 : NMT 5.0

• Fats and Fixed Oils, Saponification Value
• Fats and Fixed Oils, Unsaponifiable Matter

401 : 185–195
401 : NMT 2.0%

• Fats and Fixed Oils, Fatty Acid Composition 401 : Evening Primrose Oil exhibits the
composition profile of fatty acids in Table 1.
Table 1
Shorthand Percentage
Fatty Acid
Notation
(%)
Palmitic acid
16:0
4.0–10.0
Stearic acid
18:0
1.0–4.0
Oleic acid
18:1
5.0–12.0
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-Linolenic acid
Linoleic acid
• Refractive Index

18:3
18:2

7.0–14.0
65.0–85.0

831 : 1.477–1.479 at 20

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, preferably under an atmosphere of an
inert gas, protected from light.
Add the following:
• Labeling: Where Evening Primrose Oil is intended for use in the manufacture of dosage
forms, it is so labeled. USP39
Add the following:
• USP Reference Standards
USP Evening Primrose Oil RS

11

USP39
2S (USP37)

BRIEFING
Flax Seed Oil, page 7032 of the Second Supplement to USP 37. On the basis of comments
received, the following changes are proposed:
1.
Add an orthogonal Identification test B based on the new general chapter Identification
of Fixed Oils by Thin-Layer Chromatography 202 . The new chapter was proposed
in PF 40(3) [May–June 2014] and is expected to become official on August 1, 2015.
2.
Remove the test for Trace Metals because this test is no longer required for the
ingredient. Instead, it is required for the dosage forms.
3.
Add a Labeling requirement.
4.
Add a USP Reference Standards section to include USP Flax Seed Oil RS, which is
required in Identification test B.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: H. Dinh.)
Correspondence Number—C150949

Comment deadline: January 31, 2015
Add the following:
Flax Seed Oil
[8001-26-1].
DEFINITION
Flax Seed Oil is derived from flaxseed or linseed (Linum usitatissimum L.). The oil is extracted
from the hard, tiny seeds by cold pressing and then refined. No solvents or external heat are
employed in the extraction process. It contains no added substances.
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IDENTIFICATION
• A. It meets the requirements in Specific Tests for Fats and Fixed Oils
Composition.

401 , Fatty Acid

Add the following:
• B. Identification of Fixed Oils by Thin-layer Chromatography 202 : The RF values of
the principal spots of the Sample solution correspond to those of the Standard solution.
USP39

IMPURITIES
Delete the following:
• Fats and Fixed Oils, Trace Metals
mercury, and cadmium USP39

401 : Meets the requirements for arsenic, lead,

SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : NMT 2.0

• Fats and Fixed Oils, Peroxide Value
• Fats and Fixed Oils, Iodine Value

401 : NMT 2.0
401 : 150–165

• Fats and Fixed Oils, Saponification Value

401 : 180–190

• Fats and Fixed Oils, Unsaponifiable Matter
• Fats and Fixed Oils, Fatty Acid Composition
profile of fatty acids in Table 1.

401 : NMT 1.1
401 : Flax Seed Oil exhibits the composition

Table 1
Fatty
Shorthand Percentage
Acid
Notation
(%)
Palmitic acid
16:0
2.0–7.5
Stearic acid
18:0
1.0–6.0
Oleic acid
18:1
12.0–24.0
Linoleic acid
18:2
11.0–23.0
Alpha linolenic acid 18:3
50.0–65.0
• Refractive Index

831 : 1.460–1.490 at 20

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, tight, light-resistant containers.
Add the following:
• Labeling: Where Flax Seed Oil is intended for use in the manufacture of dosage forms, it is
so labeled. USP39
Add the following:
• USP Reference Standards
USP Flax Seed Oil RS

11
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USP39
2S (USP37)

BRIEFING
Ginger, USP 37 page 5407 and PF 40(5) [Sept.–Oct. 2014]. Modernization of the Identification
by TLC procedure is proposed to take advantage of superior resolution and faster
development time offered by HPTLC protocol. The proposed HPTLC procedure utilizes the
Silica Gel 60 F 254 plates from EMD Millipore, and suggests methods for identifying common
Ginger adulterants.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C149386

Comment deadline: January 31, 2015
Ginger
DEFINITION
Ginger is the dried rhizome of Zingiber officinale Roscoe (Fam. Zingiberaceae), scraped, partially
scraped, or unscraped. It is known in commerce as unbleached ginger.
IDENTIFICATION
• A.
Analysis: Pulverize 5 g of Ginger. To 1 g of the pulverized Ginger add 5 mL of dilute acetic
acid, prepared by diluting 1 part of glacial acetic acid with 1 part of water, and shake for
15 min. Filter, and add a few drops of ammonium oxalate TS to the filtrate.
Acceptance criteria: NMT a slight turbidity is produced.
• B.
Sample: 50 mg of the residue obtained in the test for Articles of Botanical Origin, AlcoholSoluble Extractives
Analysis: Dissolve the Sample in 25 mL of water, and extract this solution with two 15-mL
portions of ether. Combine the ether extracts, and evaporate in a porcelain dish. To the
residue add 5 mL of sulfuric acid solution (7.5 in 10.0) and 5 mg of vanillin. Allow to stand
for 15 min, and add an equal volume of water.
Acceptance criteria: The solution turns azure blue.
Delete the following:
• C. Thin-Layer Chromatographic Identification Test
Standard solution A: Proceed as directed for the Sample solution, except to use 0.2 g of
USP Powdered Ginger RS.
Standard solution B: Use the System suitability solution, prepared as directed in the test
for Content of Gingerols and Gingerdiones.
Sample solution: Pulverize 5 g of Ginger. Transfer 0.2 g of pulverized Ginger to a test tube,
add 5 mL of methanol, shake for 30 min, and centrifuge. Apply the supernatant to the
plate.
Adsorbent: 0.50-mm layer of chromatographic silica gel mixture
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Application volume: 20 µL for the Sample solution and Standard solution A; 40 µL for
Standard solution B
Developing solvent system: Ether and hexanes (7:3)
Spray reagent: 10% sulfuric acid in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed in the chapter. Examine the plate under UV light at 254 nm. Spray the
plate with Spray reagent, heat at 100 –105 for 10 min, and examine under daylight.
Acceptance criteria: The chromatogram of the Sample solution exhibits a spot due to
gingerols that occurs at an RF value of 0.2. A spot of shogaols may occur at an RF value
of 0.4, corresponding to those shown in the chromatogram of Standard solution B. [Note
—The chromatograms of the Sample solution and Standard solution A may exhibit other
spots in the upper region and at the origin of the plate. ] USP39

Add the following:
• C. Thin-Layer Chromatographic Identification Test
Standard solution A: 1 mg/mL of USP Ginger Constituent Mixture RS in methanol
Standard solution B: 100 mg/mL of USP Powdered Ginger RS in methanol. Sonicate for 10
min, and centrifuge or filter. Use supernatant or filtrate.
Sample solution: Pulverize 5 g of Ginger. Prepare a 100-mg/mL dispersion of Ginger in
methanol. Sonicate for 10 min, and centrifuge or filter. Use supernatant or filtrate.
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC plate)1
Application volume: 2 µL each of Standard solution A, Standard solution B, and Sample
solution as 8-mm bands
Temperature: Ambient, not to exceed 30
Developing solvent system: Toluene and ethyl acetate (3:1)
Derivatization reagent: To 170 mL of ice-cold methanol add 20 mL of acetic acid, 10 mL
of sulfuric acid, and 1 mL of anisaldehyde. Mix well.
System suitability
Samples: Standard solution A and Standard solution B
Apply the Samples and dry in air. Condition at relative humidity of about 33%. Develop in
a saturated chamber until the solvent front has migrated over a path of 6 cm. Dry in a
current of cold air, and immerse into Derivatization reagent for 1 s. Heat for 3 min at 100
, and examine under white light and under long-wave UV (365 nm).
Suitability requirements
Chromatographic pattern: Under white light, the derivatized chromatogram of
Standard solution A displays two prominent bands: the lower due to 6-gingerol, the
upper due to 6-shogaol. Under white light, the derivatized chromatogram of Standard
solution B shows a succession of dark-violet bands between the origin and the intense
dark-brown band corresponding to that of the 6-gingerol in Standard solution A.
Immediately proximate to the 6-gingerol band in the Standard solution B
chromatogram, less intense bands due to 8-gingerol and 10-gingerol are observed. A
variable number of low-intensity dark-gray bands appear between 10-gingerol and the
second prominent band corresponding to 6-shogaol in Standard solution A. In the distal
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part of the chromatogram, a dark-purple somewhat diffuse band is observed. Under
long-wave UV (365 nm), the chromatograms of the Standard solutions exhibit patterns
similar to those observed under white light. The bands due to gingerols and shogaols
are bright orange; the bands between the origin and the 6-gingerol band are dark-red
to brown, somewhat less prominent than when observed in white light. The bands
between 10-gingerol and 6-shogaol are variably colored; frequently, a light-gray band
appears halfway between them, with a light-purple diffuse band between it and the
orange band due to 6-shogaol. The distal diffuse band assumes a purple-pink hue.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Treat and examine the Samples as described under System suitability.
Acceptance criteria: Under white light and under long-wave UV (365 nm), the
chromatogram of the Sample solution exhibits the band pattern similar to that observed
with Standard solution B. The band in the distal part of the chromatogram, however, has
no diagnostic significance. Its color may range from purple-pink to muddy yellow, or the
band may be altogether absent. Potential adulterants lack the band pattern characteristic
of the gingerol-shogaol succession. Kaempferia galangal rhizome shows no diagnostic
bands under UV, but under white light a purple band is seen at about two-thirds from the
application line. Lesser galangal rhizome presents a yellow band at an RF just below the 6gingerol band, followed by a continuous broad blue smudge, and a distinct tandem of
light-orange and yellow bands close to the middle of the plate. USP39

COMPOSITION
• Content of Gingerols and Gingerdiones
Solution A: Acetonitrile, dilute phosphoric acid (1 in 1000), and methanol (55:44:1)
Solution B: Acetonitrile
Mobile phase: Use Solution A for NLT 7 times the retention time of capsaicin.
Column washing: After each chromatographic run, wash the column, using Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
2
0
100
12
0
100
14
100
0
29
100
0
Standard solution: 0.1 mg/mL of USP Capsaicin RS in methanol
System suitability solution: Reconstitute the content of 1 vial of USP Ginger Constituent
Mixture RS in 1 mL of the Standard solution.
Sample solution: Use the filtrate retained from the test for Articles of Botanical Origin,
Alcohol-Soluble Extractives.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 282 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for 6-gingerol, capsaicin, and 6-shogaol are about 0.8,
1.0, and 1.9, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 3.0 between the 6-gingerol and capsaicin peaks; NLT 10.0 between
the capsaicin and 6-shogaol peaks, System suitability solution
Tailing factors: NMT 2.0 for the 6-gingerol, capsaicin, and 6-shogaol peaks, System
suitability solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution, System suitability solution, and Sample solution
Calculate the sum of the peak responses due to gingerols and gingerdiones occurring at
about the following retention times, relative to 1.0 for capsaicin: 0.8 for 6-gingerol, 1.5
for 8-gingerol A, 2.2 for 8-gingerol B, 2.5 for 6-gingerdiol, 2.6 for 6-gingerdione, 3.4 for
10-gingerol, and 5.2 for 8-gingerdione.
Calculate the percentage of gingerols and gingerdiones in the Sample taken:
Result = (rT/rS) × (CS/W) × 10
rT= sum of the peak responses for gingerols and gingerdiones from the Sample solution
rS= peak response of capsaicin from the Standard solution
C=
S concentration of USP Capsaicin RS in the Standard solution (mg/mL)
W= weight of Ginger used in the test for Articles of Botanical Origin, Alcohol-Soluble
Extractives (g)
Acceptance criteria: NLT 0.8%
CONTAMINANTS
Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 105
cfu/g; the total combined molds and yeasts count does not exceed 103 cfu/g; the biletolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
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• Botanical Characteristics
Macroscopic: Ginger occurs in horizontal, laterally flattened, sympodially branching pieces.
Whole rhizomes are 5–15 cm long, 1.5–6 cm wide, and up to 2 cm thick, sometimes split
longitudinally, pale yellowish buff or light brown externally, longitudinally striated,
somewhat fibrous; branches flattish, obovate, short, about 2 cm long, each ending with a
depressed stem scar; fracture, short with projecting fibers, or sometimes resinous;
internally yellowish brown, showing a yellow endodermis separating the narrow cortex from
the wide stele, and numerous yellowish points, secretion cells and numerous bigger grayish
points, vascular bundles, scattered on the whole surface. The unscraped rhizome shows in
addition an outer layer of dark-brown cork. Morphological characteristics of different
varieties and forms of Ginger from different geographical areas are listed in Table 1 of the
general chapter Supplemental Information for Articles of Botanical Origin 2030 .
Microscopic: The scraped rhizome in transverse section shows a cortex composed of
multiple layers of parenchyma cells rich in simple, large, flattened, ovoid or sack-shaped
starch granules, 5–15 µm wide and 30–60 µm long having an eccentric hilum, some
showing faint transverse striations. The cortex also shows numerous oleoresin cells with a
yellow or yellowish-brown content and scattered collateral vascular bundles; a single layer
of endodermal cells free from starch; a wide central stele composed of parenchyma cells
rich in starch and oleoresin cells similar to those of the cortex, and containing scattered
collateral vascular bundles, some enclosed in a sheath of septate nonlignified fibers with
wide lumen. In addition to the above, the unscraped rhizome shows an outer zone of
dark-brown cork cells.
• Limit of Shogaols
Analysis: From the chromatograms obtained in the test for Content of Gingerols and
Gingerdiones, calculate the sum of the peak responses due to shogaols, occurring at the
following retention times, relative to 1.0 for capsaicin: 1.9 for 6-shogaol, 4.2 for 8shogaol, and 5.8 for 10-shogaol.
Calculate the percentage of shogaols in the portion taken:
Result = (rT/rS) × (CS/W) × 10
rT= sum of the peak responses of shogaols from the Sample solution
rS= peak response of capsaicin from the Standard solution
C=
S concentration of USP Capsaicin RS in the Standard solution, prepared as directed in the
test for Content of Gingerols and Gingerdiones (mg/mL)
W= weight of Ginger used in the test for Articles of Botanical Origin, Alcohol-Soluble
Extractives (g)
Acceptance criteria: NMT 0.18%
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2 561
Analysis: Collect the filtrate in a 100-mL volumetric flask, and dilute with alcohol to
volume. Evaporate 50 mL of the filtrate at a temperature not exceeding 90 . [Note—Save
the residue for use in Identification test B and the remaining volume of the filtrate for the
tests for Limit of Shogaols and Content of Gingerols and Gingerdiones.]
Acceptance criteria: NLT 4.5% residue
• Articles of Botanical Origin, Content of Starch, Method 1
the General Procedure being used

561 : NLT 42%, Method Ia of
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• Articles of Botanical Origin, Foreign Organic Matter
• Articles of Botanical Origin, Total Ash

561 : NMT 1.0%

561 : NMT 8.0%

• Articles of Botanical Origin, Acid-Insoluble Ash
• Articles of Botanical Origin, Volatile Oil Content
• Articles of Botanical Origin, Water-Soluble Ash

561 : NMT 2.0%
561 : NLT 1.8 mL/100 g
561 : NLT 1.9%

• Articles of Botanical Origin, Water-Soluble Extractives, Method 2
• Water Determination, Method Ia

561 : NLT 10.0%

921 : NMT 10%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store in a cool area.
• Labeling: The label states the Latin binominal and, following the official name, the part of
the plant contained in the article. This article is exempted from the requirements of the
General Notices and Requirements with respect to the pregnancy and lactation statement
(section 10.40.50, Labeling Botanical-Containing Products).
• USP Reference Standards 11
USP Capsaicin RS
USP Ginger Constituent Mixture RS
USP Powdered Ginger RS
1 Suitable commercially available plates are HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., Part No.
1.05642.0001).

BRIEFING
Powdered Ginger, USP 37 page 5409 and PF 40(5) [Sept.–Oct. 2015]. Modernization of the
Identification by TLC procedure is proposed to take advantage of superior resolution and
faster development time offered by HPTLC protocol. The proposed HPTLC procedure utilizes
the Silica Gel 60 F 254 plates from EMD Millipore and suggests procedures to identify common
Powdered Ginger adulterants.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C149387

Comment deadline: January 31, 2015
Powdered Ginger
DEFINITION
Powdered Ginger is Ginger reduced to a fine or a very fine powder.
IDENTIFICATION
• A.
Analysis: To 1 g of the Powdered Ginger add 5 mL of dilute acetic acid, prepared by
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diluting 1 part of glacial acetic acid with 1 part of water, and shake for 15 min. Filter, and
add a few drops of ammonium oxalate TS to the filtrate.
Acceptance criteria: NMT a slight turbidity is produced.
• B.
Sample: 50 mg of the residue obtained in the test for Articles of Botanical Origin, AlcoholSoluble Extractives
Analysis: Dissolve the Sample in 25 mL of water, and extract this solution with two 15-mL
portions of ether. Combine the ether extracts, and evaporate in a porcelain dish. To the
residue add 5 mL of sulfuric acid solution (7.5 in 10.0) and 5 mg of vanillin. Allow to stand
for 15 min, and add an equal volume of water.
Acceptance criteria: The solution turns azure blue.
Delete the following:
• C.Thin-Layer Chromatographic Identification Test
Standard solution A: Proceed as directed for the Sample solution, except to use 0.2 g of
USP Powdered Ginger RS.
Standard solution B: Use the System suitability solution, prepared as directed in the test
for Content of Gingerols and Gingerdiones.
Sample solution: Transfer 0.2 g of Powdered Ginger to a test tube, add 5 mL of methanol,
shake for 30 min, and centrifuge. Apply the supernatant to the plate.
Adsorbent: 0.50-mm layer of chromatographic silica gel mixture
Application volume: 20 µL for the Sample solution and Standard solution A; 40 µL for
Standard solution B
Developing solvent system: Ether and hexanes (7:3)
Spray reagent: 10% sulfuric acid in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed in the chapter. Examine the plate under UV light at 254 nm. Spray the
plate with Spray reagent, heat at 100 –105 for 10 min, and examine under daylight.
Acceptance criteria: The chromatogram of the Sample solution exhibits a spot due to
gingerols that occurs at an RF value of 0.2. A spot of shogaols may occur at an RF value
of 0.4, corresponding to those shown in the chromatogram of Standard solution B. [Note
—The chromatograms of the Sample solution and Standard solution A may exhibit other
spots in the upper region and at the origin of the plate. ] USP39

Add the following:
• C. Thin-Layer Chromatographic Identification Test
Standard solution A: 1 mg/mL of USP Ginger Constituent Mixture RS in methanol
Standard solution B: 100 mg/mL of USP Powdered Ginger RS in methanol. Sonicate for 10
min, and centrifuge or filter. Use supernatant or filtrate.
Sample solution: 100 mg/mL of Powdered Ginger in methanol. Sonicate for 10 min, and
centrifuge or filter. Use supernatant or filtrate.
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC plate)1
Application volume: 2 µL each of Standard solution A, Standard solution B, and Sample
solution as 8-mm bands
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Temperature: Ambient, not to exceed 30
Developing solvent system: Toluene and ethyl acetate (3:1)
Derivatization reagent: To 170 mL of ice-cold methanol add 20 mL of acetic acid, 10 mL
of sulfuric acid, and 1 mL of anisaldehyde. Mix well.
System suitability
Samples: Standard solution A and Standard solution B
Apply the Samples and dry in air. Condition at relative humidity of about 33%. Develop in
a saturated chamber until the solvent front has migrated over a path of 6 cm. Dry in a
current of cold air, and immerse into Derivatization reagent for 1 s. Heat for 3 min at 100
, and examine under white light and under long-wave UV (365 nm).
Suitability requirements
Chromatographic pattern: Under white light, the derivatized chromatogram of
Standard solution A displays two prominent bands: the lower due to 6-gingerol, the
upper due to 6-shogaol. Under white light, the derivatized chromatogram of Standard
solution B shows a succession of dark-violet bands between the origin and the intense
dark-brown band corresponding to that of the 6-gingerol in Standard solution A.
Immediately proximate to the 6-gingerol band in the Standard solution B
chromatogram, less intense bands due to 8-gingerol and 10-gingerol are observed. A
variable number of low-intensity dark-gray bands appear between 10-gingerol and the
second prominent band corresponding to 6-shogaol in Standard solution A. In the distal
part of the chromatogram, a dark-purple somewhat diffuse band is observed. Under
long-wave UV (365 nm), the chromatograms of the Standard solutions exhibit patterns
similar to those observed under white light. The bands due to gingerols and shogaols
are bright orange; the bands between the origin and the 6-gingerol band are dark-red
to brown, somewhat less prominent than when observed in white light. The bands
between 10-gingerol and 6-shogaol are variably colored; frequently, a light-gray band
appears halfway between them with a light-purple diffuse band between it and the
orange band due to 6-shogaol. The distal diffuse band assumes a purple-pink hue.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Treat and examine the Samples as described under System suitability.
Acceptance criteria: Under white light and under long-wave UV (365 nm), the
chromatogram of the Sample solution exhibits the band pattern similar to that observed
with Standard solution B. The band in the distal part of the chromatogram, however, has
no diagnostic significance. Its color may range from purple-pink to muddy yellow, or the
band may be altogether absent. Potential adulterants lack the band pattern characteristic
of the gingerol-shogaol succession. Katsumada galangal seed displays a green band close
to the origin and a reddish-orange band below it due to 6-gingerol. Sharp-leaf galangal
fruit shows a prominent greenish band in the middle of the chromatogram. Kaempferia
galangal rhizome shows no diagnostic bands under UV, but under white light, a purple
band is seen at about two-thirds from the application line. Lesser galangal rhizome
presents a yellow band at an RF just below the 6-gingerol band, followed by a continuous
broad blue smudge and a distinct tandem of light-orange and yellow bands close to the
middle of the plate. USP39
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COMPOSITION
• Content of Gingerols and Gingerdiones
Solution A: Acetonitrile, dilute phosphoric acid (1 in 1000), and methanol (55:44:1)
Solution B: Acetonitrile
Mobile phase: Use Solution A for NLT 7 times the retention time of capsaicin.
Column washing: After each chromatographic run, wash the column, using Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
2
0
100
12
0
100
14
100
0
29
100
0
Standard solution: 0.1 mg/mL of USP Capsaicin RS in methanol
System suitability solution: Reconstitute the content of 1 vial of USP Ginger Constituent
Mixture RS in 1 mL of the Standard solution.
Sample solution: Use the filtrate retained from the test for Articles of Botanical Origin,
Alcohol-Soluble Extractives.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 282 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for 6-gingerol, capsaicin, and 6-shogaol are about 0.8,
1.0, and 1.9, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 3.0 between the 6-gingerol and capsaicin peaks; NLT 10.0 between
the capsaicin and 6-shogaol peaks, System suitability solution
Tailing factors: NMT 2.0 for the 6-gingerol, capsaicin, and 6-shogaol peaks, System
suitability solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution, System suitability solution, and Sample solution
Calculate the sum of the peak responses due to gingerols and gingerdiones, occurring at
about the following retention times, relative to 1.0 for capsaicin: 0.8 for 6-gingerol, 1.5
for 8-gingerol A, 2.2 for 8-gingerol B, 2.5 for 6-gingerdiol, 2.6 for 6-gingerdione, 3.4 for
10-gingerol, and 5.2 for 8-gingerdione.
Calculate the percentage of gingerols and gingerdiones in the Sample taken:
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Result = (rT/rS) × (CS/W) × 10
rT= sum of the peak responses of gingerols and gingerdiones from the Sample solution
rS= peak response of capsaicin from the Standard solution
C=
S concentration of USP Capsaicin RS in the Standard solution (mg/mL)
W= weight of Powdered Ginger used in the test for Articles of Botanical Origin, AlcoholSoluble Extractives (g)
Acceptance criteria: NLT 0.8%
CONTAMINANTS
Delete the following:
• Heavy Metals

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 105
cfu/g; the total combined molds and yeasts count does not exceed 103 cfu/g; the biletolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanical Characteristics: Under a microscope, Powdered Ginger reveals mainly starch
granules and parenchyma cells containing them; simple, large, flattened, ovoid or sackshaped starch granules, 5–15 µm wide and 30–60 µm long having an eccentric hilum, some
showing faint transverse striations; parenchyma cells containing yellow-brown to dark
brown resinous substances; groups of large, thin-walled nonlignified septate fibers with
wide lumen; portions of septate fibers with attached vessels; large vessels with annular,
spiral, or reticulate thickening and often accompanied by parenchyma cells containing
brown content; oleoresin in fragments or droplets, staining with iodine TS and potassium
iodide TS; and, rarely, fragments of brown cork tissue, usually seen in surface view.
Sclerenchymatous cells, trichomes, and calcium oxalate are absent.
• Limit of Shogaols
Analysis: From the chromatograms obtained in the test for Content of Gingerols and
Gingerdiones, calculate the sum of the peak responses due to shogaols, occurring at the
following retention times, relative to 1.0 for capsaicin: 1.9 for 6-shogaol, 4.2 for 8shogaol, and 5.8 for 10-shogaol.
Calculate the percentage of shogaols in the portion of Powdered Ginger taken:
Result = (rT/rS) × (CS/W) × 10
rT= sum of the peak responses of shogaols from the Sample solution
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rS= peak response of capsaicin from the Standard solution
C=
S concentration of USP Capsaicin RS in the Standard solution, prepared as directed in the
test for Content of Gingerols and Gingerdiones (mg/mL)
W= weight of Powdered Ginger used in the test for Articles of Botanical Origin, AlcoholSoluble Extractives (g)
Acceptance criteria: NMT 0.18%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 2 561
Analysis: Collect the filtrate in a 100-mL volumetric flask, and dilute with alcohol to
volume. Evaporate 50 mL of the filtrate at a temperature not exceeding 90 .
Acceptance criteria: NLT 4.5% residue. [Note—Save the residue for use in Identification
test B, and the remaining volume of the filtrate for the tests for Limit of Shogaols and
Content of Gingerols and Gingerdiones.]
• Articles of Botanical Origin, Content of Starch, Method 1
the General Procedure being used
• Articles of Botanical Origin, Total Ash

561 : NLT 42%, Method Ia of

561 : NMT 8.0%

• Articles of Botanical Origin, Volatile Oil Content
• Articles of Botanical Origin, Water-Soluble Ash

561 : NLT 1.8 mL/100 g
561 : NLT 1.9%

• Articles of Botanical Origin, Water-Soluble Extractives, Method 2
• Water Determination, Method Ia

561 : NLT 10.0%

921 : NMT 10%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store in a cool area.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived. This article is exempted from the requirements of
the General Notices and Requirements with respect to the pregnancy and lactation
statement (section 10.40.50, Labeling Botanical-Containing Products).
• USP Reference Standards 11
USP Capsaicin RS
USP Ginger Constituent Mixture RS
USP Powdered Ginger RS
1 Suitable commercially available plates are HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., Part No.
1.05642.0001).

BRIEFING
Ginger Tincture, USP 37 page 5412. Modernization of the Identification by TLC procedure is
proposed to take advantage of superior resolution and faster development time offered by
HPTLC protocol. The proposed HPTLC procedure utilizes Silica Gel 60 F 254 plates from EMD
Millipore, and suggests procedures to identify common ginger adulterants.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.

PF 40(6): Nov.-Dec. 2014

270

(DS: A. Bzhelyansky.)
Correspondence Number—C149151

Comment deadline: January 31, 2015
Ginger Tincture
DEFINITION
Ginger Tincture is prepared as follows.
Ginger
200 g
A mixture of Alcohol and Water (7:3),
a sufficient quantity to make
1000 mL
Prepare the Tincture as directed in Botanical Extracts 565 , Preparations, Tinctures,
Maceration Process. It contains NLT 0.10% of gingerols.
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test
Standard solution A: Transfer 0.2 g of USP Powdered Ginger RS to a test tube, add 5 mL
of methanol, shake for 30 min, and centrifuge. Apply the supernatant to the plate.
Standard solution B: Use the System suitability solution, prepared as directed in the test
for Content of Gingerols.
Sample solution: Tincture
Adsorbent: 0.50-mm layer of chromatographic silica gel mixture
Application volume: 20 µL for the Sample solution and Standard solution A; 40 µL for
Standard solution B
Developing solvent system: Ethyl ether and hexane (7:3)
Spray reagent: 10% sulfuric acid in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved up about three-fourths of
the plate. Remove the plate from the chamber and dry. Examine the plate under UV light
at 254 nm. Spray the plate with Spray reagent, heat at 100 –105 for 10 min, and
examine under daylight.
Acceptance criteria: The chromatogram of the Sample solution exhibits a spot due to
gingerols that occurs at an RF value of 0.2, and a spot of shogaols may occur at an RF
value of 0.4, corresponding to the chromatogram of Standard solution B. [Note—The
chromatograms of the Sample solution and Standard solution A may exhibit other spots in
the upper region and at the origin of the plate. ] USP39

Add the following:
• A. Thin-Layer Chromatographic Identification Test
Standard solution A: 1 mg/mL of USP Ginger Constituent Mixture RS in methanol
Standard solution B: 100 mg/mL of USP Powdered Ginger RS in methanol. Sonicate for 10
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min and centrifuge or filter. Use supernatant or filtrate.
Sample solution: Tincture
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC plate)1
Application volume: 2 µL each of Standard solution A, Standard solution B, and Sample
solution as 8-mm bands
Temperature: Ambient, not to exceed 30
Developing solvent system: Toluene and ethyl acetate (3:1)
Derivatization reagent: To 170 mL of ice-cold methanol add 20 mL of acetic acid, 10 mL
of sulfuric acid, and 1 mL of anisaldehyde. Mix well.
System suitability
Samples: Standard solution A and Standard solution B
Apply the Samples and dry in air. Condition at a relative humidity of about 33%. Develop
in a saturated chamber until the solvent front has migrated over a path of 6 cm. Dry in a
current of cold air, and immerse into Derivatization reagent for 1 s. Heat for 3 min at 100
, and examine under white light and under long-wave UV (365 nm).
Suitability requirements
Chromatographic pattern: Under white light, the derivatized chromatogram of
Standard solution A displays two prominent bands: the lower due to 6-gingerol, the
upper due to 6-shogaol. Under white light, the derivatized chromatogram of Standard
solution B shows a succession of dark-violet bands between the origin and the intense
dark-brown band corresponding to that of the 6-gingerol in Standard solution A.
Immediately proximate to the 6-gingerol band in the Standard solution B
chromatogram, less intense bands due to 8-gingerol and 10-gingerol are observed. A
variable number of low-intensity dark-gray bands appear between 10-gingerol and the
second prominent band corresponding to 6-shogaol in Standard solution A. In the distal
part of the chromatogram, a dark-purple somewhat diffuse band is observed. Under
long-wave UV (365 nm), the chromatograms of the Standard solutions exhibit patterns
similar to those observed under white light. The bands due to gingerols and shogaols
are bright orange; the bands between the origin and the 6-gingerol band are dark-red
to brown, somewhat less prominent than when observed in white light. The bands
between 10-gingerol and 6-shogaol are variably colored; frequently, a light-gray band
appears halfway between them, with a light-purple diffuse band between it and the
orange band due to 6-shogaol. The distal diffuse band assumes a purple-pink hue.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution. Treat and
examine the Samples as described in System suitability.
Acceptance criteria: Under white light and under long-wave UV (365 nm), the
chromatogram of the Sample solution exhibits the band pattern similar to that observed
with Standard solution B. The band in the distal part of the chromatogram, however, has
no diagnostic significance. Its color may range from purple-pink to muddy yellow, or the
band be altogether absent. Potential adulterants lack the band pattern characteristic of
the gingerol-shogaol succession. Kaempferia galangal rhizome shows no diagnostic bands
under UV, but under white light a purple band is seen at about two-thirds from the
application line. Lesser galangal rhizome presents a yellow band at an RF just below the 6gingerol band, followed by a continuous broad blue smudge, and a distinct tandem of
light-orange and yellow bands close to the middle of the plate. USP39
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STRENGTH
• Content of Gingerols
Solution A: Acetonitrile, dilute phosphoric acid (1 in 1000), and methanol (55:44:1)
Solution B: Acetonitrile
Mobile phase: Use Solution A for NLT 7 times the retention time of capsaicin.
Column washing: After each chromatographic run, wash the column, using Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
2
0
100
12
0
100
14
100
0
29
100
0
Standard solution: 0.1 mg/mL of USP Capsaicin RS in methanol
System suitability solution: Reconstitute the content of 1 vial of USP Ginger Constituent
Mixture RS in 1 mL of Standard solution.
Sample solution: Tincture
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 282 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for 6-gingerol, capsaicin, and 6-shogaol are about 0.8,
1.0, and 1.9, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 3.0 between the 6-gingerol and capsaicin peaks; NLT 10.0 between
the capsaicin and 6-shogaol peaks, System suitability solution
Tailing factors: NMT 2.0 for the 6-gingerol, capsaicin, and 6-shogaol peaks, System
suitability solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution, System suitability solution, and Sample solution
Calculate the percentage of gingerols in the portion of Tincture taken:
Result = (rT/rS) × CS × 0.1
rT= sum of the peak responses of gingerols from the Sample solution
rS= peak response of capsaicin from the Standard solution
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C=
S concentration of USP Capsaicin RS in the Standard solution (mg/mL)
Acceptance criteria: NLT 0.10%
OTHER COMPONENTS
• Alcohol Determination, Method I
(C2 H5 OH)

611 : 90.0%–110.0% of the labeled amount of alcohol

CONTAMINANTS
• Arsenic, Method II

211 : NMT 1 ppm

• Heavy Metals, Method III

231 : NMT 10 µg/g

• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
SPECIFIC TESTS
• Limit of 6-Shogaol
Analysis: Using the chromatograms from the test for Content of Gingerols, calculate the
percentage of 6-shogaol in the portion of Tincture taken:
Result = (rU/rS) × CS × 0.1
rU= peak response of 6-shogaol from the Sample solution
rS= peak response of capsaicin from the Standard solution
C=
S concentration of USP Capsaicin RS in the Standard solution (mg/mL)
Acceptance criteria: NMT 0.034%
• Limit of Nonvolatile Residue
Sample: 10-mL portion
Analysis: Evaporate the Sample in a tared platinum or porcelain dish, and dry at 105 for 6
h.
Acceptance criteria: The weight of the residue is 80–120 mg.
• Articles of Botanical Origin, Total Ash
• Specific Gravity

561 : NMT 0.5%

841 : 0.90–0.95

• Other Requirements: Meets the requirements in Botanical Extracts
Storage

565 , Packaging and

ADDITIONAL REQUIREMENTS
• Labeling: Label it to indicate that it is for manufacturing purposes only, in addition to the
information specified in Botanical Extracts 565 , Preparations, Tinctures, Labeling. This
article is exempted from the requirements of the General Notices and Requirements with
respect to the pregnancy and lactation statement (section 10.40.50. Labeling BotanicalContaining Products).
• USP Reference Standards

11
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USP Capsaicin RS
USP Ginger Constituent Mixture RS
USP Powdered Ginger RS
1 Suitable commercially available plates are HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., Part No.
1.05642.0001).

BRIEFING
Goldenseal, USP 37 page 5433; and PF 40(5) [Sept.–Oct. 2014]. Modernization of the
Identification by TLC procedure is proposed to take advantage of superior resolution and
faster development time offered by HPTLC protocol. The proposed HPTLC procedure utilizes
the Silica Gel 60 F 254 plates from EMD Millipore, and contains suggestions for identification of
common Goldenseal adulterants.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C149388

Comment deadline: January 31, 2015
Goldenseal
DEFINITION
Goldenseal consists of the dried roots and rhizomes of Hydrastis canadensis L. (Fam.
Ranunculaceae). It contains NLT 2.0% of hydrastine (C21 H21 NO6 ) and NLT 2.5% of berberine
(C20 H18 NO4 ), calculated on the dried basis.
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 0.5 mg/mL each of USP Berberine Chloride RS and USP Hydrastine RS in
methanol
Sample solution: Finely powder the rhizome and the root. Transfer 0.5 g of the powder to
a suitable glass vial, and add 0.5 mL of 10% sodium carbonate. Add 5 mL of methanol, and
heat for 10 min in a water bath at 60 . Cool to room temperature, filter, and dry under a
stream of nitrogen. Add 0.5 mL of methanol to dissolve the residue.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10–20 µL, as bands
Developing solvent system: Ethyl acetate, butyl alcohol, formic acid, and water (5:3:1:1)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved about three-fourths of the
length of the plate, in a saturated chamber. Remove the plate, air-dry, and examine
under UV light at 365 nm.

PF 40(6): Nov.-Dec. 2014

275

Acceptance criteria: The chromatograms show zones having a lemon-yellow fluorescence
due to berberine at an RF value of about 0.53 and a blue-white fluorescence due to
hydrastine at an RF value of about 0.42. USP39

Add the following:
• A. Thin-Layer Chromatographic Identification Test
Standard solution: Prepare a composite solution containing 0.5 mg/mL of USP Hydrastine
RS and 0.025 mg/mL USP Berberine Chloride RS in methanol
Sample solution: Sonicate 0.25 g of Goldenseal root and rhizome in 4 mL of 80% methanol
for 30 min. Withdraw the supernatant, and wash the residue twice with 2-mL aliquots of
methanol. Combine the supernatant and rinsates in a 20-mL volumetric flask, and adjust
with methanol to volume. Mix well and filter before use.
[Note—If prolonged storage is required, keep the Sample solution refrigerated.]
Chromatographic system
(See High-Performance Thin-Layer Chromatography Procedure for Identification of
Articles of Botanical Origin 203 .)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plate)1
Application volume: 5 µL each of Standard solution and Sample solution as 8-mm bands
Temperature: Ambient, not to exceed 30
Developing solvent system: A mixture of ethyl acetate, methanol, formic acid, and
water (50:10:6:3)
System suitability
Sample: Standard solution. Apply as a band and dry in air. Condition at relative humidity
of about 33%. Develop in a saturated chamber until the solvent front has migrated over
a path of 6 cm. Dry in a stream of cold air, and examine under the long-wave (365 nm)
UV light.
Suitability requirements
Chromatographic pattern: Under long-wave UV (365 nm), the chromatogram exhibits
the dark-blue band at about one-third of the migration distance due to hydrastine,
and a bright yellow band at roughly halfway due to berberine.
Analysis
Samples: Standard solution and Sample solution. Treat and examine the samples as
described in System suitability.
Acceptance criteria: The chromatogram of the Sample solution exhibits a bright blue
fluorescent band due to hydrastinine close to the application line; additional deep blue
zones may be observed immediately above and below this band. In the middle third of the
chromatogram, a deep blue band coincident with hydrastine, and a bright yellow
fluorescent band coincident with berberine in the Standard solution are observed. Proximal
to the solvent front, a deep blue band is seen. Presence of a second yellow band below
that of berberine, commonly ascribed to palmatine, is a likely sign of adulteration. The
deep blue hydrastine band helps distinguish Goldenseal from numerous berberinecontaining species. USP39
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COMPOSITION
Change to read:
• Content of Berberine and Hydrastine and Limit of Palmatine
Mobile phase: Dissolve 9.93 g of monobasic potassium phosphate in 730 mL of water, add
270 mL of acetonitrile, mix, filter, and degas.
Solvent: A mixture of 0.1 M monobasic potassium phosphate and acetonitrile (60:40)
Standard solution: 0.05 mg/mL each of USP Berberine Chloride RS and USP Hydrastine RS
in a mixture of methanol and water (1:1)
System suitability solution: Prepare a solution of palmatine in a mixture of water and
methanol (1:1) with a known concentration of about 0.05 mg/mL. Mix equal volumes of
this solution and the Standard solution.
Sample solution: Finely powder a quantity of Goldenseal, and transfer about 0.12 g,
accurately weighed, to a 50-mL volumetric flask. Add 40 mL of Solvent, sonicate for 5
min, and shake for 10 min. Dilute with Solvent to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 150-mm; packing L1
Flow rate: 1.8 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between the berberine and palmatine peaks; NLT 1.5 between the
hydrastine and palmatine peaks, System suitability solution
Capacity factor: NLT 3.0 determined from the hydrastine and berberine peaks
for the hydrastine peak, 2S (USP38)
Standard solution
Column efficiency: NLT 5000 theoretical plates determined from the hydrastine and berberine
peaks, Standard solution
Tailing factor: NMT 2.0 determined from the hydrastine and berberine peaks, Standard solution
Relative standard deviation: NMT 2.5%, determined from the hydrastine and berberine peaks
in repeated injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of berberine (C20 H18 NO4 ) and hydrastine (C21 H21 NO6 ) in the portion
of Goldenseal taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of berberine or hydrastine in the Sample solution
rS= peak area of berberine or hydrastine in the Standard solution
C=
S concentration of berberine or hydrastine in the Standard solution (mg/mL)
V= volume of the Sample solution (mL)
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W= weight of powdered Goldenseal used to prepare the Sample solution (mg)
Using the values obtained from the chromatogram of the Sample solution, divide the peak area
of berberine by the area of any peak at the locus for palmatine (if present).
Acceptance criteria: NLT 2.0% of hydrastine (C21 H21 NO6 ) and NLT 2.5% of berberine
(C20 H18 NO4 ) on the dried basis. The ratio of the berberine peak area to any peak area at the
locus for palmatine is more than 50:1.
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Elemental Impurities

561 : Meets the requirements

2S (USP38)

• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the requirements

SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: The rhizome is knotty, subcylindrical, and occasionally has an aerial stem. It
is 1–5 cm in length and 2–10 mm in diameter. Externally, the rhizome is brown to dusky
yellowish orange, deeply furrowed, and marked by numerous stem and bud scale scars.
Numerous brittle roots arise roughly from the same side of the main axis. Fractures are
short and resinous, with a dark yellow to yellowish-brown bark, greenish-yellow margins,
and a yellowish-orange center that is waxy in appearance. An interrupted circle of small,
radially elongated fibrovascular bundles are also present. The roots are filiform, up to 35
cm in length and 1 mm in diameter, and are either curved or twisted, tangled together, or
broken. Fractures are short and brittle, and show an internal color of yellowish orange to
greenish yellow.
Microscopic
Transverse section of rhizome and root: The rhizome has polygonal, yellowish-brown,
thin- to slightly thick-walled cork cells. Wedge-shaped vascular bundles are separated
by wide medullary rays. Tracheary elements are lignified and have slit-shaped pits. A
few large vessels with reticulate thickenings are also present. The parenchyma tissue is
composed of polygonal cells with abundant simple or compound starch grains up to 8 µm
in diameter. A few irregularly shaped resin cells are present in the cortex and the pith.
Masses of granular, orange-brown matter are present in the parenchyma tissues. The
roots have a single layer of irregularly elongated cork cells. The tracheary elements are
associated with lignified fibers. Fragments of the epidermis are sometimes present near
the base of the rhizome and are composed of cells with thick, lignified, beaded walls.
• Articles of Botanical Origin, Foreign Organic Matter
• Loss on Drying 731
Sample: 2.0 g of Goldenseal, finely powdered

561 : NMT 2.0%
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Analysis: Dry at 100 for 5 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Goldenseal, finely powdered
Acceptance criteria: NMT 9.0%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store protected from light,
moisture, and heat.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards
USP Berberine Chloride RS
USP Hydrastine RS

11

1 Suitable commercially available plates are HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., Part No.
1.05642.0001).

BRIEFING
Powdered Goldenseal, USP 37 page 5434 and PF 40(5) [Sept.–Oct. 2014]. Modernization of
the Identification by TLC procedure is proposed to take advantage of superior resolution and
faster development time offered by HPTLC protocol. The proposed HPTLC procedure utilizes
the Silica Gel 60 F 254 plates from EMD Millipore, and contains suggestions for identification of
common Powdered Goldenseal adulterants.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C149389

Comment deadline: January 31, 2015
Powdered Goldenseal
DEFINITION
Powdered Goldenseal is Goldenseal reduced to a fine or very fine powder. It contains NLT 2.0%
of hydrastine (C21 H21 NO6 ) and NLT 2.5% of berberine (C20 H18 NO4 ), calculated on the dried
basis.
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 0.5 mg/mL each of USP Berberine Chloride RS and USP Hydrastine RS in
methanol
Sample solution: Transfer about 0.5 g of Powdered Goldenseal, accurately weighed, to a
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suitable glass vial, and add 0.5 mL of 10% sodium carbonate. Add 5 mL of methanol, and
heat for 10 min in a water bath at 60 . Cool to room temperature, filter, and dry under a
stream of nitrogen. Add 0.5 mL of methanol to dissolve the residue.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10–20 µL, as bands
Developing solvent system: Ethyl acetate, butyl alcohol, formic acid, and water (5:3:1:1)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved about three-fourths of the
length of the plate, in a saturated chamber. Remove the plate, air-dry, and examine
under UV light at 365 nm.
Acceptance criteria: The chromatograms show zones having a lemon-yellow fluorescence
due to berberine at an RF value of about 0.53 and a blue-white fluorescence due to
hydrastine at an RF value of about 0.42. USP39

Add the following:
• A. Thin-Layer Chromatographic Identification Test
Standard solution: Prepare a composite solution containing 0.5 mg/mL of USP Hydrastine
RS and 0.025 mg/mL USP Berberine Chloride RS in methanol
Sample solution: Sonicate 0.25 g of Powdered Goldenseal root and rhizome in 4 mL of 80%
methanol for 30 min. Withdraw the supernatant, and wash the residue twice with 2-mL
aliquots of methanol. Combine the supernatant and rinsates in a 20-mL volumetric flask,
and adjust with methanol to volume. Mix well and filter before use.
[Note—If prolonged storage is required, keep the Sample solution refrigerated.]
Chromatographic system
(See High-Performance Thin-Layer Chromatography Procedure for Identification of
Articles of Botanical Origin 203 .)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plate)1
Application volume: 5 µL each of Standard solution and Sample solution as 8-mm bands
Temperature: Ambient, not to exceed 30
Developing solvent system: A mixture of ethyl acetate, methanol, formic acid, and
water (50:10:6:3)
System suitability
Sample: Standard solution. Apply as a band and dry in air. Condition at a relative
humidity of about 33%. Develop in a saturated chamber until the solvent front has
migrated over a path of 6 cm. Dry in a stream of cold air, and examine under long-wave
(365 nm) UV light.
Suitability requirements
Chromatographic pattern: Under long-wave UV (365 nm), the chromatogram exhibits
a dark-blue band at about one-third of the migration distance due to hydrastine, and a
bright yellow band at roughly halfway due to berberine.
Analysis
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Samples: Standard solution and Sample solution. Treat and examine the samples as
described in System suitability.
Acceptance criteria: The chromatogram of the Sample solution exhibits a bright blue
fluorescent band due to hydrastine close to the application line; additional deep blue
zones may be observed immediately above and below this band. In the middle third of the
chromatogram, a deep blue band coincident with hydrastine, and a bright yellow
fluorescent band coincident with berberine in the Standard solution are observed. Proximal
to the solvent front, a deep blue band is seen. Presence of a second yellow band below
that of berberine, commonly ascribed to palmatine, is a likely sign of adulteration. The
deep blue hydrastine band helps distinguish Powdered Goldenseal from numerous
berberine-containing species. USP39

COMPOSITION
Change to read:
• Content of Berberine and Hydrastine and Limit of Palmatine
Mobile phase: Dissolve 9.93 g of monobasic potassium phosphate in 730 mL of water, add
270 mL of acetonitrile, mix, filter, and degas.
Solvent: A mixture of 0.1 M monobasic potassium phosphate and acetonitrile (60:40)
Standard solution: 0.05 mg/mL each of USP Berberine Chloride RS and USP Hydrastine RS
in a mixture of methanol and water (1:1)
System suitability solution: Prepare a solution of palmatine in a mixture of water and
methanol (1:1) with a known concentration of about 0.05 mg/mL. Mix equal volumes of
this solution and the Standard solution.
Sample solution: Transfer about 0.12 g of Powdered Goldenseal, accurately weighed, to a
50-mL volumetric flask. Add 40 mL of Solvent, sonicate for 5 min, and shake for 10 min.
Dilute with Solvent to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 150-mm; packing L1
Flow rate: 1.8 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between the berberine and palmatine peaks; NLT 1.5 between the
hydrastine and palmatine peaks, System suitability solution
Capacity factor: NLT 3.0 determined from the hydrastine and berberine peaks
for the hydrastine peak, 2S (USP38)
Standard solution
Column efficiency: NLT 5000 theoretical plates determined from the hydrastine and berberine
peaks, Standard solution
Tailing factor: NMT 2.0 determined from the hydrastine and berberine peaks, Standard solution
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Relative standard deviation: NMT 2.5%, determined from the hydrastine and berberine peaks
in repeated injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of berberine (C20 H18 NO4 ) and hydrastine (C21 H21 NO6 ) in the portion
of Powdered Goldenseal taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of berberine or hydrastine from the Sample solution
rS= peak area of berberine or hydrastine from the Standard solution
C=
S concentration of berberine or hydrastine in the Standard solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Goldenseal used to prepare the Sample solution (mg)
Using the values from the chromatogram of the Sample solution, divide the peak area of
berberine by the area of any peak at the locus for palmatine (if present).
Acceptance criteria: NLT 2.0% of hydrastine (C21 H21 NO6 ) and NLT 2.5% of berberine
(C20 H18 NO4 ) on the dried basis. The ratio of the berberine peak area to any peak area at the
locus for palmatine is more than 50:1.
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 20 ppm

2S (USP38)

Add the following:
• Articles of Botanical Origin, Limits of Elemental Impurities
requirements 2S (USP38)
• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the

561 : Meets the requirements

SPECIFIC TESTS
Change to read:
• Botanical Characteristics: The powder is dark yellow to moderately greenish-yellow. with
an aromatic odor and bitter taste.
2S (USP38)

Abundant starch granules are present and are either spherical or ovoid; the granules are simple
or compounded, with an occasional slit-shaped hilum. Parenchyma cells range from polygonal to
round and are filled with starch or brown resin. Tracheary elements with slit-shaped pits and a
few large reticulated vessels are present, as are beaded, thick-walled elongated epidermal
cells. Thin fragments of cork layer are also present.
• Articles of Botanical Origin, Foreign Organic Matter
• Loss on Drying 731

561 : NMT 2.0%
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Sample: 2 g of Powdered Goldenseal, finely powdered
Analysis: Dry at 100 for 5 h.
Acceptance criteria: NMT 12.0%
• Articles of Botanical Origin, Total Ash

561 : NMT 9%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store protected from light and
moisture.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
• USP Reference Standards
USP Berberine Chloride RS
USP Hydrastine RS

11

1 Suitable commercially available plates are HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., Part No.
1.05642.0001)

BRIEFING
Powdered Goldenseal Extract, USP 37 page 5435. Modernization of the Identification by TLC
procedure is proposed to take advantage of superior resolution and faster development time
offered by HPTLC protocol. The proposed HPTLC procedure utilizes Silica Gel 60 F 254 plates
from EMD Millipore and contains suggestions for identification of common Goldenseal
adulterants.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: A. Bzhelyansky.)
Correspondence Number—C149153

Comment deadline: January 31, 2015
Powdered Goldenseal Extract
DEFINITION
Powdered Goldenseal Extract is prepared from the pulverized dried roots and rhizomes of
Hydrastis canadensis L. (Fam. Ranunculaceae), using suitable solvents. It contains NLT 5% of
hydrastine (C21 H21 NO6 ) and NLT 10% of the sum of berberine (C20 H18 NO4 ) and hydrastine,
calculated on the dried basis. The ratio of starting crude plant material to Powdered Extract is
2:1.
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 0.5 mg/mL each of USP Berberine Chloride RS and USP Hydrastine RS in
methanol
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Sample solution: 10 mg/mL of Powdered Extract in a mixture of methanol and water (1:1).
Sonicate for 20 min, cool to room temperature, and filter.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10–20 µL, as bands
Developing solvent system: Ethyl acetate, butyl alcohol, formic acid, and water (5:3:1:1)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved about three-fourths of the
length of the plate, in a saturated chamber. Remove the plate, air-dry, and examine
under UV light at 365 nm.
Acceptance criteria: The chromatograms show zones having a lemon-yellow fluorescence
due to berberine at an RF value of about 0.53 and a blue-white fluorescence due to
hydrastine at an RF value of about 0.42. USP39

Add the following:
• A. Thin-Layer Chromatographic Identification Test
Standard solution: Prepare a composite solution containing 0.5 mg/mL of USP Hydrastine
RS and 0.025 mg/mL of USP Berberine Chloride RS in methanol.
Sample solution: 10 mg/mL of Powdered Extract in a mixture of methanol and water (1:1).
Sonicate for 20 min, cool to room temperature, and filter.
[Note—If prolonged storage is required, keep the Sample solution refrigerated.]
Chromatographic system
(See High-Performance Thin-Layer Chromatography Procedure for Identification of
Articles of Botanical Origin 203 .)
Mode: HPTLC
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plate)1
Application volume: 5 µL each of Standard solution and Sample solution as 8-mm bands
Temperature: Ambient, not to exceed 30
Developing solvent system: Ethyl acetate, methanol, formic acid, and water
(50:10:6:3)
System suitability
Sample: Standard solution
Apply as a band and dry in air. Condition at relative humidity of about 33%. Develop in a
saturated chamber until the solvent front has migrated over a path of 6 cm. Dry in a
current of cold air, and examine under long-wave (365 nm) UV light.
Suitability requirements
Chromatographic pattern: The chromatogram exhibits a dark-blue band at about onethird of the migration distance due to hydrastine and a bright-yellow band at roughly
halfway due to berberine.
Analysis
Samples: Standard solution and Sample solution
Treat and examine the Samples as described in System suitability.
Acceptance criteria: The chromatogram of the Sample solution exhibits a bright-blue
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fluorescent band due to hydrastinine close to the application line; additional deep-blue
zones may be observed immediately above and below this band. In the middle third of the
chromatogram, a deep-blue band coincident with hydrastine and a bright-yellow
fluorescent band coincident with berberine in the Standard solution are observed. Proximal
to the solvent front, a deep-blue band is seen. The presence of a second yellow band
below that of berberine, commonly ascribed to palmatine, is a likely sign of adulteration.
The deep-blue hydrastine band helps distinguish Powdered Goldenseal Extract from
numerous berberine-containing species. USP39

COMPOSITION
• Content of Berberine and Hydrastine and Limit of Palmatine
Mobile phase: Dissolve 9.93 g of monobasic potassium phosphate in 730 mL of water and
add 270 mL of acetonitrile. Mix, filter, and degas.
Standard solution: 0.05 mg/mL each of USP Berberine Chloride RS and USP Hydrastine RS
in a mixture of methanol and water (1:1)
System suitability solution: Prepare a solution of palmatine in a mixture of water and
methanol (1:1) with a known concentration of about 0.05 mg/mL. Mix equal volumes of
this solution and the Standard solution.
Sample solution: 2 mg/mL of Powdered Extract in a mixture of methanol and water (1:1).
Sonicate for 20 min, cool to room temperature, and filter. [Note—The sample to be used in
this test should not be subjected to the conditions specified in the test for Loss on
Drying. A separate sample is used to determine the content on the dried basis.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 150-mm; packing L1
Flow rate: 1.8 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between the berberine and palmatine peaks; NLT 1.5 between the
hydrastine and palmatine peaks, System suitability solution
Capacity factor: NLT 3.0 for the hydrastine peak, Standard solution
Column efficiency: NLT 5000 theoretical plates determined from the hydrastine and
berberine peaks, Standard solution
Tailing factor: NMT 2.0 determined from the hydrastine and berberine peaks, Standard
solution
Relative standard deviation: NMT 2.5% determined from the hydrastine and berberine
peaks in replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of hydrastine and berberine in the portion of Powdered Extract
taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area of berberine or hydrastine from the Sample solution
rS= peak area of berberine or hydrastine from the Standard solution
C=
S concentration of berberine or hydrastine in the Standard solution (mg/mL)
C=
U concentration of Powdered Extract in the Sample solution (mg/mL)
Using the values from the chromatogram of the Sample solution, divide the peak area of
berberine by the area of any peak at the locus for palmatine (if present).
Acceptance criteria: NLT 5% of hydrastine and NLT 10% of the sum of hydrastine and
berberine on the dried basis. The ratio of the berberine peak area to any peak area at the
locus for palmatine is more than 50:1.
CONTAMINANTS
• Heavy Metals, Method II

231 : NMT 20 ppm

• Articles of Botanical Origin, Pesticide Residue Analysis

561 : Meets the requirements

• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Loss on Drying 731
Sample: 1.0 g of Powdered Extract
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store protected from light and
moisture.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was prepared. Label to indicate the content of hydrastine and
berberine, the extracting solvent used for preparation, and the ratio of the starting crude
plant material to the Powdered Extract.
• USP Reference Standards
USP Berberine Chloride RS
USP Hydrastine RS

11

1 Suitable commercially available plates are HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., Part No.
1.05642.0001).

BRIEFING
Rhodiola rosea Capsules. Because there is no existing USP monograph for this dosage form, a
new monograph is proposed. The liquid chromatographic procedure in the test for Content of
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Phenylpropenoid Glycosides and Salidroside, Method 1 utilizes the Phenomenex Luna C18
brand of L1 column and Method 2 is based on analysis performed with the Phenomenex Luna
C18 (2)-HST brand of L1 column.
(DS: N. Davydova.)
Correspondence Number—C130335

Comment deadline: January 31, 2015
Add the following:
Rhodiola rosea
Capsules
DEFINITION
Rhodiola rosea Capsules contain Powdered Rhodiola rosea Extract. They contain NLT 95.0% of
the labeled amount of phenylpropenoid glycosides, calculated as the sum of rosarin, rosavin,
and rosin; and NLT 95.0% of the labeled amount of salidroside.
IDENTIFICATION
• A. HPLC
Analysis: Proceed as directed in the test for Content of Phenylpropenoid Glycosides and
Salidroside, Method 1 or Method 2.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at retention
times corresponding to the peaks due to salidroside, rosarin, rosavin, and rosin in the
chromatogram of Standard solution B.
STRENGTH
[Note—The strength requirement may be met by following either one of the specified methods;
the method used should be stated on the label only if Method 1 is not used.]
• Content of Phenylpropenoid Glycosides and Salidroside, Method 1
Extraction solvent: Methanol and water (2:8)
Solution A: 0.2% o-phosphoric acid
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
94
6
10
94
6
11
85
15
21
77
23
22
10
90
24
10
90
25
94
6
35
94
6
Standard solution A: 0.04 mg/mL of USP Rosavin RS and 0.02 mg/mL of USP Salidroside
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RS in Extraction solvent. Sonicate to dissolve, if necessary.
Standard solution B: 2.0 mg/mL of USP Rhodiola rosea Root and Rhizome Dry Extract RS in
Extraction solvent. Sonicate to dissolve, if necessary. Before injection, pass through a
PVDF membrane filter of 0.45-µm or finer pore size.
Sample solution: Determine the total weight of 20 Capsules. Open the Capsules and
combine their contents in an appropriate container. Weigh the empty Capsule shells and
calculate the average fill weight per Capsule. Transfer a portion of the Capsule contents,
equivalent to 3 mg of phenylpropenoid glycosides (sum of rosarin, rosavin, and rosin) into
a 50-mL volumetric flask. Add 40 mL of Extraction solvent and sonicate for 30 min. Cool to
room temperature, dilute with Extraction solvent to volume, mix well, and pass through a
PVDF membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 221 nm for 0–15 min and 251 nm for 15–35 min
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 40
Flow rate: 1.25 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram obtained with Standard solution B is
similar to the reference chromatogram provided with the lot of USP Rhodiola rosea
Root and Rhizome Dry Extract RS being used.
Resolution: NLT 1.5 between the rosarin and rosavin peaks, Standard solution B
Relative standard deviation: NMT 2.0% for the rosavin and salidroside peaks in
replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Rhodiola rosea Root and Rhizome Dry Extract
RS being used, identify the peaks corresponding to salidroside, rosarin, rosavin, and rosin
in the Sample solution.
Calculate the percentage of the labeled amount of phenylpropenoid glycosides calculated
as the sum of rosarin, rosavin, and rosin per individual Capsule:
Result = (rsum/rS) × (CS × V/W) × (Wav/L) × 100
rsum
= sum of the peak areas of rosarin, rosavin, and rosin in the Sample solution
rS = peak area of rosavin in Standard solution A
CS = concentration of rosavin in Standard solution A (mg/mL)
V = volume of the solvent taken for preparation of the Sample solution (mL)
W = weight of the sample taken for preparation of the Sample solution (mg)
Wav= average Capsule fill weight (mg)
L = labeled amount of phenylpropenoid glycosides (mg/Capsule)
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Calculate the percentage of the labeled amount of salidroside in the portion of Capsules
taken:
Result = (rU/rS) × (CS × V/W) × (Waf /L) × 100
rU= peak area of salidroside in the Sample solution
rS= peak area of salidroside in Standard solution A
CS= concentration of salidroside in Standard solution A (mg/mL)
V = volume of the solvent taken for preparation of the Sample solution (mL)
W= weight of the sample taken for preparation of the Sample solution (mg)
Waf= average Capsule fill weight (mg)
L = labeled amount of salidroside (mg/Capsule)
Acceptance criteria: NLT 95.0% of the labeled amount of phenylpropenoid glycosides as
the sum of rosarin, rosavin, and rosin; and NLT 95.0% of the labeled amount of salidroside
• Content of Phenylpropenoid Glycosides and Salidroside, Method 2
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
94
6
6
83
17
7
80.3
19.7
9
80.3
19.7
10
0
100
12
94
6
17
94
6
Standard solution A: 0.1 mg/mL of USP Rosavin RS in methanol
Standard solution B: 0.04 mg/mL of USP Salidroside RS in methanol
Standard solution C: 4.0 mg/mL of USP Rhodiola rosea Root and Rhizome Dry Extract RS
in methanol. Sonicate to dissolve, if necessary. Before injection, pass through a PVDF
membrane filter of 0.45-µm pore size.
Sample solution: Determine the total weight of 20 Capsules. Open the Capsules and
combine their contents in an appropriate container. Weigh the empty Capsule shells and
calculate the average fill weight per Capsule. Transfer a portion of the Capsule contents,
equivalent to 6 mg of phenylpropenoid glycosides (sum of rosarin, rosavin, and rosin) into
a 50-mL volumetric flask. Add 40 mL of methanol and sonicate for 30 min. Cool to room
temperature, dilute with methanol to volume, mix well, and pass through a PVDF
membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 205 nm

621 , System Suitability.)
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Column: 3.0-mm × 10-cm; 2.5-µm packing L1
Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 1 µL
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Chromatogram similarity: The chromatogram obtained with Standard solution C is
similar to the reference chromatogram provided with the lot of USP Rhodiola rosea
Root and Rhizome Dry Extract RS being used.
Resolution: NLT 1.5 between the rosarin and rosavin peaks, Standard solution C
Relative standard deviation: NMT 2.0% for the rosavin and salidroside peaks in
replicate injections, Standard solution A and Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Using the chromatograms of Standard solution A, Standard solution B, Standard solution C,
and the reference chromatogram provided with the lot of USP Rhodiola rosea Root and
Rhizome Dry Extract RS being used, identify the peaks corresponding to salidroside,
rosarin, rosavin, rosin, and rosiridin in the Sample solution.
Calculate the percentage of the labeled amount of phenylpropenoid glycosides calculated
as the sum of rosarin, rosavin, and rosin per individual Capsule:
Result = (rsum/rS) × (CS × V/W) × (Wav/L) × 100
rsum
= sum of the peak areas of rosarin, rosavin, and rosin in the Sample solution
rS = peak area of rosavin in Standard solution A
CS = concentration of rosavin in Standard solution A (mg/mL)
V = volume of the solvent taken for preparation of the Sample solution (mL)
W = weight of the sample taken for preparation of the Sample solution (mg)
Wav= average Capsule fill weight (mg)
L = labeled amount of phenylpropenoid glycosides (mg/Capsule)
Calculate the percentage of the labeled amount of salidroside per individual Capsule:
Result = (rU/rS) × (CS × V/W) × (Wav/L) × 100
rU = peak area of salidroside in the Sample solution
rS = peak area of salidroside in Standard solution B
CS= concentration of salidroside in Standard solution B (mg/mL)
V = volume of the solvent taken for preparation of the Sample solution (mL)
W = weight of the sample taken for preparation of the Sample solution (mg)
Wav= average Capsule fill weight (mg)
L = labeled amount of salidroside (mg/Capsule)
Acceptance criteria: NLT 95.0% of the labeled amount of phenylpropenoid glycosides as
the sum of rosarin, rosavin, and rosin; and NLT 95.0% of the labeled amount of salidroside
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PERFORMANCE TESTS
• Disintegration and Dissolution 2040 : Meet the requirements for Disintegration
• Weight Variation 2091 : Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived. The label states the amount of phenylpropenoid
glycosides, as the sum of rosarin, rosavin, and rosin; the amount of salidroside, and the
amount of Powdered Rhodiola rosea Extract in mg/Capsule. It also states the assay
method used if different from Method 1.
• USP Reference Standards 11
USP Rhodiola rosea Root and Rhizome Dry Extract RS
USP Rosavin RS
USP Salidroside RS
USP39

BRIEFING
Rhodiola rosea Tablets. Because there is no existing USP monograph for this dosage form, a
new monograph is proposed. The liquid chromatographic procedure in the test for Content of
Phenylpropenoid Glycosides and Salidroside, Method 1 utilizes the Phenomenex Luna C18
brand of L1 column and Method 2 is based on analysis performed with the Phenomenex Luna
C18 (2)-HST brand of L1 column.
(DS: N. Davydova.)
Correspondence Number—C130334

Comment deadline: January 31, 2015
Add the following:
Rhodiola rosea
Tablets
DEFINITION
Rhodiola rosea Tablets contain Powdered Rhodiola rosea Extract. They contain NLT 95.0% of
the labeled amount of phenylpropenoid glycosides, calculated as the sum of rosarin, rosavin,
and rosin; and NLT 95.0% of the labeled amount of salidroside.
IDENTIFICATION
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• A. HPLC
Analysis: Proceed as directed in the test for Content of Phenylpropenoid Glycosides and
Salidroside, Method 1 or Method 2.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at retention
times corresponding to the peaks due to salidroside, rosarin, rosavin, and rosin in the
chromatogram of Standard solution B.
STRENGTH
[Note—The strength requirement may be met by following either one of the specified methods;
the method used should be stated on the label only if Method 1 is not used.]
• Content of Phenylpropenoid Glycosides and Salidroside, Method 1
Extraction solvent: Methanol and water (2:8)
Solution A: 0.2% o-phosphoric acid
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
94
6
10
94
6
11
85
15
21
77
23
22
10
90
24
10
90
25
94
6
35
94
6
Standard solution A: 0.04 mg/mL of USP Rosavin RS and 0.02 mg/mL of USP Salidroside
RS in Extraction solvent. Sonicate to dissolve, if necessary.
Standard solution B: 2.0 mg/mL of USP Rhodiola rosea Root and Rhizome Dry Extract RS in
Extraction solvent. Sonicate to dissolve, if necessary. Before injection, pass through a
PVDF membrane filter of 0.45-µm or finer pore size.
Sample solution: Weigh NLT 20 Tablets, determine the average Tablet weight, and finely
powder. Transfer a portion of finely powdered Tablets, nominally equivalent to 3 mg of
phenylpropenoid glycosides (sum of rosarin, rosavin, and rosin) into a 50-mL volumetric
flask. Add 40 mL of Extraction solvent and sonicate for 30 min. Cool to room temperature,
dilute with Extraction solvent to volume, mix well, and pass through a PVDF membrane
filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 221 nm for 0–15 min and 251 nm for 15–35 min
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 40
Flow rate: 1.25 mL/min
Injection volume: 20 µL
System suitability
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Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram obtained with Standard solution B is
similar to the reference chromatogram provided with the lot of USP Rhodiola rosea
Root and Rhizome Dry Extract RS being used.
Resolution: NLT 1.5 between the rosarin and rosavin peaks, Standard solution B
Relative standard deviation: NMT 2.0% for the rosavin and salidroside peaks in
replicate injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Rhodiola rosea Root and Rhizome Dry Extract
RS being used, identify the peaks corresponding to salidroside, rosarin, rosavin, and rosin
in the Sample solution.
Calculate the percentage of the labeled amount of phenylpropenoid glycosides calculated
as the sum of rosarin, rosavin, and rosin per individual Tablet:
Result = (rsum/rS) × (CS × V/W) × (Wav/L) × 100
rsum
= sum of the peak areas of rosarin, rosavin, and rosin in the Sample solution
rS = peak area of rosavin in Standard solution A
CS = concentration of rosavin in Standard solution A (mg/mL)
V = volume of the solvent taken for preparation of the Sample solution (mL)
W = weight of the sample taken for preparation of the Sample solution (mg)
Wav= average Tablet weight (mg)
L = labeled amount of phenylpropenoid glycosides (mg/Tablet)
Calculate the percentage of the labeled amount of salidroside per individual Tablet:
Result = (rU/rS) × (CS × V/W) × (Waf /L) × 100
rU = peak area of salidroside in the Sample solution
rS = peak area of salidroside in Standard solution A
CS= concentration of salidroside in Standard solution A (mg/mL)
V = volume of the solvent taken for preparation of the Sample solution (mL)
W = weight of the sample taken for preparation of the Sample solution (mg)
Wav= average Tablet weight (mg)
L = labeled amount of salidroside (mg/Tablet)
Acceptance criteria: NLT 95.0% of the labeled amount of phenylpropenoid glycosides as
the sum of rosarin, rosavin, and rosin; and NLT 95.0% of the labeled amount of salidroside
• Content of Phenylpropenoid Glycosides and Salidroside, Method 2
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 2.
Table 2
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Time
Solution A Solution B
(min)
(%)
(%)
0
94
6
6
83
17
7
80.3
19.7
9
80.3
19.7
10
0
100
12
94
6
17
94
6
Standard solution A: 0.1 mg/mL of USP Rosavin RS in methanol
Standard solution B: 0.04 mg/mL of USP Salidroside RS in methanol
Standard solution C: 4.0 mg/mL of USP Rhodiola rosea Root and Rhizome Dry Extract RS
in methanol. Sonicate to dissolve, if necessary. Before injection, pass through a PVDF
membrane filter of 0.45-µm pore size.
Sample solution: Weigh NLT 20 Tablets, determine the average Tablet weight, and finely
powder. Transfer a portion of finely powdered Tablets, equivalent to 6 mg of
phenylpropenoid glycosides (sum of rosarin, rosavin, and rosin) into a 50-mL volumetric
flask. Add 40 mL of methanol and sonicate for 30 min. Cool to room temperature, dilute
with methanol to volume, mix well, and pass through a PVDF membrane filter of 0.45-µm
pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.0-mm × 10-cm; 2.5-µm packing L1
Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 1 µL
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Chromatogram similarity: The chromatogram obtained with Standard solution C is
similar to the reference chromatogram provided with the lot of USP Rhodiola rosea
Root and Rhizome Dry Extract RS being used.
Resolution: NLT 1.5 between the rosarin and rosavin peaks, Standard solution C
Relative standard deviation: NMT 2.0% for the rosavin and salidroside peaks in
replicate injections, Standard solution A and Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Using the chromatograms of Standard solution A, Standard solution B, Standard solution C,
and the reference chromatogram provided with the lot of USP Rhodiola rosea Root and
Rhizome Dry Extract RS being used, identify the peaks corresponding to salidroside,
rosarin, rosavin, rosin, and rosiridin in the Sample solution.
Calculate the percentage of the labeled amount of phenylpropenoid glycosides calculated

PF 40(6): Nov.-Dec. 2014

294

as the sum of rosarin, rosavin, and rosin per individual Tablet:
Result = (rsum/rS) × (CS × V/W) × (Wav/L) × 100
rsum
= sum of the peak areas of rosarin, rosavin, and rosin in the Sample solution
rS = peak area of rosavin in Standard solution A
CS = concentration of rosavin in Standard solution A (mg/mL)
V = volume of the solvent taken for preparation of the Sample solution (mL)
W = weight of the sample taken for preparation of the Sample solution (mg)
Wav= average Tablet weight (mg)
L = labeled amount of phenylpropenoid glycosides (mg/Tablet)
Calculate the percentage of the labeled amount of salidroside per individual Tablet taken:
Result = (rU/rS) × (CS × V/W) × (Wav/L) × 100
rU = peak area of salidroside in the Sample solution
rS = peak area of salidroside in Standard solution A
CS= concentration of salidroside in Standard solution A (mg/mL)
V = volume of the solvent taken for preparation of the Sample solution (mL)
W = weight of the sample taken for preparation of the Sample solution (mg)
Wav= average Tablet weight (mg)
L = labeled amount of salidroside (mg/Tablet)
Acceptance criteria: NLT 95.0% of the labeled amount of phenylpropenoid glycosides as
the sum of rosarin, rosavin, and rosin; and NLT 95.0% of the labeled amount of salidroside
PERFORMANCE TESTS
• Disintegration and Dissolution 2040 : Meet the requirements for Disintegration
• Weight Variation 2091 : Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived. The label states the amount of phenylpropenoid
glycosides, as the sum of rosarin, rosavin, and rosin; the amount of salidroside, and the
amount of Powdered Rhodiola rosea Extract in mg/Tablet. It also states the assay method
used if different from Method 1.
• USP Reference Standards 11
USP Rhodiola rosea Root and Rhizome Dry Extract RS
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USP Rosavin RS
USP Salidroside RS
USP39

BRIEFING
Ubiquinol Capsules. Because there is no existing USP monograph for this dosage form, a new
monograph is proposed. The liquid chromatographic procedure in the test for Strength is
based on analyses performed with the Waters Symmetry C18 brand of L1 column. Typical
retention times observed for ubiquinol and ubidecarenone are 5.0 and 6.2 min, respectively.
(DS: N. Davydova.)
Correspondence Number—C132328

Comment deadline: January 31, 2015
Add the following:
Ubiquinol Capsules
DEFINITION
Ubiquinol Capsules contain NLT 90.0% and NMT 115.0% of the labeled amount of ubiquinol
(C59 H92 O4 ).
IDENTIFICATION
• A. The retention time of the major peak of either Sample solution 1 or Sample solution 2
corresponds to that of the Standard solution, as obtained in the Procedure for Strength.
STRENGTH
• Procedure
[Note—Conduct this test promptly with minimal exposure to air. Ubiquinol is readily oxidized to
ubidecarenone when exposed to air.]
Mobile phase: Acetonitrile and alcohol (50:50)
Diluent: Methanol and n-hexane (85:15)
System suitability solution: 0.5 mg/mL each of USP Ubiquinol RS and USP Ubidecarenone
RS in Diluent. Sonicate, if necessary, for complete dissolution.
Standard solution: 0.5 mg/mL of USP Ubiquinol RS in Diluent. Sonicate, if necessary, for
complete dissolution.
Sample solution 1 (for soft gelatin Capsules): Weigh NLT 20 Capsules in a tared weighing
bottle. Open the Capsules, without the loss of shell material, and transfer the contents to
a 100-mL beaker. Remove any contents adhering to the empty shells by washing, if
necessary, with several portions of ether. Discard the washings, and dry the Capsule
shells with the aid of a current of dry air until the odor of ether is no longer perceptible.
Weigh the empty Capsule shells in the tared weighing bottle, and calculate the average
net weight per Capsule. Transfer a portion of the Capsule contents, equivalent to 250 mg
of ubiquinol into a 50-mL volumetric flask. Add 40 mL of Diluent and shake by mechanical
means for 10 min. Sonicate additionally for about 15 min, cool to room temperature, dilute
with Diluent to volume, and mix well. Dilute a portion of the resultant solution with Diluent
to obtain a concentration of 0.5 mg/mL of ubiquinol. Mix well and pass through a
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membrane filter of 0.45-µm pore size.
Sample solution 2 (for hard gelatin Capsules): Empty and thoroughly mix the contents of
NLT 20 Capsules. Transfer a portion of the contents, equivalent to 250 mg of ubiquinol
into a 50-mL volumetric flask. Add 40 mL of Diluent and shake by mechanical means for 20
min. Sonicate additionally for about 15 min, cool to room temperature, dilute with Diluent
to volume, and mix well. Dilute a portion of the resultant solution with Diluent to obtain a
concentration of 0.5 mg/mL of ubiquinol. Mix well and pass through a membrane filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ubiquinol and ubidecarenone are about 1.0 and 1.2,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between ubiquinol and ubidecarenone, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution 1 or Sample solution 2
Calculate the percentage of ubiquinol (C59 H92 O4 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of ubiquinol from the Sample solution
rS= peak area of ubiquinol from the Standard solution
C=
S concentration of USP Ubiquinol RS in the Standard solution (mg/mL)
C=
U nominal concentration of ubiquinol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
• Disintegration and Dissolution 2040 : Meet the requirements for Disintegration
• Weight Variation 2091 : Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the total combined molds and yeasts count does not exceed 3 × 102
cfu/g.
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species and Escherichia coli
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards
USP Ubidecarenone RS
USP Ubiquinol RS

11

USP39

BRIEFING
Butylated Hydroxyanisole, NF 32 page 5881. The Butylated Hydroxyanisole monograph was
identified by the FDA Modernization Task Group to be at an elevated risk of adulteration due
to a lack of specificity of the Identification test. As part of the USP monograph
modernization effort, it is proposed to make the following changes:
1.
Change the Definition to reflect that butylated hydroxyanisole is a mixture of two
isomers.
2.
Replace the wet chemistry procedure in Identification test A with an attenuated total
internal reflection IR spectrometric procedure.
3.
Replace the HPLC procedure in Identification test B with an HPLC procedure capable of
detecting the presence of butylated hydroxytoluene, which can be present in BHA as
the result of mislabeling or mixing up with BHA. The proposed HPLC method is based
on an analysis performed with the Phenomenex Luna C18 and Advanced
Chromatography Technologies ACE C18 brand of L1 column. The retention times for
butylated hydroxyanisole and butylated hydroxytoluene are approximately 2.0 and
10.8 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: G. Holloway.)
Correspondence Number—C122594

Comment deadline: January 31, 2015
Butylated Hydroxyanisole

C11 H16 O2

180.24

Phenol, (1,1-dimethylethyl)-4-methoxy-;
tert-Butyl-4-methoxyphenol
[25013-16-5].
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DEFINITION
Change to read:
Butylated Hydroxyanisole contains NLT 98.5% of C11 H16 O2 .
Butylated Hydroxyanisole is predominantly 3-tert-butyl-4-hydroxyanisole, with varying
amounts of 2-tert-butyl-4-hydroxyanisole. It contains NLT 98.5% of butylated hydroxyanisole
(C11 H16 O2 ) as a sum of the two isomers.
NF34

IDENTIFICATION
Delete the following:
• A. Procedure
Analysis: To 5 mL of 0.1 mg/ml solution in 72% alcohol add 2 mL of 20 mg/mL sodium
borate solution and 1 mL of 0.1 mg/ml solution of 2,6-dichloroquinone chlorimide in
dehydrated alcohol, and mix.
Acceptance criteria: A blue color is produced. NF34

Add the following:
• A. Infrared Absorption 197A
Analysis: Determine the position of the most intense 3-tert-butyl-4-hydroxyanisole peaks
within 10 cm 1 of: 682, 815, 855, 914, 1031, 1196, 1413, and 1504 cm 1 in a spectrum
of USP 3-tert-Butyl-4-hydroxyanisole RS. Compare the Butylated Hydroxyanisole peak
positions to those of USP 3-tert-Butyl-4-hydroxyanisole RS.
Acceptance criteria: All peak positions determined for Butylated Hydroxyanisole are within
5 cm 1 of those determined for USP 3-tert-Butyl-4-hydroxyanisole RS.

NF34

Change to read:
• B. The retention times of 3-tert-butyl-4-hydroxyanisole and 2-tert-butyl-4-hydroxyanisole
from the Sample solution correspond to those from the Standard solution, as obtained in
the Assay.
Solution A: 5% Acetic acid, prepared by diluting 50 mL of glacial acetic acid in a 1-L
flask with water to volume
Mobile phase: Acetonitrile and Solution A (65:35)
Standard solution: 0.4 mg/mL of USP 3-tert-Butyl-4-hydroxyanisole RS and 0.1 mg/mL
of USP 2-tert-Butyl-4-hydroxyanisole RS in Mobile phase
Sample solution: 0.5 mg/mL of Butylated Hydroxyanisole in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 3.0-mm × 15-cm; 3-µm packing L1
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Column temperature: 40
Flow rate: 0.75 mL/min
Injection volume: 10 µL
Run time: 15 min
Analysis
Samples: Standard solution and Sample solution
[Note—2-tert-Butyl-4-hydroxyanisole and 3-tert-butyl-4-hydroxyanisole coelute under
these chromatographic conditions. However, a small shoulder of 2-tert-butyl-4hydroxyanisole may be seen on the left hand side of the 3-tert-butyl-4hydroxyanisole peak. The retention time of the 3-tert-butyl-4-hydroxyanisole peak is
about 2.1 min.]
Acceptance criteria: The retention time of the main peak of the Sample solution
corresponds to that of the Standard solution. The chromatographic profile of the
Sample solution should be similar to that of the Standard solution and exhibit only one
major peak corresponding to butylated hydroxyanisole. NF34

ASSAY
Change to read:
• Procedure
Solution A: 5% acetic acid
Proceed as directed in Identification test B.

NF34

Mobile phase: Acetonitrile and Solution A (45:55)
Standard solution: 90 µg/mL of USP 3-tert-Butyl-4-hydroxyanisole RS and 10 µg/mL of USP
2-tert-Butyl-4-hydroxyanisole RS in Mobile phase
Sample solution: 100 µg/mL of Butylated Hydroxyanisole in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 75-mm; 3.5-µm packing L1
Column temperature: 30
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention times of 2-tert-butyl-4-hydroxyanisole and 3-tert-butyl-4hydroxyanisole are about 4.2 and 4.6 min, respectively.]
Suitability requirements
Resolution: NLT 1.5 between the 3-tert-butyl-4-hydroxyanisole isomer and 2-tert-butyl-4hydroxyanisole isomer peaks
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0% for the 3-tert-butyl-4-hydroxyanisole isomer and
2-tert-butyl-4-hydroxyanisole isomer peaks
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for each isomer.
Calculate the percentage of each isomer in the portion of Butylated Hydroxyanisole taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding isomer from the Sample solution
rS= peak area of the corresponding isomer from the Standard solution
C=
S concentration of the appropriate USP Reference Standard in the Standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
[Note—Calculate the percentage of butylated hydroxyanisole (C11 H16 O2 ) in the portion of
Butylated Hydroxyanisole taken by adding the quantities of the two isomers.]
Acceptance criteria: NLT 98.5%
IMPURITIES
• Residue on Ignition 281
Sample: 10 g
Acceptance criteria: NMT 0.01%
• Heavy Metals, Method II

231 : NMT 10 ppm

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP 2-tert-Butyl-4-hydroxyanisole RS
C11 H16 O2
180.25
USP 3-tert-Butyl-4-hydroxyanisole RS
C11 H16 O2
180.25
BRIEFING
Abiraterone Acetate. Because there is no existing USP monograph for this drug substance, a
new monograph based on validated methods of analysis is proposed. The liquid
chromatographic procedure used in the Assay and the test for Organic Impurities is based
on analyses performed with the Prontosil 120-3-C-18-ace-EPS brand of L1 column. The
typical retention time for abiraterone acetate is about 36 min.
(SM3: F. Mao.)
Correspondence Number—C141381

Comment deadline: January 31, 2015
Add the following:
Abiraterone Acetate
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391.55

Androsta-5,16-dien-3-ol, 17-(3-pyridinyl)-, acetate (ester), (3 );
17-(Pyridin-3-yl)androsta-5,16-dien-3 -yl acetate

[154229-18-2].

DEFINITION
Abiraterone acetate contains NLT 98.0% and NMT 102.0% of abiraterone acetate (C26 H33 NO2 ),
calculated on the as-is basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 10 mM of ammonium acetate in water
Mobile phase: See Table 1.
Table 1
Time
Solution A Acetonitrile Ethanol
(min)
(%)
(%)
(%)
0
50
20
30
40
15
55
30
47
0
20
80
58
0
20
80
60
50
20
30
70
50
20
30
[Note—Protect solutions from light.]
System suitability solution: 0.625 mg/mL of USP Abiraterone System Suitability Mixture
RS in acetonitrile. [Note—See Table 2 for relative retention times of the main components
of the mixture.]
Table 2
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Name
7-Ketoabiraterone acetate
-Epoxyabiraterone acetate
-Epoxyabiraterone acetate

Relative
Retention
Time
0.42
0.62
0.66

Abiraterone
0.69
3-Deoxy-3-acetyl abiraterone-3-ene
0.85
Abiraterone acetate
1.0
Abiraterone ethyl ether
1.18
Abiraterone isopropyl ether
1.26
Anhydro abiraterone
1.29
3-Deoxy 3-chloroabiraterone
1.31
O-Chlorobutylabiraterone
1.33
Standard solution: 0.625 mg/mL of USP Abiraterone Acetate RS in acetonitrile
Sample solution: 0.625 mg/mL of Abiraterone Acetate in acetonitrile
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3-mm × 15-cm; 3-µm packing L1
Column temperature: 15
Flow rate: 0.45 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.0 between anhydro abiraterone and 3-deoxy 3-chloroabiraterone
peaks, System suitability solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of abiraterone acetate (C26 H33 NO2 ) in the portion of
Abiraterone Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Abiraterone Acetate RS in the Standard solution (mg/mL)
C=
U concentration of Abiraterone Acetate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the as-is basis
IMPURITIES
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• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
[Note—Protect solutions from light.]
Solution A, Mobile phase, System suitability solution, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.0625 µg/mL of USP Abiraterone Acetate RS in acetonitrile, from
Standard solution
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.0 between anhydro abiraterone and 3-deoxy 3-chloroabiraterone
peaks, System suitability solution
Signal-to-noise ratio: NLT 5, Sensitivity solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Abiraterone Acetate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak area of each impurity from the Sample solution
rS= peak area of abiraterone acetate from the Standard solution
C=
S concentration of USP Abiraterone Acetate RS in the Standard solution (mg/mL)
C=
U concentration of Abiraterone Acetate in the Sample solution (mg/mL)
F= relative response factor for each individual impurity (see Table 3)
Acceptance criteria: See Table 3. Disregard any peak less than 0.05%.
Table 3
Relative
Retention
Name
Time
-Epoxyabiraterone acetate
0.62
-Epoxyabiraterone acetate
0.66
Abiraterone
Abiraterone acetate
Abiraterone ethyl ether
Abiraterone isopropyl ether
Unspecified impurity
Total impurities

0.69
1.0
1.18
1.26
—
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.26
0.25
0.26
0.25
1.0
—
1.0
1.0
1.0
—

0.20
—
0.20
0.20
0.10
0.80

SPECIFIC TESTS
• Water Determination, Method Ic

921 : NMT 0.25%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature and
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protect from light.
• USP Reference Standards 11
USP Abiraterone Acetate RS
USP Abiraterone System Suitability Mixture RS
It contains Abiraterone Acetate and small amounts of the following:
Abiraterone
17-(Pyridin-3-yl)androsta-5,16-dien-3 -ol.
C24 H31 NO
349.52
Abiraterone ethyl ether
3 -Ethoxy-17-(pyridin-3-yl)androsta-5,16-diene.
C26 H35 NO
377.57
Abiraterone isopropyl ether
3 -Isopropoxy-17-(pyridin-3-yl)androsta-5,16-diene.
C27 H37 NO
391.60
Anhydro abiraterone
17-(Pyridin-3-yl)androsta-3,5,16-triene.
C24 H29 N
331.50
O-Chlorobutylabiraterone
3 -(4-Chlorobutoxy)-17-(pyridin-3-yl)androsta-5,16-diene.
C28 H38 ClNO
440.07
3-Deoxy-3-acetyl abiraterone-3-ene
1-[17-(Pyridin-3-yl)androsta-3,5,16-trien-3-yl]ethanone.
C26 H31 NO
405.54
3-Deoxy 3-chloroabiraterone
3 -Chloro-17-(pyridin-3-yl)androsta-5,16-diene.
C24 H30 ClN
367.96
-Epoxyabiraterone acetate
17-(Pyridin-3-yl)-16 ,17 -epoxyandrost-5-en-3 -yl acetate.
C26 H33 NO3
407.55
-Epoxyabiraterone acetate
17-(Pyridin-3-yl)-16 ,17 -epoxyandrost-5-en-3 -yl acetate.
C26 H33 NO3
407.55
7-Ketoabiraterone acetate
7-Oxo-17-(pyridin-3-yl)androsta-5,16-dien-3 -yl acetate.
C26 H31 NO3
405.54
USP39

BRIEFING
Abiraterone Acetate Tablets. Because there is no existing USP monograph for this drug
product, a new monograph based on validated methods of analysis is proposed.
1.
The liquid chromatographic procedure used in the Assay and the test for Organic
Impurities is based on analyses performed with the Prontosil 120-3-C-18-ace-EPS
brand of L1 column. The typical retention time for abiraterone acetate is about 36
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min.
2.
The test for Dissolution is based on analyses performed with the Phenomenex Luna C18(2) brand of L1 column. The typical retention time for abiraterone acetate is about
3.3 min.
(SM3: F. Mao.)
Correspondence Number—C143139

Comment deadline: January 31, 2015
Add the following:
Abiraterone Acetate Tablets
DEFINITION
Abiraterone Acetate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
abiraterone acetate (C26 H33 NO2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 10 mM of ammonium acetate in water
Mobile phase: See Table 1.
Table 1
Time
Solution A Acetonitrile Ethanol
(min)
(%)
(%)
(%)
0
50
20
30
40
15
55
30
47
0
20
80
58
0
20
80
60
50
20
30
70
50
20
30
[Note—Protect solutions from light.]
System suitability solution: 0.625 mg/mL of USP Abiraterone System Suitability Mixture
RS in acetonitrile
[Note—See Table 2 for relative retention times of the main components of the mixture.]
Table 2

Name
7-Ketoabiraterone acetate
-Epoxyabiraterone acetate

Relative
Retention
Time
0.42
0.62
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-Epoxyabiraterone acetate

0.66

Abiraterone
0.69
3-Deoxy-3-acetyl abiraterone-3-ene
0.85
Abiraterone acetate
1.0
Abiraterone ethyl ether
1.18
Abiraterone isopropyl ether
1.26
Anhydro abiraterone
1.29
3-Deoxy 3-chloroabiraterone
1.31
O-Chlorobutylabiraterone
1.33
Standard solution: 0.625 mg/mL of USP Abiraterone Acetate RS in acetonitrile
Sample solution: Nominally equivalent to 0.625 mg/mL of abiraterone acetate in
acetonitrile, prepared from NLT 20 powdered Tablets as follows. Transfer the powder to a
suitable volumetric flask. Add 50% of the flask volume of acetonitrile, shake by mechanical
means for 30 min, and dilute with acetonitrile to volume. Pass a portion of the solution
through a suitable filter of 0.45-µm pore size, and use the clear solution for analysis.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm or diode array. [Note—Use diode array detector to perform
Identification test B.]
Column: 3-mm × 15-cm; 3-µm packing L1
Column temperature: 15
Flow rate: 0.45 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.0 between anhydro abiraterone and 3-deoxy 3-chloroabiraterone
peaks, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of abiraterone acetate (C26 H33 NO2 ) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) ×100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Abiraterone Acetate RS in the Standard solution (mg/mL)
C=
U nominal concentration of abiraterone acetate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
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• Dissolution 711
[Note—Protect solutions from light.]
Buffer: 56.5 mM of monobasic sodium phosphate in water. Adjust with 5 N sodium
hydroxide or phosphoric acid to a pH of 4.5.
Medium: 0.25% of sodium lauryl sulfate in Buffer; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Standard solution: 0.3 mg/mL of USP Abiraterone Acetate RS in Medium prepared as
follows. Transfer USP Abiraterone Acetate RS into a suitable volumetric flask. Add 4% of
the flask volume of acetonitrile to dissolve, and dilute with Medium to volume.
Sample solution: Pass a portion of the solution under test through a suitable filter of 10µm pore size. Use the filtrate.
Mobile phase: Acetonitrile, formic acid, and water (55: 0.05: 45)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV, 252 nm
Column: 4.6-mm × 3-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of abiraterone acetate (C26 H33 NO2 )
dissolved:
(rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 85% (Q) of the labeled amount of abiraterone acetate (C26 H33 NO2 ) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
[Note—Protect solutions from light.]
Solution A, Mobile phase, System suitability solution, Standard solution, Sample
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solution, and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.0625 µg/mL of USP Abiraterone Acetate RS in acetonitrile from
Standard solution
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.0 between anhydro abiraterone and 3-deoxy 3-chloroabiraterone
peaks, System suitability solution
Signal-to-noise ratio: NLT 5, Sensitivity solution
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak area of each impurity from the Sample solution
rS= peak area of abiraterone acetate from the Standard solution
C=
S concentration of USP Abiraterone Acetate RS in the Standard solution (mg/mL)
C=
U nominal concentration of abiraterone acetate in the Sample solution (mg/mL)
F= relative response factor for each individual impurity (see Table 3)
Acceptance criteria: See Table 3. Disregard any peak less than 0.05%.
Table 3
Relative
Retention
Time
0.42
0.62
0.66

Name
7-Ketoabiraterone acetate
-Epoxyabiraterone acetate
-Epoxyabiraterone acetate

Relative
Response
Factor
1.4
0.26
0.26

Acceptance
Criteria,
NMT (%)
0.50
0.80
0.80

Abiraterone
0.69
1.0
0.40
Abiraterone acetate
1.0
—
—
a
Abiraterone ethyl ether
1.18
—
—
Abiraterone isopropyl ethera
1.26
—
—
Unspecified impurity
—
1.0
0.20
Total impurities
—
—
2.0
a This is a process impurity and is controlled in the drug substance monograph. It is
included in the table for identification only, and it is not to be reported in the total
impurities.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards

11
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USP Abiraterone Acetate RS
USP Abiraterone System Suitability Mixture RS
It contains Abiraterone Acetate and small amounts of the following:
Abiraterone
17-(Pyridin-3-yl)androsta-5,16-dien-3 -ol.
C24 H31 NO
349.52
Abiraterone ethyl ether
3 -Ethoxy-17-(pyridin-3-yl)androsta-5,16-diene.
C26 H35 NO
377.57
Abiraterone isopropyl ether
3 -Isopropoxy-17-(pyridin-3-yl)androsta-5,16-diene.
C27 H37 NO
391.60
Anhydro abiraterone
17-(Pyridin-3-yl)androsta-3,5,16-triene.
C24 H29 N
331.50
O-Chlorobutylabiraterone
3 -(4-Chlorobutoxy)-17-(pyridin-3-yl)androsta-5,16-diene.
C28 H38 ClNO
440.07
3-Deoxy-3-acetyl abiraterone-3-ene
1-[17-(Pyridin-3-yl)androsta-3,5,16-trien-3-yl]ethanone.
C26 H31 NO
405.54
3-Deoxy 3-chloroabiraterone
3 -Chloro-17-(pyridin-3-yl)androsta-5,16-diene.
C24 H30 ClN
367.96
-Epoxyabiraterone acetate
17-(Pyridin-3-yl)-16 ,17 -epoxyandrost-5-en-3 -yl acetate.
C26 H33 NO3
407.55
-Epoxyabiraterone acetate
17-(Pyridin-3-yl)-16 ,17 -epoxyandrost-5-en-3 -yl acetate.
C26 H33 NO3
407.55
7-Ketoabiraterone acetate
7-Oxo-17-(pyridin-3-yl)androsta-5,16-dien-3 -yl acetate.
C26 H31 NO3
USP39

BRIEFING
Allantoin, USP 37 page 1648. As part of the USP monograph modernization effort, the following
changes are proposed:
1.
Replace Identification test B based on TLC with an orthogonal test based on the
retention time agreement in the Assay.
2.
Replace the nonspecific Assay by titrimetry with a stability-indicating HPLC procedure.
The procedure uses the COSMOSIL HILIC brand of L## packing column manufactured
by Nacalai in which allantoin elutes at about 5.5 min.
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3.
Replace the nonspecific TLC procedure in the test for Organic Impurities with a
stability-indicating HPLC procedure. The procedure uses the same chromatographic
parameters as those proposed in the Assay.
4.
Revise the Acceptance criteria in the Definition and Assay from “NLT 98.5% and NMT
101.0%” to “NLT 98.0% and NMT 102.0%,” which are typical for chromatographic
procedures.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: R.S. Prasad.)
Correspondence Number—C123398

Comment deadline: January 31, 2015
Allantoin

C4 H6 N4 O3

158.12

Urea, (2,5-dioxo-4-imidazolidinyl)-;
Allantoin
[97-59-6].
DEFINITION
Change to read:
Allantoin contains NLT 98.5% and NMT 101.0%
NLT 98.0% and NMT 102.0% USP39
of allantoin (C4 H6 N4 O3 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
• B. Thin-Layer Chromatographic Identification Test 201 : The RF value of the principal
spot from Sample solution B corresponds to that from Standard solution A, as described in
the test for Organic Impurities. USP39
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay.

USP39

ASSAY
Change to read:
• Procedure
Sample: 120 mg
Analysis: Transfer the Sample to a 100-mL beaker, dissolve by stirring in 40 mL of water,
and titrate with 0.1 M sodium hydroxide. Use a suitable electrode system (see Titrimetry
541 ). Each mL of 0.1 M sodium hydroxide is equivalent to 15.81 mg of C4 H6 N4 O3 .
Acceptance criteria: 98.5%–101.0%
Mobile phase: Acetonitrile and water (90:10)
Standard solution: 0.1 mg/mL of USP Allantoin RS in Mobile phase
Sample solution: 0.1 mg/mL of Allantoin in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 196 nm
Column: 4.6-mm × 25-cm; 5-µm packing L##
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of allantoin (C4 H6 N4 O3 ) in the portion of Allantoin taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of allantoin from the Sample solution
rS
= peak response of allantoin from the Standard solution
CS
= concentration of USP Allantoin RS in the Standard solution (mg/mL)
CU
= concentration of Allantoin in the Sample solution (mg/mL)
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IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Adsorbent: Cellulose
Diluent: Methanol and water (1:1)
Urea stock solution: 1 mg/mL of USP Urea RS in water
Standard solution A: 1 mg/mL of USP Allantoin RS in Diluent
Standard solution B: 0.1 mg/mL of USP Urea RS in methanol, from Urea stock solution
Standard solution C: Standard solution A and Standard solution B (1:1)
Sample solution A: Transfer 0.10 g of Allantoin to a 10-mL volumetric flask, add 5 mL of
water, dissolve by heating, and allow to cool. Dilute with methanol to volume. [Note—Use
immediately after preparation.]
Sample solution B: Transfer 1 mL of Sample solution A to a 10-mL volumetric flask, and
dilute with Diluent to volume.
Spray reagent: 5 mg/mL of p-dimethylaminobenzaldehyde in a mixture of methanol and
hydrochloric acid (3:1)
Application volume
Standard solution A: 5 µL
Standard solution B: 5 µL
Standard solution C: 5 µL
Sample solution A: 10 µL
Sample solution B: 5 µL
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (60:15:25)
Analysis: Proceed as directed for Chromatography 621 , Thin-Layer Chromatography.
Develop the chromatogram until the solvent front has moved about 10 cm. Spray the
plate with Spray reagent, dry in a current of hot air, and after 30 min examine under
visible light.
Acceptance criteria: Any spot from Sample solution A, except for the principal spot, is
not more intense than the spot from Standard solution B (NMT 0.5%). The test is not
valid unless the principal spots from Standard solution C are clearly separated.
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
System suitability solution: 0.1 mg/mL of USP Allantoin RS and 5 µg/mL of USP Urea
RS in Mobile phase. Sonicate if necessary.
Standard stock solution: Prepare 12.5 µg/mL each of USP Allantoin RS and USP Urea
RS in Mobile phase as follows. Transfer a weighed quantity of USP Allantoin RS and USP
Urea RS to a suitable volumetric flask. Dissolve and dilute with water to volume to
obtain 0.5 mg/mL of USP Allantoin RS and USP Urea RS. Sonicate if necessary. Transfer
5 mL of this solution to a 200-mL volumetric flask and dilute with Mobile phase to
volume.
Standard solution: 5 µg/mL each of USP Allantoin RS and USP Urea RS in Mobile phase
from the Standard stock solution
Sample solution: 1 mg/mL of allantoin prepared as follows. Transfer a weighed quantity
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of Allantoin to a suitable volumetric flask. Add 20% of the volume of the flask with
water to dissolve and dilute with acetonitrile to volume. Sonicate for 5 min.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 5, System suitability solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of urea in the portion of Allantoin taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU
= peak response of urea from the Sample solution
rS
= peak response of urea from the Standard solution
CS
= concentration of USP Urea RS in the Standard solution (µg/mL)
CU
= concentration of Allantoin in the Sample solution (mg/mL)
F
= conversion factor, 0.001 mg/µg
Calculate the percentage of any unspecified impurity in the portion of Allantoin taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU
= peak response of individual unspecified impurity from the Sample solution
rS
= peak response of allantoin from the Standard solution
CS
= concentration of USP Allantoin RS in the Standard solution (µg/mL)
CU
= concentration of Allantoin in the Sample solution (mg/mL)
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F
= conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Urea
0.7
0.5
Allantoin
1.0
—
Individual unspecified impurity
—
0.5
USP39

SPECIFIC TESTS
• Acidity or Alkalinity
Sample solution: 5 mg/mL in carbon dioxide-free water
Analysis: To 5 mL of the Sample solution add 5 mL of water, 0.1 mL of methyl red TS, and
0.2 mL of 0.01 M sodium hydroxide.
Acceptance criteria: A yellow color is observed. The solution turns red upon the addition
of 0.4 mL of 0.01 M hydrochloric acid.
• Loss on Drying 731
Analysis: Dry at 105 to constant weight.
Acceptance criteria: NMT 0.1%
• Reducing Substances
Sample solution: 1.0 g of Allantoin in 10 mL of water. Shake for 2 min and filter.
Analysis: To the Sample solution add 1.5 mL of 0.02 M potassium permanganate.
Acceptance criteria: The solution remains violet for at least 10 min.
ADDITIONAL REQUIREMENTS
• USP Reference Standards
USP Allantoin RS
USP Urea RS

11

BRIEFING
Amantadine Hydrochloride Capsules, USP 37 page 1714 and PF 39(5) [Sept.–Oct. 2013]. On
the basis of comments received, it was decided to cancel the proposal previously published
in PF 39(5) [Sept.–Oct. 2013]. As part of the continuing USP modernization effort, the
following revisions are proposed:
1.
Add Identification test B based on the retention time agreement in the Assay.
2.
Add a validated gas chromatographic method in the test for Organic Impurities. The GC
procedure in the test for Organic Impurities is based on analyses performed with the
base deactivated fused-silica column coated with the 1.0-µm stationary phase
Restek Rtx-5 Amine brand of G27 column. In the test for Organic Impurities, the
typical retention times for adamantane and amantadine are about 5.3 and 7.6 min,
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respectively.
3.
Replace the current GC procedure in the Assay with a GC procedure similar to the
proposed test for Organic Impurities to be operationally efficient.
4.
The requirement to use the Procedure for a Pooled Sample is deleted from Dissolution
Test 1, as it is not consistent with current FDA approvals.
5.
Replace the packed column gas chromatographic procedure used in Dissolution Test 1
with a capillary column gas chromatographic procedure. The proposed procedure is
based on analyses performed with the J&W Scientific DB-1 brand of G1 column. The
typical retention times for naphthalene and amantadine are about 3.8 and 4.6 min,
respectively. The Analysis section is updated to include the calculation.
6.
The Resolution and Tailing factor criteria under System suitability in Dissolution Test 2
are updated for clarity. Also, the definition for CS in the calculation is updated for
clarity.
7.
Add USP Amantadine Related Compound A RS and USP Amantadine Related Compound B
RS in the USP Reference Standards section to support the proposed revision in the
test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: R.S. Prasad; S. Shivaprasad.)
Correspondence Number—C120149; C145114

Comment deadline: January 31, 2015
Amantadine Hydrochloride Capsules
DEFINITION
Amantadine Hydrochloride Capsules contain NLT 95.0% and NMT 105.0% of the labeled amount
of amantadine hydrochloride (C10 H17 N·HCl).
IDENTIFICATION
• A. Infrared Absorption 197S
Cell: 1 mm
Sample solution: Place the contents of Capsules, equivalent to 200 mg of amantadine
hydrochloride, in a vessel, dissolve in 0.1 N hydrochloric acid, and filter. Transfer the
filtrate to a separator, add 1 mL of 5 N sodium hydroxide, and extract with 5 mL of
methylene chloride. Filter the extract through anhydrous sodium sulfate, and rinse the
anhydrous sodium sulfate with 2 mL of methylene chloride.
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP39
ASSAY
Change to read:
• Procedure
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Internal standard solution: 0.4 mg/mL of naphthalene in hexane
Standard stock solution: 2 mg/mL of USP Amantadine Hydrochloride RS in water
Standard solution: Pipet 25.0 mL of Standard stock solution into a 250-mL separator,
and add 25 mL of 2.0 N sodium hydroxide and 50.0 mL of Internal standard solution.
Shake for 60 min, and collect the hexane layer.
Sample solution: Transfer NLT 20 Capsules to a 200-mL volumetric flask. Add 40 mL of
0.1 N hydrochloric acid, and heat gently to achieve complete dissolution. Cool, and dilute
with water to volume. Pipet 5.0 mL of the solution into a 250-mL separator, and add 40
mL of 1.0 N sodium hydroxide and 50.0 mL of Internal standard solution. Shake for 60
min, and collect the hexane layer.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 2-mm × 1.22-m; glass column packed with 10% phase G1 on 100- to 120mesh support S1A
Temperature
Column: 115
Injector: 250
Detector block: 250
Injection volume: 1 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2 between naphthalene and amantadine
Tailing factor: NMT 2.0 for the analyte peak
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of labeled amount of amantadine hydrochloride (C10 H17 N·HCl) in
the portion taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratios of naphthalene to amantadine from the Sample solution
RS= peak response ratios naphthalene to amantadine from the Standard solution
C=
S concentration of USP Amantadine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of amantadine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
Internal standard solution: 0.3 mg/mL of adamantane in n-heptane
Standard stock solution: 1 mg/mL of USP Amantadine Hydrochloride RS in water
Standard solution: Transfer 10 mL of Standard stock solution and 10 mL of 5 N sodium
hydroxide solution to a separatory funnel. Add 25 mL of Internal standard solution and
shake for 10 min. Collect the upper layer of n-heptane and swirl with anhydrous sodium
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sulfate to remove traces of water.
Sample stock solution: Nominally 1 mg/mL of amantadine hydrochloride is prepared as
follows. Combine the contents of NLT 20 Capsules and transfer a portion equivalent to
25 mg of amantadine hydrochloride to a 50-mL flask. Add 10 mL of 0.1 N hydrochloric
acid using a volumetric pipette. Heat gently and cool. Add 10 mL of water using a
volumetric pipette and sonicate for 15 min. Cool and add 5 mL of water using a
volumetric pipette. Centrifuge the solution for 10 min. Collect the supernatant.
Sample solution: Transfer 10 mL of Sample stock solution and 10 mL of 5 N sodium
hydroxide solution to a separatory funnel. Add 25 mL of Internal standard solution and
shake for 10 min. Collect the upper layer of n-heptane and swirl with anhydrous sodium
sulfate to remove traces of water.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m base deactivated fused-silica; coated with 1.0-µm G27
stationary phase
Temperatures
Injection port: 220
Detector: 300
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
120
0
120
3
120
8
250
10
Carrier gas: Helium
Flow rate: 4 mL/min
Injection volume: 2 µL
Injection type: Split ratio, 5:1 (Use a split liner, deactivated with glass wool.)
System suitability
Sample: Standard solution
[Note—The relative retention times for adamantane and amantadine are about 0.7 and
1.0, respectively.]
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0% determined from the peak response ratios
of amantadine to adamantane
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amantadine hydrochloride
(C10 H17 N·HCl) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
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RU
= peak response ratio of amantadine to adamantane from the Sample solution
RS
= peak response ratio of amantadine to adamantane from the Standard solution
CS
= concentration of USP Amantadine Hydrochloride RS in the Standard stock solution (mg/mL)
CU
= nominal concentration of amantadine hydrochloride in the Sample stock solution (mg/mL)
Acceptance criteria: 95.0%–105.0%

USP39

PERFORMANCE TESTS
Change to read:
• Dissolution 711
Test 1 Procedure for a Pooled Sample
USP39

Medium: Water; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Internal standard solution: 0.054 mg/mL of naphthalene in hexane
Standard stock solution: 0.1 mg/mL of USP Amantadine Hydrochloride RS in water
Standard solution: Pipet 15.0 mL of Standard stock solution into a 50-mL screw-capped test
tube, add 5.0 mL of 5 N sodium hydroxide and 10.0 mL of Internal standard solution, and
shake for 60 min. Collect the hexane layer.
Sample solution: Filter 15.0 mL of the solution under test, and place into a 50-mL screwcapped test tube. Pipet 5.0 mL of 5 N sodium hydroxide and 10.0 mL of the Internal standard
solution into the test tube, and shake for 60 min. Collect the hexane layer.
Chromatographic system Proceed as directed in the Assay.
Injection volume: 2.5 µL
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m, 0.25-µm film, phase G1
Temperatures
Injector: 250
Detector: 300
Column: See Table 2.
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Table 2
Initial
Temperature
Final
Hold Time at
Temperature
Ramp
Temperature
Final Temperature
( )
( /min)
( )
(min)
100
10
200
2
Carrier gas: Helium
Flow rate: 1.4 mL/min
Injection volume: 1 µL
Split ratio: 40:1
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 4.0 between naphthalene and amantadine
Tailing factor: NMT 2.0 for the amantadine peak
USP39

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amantadine hydrochloride (C10 H17 N·HCl)
released:
Result = (RU/RS) × (CS/L) × V × 100
RU
= peak response ratio from the Sample solution
RS
= peak response ratio from the Standard solution
CS
= concentration of USP Amantadine Hydrochloride RS in the Standard stock solution (mg/mL)
L
= label claim (mg/Capsule)
V
= volume of Medium, 900 mL
USP39

Tolerances: NLT 75% (Q) of the labeled amount of amantadine hydrochloride (C10 H17 N·HCl) is
dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: Water; 900 mL
Apparatus 2: 75 rpm, with sinkers. [Note—A suitable sinker is available as catalog number
CAPWHT-2S from www.qla-llc.com or www.tabletdissolution.com or www.labhut.com.]
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Time: 45 min
Internal standard solution: 0.06 mg/mL of naphthalene in hexanes
Standard stock solution: 0.12 mg/mL of USP Amantadine Hydrochloride RS in Medium
Standard solution: Transfer 60.0 mL of the Standard stock solution to a 200-mL volumetric
flask. Add 20 mL of 5 N sodium hydroxide and 40.0 mL of Internal standard solution. Shake
the flask for approximately 10 min, and allow the layers to separate. Use the top layer for
injection.
Sample solution: Transfer 3.0 mL of the solution under test to a centrifuge tube. Add 1.0 mL
of 5 N sodium hydroxide and 2.0 mL of Internal standard solution. Shake the tube for
approximately 10 min, and allow the layers to separate. Use the top layer for injection.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m, 0.25-µm film, phase G1
Temperatures
Injector: 250
Detector: 300
Column: See Table 3.
Table 3
Initial
Temperature
Final
Hold Time at
Temperature
Ramp
Temperature
Final Temperature
( )
( /min)
( )
(min)
100
0
100
3
100
10
200
2
Carrier gas: Helium, 1.4 mL/min
Flow rate: 1.4 mL/min
Make-up gas flow: 20 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2 between naphthalene and amantadine hydrochloride
USP39

Tailing factor: NMT 2.0 for the amantadine hydrochloride
peak USP39
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amantadine hydrochloride (C10 H17 N·HCl)
released:
Result = (RU/RS) × (CS/L) × V × 100
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R=
U ratio of the peak areas from the Sample solution
R=
S average ratio of the peak areas from the Standard solution
C=
S concentration of amantadine hydrochloride
USP Amantadine Hydrochloride RS USP39
in the Standard stock solution (mg/mL) L= label claim (mg/Capsule) V= volume of Medium, 900
mL
Tolerances: NLT 75% (Q) of the labeled amount of amantadine hydrochloride is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Internal standard solution: 0.1 mg/mL of adamantane in n-heptane
Impurity solution: 0.03 mg/mL each USP Amantadine Related Compound A RS and USP
Amantadine Related Compound B RS in Internal standard solution prepared as follows.
Transfer USP Amantadine Related Compound A RS and USP Amantadine Related Compound
B RS to a suitable volumetric flask. Add dichloromethane (5% of total volume) to dissolve
and dilute with Internal standard solution to volume.
Standard stock solution: 0.03 mg/mL of USP Amantadine Hydrochloride RS in water
Standard solution: Transfer 25 mL of Standard stock solution, 10 mL of 5 N sodium
hydroxide solution, and 25 mL of Impurity solution to a separatory funnel and shake for 10
min. Collect the upper layer of n-heptane and swirl with anhydrous sodium sulfate to
remove traces of water.
Sample stock solution: Nominally 10 mg/mL of amantadine hydrochloride prepared as
follows. Combine the contents of NLT 20 Capsules and transfer a portion equivalent to 500
mg of amantadine hydrochloride to a 100-mL flask. Add 20 mL of 0.1 N hydrochloric acid
using a volumetric pipette. Heat gently to dissolve and cool. Add 20 mL of water using a
volumetric pipette and sonicate for 15 min. Cool and add 10 mL of water using a
volumetric pipette. Centrifuge the solution for 10 min. Collect the supernatant.
Sample solution: Transfer 25 mL of Sample stock solution and 10 mL of 5 N sodium
hydroxide solution to a separatory funnel. Add 25 mL of Internal standard solution and
shake for 10 min. Collect the upper layer of n-heptane and swirl with anhydrous sodium
sulfate to remove traces of water.
Chromatographic system: Proceed as directed in the Assay.
System suitability
Sample: Standard solution
[Note—See Table 4 for relative retention times.]
Suitability requirements
Relative standard deviation: NMT 2.8%, determined from all the peak response ratios
of amantadine, amantadine related compound A, and amantadine related compound B
to adamantane
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified impurity in the portion of Capsules
taken:
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Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of each individual unspecified impurity to adamantane from the
Sample solution
RS= peak response ratio of amantadine to adamantane from the Standard solution
C=
S concentration of USP Amantadine Hydrochloride RS in the Standard stock solution
(mg/mL)
C=
U nominal concentration of amantadine hydrochloride in the Sample stock solution
(mg/mL)
Acceptance criteria: See Table 4. Disregard peaks less than 0.05%.
Table 4
Relative
Retention
Time
1.0
1.2
1.9
—
—

Acceptance
Criteria,
NMT (%)
—
—
—
0.2
2.0

Name
Amantadine hydrochloride
Amantadine related compound Aa
Amantadine related compound Ba
Any individual unspecified impurity
Total impurities
a Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
impurities for the drug product.
USP39

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 11
USP Amantadine Hydrochloride RS
USP Amantadine Related Compound A RS
1-Chloroadamantane.
C10 H15 Cl
170.68
USP Amantadine Related Compound B RS
N-(Adamantan-1-yl)acetamide.
C12 H19 NO
193.29
USP39

BRIEFING
Amantadine Hydrochloride Oral Solution, USP 37 page 1715. As part of the continuing USP
modernization effort, the following revisions are proposed:
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1.
Add Identification test B based on the retention time agreement in the Assay.
2.
Add a validated gas chromatographic method in the test for Organic Impurities. The GC
procedure in the test for Organic Impurities is based on analyses performed with the
base deactivated fused-silica column coated with the 1.0-µm stationary phase
Restek Rtx-5 Amine brand of G27 column. In the test for Organic Impurities, the
typical retention times for adamantane and amantadine are about 5.3 and 7.6 min,
respectively.
3.
Replace the current GC procedure in the Assay with a GC procedure similar to the
proposed test for Organic Impurities to be operationally efficient.
4.
Add USP Amantadine Related Compound A RS and USP Amantadine Related Compound B
RS in the USP Reference Standards section to support the proposed revision in the
test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: R.S. Prasad.)
Correspondence Number—C120149

Comment deadline: January 31, 2015
Amantadine Hydrochloride Oral Solution
DEFINITION
Amantadine Hydrochloride Oral Solution contains NLT 95.0% and NMT 105.0% of the labeled
amount of amantadine hydrochloride (C10 H17 N·HCl).
IDENTIFICATION
• A. Infrared Absorption 197S
Cell: 1 mm
Sample: Place a volume of Oral Solution, equivalent to 200 mg of amantadine
hydrochloride, in a vessel, dissolve in 0.1 N hydrochloric acid, and filter. Transfer the
filtrate to a separator, add 10 mL of 0.5 N sodium hydroxide, and extract with 5 mL of
methylene chloride. Filter the extract through anhydrous sodium sulfate, and rinse the
anhydrous sodium sulfate with 2 mL of methylene chloride.
Acceptance criteria: Meets the requirements
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP39
ASSAY
Change to read:
• Procedure
Internal standard solution: 0.4 mg/mL of naphthalene in hexane
Standard stock solution: 2 mg/mL of USP Amantadine Hydrochloride RS in water
Standard solution: Pipet 25.0 mL of Standard stock solution into a 250-mL separator,
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and add 25 mL of 2.0 N sodium hydroxide and 50.0 mL of Internal standard solution.
Shake for 60 min, and collect the hexane layer.
Sample solution: 1 mg/mL Amantadine Hydrochloride from Oral Solution in Internal
standard solution prepared as follows: Pipet 5.0 mL of the Oral Solution into a 250-mL
conical flask, and add 45 mL of 1.0 N sodium hydroxide and 50.0 mL of Internal standard
solution. Shake for 60 min, and collect the hexane layer.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 2-mm × 1.22-m glass column packed with 10% phase G1 on 100- to 120-mesh
support S1A
Temperature
Column: 115
Injector port: 250
Detector block: 250
Injection volume 1 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2 between napthalene and amantadine
Tailing factor: NMT 2.0 for the analyte peak
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of Amantadine Hydrochloride
(C10 H17 N·HCl) in the portion of Oral Solution taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratios from the Sample solution
RS= peak response ratios from the Standard solution
C=
S concentration of USP Amantadine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of amantadine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0% of the labeled amount
Internal standard solution: 0.3 mg/mL of adamantane in n-heptane
Standard stock solution A: 10 mg/mL of USP Amantadine Hydrochloride RS in water
Standard stock solution B: Transfer 5 mL of Standard stock solution A to a separatory
funnel and add 10 mL of 5 N sodium hydroxide solution. Add 25 mL of Internal standard
solution and shake for 10 min. Collect the n-heptane upper layer.
Standard solution: Transfer 5 mL of Standard stock solution B to a 25-mL volumetric
flask and dilute with Internal standard solution to volume. Swirl with anhydrous sodium
sulfate to remove traces of water.
Sample stock solution A: Nominally 10 mg/mL of Oral Solution
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Sample stock solution B: Transfer 5 mL of Sample stock solution A to a separatory
funnel and add 10 mL of 5 N sodium hydroxide solution. Add 25 mL of Internal standard
solution and shake for 10 min. Collect the n-heptane upper layer.
Sample solution: Transfer 5 mL of Sample stock solution B to a 25-mL volumetric flask
and dilute with Internal standard solution to volume. Swirl with anhydrous sodium
sulfate to remove traces of water.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m base deactivated fused-silica; coated with 1.0-µm G27
stationary phase
Temperatures
Injection port: 220
Detector: 300
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
120
0
120
3
120
8
250
10
Carrier gas: Helium
Flow rate: 4 mL/min
Injection volume: 2 µL
Injection type: Split ratio, 5:1 (Use a split liner, deactivated with glass wool.)
System suitability
Sample: Standard solution
[Note—The relative retention times for adamantane and amantadine are about 0.7 and
1.0, respectively.]
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%, determined from the peak response ratios
of amantadine to adamantane
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amantadine hydrochloride
(C10 H17 N·HCl) in the portion of Oral Solution taken:
Result = (RU/RS) × (CS/CU) × 100
RU
= peak response ratio of amantadine to adamantane from the Sample solution
RS
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= peak response ratio of amantadine to adamantane from the Standard solution
CS
= concentration of USP Amantadine Hydrochloride RS in Standard stock solution A (mg/mL)
CU
= nominal concentration of amantadine hydrochloride in Sample stock solution A (mg/mL)
Acceptance criteria: 95.0%–105.0% of the labeled amount

USP39

IMPURITIES
Add the following:
• Organic Impurities
Internal standard solution: 0.1 mg/mL of adamantane in n-heptane
Impurity solution: 0.03 mg/mL each of USP Amantadine Related Compound A RS and USP
Amantadine Related Compound B RS in Internal standard solution prepared as follows.
Transfer USP Amantadine Related Compound A RS and USP Amantadine Related Compound
B RS to a suitable volumetric flask. Add dichloromethane (5% of total volume) to dissolve
and dilute with Internal standard solution to volume.
Standard stock solution: 0.03 mg/mL of USP Amantadine Hydrochloride RS in water
Standard solution: Transfer 25 mL of Standard stock solution, 10 mL of 5 N sodium
hydroxide solution, and 25 mL of Impurity solution to a separatory funnel and shake for 10
min. Collect the upper layer of n-heptane and swirl with anhydrous sodium sulfate to
remove traces of water.
Sample stock solution: Nominally 10.0 mg/mL of Oral Solution
Sample solution: Transfer 25 mL of Sample stock solution equivalent to 250 mg of
amantadine hydrochloride to a separatory funnel. Add 10 mL of 5 N sodium hydroxide
solution and 25 mL of Internal standard solution. Shake for 10 min. Collect the upper layer
of n-heptane and swirl with anhydrous sodium sulfate to remove traces of water.
Chromatographic system: Proceed as directed in the Assay.
System suitability
Sample: Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 4.0 for amantadine and amantadine related compound A
Relative standard deviation: NMT 2.8%, determined from all the peak response ratios
of amantadine, amantadine related compound A, and amantadine related compound B
to adamantane
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any unspecified impurities in the portion of Oral Solution
taken:
Result = (RU/RS) × (CS/CU) × 100
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R=
U peak response ratio of each individual unspecified impurity to adamantane from the
Sample solution
RS= peak response ratio of amantadine to adamantane from the Standard solution
C=
S concentration of USP Amantadine Hydrochloride RS in the Standard stock solution
(mg/mL)
C=
U nominal concentration of amantadine hydrochloride in the Sample stock solution
(mg/mL)
Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.
Table 2
Relative
Retention
Time
1.0
1.2
1.9
—
—

Acceptance
Criteria,
NMT (%)
—
—
—
0.2
2.0

Name
Amantadine hydrochloride
Amantadine related compound Aa
Amantadine related compound Ba
Any individual unspecified impurity
Total
a Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
impurities for the drug product.
USP39

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Amantadine Hydrochloride RS
USP Amantadine Related Compound A RS
1-Chloroadamantane.
C10 H15 Cl
170.68
USP Amantadine Related Compound B RS
1-Acetamidoadamantane.
C12 H19 NO
193.29
USP39

BRIEFING
Antazoline Phosphate, USP 37 page 1810. As part of USP monograph modernization efforts, it
is proposed to make the following changes:
1.
Revise the Definition and Acceptance criteria for the Assay from NLT 98.0% and NMT
101.0% to NLT 98.0% and NMT 102.0%, which is typical for chromatographic
procedures.
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2.
Replace the TLC procedure in Identification test B with a retention time agreement
based upon on the proposed UHPLC method for the Assay.
3.
Replace the Assay procedure based on titration with a validated stability-indicating
UHPLC method. The proposed liquid chromatographic procedure is based on analysis
performed with the Waters Acquity CSH Phenyl-Hexyl brand of L11 packing column.
The typical retention times for antazoline phosphate and antazoline related
compound A are about 1.3 min and 1.55 min, respectively.
4.
Replace the TLC procedure for monitoring organic impurities with a UHPLC method
similarly used in the Assay. This test monitors the antazoline related compound A, as
well as all other unspecified impurities.
5.
Delete the Melting Range or Temperature test. The proposed selective UHPLC
procedure in the test for Organic Impurities is sufficient to monitor impurities.
6.
Add USP Antazoline Related Compound A RS, introduced by the proposed UHPLC
procedure in the test for Organic Impurities, to the USP Reference Standards
section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM3: D.A. Porter.)
Correspondence Number—C123398

Comment deadline: January 31, 2015
Antazoline Phosphate

C17 H19 N3 ·H3 PO4

363.35

1H-Imidazole-2-methanamine, 4,5-dihydro-N-phenyl-N-(phenylmethyl)-, phosphate (1:1);
2-[(N-Benzylanilino)methyl]-2-imidazoline phosphate (1:1)
[154-68-7].
DEFINITION
Change to read:
Antazoline Phosphate contains NLT 98.0% and NMT 101.0%
102.0% USP39
of antazoline phosphate (C17 H19 N3 ·H3 PO4 ), calculated on the dried basis.
IDENTIFICATION

PF 40(6): Nov.-Dec. 2014

329

• A. Infrared Absorption 197M
Change to read:
• B. The RF value of the principal spot of the Sample solution corresponds to that of the
Standard solution as obtained in the test for Organic impurities.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP39

ASSAY
Change to read:
• Procedure
Sample solution: 750 mg of Antazoline Phosphate in 50 mL of glacial acetic acid
Titrimetric system: See Titrimetry 541
Mode: Direct titration
Titrant: 0.1N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution with Titrant using a glass electrode and a calomel
electrode containing a saturated solution of lithium chloride in glacial acetic acid. Perform
a blank determination. Each mL of 0.1 N perchloric acid is equivalent to 36.34 mg of
antazoline phosphate (C17 H19 N3 ·H3 PO4 ).
Acceptance criteria: 98.0%–101.0% on the dried basis
Solution A: Dilute 1.0 mL of formic acid with water to 1000 mL.
Mobile phase: Acetonitrile and Solution A (17:83)
Diluent: Acetonitrile and water (17:83)
Standard solution: 0.2 mg/mL of USP Antazoline Phosphate RS in Diluent
System suitability solution: 1 µg/mL of USP Antazoline Related Compound A RS in the
Standard solution
Sample solution: 0.2 mg/mL of Antazoline Phosphate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L11
Temperatures
Column: 35
Autosampler: 4
Flow rate: 0.5 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times of antazoline and antazoline related compound A
are 1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 2.0 between antazoline and antazoline related compound A, System
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suitability solution
Tailing factor: NMT 1.5 for antazoline, Standard solution
Relative standard deviation: NMT 0.73% for antazoline, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of antazoline phosphate (C17 H19 N3 ·H3 PO4 ) in the portion of
Antazoline Phosphate taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Antazoline Phosphate RS in the Standard solution (mg/mL)
CU
= concentration of Antazoline Phosphate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

USP39

IMPURITIES
Change to read:
• Organic Impurities
Standard stock solution: 0.10 mg/mL of USP Antazoline Phosphate RS in methanol
Standard solutions: Dilute the Standard stock solution with methanol to obtain five
Standard solutions having the following compositions:
Table 1
Standard Dilution Concentration
Percentage
Solution
(µg RS/mL)
(%, for Comparison with Sample)
A
(1 in 2)
50
0.5
B
(2 in 5)
40
0.4
C
(3 in 10)
30
0.3
D
(1 in 5)
20
0.2
E
(1 in 10)
10
0.1
Sample solution: 10 mg/mL of Antazoline Phosphate in methanol
Identification solution: 50 µg/mL from Sample solution in methanol
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)
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Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Methanol, diethylamine, and ethyl acetate (2:1:17)
Analysis
Samples: Standard solutions, Sample solution, and Identification solution
Apply the Samples separately the to the TLC plate. Position the plate in a chromatographic
chamber, and develop the chromatograms in the Developing solvent, until the solvent
front has moved about three-fourths of the length of the plate. Remove the plate from
the developing chamber, mark the solvent front, and allow the solvent to evaporate.
Examine the plate under short-wavelength UV light, and compare the intensities of any
secondary spots observed in the chromatogram of the Sample solution with those of the
principal spots from the Standard solutions. Disregard any spots observed at the origins
of the chromatograms.
Acceptance criteria: No secondary spot from the Sample solution is larger or more
intense than the principal spot of Standard solution A (0.5%), and the sum of the
intensities of all secondary spots of the Sample solution corresponds to NMT 1.0%.
Solution A: Dilute 1.0 mL of formic acid with water to 1000 mL.
Mobile phase: Acetonitrile and Solution A (17:83)
Diluent: Acetonitrile and water (17:83)
Standard solution A: 5 µg/mL of USP Antazoline Phosphate Related Compound A RS and
1.0 mg/mL of USP Antazoline Phosphate RS in Diluent
Standard solution B: 1 µg/mL of USP Antazoline Phosphate RS in Diluent
Sample solution: 1.0 mg/mL of Antazoline Phosphate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L11
Temperatures
Column: 35
Autosampler: 4
Flow rate: 0.5 mL/min
Injection volume: 5 µL
Run time: NLT 4 times the retention time of antazoline
System suitability
Samples: Standard solution A and Standard solution B
[Note—The relative retention times of antazoline and antazoline related compound A
are 1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 2.0 between antazoline and antazoline related compound A peaks,
Standard solution A
Relative standard deviation: NMT 5.0% for antazoline, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Calculate the percentage of antazoline related compound A in the portion of Antazoline
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Phosphate taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of antazoline related compound A from the Sample solution
rS
= peak response of antazoline related compound A from Standard solution A
CS
= concentration of USP Antazoline Related Compound A RS in Standard solution A (mg/mL)
CU
= concentration of Antazoline Phosphate in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Antazoline
Phosphate taken:
Result = (rU/rS) × (CS/CU) ×100
rU
= peak response of any impurity from the Sample solution
rS
= peak response of antazoline phosphate from Standard solution B
CS
= concentration of USP Antazoline Phosphate RS in Standard solution B (mg/mL)
CU
= concentration of Antazoline Phosphate in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any impurity peaks less than 0.05%.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Antazoline phosphate
1.0
—
a
Antazoline related compound A
1.1
0.5
Any individual unspecified impurity
—
0.5
Total impurities
—
1.0
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a N-(2-Aminoethyl)-2-[benzyl(phenyl)amino]acetamide.
USP39

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class Ia 741 : 194 –198 , with decomposition

USP39

• pH 791
Sample: 20 mg/mL
Acceptance criteria: 4.0–5.0
• Loss on Drying 731
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Antazoline Phosphate RS
USP Antazoline Related Compound A RS
N-(2-Aminoethyl)-2-[benzyl(phenyl)amino]acetamide.
C17 H21 N3 O
283.38
USP39

BRIEFING
Aprepitant. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analysis is proposed.
1.
The liquid chromatographic procedure used in the Assay is based on analyses performed
with the XTerra RP-18 brand of L1 column. The typical retention time for aprepitant
is about 7 min.
2.
The liquid chromatographic procedure used in the test for Organic Impurities is based
on analyses performed with the XTerra RP-18 brand of L1 column. The typical
retention time for aprepitant is about 22 min.
3.
The liquid chromatographic procedure used in the test for Enantiomeric Purity is based
on analyses performed with the Chiralpak AD-H brand of L51 column. The typical
retention time for aprepitant is about 15 min.
Since aprepitant has three chiral centers, it is proposed to include two procedures to control
its chiral purity. The test for Optical Rotation controls the diastereomeric composition of the
drug substance. However, since the optical rotation is often insufficient to limit the
presence of the unwanted enantiomer (distomer) in the presence of the active enantiomer
(eutomer), the test for Enantiomeric Purity provides the additional control for the amount of
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S,R,S-enantiomer.
(SM3: E. Gonikberg.)
Correspondence Number—C115726; C136854

Comment deadline: January 31, 2015
Add the following:
Aprepitant

C23 H21 F 7 N4 O3

534.43

3H-1,2,4-Triazol-3-one, 5-[[(2R,3S)-2-[(1R)-1-[3,5-bis(trifluoromethyl)phenyl]ethoxy]-3-(4fluorophenyl)-4-morpholinyl]methyl]-1,2-dihydro-;
3-[[(2R,3S)-3-(p-Fluorophenyl)-2-[[( R)- -methyl-3,5bis(trifluoromethyl)benzyl]oxy]morpholino]methyl]-D2-1,2,4-triazolin-5-one;
3-[[(2R,3S)-2-[(R)-1-[3,5-Bis(trifluoromethyl)phenyl]ethoxy]-3-(4fluorophenyl)morpholino]methyl]-1H-1,2,4-triazol-5(4H)-one;
5-[[(2R,3S)-2-[(R)-1-[3,5-Bis(trifluoromethyl)phenyl]ethoxy]-3-(4-fluorophenyl)-4morpholinyl]methyl]-1,2-dihydro-3H-1,2,4-triazol-3-one
[170729-80-3].
DEFINITION
Aprepitant contains NLT 98.0% and NMT 102.0% of aprepitant (C23 H21 F 7 N4 O3 ), calculated on
the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197
[Note—Methods described under Infrared Absorption 197K , 197M , or 197A may be
used.]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Dilute phosphoric acid: Dilute 1 mL of phosphoric acid with water to 1 L.
Mobile phase: Acetonitrile and Dilute phosphoric acid (48:52)
Diluent: Acetonitrile and Dilute phosphoric acid (50:50)
Standard solution: 0.2 mg/mL of USP Aprepitant RS in Diluent; sonicate as needed
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Sample solution: 0.2 mg/mL of Aprepitant in Diluent; sonicate as needed
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aprepitant (C23 H21 F 7 N4 O3 ) in the portion of Aprepitant taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0%, on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
Dilute phosphoric acid and Diluent: Proceed as directed in the Assay.
Solution A: Dilute phosphoric acid
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
58
42
25
58
42
45
30
70
50
30
70
Return to original conditions and re-equilibrate the system.
System suitability solution: 2.0 mg/mL of USP Aprepitant RS and 0.003 mg/mL of USP
Desfluoro Aprepitant RS in Diluent, using sonication as necessary to dissolve
Sensitivity solution: 0.001 mg/mL of USP Aprepitant RS in Diluent
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Standard solution: 0.003 mg/mL of USP Aprepitant RS in Diluent, using sonication as
necessary to dissolve
Sample solution: 2.0 mg/mL of Aprepitant in Diluent, using sonication as necessary to
dissolve
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 3.0 between the desfluoro aprepitant and aprepitant peaks, System
suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Aprepitant taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response for aprepitant from the Standard solution
C=
S concentration of USP Aprepitant RS in the Standard solution (mg/mL)
C=
U concentration of Aprepitant in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any peak below 0.05%.
Table 2
Acceptance Criteria,
Name
Relative Retention Time
NMT (%)
Desfluoro aprepitant
0.85
0.15
Aprepitant
1.0
–
Any individual unspecified impurity
–
0.10
Total impurities
–
0.30
• Enantiomeric Purity
Mobile phase: Hexane and dehydrated alcohol (90:10)
System suitability solution: 0.08 mg/mL of USP Aprepitant RS and 0.08 mg/mL of USP
Aprepitant Related Compound B RS in Mobile phase
Sample solution: 0.5 mg/mL of Aprepitant in Mobile phase
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; packing L51
Column temperature: 30
Flow rate: 0.5 mL/min
Injection size: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: Greater than 2.0 between the enantiomer peaks. [Note—The elution order
is the S,R,S-enantiomer followed by the aprepitant peak, which is the R,S,Renantiomer.]
Analysis
Sample: Sample solution
Calculate the percentage of the S,R,S-enantiomer in the portion of Aprepitant taken:
Result = (rU/rT) × 100
r=
U peak response of the S,R,S-enantiomer
r=
T sum of the peak responses of aprepitant and the S,R,S-enantiomer
Acceptance criteria: NMT 0.10% of the S,R,S-enantiomer
SPECIFIC TESTS
• Water Determination, Method Ia

921 : NMT 0.5%

• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in methanol
Acceptance criteria: +66.0 to +71.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light. Store at
room temperature.
• USP Reference Standards 11
USP Aprepitant RS
USP Aprepitant Related Compound B RS
S,R,S-Enantiomer: 3-[[(2S,3R)-2-[(S)-1-[3,5-Bis(trifluoromethyl)phenyl]ethoxy]-3-(4fluorophenyl)morpholino]methyl]-1H-1,2,4-triazol-5(4H)-one.
C23 H21 F 7 N4 O3
534.43
USP Desfluoro Aprepitant RS
5-[[(2R,3S)-2-[(R)-1-[3,5-Bis(trifluoromethyl)phenyl]ethoxy]-3phenylmorpholino]methyl]-2H-1,2,4-triazol-3(4H)-one.
C23 H22 F 6 N4 O3
516.44
USP39

BRIEFING
Aprepitant Capsules. Because there is no existing USP monograph for this dosage form, a new
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monograph based on validated methods of analysis is proposed.
1.
The liquid chromatographic procedure used in the Assay and Dissolution Test 2 is based
on analyses performed with the XTerra RP-18 brand of L1 column. The typical
retention time of aprepitant is about 6 min.
2.
The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the XTerra RP-18 brand of L1 column. The typical retention
time of aprepitant is about 15 min.
3.
The liquid chromatographic procedure in Dissolution Test 1 is based on analyses
performed with the Zorbax Rx-C8 brand of L7 column. The typical retention time of
aprepitant is about 5 min.
(SM3: E. Gonikberg.)
Correspondence Number—C119210; C136854

Comment deadline: January 31, 2015
Add the following:
Aprepitant Capsules
DEFINITION
Aprepitant Capsules contain NLT 95.0% and NMT 105.0% of the labeled amount of aprepitant
(C23 H21 F 7 N4 O3 ).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Wavelength range: 200–400 nm
Standard solution: 0.1 mg/mL of USP Aprepitant RS in methanol. Use sonication to
dissolve.
Sample solution: Transfer the contents of Capsules, equivalent to 100 mg of aprepitant,
to a 100-mL volumetric flask, add about 75 mL of methanol, and sonicate for about 5 min
with intermittent shaking. Cool, dilute with methanol to volume, further dilute with
methanol to obtain a solution containing 0.1 mg/mL of aprepitant, and pass through a
nylon filter of 0.45-µm pore size.
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Dilute phosphoric acid: Dilute 1 mL of phosphoric acid with water to 1 L.
Mobile phase: Acetonitrile and Dilute phosphoric acid (45:55)
Standard solution: 0.05 mg/mL of USP Aprepitant RS in Mobile phase. Use sonication as
necessary to dissolve.
Sample solution: Nominally 0.05 mg/mL of aprepitant in Mobile phase, prepared as follows.
Mix the contents of NLT 20 Capsules, and transfer a portion of the contents, equivalent
to 100 mg of aprepitant, to a 100-mL volumetric flask. Add about 75 mL of Mobile phase
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and sonicate for about 10 min with intermittent shaking. Cool, dilute to volume with Mobile
phase, further dilute with Mobile phase to obtain a solution containing 0.05 mg/mL of
aprepitant, and pass through a nylon filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of aprepitant (C23 H21 F 7 N4 O3 ) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Aprepitant RS in the Standard solution (mg/mL)
C=
U nominal concentration of aprepitant in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: 2.2% Sodium dodecyl sulfate in water; 900 mL
Apparatus 2: 100 rpm, with sinkers
[Note—A suitable sinker is available from VanKel, www.chem.agilent.com, catalog number
12-3050. Proper placement of the Capsules is in the sinkers with the cap facing the
fixed prong end.]
Time: 20 min
Dilute phosphoric acid: Dilute 1 mL of phosphoric acid with water to 1 L.
Mobile phase: Acetonitrile and Dilute phosphoric acid (50:50)
Standard solution: (L/900) mg/mL of USP Aprepitant RS in Medium, where L is the label
claim in mg/Capsule. Dissolve first in a minimal amount of methanol (using NMT 2% of the
final volume) prior to diluting with Medium.
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 50 µL for Capsules containing 40 mg/Capsule; 10 µL for all other
strengths
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of aprepitant (C23 H21 F 7 N4 O3 ) dissolved:
Result = (rU/rS) × CS × (V/L) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Aprepitant RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Capsule)
Tolerances: NLT 80% (Q) of the labeled amount of aprepitant (C23 H21 F 7 N4 O3 ) is
dissolved.
Test 2
Medium: 2.2% Sodium dodecyl sulfate in water; 900 mL
Apparatus 2: 100 rpm, with wire helix sinkers
Time: 30 min
Dilute phosphoric acid and Mobile phase: Proceed as directed in the Assay.
Standard solution: (L/900) mg/mL of USP Aprepitant RS in Medium, where L is the label
claim in mg/Capsule. Dissolve first in a minimal amount of methanol (using NMT 2% of the
final volume) prior to diluting with Medium.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system: Proceed as directed in the Assay, except use an autosampler
temperature of 15 .
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of aprepitant (C23 H21 F 7 N4 O3 ) dissolved:
Result = (rU/rS) × CS × (V/L) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Aprepitant RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Capsule)
Tolerances: NLT 80% (Q) of the labeled amount of aprepitant (C23 H21 F 7 N4 O3 ) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Dilute phosphoric acid: Dilute 1 mL of phosphoric acid with water to 1 L.
Solution A: Acetonitrile and Dilute phosphoric acid (5:95)
Solution B: Acetonitrile and Dilute phosphoric acid (95:5)
Diluent: Acetonitrile and Dilute phosphoric acid (50:50)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
60
40
20
58
42
25
35
65
33
35
65
Return to original conditions and re-equilibrate the system for 10 min.
System suitability solution: 0.6 mg/mL of USP Aprepitant RS and 0.0012 mg/mL each of
USP Desfluoro Aprepitant RS and USP Aprepitant Related Compound A RS in Diluent
Standard solution: 0.0012 mg/mL of USP Aprepitant RS in Diluent
Sample solution: Nominally 0.6 mg/mL of aprepitant, prepared as follows. Transfer the
contents of Capsules, equivalent to 120 mg of aprepitant, to a 200-mL volumetric flask,
add about 150 mL of Diluent, and sonicate for about 10 min with intermittent shaking.
Cool, dilute with Diluent to volume, and pass through a nylon filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.0 between the desfluoro aprepitant and aprepitant peaks, System
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suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of aprepitant from the Standard solution
C=
S concentration of USP Aprepitant RS in the Standard solution (mg/mL)
C=
U nominal concentration of aprepitant in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Desfluoro aprepitant
0.85
—a
Aprepitant
1.0
—
Aprepitant diastereomers
—a
(R,R,R and R,S,S)b
1.3
Any other individual impurity
—
0.2
Total impurities
—
0.2
a Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
impurities for the drug product.
b The diastereomers are not separated by this procedure and should be identified based on the
retention time of aprepitant related compound A (R,R,R-diastereomer), which is a component of
the System suitability solution.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Aprepitant RS
USP Aprepitant Related Compound A RS
(R,R,R-Diastereomer): 3-[[(2R,3R)-2-[(R)-1-[3,5-Bis(trifluoromethyl)phenyl]ethoxy]-3(4-fluorophenyl) morpholino]methyl]-1H-1,2,4-triazol-5(4H)-one.
C23 H21 F 7 N4 O3
534.43
USP Desfluoro Aprepitant RS
5-[[(2R,3S)-2-[(R)-1-[3,5-Bis(trifluoromethyl)phenyl]ethoxy]-3phenylmorpholino]methyl]-2H-1,2,4-triazol-3(4H)-one.
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516.44

USP39

BRIEFING
Bacitracin, USP 37 page 1902. On the basis of comments received, the monograph is revised
as follows:
1.
As part of USP monograph modernization efforts, the relatively nonspecific Identification
test A, which is based on thin-layer chromatography and uses undesirable reagents
such as methylene chloride, is deleted because the HPLC identification procedure is
more appropriate for current monographs. An Identification test, which is based on
the residue on ignition, is added. This test is based on the current European
Pharmacopoeia monograph and provides a way to differentiate between bacitracin
and bacitracin zinc.
2.
The test for Composition of Bacitracin is revised. Edetate disodium is added to the
Mobile phase to improve sensitivity by minimizing interference from metal ions. The
Mobile phase composition is revised to reduce run time and improve efficiency. The
procedure was validated using the Hypersil ODS brand of L1 column. The typical
retention time for bacitracin A is about 18 min.
3.
In the Packaging and Storage section, storage conditions are revised based on
supporting stability data from a sponsor with FDA-approved drug products.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Wise.)
Correspondence Number—C79499

Comment deadline: January 31, 2015
Bacitracin

Bacitracin

[1405-87-4].

DEFINITION
Bacitracin is a mixture of polypeptides produced by the growth of an organism of the
licheniformis group of Bacillus subtilis (Fam. Bacillacaea), the main components being
bacitracins A, B1, B2, and B3. It has a potency of NLT 65 Bacitracin Units/mg, calculated on
the dried basis.
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IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test

201BNP : Meets the requirements

USP39

Change to read:
• B.
A. USP39
It meets the requirements of the test for Composition of Bacitracin.
Add the following:
• B.
Sample: 0.2 g
Analysis: Ignite the Sample. Allow to cool. Dissolve the residue in 0.1 mL of dilute
hydrochloric acid. Add 5 mL of water and 0.2 mL of sodium hydroxide.
Acceptance criteria: No white precipitate is formed. USP39

ASSAY
• Procedure
(See Antibiotics—Microbial Assays 81 .)
Analysis: Proceed as directed in the chapter.
Acceptance criteria: NLT 65 Bacitracin Units/mg on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.5%
SPECIFIC TESTS
Change to read:
• Composition of Bacitracin
Diluent: 40 g/L of edetate disodium in water. Adjust with dilute sodium hydroxide to a pH
of 7.0.
Solution A: 34.8 g/L of dibasic potassium phosphate in water. Adjust with 27.2 g/L of
monobasic potassium phosphate in water to a pH of 6.0.
Mobile phase: Methanol, acetonitrile, water, and Solution A (25:2:15:5)
System suitability solution: 2.0 mg/mL of USP Bacitracin Zinc RS. Dissolve first in dilute
hydrochloric acid, using 2% of the final volume, and dilute with water to volume.
Reporting threshold solution: 0.01 mg/mL of USP Bacitracin Zinc RS from System
suitability solution in Mobile phase
Peak identification solution: 2.0 mg/mL of USP Bacitracin Zinc RS in Diluent. Heat in a
boiling water bath for 30 minutes, and cool to room temperature.
Sample solution: 2.0 mg /mL of Bacitracin Zinc in Mobile phase
Diluent: 40 g/L of edetate disodium in water adjusted with 8 N sodium hydroxide to a pH
of 7.0
Solution A: 34.8 g/L of dibasic potassium phosphate in water
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Solution B: 27.2 g/L of monobasic potassium phosphate in water
Solution C: Solution B and Solution A (9:2). The pH of the mixture is about 6.
Solution D: 0.1 mM edetate disodium in a mixture of Solution C and water (1:3)
Solution E: Methanol and acetonitrile (27:2)
Mobile phase: Solution E and Solution D (63:37)
System suitability solution: 2 mg/mL of USP Bacitracin Zinc RS in Diluent
Reporting threshold solution: 0.01 mg/mL of USP Bacitracin Zinc RS from System
suitability solution in water
Peak identification solution: 2 mg/mL of USP Bacitracin Zinc RS in Diluent. Heat in a
boiling water bath for 30 min, and cool to room temperature.
Sample solution: 2 mg/mL of Bacitracin in Mobile phase USP39
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm and 300 nm
Column: 4.6-mm × 25-cm; end-capped 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Peak identification solution
Analyze the Peak identification solution at 300 nm. Identify bacitracin F, a known impurity,
using the retention time provided in Table 1. Analyze the System suitability solution at 254
nm. Identify the peaks of the most active components of bacitracin (bacitracins A, B1, B2,
and B3), early eluting peptides (those eluting before the bacitracin B1 peak), and the
impurity, bacitracin F, using the relative retention time values in Table 1.
Table 1

Name
Nature of Component
Bacitracin C1
Bacitracin C2 Early eluting peptides
Bacitracin C3
Bacitracin B1
Bacitracin B2
Active bacitracin
Bacitracin B3
Bacitracin A
Bacitracin F
Impurity
Suitability requirements
Peak-to-valley ratio: NLT 1.2
The Peak-to-valley ratio is calculated as follows:

Relative
Retention
Time
0.5
0.6
0.6
0.7
0.7
0.8
1.0
2.4

Result = HP/HV
H=
P height above the baseline of the peak due to bacitracin B1
H=
V height above the baseline of the lowest point of the curve separating the bacitracin B1
peak from the bacitracin B2 peak
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Analysis
Samples: Diluent, Reporting threshold solution, and Sample solution
Content of bacitracin A
Calculate the percentage of bacitracin A in the portion of Bacitracin taken:
Result = (rA/rT) × 100
r=
A peak area of bacitracin A from the Sample solution
r=
T sum of all peak areas above the reporting threshold from the Sample solution
Content of active bacitracin
Calculate the percentage of active bacitracin (bacitracin A, B1, B2, and B3) in the portion
of Bacitracin taken:
Result = [(rA + rB1 + rB2 + rB3)/rT] × 100
rA= peak area of bacitracin A from the Sample solution
rB1
= peak area of bacitracin B1 from the Sample solution
rB2
= peak area of bacitracin B2 from the Sample solution
rB3
= peak area of bacitracin B3 from the Sample solution
rT= sum of all peak areas above the reporting threshold from the Sample solution
Limit of early eluting peptides
Calculate the percentage of early eluting peptides (peaks eluting before bacitracin B1) in
the portion of Bacitracin taken:
Result = (rP/rT) × 100
r=
P sum of peak areas for all peaks before bacitracin B1 from the Sample solution
r=
T sum of all peak areas above the reporting threshold from the Sample solution
Limit of bacitracin F
Calculate the percentage of bacitracin F in the portion of Bacitracin taken:
Result = (rF/rA) × 100
r=
F peak area for bacitracin F from the Sample solution
r=
A peak area for bacitracin A from the Sample solution
Acceptance criteria: See Table 2. Disregard any peaks from the Sample solution that are
observed in the Diluent chromatogram. Disregard any peaks from the Sample solution having a
peak area less than bacitracin A in the Reporting threshold solution.
Table 2
Acceptance
Criteria
(%)
Content of bacitracin A
NLT 40.0
Content of active bacitracin
NLT 70.0
Limit of early eluting peptides NMT 20.0
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Limit of bacitracin F

NMT 6.0

• pH 791
Sample solution: 10,000 Bacitracin Units/mL in water
Acceptance criteria: 5.5–7.5
• Loss on Drying 731
Sample: 100 mg
Analysis: Dry the Sample in a capillary-stoppered bottle under vacuum at a pressure not
exceeding 5 mm of mercury at 60 for 3 h.
Acceptance criteria: NMT 5.0%
• Sterility Tests 71 : Where the label states that the Bacitracin is sterile, it meets the
requirements.
• Bacterial Endotoxins Test 85 : Where the label states that the Bacitracin is sterile or
must be subjected to further processing during the preparation of injectable dosage forms,
it contains NMT 0.01 USP Endotoxin Unit/Bacitracin Unit.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, and store in a cool place
below 8 .

USP39

• Labeling: Where it is packaged for prescription compounding, label it to indicate that it is
not sterile and that the potency cannot be assured for longer than 60 days after opening,
and to state the number of Bacitracin Units/mg. Where it is intended for use in preparing
injectable or other sterile dosage forms, the label states that it is sterile or must be
subjected to further processing during the preparation of injectable or other sterile dosage
forms.
• USP Reference Standards
USP Bacitracin Zinc RS
USP Endotoxin RS

11

BRIEFING
Bacitracin Zinc, USP 37 page 1905. On the basis of comments received, the monograph is
revised as follows:
1.
The chemical structure is added to the monograph.
2.
As part of USP monograph modernization efforts, the relatively nonspecific Identification
test A, which is based on thin-layer chromatography and uses undesirable reagents
such as methylene chloride, is deleted because the HPLC identification procedure is
more appropriate for current monographs. An Identification test based on the test
for Zinc Content is added. This test provides a way to differentiate between
Bacitracin and Bacitracin Zinc.
3.
The test for Composition of Bacitracin is revised. Edetate disodium is added to the
Mobile phase to improve sensitivity by minimizing interference from metal ions. The
Mobile phase composition is revised to reduce run time and improve efficiency. The
procedure was validated using the Hypersil ODS brand of L1 column. The typical
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retention time for bacitracin A is about 18 min.
4.
The Sterility Tests section is revised to make it more flexible.
5.
In the Packaging and Storage section, storage conditions are revised based on
supporting stability data from a sponsor with FDA-approved drug products.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Wise.)
Correspondence Number—C84971; C128443

Comment deadline: January 31, 2015
Bacitracin Zinc
Change to read:

USP39

Bacitracins, zinc complex;
Bacitracin zinc complex
[1405-89-6].
DEFINITION
Bacitracin Zinc is the zinc complex of bacitracin, which consists of a mixture of antimicrobial
polypeptides, the main components being bacitracins A, B1, B2, and B3. It has a potency of
NLT 65 Bacitracin Units/mg, calculated on the dried basis. It contains NLT 4.0% and NMT 6.0%
of zinc (Zn), calculated on the dried basis.
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test

201BNP : Meets the requirements

USP39

Change to read:
• B.
A. USP39
Meets the requirements of the test for Composition of Bacitracin
Add the following:
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USP39

ASSAY
• Procedure
(See Antibiotics—Microbial Assays 81 .)
Analysis: Proceed as directed in the chapter.
Acceptance criteria: NLT 65 Bacitracin Units/mg on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.5%
SPECIFIC TESTS
Change to read:
• Composition of Bacitracin
Diluent: 40 g/L of edetate disodium in water. Adjust with dilute sodium hydroxide to a pH
of 7.0.
Solution A: 34.8 g/L of dibasic potassium phosphate in water. Adjust with 27.2 g/L of
monobasic potassium phosphate in water to a pH of 6.0.
Mobile phase: Methanol, acetonitrile, water, and Solution A (25:2:15:5)
System suitability solution: 2.0 mg/mL of USP Bacitracin Zinc RS in Diluent
Reporting threshold solution: 0.01 mg/mL of USP Bacitracin Zinc RS from System
suitability solution in water
Peak identification solution: 2.0 mg/mL of USP Bacitracin Zinc RS in Diluent. Heat in a
boiling water bath for 30 minutes, and cool to room temperature.
Sample solution: 2.0 mg /mL of Bacitracin Zinc in Diluent
Diluent: 40 g/L of edetate disodium in water adjusted with 8 N sodium hydroxide to a pH
of 7.0
Solution A: 34.8 g/L of dibasic potassium phosphate in water
Solution B: 27.2 g/L of monobasic potassium phosphate in water
Solution C: Solution B and Solution A (9:2). The pH of the mixture is about 6.
Solution D: 0.1 mM edetate disodium in a mixture of Solution C and water (1:3)
Solution E: Methanol and acetonitrile (27:2)
Mobile phase: Solution E and Solution D (63:37)
System suitability solution: 2 mg/mL of USP Bacitracin Zinc RS in Diluent
Reporting threshold solution: 0.01 mg/mL of USP Bacitracin Zinc RS from System
suitability solution in water
Peak identification solution: 2 mg/mL of USP Bacitracin Zinc RS in Diluent. Heat in a
boiling water bath for 30 min, and cool to room temperature.
Sample solution: 2 mg/mL of Bacitracin Zinc in Diluent USP39
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm and 300 nm
Column: 4.6-mm × 25-cm; end-capped 5-µm packing L1
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Flow rate: 1 mL/min
Injection volume: 100 µL
Run time: NLT 3 times the retention time of bacitracin A
System suitability
Samples: System suitability solution and Peak identification solution
Analyze the Peak identification solution at 300 nm. Identify bacitracin F, a known impurity,
using the retention time provided in Table 1. Analyze the System suitability solution at 254
nm. Identify the peaks of the most active components of bacitracin (bacitracins A, B1, B2,
and B3), early eluting peptides (those eluting before the peak due to bacitracin B1), and the
impurity, bacitracin F, using the relative retention time values in Table 1.
Table 1

Name
Nature of Component
Bacitracin C1
Bacitracin C2 Early eluting peptides
Bacitracin C3
Bacitracin B1
Bacitracin B2
Active bacitracin
Bacitracin B3
Bacitracin A
Bacitracin F
Impurity
Suitability requirements
Peak-to-valley ratio: NLT 1.2
The Peak-to-valley ratio is calculated as follows:

Relative
Retention
Time
0.5
0.6
0.6
0.7
0.7
0.8
1.0
2.4

Result = HP/HV
H=
P height above the baseline of the peak due to bacitracin B1
H=
V height above the baseline of the lowest point of the curve separating the bacitracin B1
peak from the bacitracin B2 peak
Analysis
Samples: Diluent, Reporting threshold solution, and Sample solution
Content of bacitracin A
Calculate the percentage of bacitracin A in the portion of Bacitracin Zinc taken:
Result = (rA/rT) × 100
r=
A peak area of bacitracin A from the Sample solution
r=
T sum of all peak areas above the reporting threshold from the Sample solution
Content of active bacitracin
Calculate the percentage of active bacitracin (bacitracin A, B1, B2, and B3) in the portion
of Bacitracin Zinc taken:
Result = [(rA + rB1 + rB2 + rB3)/rT] × 100
rA= peak area of bacitracin A from the Sample solution
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rB1
= peak area of bacitracin B1 from the Sample solution
rB2
= peak area of bacitracin B2 from the Sample solution
rB3
= peak area of bacitracin B3 from the Sample solution
rT= sum of all peak areas above the reporting threshold from the Sample solution
Limit of early eluting peptides
Calculate the percentage of early eluting peptides (peaks eluting before bacitracin B1) in
the portion of Bacitracin Zinc taken:
Result = (rP/rT) × 100
r=
P sum of peak areas for all peaks before bacitracin B1 from the Sample solution
r=
T sum of all peak areas above the reporting threshold from the Sample solution
Limit of bacitracin F
Calculate the percentage of bacitracin F in the portion of Bacitracin Zinc taken:
Result = (rF/rA) × 100
r=
F peak area of bacitracin F from the Sample solution
r=
A peak area of bacitracin A from the Sample solution
Acceptance criteria: See Table 2. Disregard any peaks from the Sample solution that are
observed in the Diluent chromatogram. Disregard any peaks from the Sample solution having a
peak area less than bacitracin A in the Reporting threshold solution.
Table 2
Acceptance
Criteria
(%)
Content of bacitracin A
NLT 40.0
Content of active bacitracin
NLT 70.0
Limit of early eluting peptides NMT 20.0
Limit of bacitracin F
NMT 6.0
• Zinc Content
[Note—The Standard solutions and the Sample solution may be quantitatively diluted with 1 mM
hydrochloric acid, if necessary, to obtain solutions of suitable concentrations, adaptable to
the linear or working range of the instrument.]
Standard stock solution: 10 mg/mL of zinc from zinc oxide in 1 N hydrochloric acid.
Prepare as follows. Transfer a suitable amount of zinc oxide to a suitable volumetric flask,
add 1 N hydrochloric acid using 32% of the final volume, warm to dissolve, cool and dilute
with water to volume.
Standard solutions: 0.5, 1.5, and 2.5 µg/mL of zinc from Standard stock solution in 0.001
N hydrochloric acid
Sample stock solution: 2 mg/mL of Bacitracin Zinc in 0.01 N hydrochloric acid
Sample solution: 0.02 mg/mL of Bacitracin Zinc from Sample stock solution in 0.001 N
hydrochloric acid
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)
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Mode: Atomic absorption spectrophotometry
Analytical wavelength: 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.001 N hydrochloric acid
Analysis
Samples: Standard solutions, Sample solution, and Blank
Plot the absorbances of the Standard solutions versus concentration, in µg/mL, of zinc,
and draw the straight line best fitting the three plotted points. From the graph,
determine the concentration, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of zinc in the portion of Bacitracin Zinc taken:
Result = C × D × (V/W) × F × 100
C= concentration of zinc in the Sample solution obtained from the curve (µg/mL)
D= dilution factor for the Sample solution, 100 mL/mL
V= volume of Sample stock solution (mL)
W
= weight of Bacitracin Zinc used to prepare the Sample stock solution (mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: 4.0%–6.0% on the dried basis
• pH 791
Sample solution: A saturated solution in water containing about 100 mg/mL
Acceptance criteria: 6.0–7.5
• Loss on Drying 731
Sample: 100 mg
Analysis: Dry the Sample in a capillary-stoppered bottle under vacuum at 60 for 3 h.
Acceptance criteria: NMT 5.0%
Change to read:
• Sterility Tests 71 : Where the label states that it is sterile, it meets the requirements
when tested as directed under Test for Sterility of the Product to Be Examined, Membrane
Filtration, except to add 20 g of edetate disodium to each L of Fluid A.
Where the label states that it is sterile, it meets the requirements of the chapter. If the
membrane filtration test is used, add 20 g of edetate disodium to each L of Fluid A. USP39

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, and store in a cool place
below 25 .

USP39

• Labeling: Label it to indicate that it is to be used in the manufacture of nonparenteral drugs
only. Where it is packaged for prescription compounding, label it to indicate that it is not
sterile and that the potency cannot be assured for longer than 60 days after opening, and
to state the number of Bacitracin Units/mg. Where it is intended for use in preparing sterile
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dosage forms, the label states that it is sterile or must be subjected to further processing
during the preparation of sterile dosage forms.
• USP Reference Standards
USP Bacitracin Zinc RS

11
BRIEFING

Methylene Blue Compounded Injection, Veterinary, USP 37 page 3785. The Compounding
Expert Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to
revise the title of this and other compounded monographs to identify that it is a
compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 published in USP 38–NF 33. A list
of all compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Methylene Blue
Compounded USP39
Injection, Veterinary
DEFINITION
Change to read:
Methylene Blue
Compounded USP39
Injection, Veterinary is a sterile solution of Methylene Blue in Water for Injection. It contains
NLT 9.5 mg/mL and NMT 10.5 mg/mL of methylene blue trihydrate (C16 H18 ClN3 S·3H2 O). Prepare
Methylene Blue
Compounded USP39
Injection, Veterinary as follows (see Pharmaceutical Compounding—Sterile Preparations
).
Methylene Blue
Sterile Water for Injection or Sodium Chloride Injection (0.9%), a sufficient quantity to
make

797
5g
500
mL

Dissolve an accurately weighed quantity of Methylene Blue in Sterile Water for Injection or
Sodium Chloride Injection (0.9%), and dilute to volume, with mixing. Sterilize by a suitable
means, such as sterile filtration or autoclaving.
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IDENTIFICATION
• A. The visible absorption spectrum of the Sample solution exhibits maxima and minima at the
same wavelengths as that of the Standard solution, concomitantly measured as directed in
the Assay.
• B. Thin-Layer Chromatographic Identification Test 201
Diluent: Methanol and water (1:1)
Standard solution: 5 mg/mL of USP Methylene Blue RS in Diluent
Sample solution: Dilute a portion of the Injection with an equal volume of methanol.
Application volume: 1 µL
Developing solvent system: Alcohol, acetic acid, and water (3:3:4)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop until the solvent front has moved about 10 cm above
the line of application. Remove the plate from the chamber, and allow the solvent to
evaporate.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.
ASSAY
• Procedure
Standard solution: 2 µg/mL of USP Methylene Blue RS in diluted alcohol
Sample solution: Dilute a volume of Injection with diluted alcohol to obtain a solution with
a nominal concentration of about 2.4 µg of methylene blue trihydrate (2 µg of anhydrous
methylene blue)/mL.
Spectrometric conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Detector: 663 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution. Concomitantly determine the
absorbance of both solutions, using diluted alcohol as the blank.
Calculate the quantity, in mg, of methylene blue trihydrate (C16 H18 ClN3 S·3H2 O) in each
mL of Injection taken:
Result = (AU/AS) × (CS/CU) × L × (Mr1/Mr2)
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of methylene blue trihydrate in the Standard solution (mg/mL)
CU= nominal concentration of methylene blue trihydrate in the Sample solution (mg/mL)
L = labeled amount of methylene blue in the Injection (10.0 mg/mL)
Mr1
= molecular weight of methylene blue trihydrate, 373.90
Mr2
= molecular weight of methylene blue anhydrous, 319.86
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Acceptance criteria: 9.5–10.5 mg/mL of methylene blue trihydrate (C16 H18 ClN3 S·3H2 O)
SPECIFIC TESTS
• pH

791 : 3.0–4.5

• Bacterial Endotoxins Test

85 : NMT 0.17 USP Endotoxin Units/mg of methylene blue

• Sterility Tests 71 : Meets the requirements
• Other Requirements: It meets the requirements in Injections and Implanted Drug Products
(Parenterals)—Product Quality Tests

1 .

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in single-dose containers, preferably of Type I amber
glass. Store at
controlled USP39
room temperature, protected from light.
Change to read:
• Beyond-Use Date: NMT 365 days after the date on which it was compounded
when stored at controlled room temperature USP39
• Labeling: Label it to indicate that it is to be discarded after its Beyond-Use Date, to state
that it is to be kept out of the reach of children, and to indicate the nominal content of
methylene blue in the Injection and whether it was prepared in Sterile Water for Injection
or in Sodium Chloride Injection (0.9%). Label it to indicate that the dose is not to exceed
30 mg of methylene blue/kg of body weight/h. Label it to indicate that it is for veterinary
use only and to state the Beyond-Use Date.
• USP Reference Standards
USP Endotoxin RS
USP Methylene Blue RS

11

BRIEFING
Calcium Gluconate, page 6600 of the First Supplement to USP 37. On the basis of comments
received and as part of USP monograph modernization efforts, the following changes are
proposed:
1.
Change the absorbance intensity at 1045 cm 1 from “strong” to “medium” in
Identification test B.
2.
Replace the unreliable Atomic Absorption (AA) method with an accurate, reliable
Inductively Coupled Plasma–Optical Emission Spectroscopy (ICP–OES) method for the
determination of iron in the Limit of Iron test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: H. Dinh.)
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Correspondence Number—C140488

Comment deadline: January 31, 2015
Calcium Gluconate

C12 H22 CaO14
430.37
C12 H22 CaO14 ·H2 O
448.39
d-Gluconic acid, calcium salt (2:1);
Calcium d-gluconate (1:2)
[299-28-5].
Monohydrate
[18016-24-5].
DEFINITION
Calcium Gluconate is anhydrous or contains one molecule of water of hydration. The anhydrous
form contains NLT 98.0% and NMT 102.0% of calcium gluconate (C12 H22 CaO14 ), calculated on
the dried basis. The monohydrate form contains NLT 99.0% and NMT 101.0% of calcium
gluconate monohydrate (C12 H22 CaO14 ·H2 O) where labeled as intended for use in preparing
injectable dosage forms, and NLT 98.5% and NMT 102.0% of calcium gluconate monohydrate
(C12 H22 CaO14 ·H2 O) where labeled as not intended for use in preparing injectable dosage forms.
IDENTIFICATION
• A. Identification Tests—General, Calcium 191
Sample solution: 20 mg/mL
Acceptance criteria: Meets the requirements
Delete the following:
• B. Thin-Layer Chromatography
Standard solution: 10 mg/mL of USP Potassium Gluconate RS
Sample solution: 10 mg/mL of Calcium Gluconate, heating in a water bath at 60 , if
necessary, to dissolve
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Alcohol, ethyl acetate, ammonium hydroxide, and water
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(50:10:10:30)
Spray reagent: Dissolve 2.5 g of ammonium molybdate in 50 mL of 2 N sulfuric acid in a
100-mL volumetric flask. Add 1.0 g of ceric sulfate, swirl to dissolve, dilute with 2 N
sulfuric acid to volume, and mix.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the chamber, and dry at 110 for 20 min. Allow
to cool, and spray with the Spray reagent. Heat the plate at 110 for about 10 min.
Acceptance criteria: The principal spot of the Sample solution corresponds in color, size,
and RF value to that of the Standard solution. 1S (USP37)

Add the following:
• B. Infrared Absorption
Standard preparation: Prepare USP Calcium Gluconate Anhydrous RS or USP Calcium
Gluconate Monohydrate RS in the form of a potassium bromide pellet.
Sample preparation: Prepare calcium gluconate anhydrous or calcium gluconate
monohydrate in the form of a potassium bromide pellet.
Analysis
Samples: Standard preparation and Sample preparation
Record the spectra over the range from about 2.6 to 15 µm (3800–650 cm 1).
Acceptance criteria: The spectrum of Calcium Gluconate labeled as anhydrous exhibits
the differential maxima at the wavenumbers in Table 1 that are consistent with those of
the spectrum of USP Calcium Gluconate Anhydrous RS. The spectrum of Calcium Gluconate
labeled as monohydrate exhibits the differential maxima at the wavenumbers in Table 1
that are consistent with those of the spectrum of USP Calcium Gluconate Monohydrate
RS.
Table 1
Wavenumber (cm 1) of
Wavenumber (cm 1) of
Characteristic
Characteristic
Spectral
Absorptions for
Absorptions for
Region
Anhydrous
Monohydrate
No sharp band at about 3485, only At about 3485 (medium sharp over
O-H
broad
broad
stretching
absorption
absorption)
C=O stretching
1618 (strong)
1595 (strong)
1329 (medium)
Not observed
Not observed
1305 (medium)
1263–1250 (strong, two fused bands)
Not observed
Not observed
1236 (medium)
1007 (medium)
Not observed

PF 40(6): Nov.-Dec. 2014

358

1045 (strong)
Fingerprint

Not observed

(medium)

USP39

948 (duplet, medium) Not observed Not observed 972 (weak) 865 (weak) Not observed Not
observed 878 (weak) 766 (medium) Not observed 1S (USP37)
ASSAY
Change to read:
• Procedure
Sample: 800 mg of calcium gluconate
anhydrous or calcium gluconate monohydrate

1S (USP37)

Blank: 150 mL of water containing 2 mL of 3 N hydrochloric acid
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 150 mL of water containing 2 mL of 3 N hydrochloric acid.
While stirring, add 30 mL of Titrant from the titration buret. Add 15 mL of 1 N sodium hydroxide
and 300 mg of hydroxy naphthol blue, and continue the titration to a blue endpoint. Perform
the Blank determination.
Calculate the percentage of calcium gluconate (C12 H22 CaO14 )
or calcium gluconate monohydrate (C12 H22 CaO14 ·H2 O) 1S (USP37)
in the Sample taken:
Result
(anhydrous form)
= {[(VS

1S (USP37)

VB) × M × F]/W} × 100

Result (monohydrate form) = {[(VS

VB) × M × F]/W} × (Mr2/Mr1) × 100

1S (USP37)

VS = Titrant volume consumed by the Sample (mL)
VB = Titrant volume consumed by the Blank (mL)
M = Titrant molarity (mmol/mL)
F = equivalency factor, 430.4 mg/mmol
W = Sample weight (mg)
Mr2 = molecular weight of calcium gluconate monohydrate, 448.4
Mr1 = molecular weight of calcium gluconate anhydrous, 430.4
Acceptance criteria
Anhydrous: 98.0%–102.0% on the dried basis
Monohydrate: 99.0%–101.0% where labeled as intended for use in preparing injectable
dosage forms; 98.5%–102.0% where labeled as not intended for use in preparing injectable
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dosage forms
IMPURITIES
• Arsenic, Method I 211
Test preparation: Dissolve 1.0 g in a mixture of 10 mL of hydrochloric acid and 20 mL of
water, and dilute with water to 55 mL.
Analysis: Proceed as directed in the chapter, except to omit the addition of 20 mL of 7 N
sulfuric acid.
Acceptance criteria: NMT 3 ppm
• Chloride and Sulfate, Chloride 221 : A 1.0-g portion shows no more chloride than
corresponds to 0.07 mL of 0.020 N hydrochloric acid (0.005%). Where it is labeled as not
intended for use in the preparation of injectable dosage forms, a 1.0-g portion shows no
more chloride than corresponds to 1 mL of 0.020 N hydrochloric acid (0.07%).
• Chloride and Sulfate, Sulfate 221 : A 2.0-g portion dissolved in boiling water shows no
more sulfate than corresponds to 0.1 mL of 0.020 N sulfuric acid (0.005%). Where it is
labeled as not intended for use in the preparation of injectable dosage forms, a 2.0-g
portion dissolved in boiling water shows no more sulfate than corresponds to 1 mL of 0.020
N sulfuric acid (0.05%).
• Heavy Metals, Method II 231 : NMT 10 ppm; NMT 20 ppm where Calcium Gluconate is
labeled as not intended for use in the preparation of injectable dosage forms
Change to read:
• Limit of Iron
[Note—Calcium Gluconate labeled as not intended for use in the preparation of injectable
dosage forms is exempt from this requirement.]
Standard solutions: 0.2, 0.4, and 1.0 µg/mL of iron, prepared as follows. Separately
transfer 2.0, 4.0, and 10.0 mL of Standard Iron Solution, prepared as directed in Iron
241 , to individual 100-mL volumetric flasks, each containing 1.37 g of calcium chloride,
previously tested and shown to contain less than 5 ppm of iron, and dilute with 2 N
hydrochloric acid to volume.
Sample solution: Transfer 1.0 g of Calcium Gluconate to a 100-mL quartz glass flask. Add
20 mL of 12 N nitric acid, and heat to boiling until fumes are evolved. Add 0.5 mL of 30%
hydrogen peroxide, and heat again until fumes are evolved. Repeat this process until the
volume is reduced to about 5 mL. Cool, add 1.0 mL of perchloric acid, and heat to boiling.
[Caution—Do not heat above 190 or evaporate to dryness because of danger of
explosion.] Transfer this solution to a 25-mL volumetric flask, and dilute with 2 N
hydrochloric acid to volume.
Blank: Use 0.34 g of calcium chloride, previously tested and shown to contain less than 5
ppm of iron, instead of Calcium Gluconate, and prepare as directed in the Sample
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 248.3 nm
Lamp: Iron hollow-cathode

851 .)
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Flame: Air–acetylene
Analysis
Samples: Standard solutions, Sample solution, and Blank
Determine the absorbances of the Standard solutions and the Sample solution, using the
Blank and making deuterium background corrections. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of iron, and draw the straight line
best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the concentration of iron, in ppm, in the portion of Calcium Gluconate taken:
Result = (C × V)/W
C= concentration of iron in the Sample solution obtained from the regression equation
(µg/mL)
V= volume of Sample solution (mL)
W
= weight of Calcium Gluconate taken to prepare the Sample solution (g)
Internal standard solution:
2 µg/mL of yttrium in 10% nitric acid, prepared from commercially prepared yttrium
standard suitable for ICP–OES. [Note—The yttrium concentration can be varied to
optimize the analysis.]
Standard solutions: 0.05, 0.1, 0.2, and 0.4 µg/mL of iron in 10% nitric acid, prepared
from commercially prepared iron standard suitable for ICP–OES
Sample solution: 40 mg/mL of Calcium Gluconate in 10% nitric acid
Blank solution: 10% Nitric acid solution
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma–optical emission spectroscopy (ICP–OES)
Emission wavelengths: 239.562 nm or optimized wavelength for iron; 371.029 nm or
optimized wavelength for yttrium
System suitability
Samples: Internal standard solution, Standard solutions, and Blank solution
Instrument performance must be verified to conform to the manufacturer’s specifications
for resolution and sensitivity. Before analyzing samples, the instrument must pass a
suitable performance check. Generate the calibration curve using the Blank solution and
Standard solutions as follows. Scan the Internal standard solution while running the Blank
solution to measure the intensity of the yttrium emission. Hold this value constant
throughout the remainder of the test. Separately scan the Blank solution, Standard
solutions of 0.05, 0.1, 0.2, and 0.4 µg/mL of iron, and Internal standard solution. [Note
—Add the Internal standard solution via an in-line mixing chamber.] Normalize the yttrium
intensity to the value of the Internal standard solution. Apply this normalization factor to
the iron intensity, which is then referred to as the corrected iron intensity. Construct a
calibration curve by plotting the corrected iron intensity versus the known
concentrations, in µg/mL, of the iron: the linear regression coefficient is NLT 0.999.
Analysis
Sample: Sample solution

PF 40(6): Nov.-Dec. 2014

361

Similarly, analyze the Sample solution on the ICP. Plot the intensity of the emission of the
Sample solution on the calibration curve. Obtain the concentration of iron, C, in µg/mL, in
the Sample solution through the calibration curve.
Calculate the content, in µg/g (ppm), of iron in the portion of Calcium Gluconate taken:
Result = [(C × V)/W]
C
= concentration of iron in the Sample solution obtained from the calibration curve (µg/mL)
V
= volume of the Sample solution (mL)
W
= weight of Calcium Gluconate taken to prepare the Sample solution (g)
USP39

Acceptance criteria: NMT 5 ppm
• Limit of Magnesium and Alkali Metals
[Note—Calcium Gluconate labeled as not intended for use in preparing injectable dosage forms
is exempt from this requirement.]
Sample: 1.0 g
Analysis: Dissolve the Sample completely in 100 mL of boiling water. Add 10 mL of
ammonium chloride TS, 1 mL of ammonium hydroxide, and 50 mL of hot (maintained at 70
–80 ) ammonium oxalate TS. Allow to stand for 4 h, dilute with water to 200 mL, and
filter. Evaporate 100 mL of the filtrate to dryness, and ignite to constant weight.
Acceptance criteria: NMT 0.4%; the weight of the residue does not exceed 2 mg.
• Limit of Phosphate
[Note—Calcium Gluconate labeled as not intended for use in the preparation of injectable
dosage forms is exempt from this requirement.]
Standard stock solution 1: 0.716 mg/mL of monobasic potassium phosphate
Standard stock solution 2: Dilute 1.0 mL of Standard stock solution 1 with water to 100
mL.
Standard solution: Dilute 2.0 mL of Standard stock solution 2 with water to 100 mL.
Sample stock solution: To 10.0 g of Calcium Gluconate add 90 mL of hot water (70 –80
), and heat to boiling, with swirling, for 10 s to obtain a clear solution.
Sample solution: Dilute 1 mL of the hot Sample stock solution with water to 100 mL.
Analysis
Samples: Standard solution and Sample solution
To the Standard solution and Sample solution add 4 mL of sulfomolybdic acid TS, and mix.
To both solutions add 0.1 mL of a freshly prepared mixture of 3 N hydrochloric acid and
stronger acid stannous chloride TS (10:1), and mix.
Acceptance criteria: NMT 0.01%; after 10 min any color in the Sample solution is not
more intense than that in the Standard solution.
• Limit of Oxalate
[Note—Calcium Gluconate labeled as not intended for use in the preparation of injectable
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dosage forms is exempt from this requirement.]
[Note—Use deionized water where water is indicated.]
Solution A: 0.0125 M sulfuric acid in water
Solution B: Dilute 1 mL of hydrochloric acid with water to 1200 mL.
Mobile phase: 0.0017 M sodium bicarbonate and 0.0018 M sodium carbonate in water
Standard solution: 1.5 µg/mL of sodium oxalate in Solution B
Sample solution: 20 mg/mL of Calcium Gluconate in Solution B. Sonicate if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: Ion chromatography
Detector: Conductance
Columns
Guard: 4-mm × 5-cm; 15-µm packing L12
Analytical: 4-mm × 25-cm; 15-µm packing L12
Anion suppressor: The micromembrane anion suppressor column is connected in series
with the guard and analytical columns. The anion suppressor column is equipped with a
micromembrane that separates Mobile phase from Solution A flowing countercurrent to
Mobile phase at a rate of about 7 mL/min. [Note—Condition the system for about 15
min with Mobile phase at a flow rate of 2 mL/min.]
Flow rate: 2 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2500 theoretical plates
Tailing factor: NMT 1.2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxalate in the portion of Calcium Gluconate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × F × 100
rU= peak response of oxalate from the Sample solution
rS= peak response of oxalate from the Standard solution
CS= concentration of sodium oxalate in the Standard solution (µg/mL)
CU= concentration of Calcium Gluconate in the Sample solution (mg/mL)
Mr1
= molecular weight of oxalate, 88.03
Mr2
= molecular weight of sodium oxalate, 134.00
F = conversion factor, 0.001 mg/µg
Acceptance criteria: NMT 0.01%
• Reducing Substances
Sample: 1.0 g of Calcium Gluconate
Blank: 20 mL of water
Titrimetric system
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(See Titrimetry 541 .)
Mode: Residual titration
Titrant: 0.1 N iodine VS
Back titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 250-mL conical flask, dissolve in 20 mL of hot water,
cool, and add 25 mL of alkaline cupric citrate TS. Cover the flask, boil gently for 5 min,
accurately timed, and cool rapidly to room temperature. Add 25 mL of 0.6 N acetic acid,
10.0 mL of Titrant, and 10 mL of 3 N hydrochloric acid. Titrate with the Back titrant,
adding 3 mL of starch TS as the endpoint is approached. Perform the Blank determination.
Calculate the percentage of reducing substances (as dextrose) in the Sample taken:
Result = {[(VB

VS) × N × F]/W} × 100

V=
B Back titrant volume consumed by the Blank (mL)
V=
S Back titrant volume consumed by the Sample (mL)
N= Back titrant normality (mEq/mL)
F= equivalency factor, 27 mg/mEq
W= Sample weight (mg)
Acceptance criteria: NMT 1.0%
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 for 16 h.
Acceptance criteria
Anhydrous: NMT 3.0%
Monohydrate: NMT 1.0%, where labeled as intended for use in preparing injectable
dosage forms; NMT 2.0%, where labeled as not intended for use in preparing injectable
dosage forms
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• Labeling: Label it to indicate whether it is anhydrous or monohydrate. Where the quantity of
calcium gluconate is indicated in the labeling of any solution containing Calcium Gluconate,
this shall be understood to be in terms of anhydrous calcium gluconate (C12 H22 CaO14 ).
Calcium Gluconate intended for use in preparing injectable dosage forms is so labeled.
Calcium Gluconate not intended for use in preparing injectable dosage forms is so labeled;
in addition, it may be labeled also as intended for use in preparing oral dosage forms.
Change to read:
• USP Reference Standards 11
USP Calcium Gluconate Anhydrous RS
USP Calcium Gluconate Monohydrate RS
1S (USP37)

BRIEFING
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Calcium Pantothenate, USP 37 page 2094 and PF 38(3) [May–June 2012]. On the basis of
comments received and as part of USP modernization efforts, the following changes are
proposed to this monograph originally proposed in PF 38(3).
1.
The HPLC Assay was replaced with a new HPLC Assay that is capable of separating
pantolactone impurity from pantothenate. The new proposed HPLC Assay is based on
analyses performed with the Phenomenex Gemini brand of L1 column. The typical
retention times for pentoic acid, pantothenic acid, and pantolactone are 2.7, 4.4,
and 8.6 min, respectively.
2.
The HPLC Related Compounds procedure was replaced with a new HPLC procedure that
is capable of separating potential impurities such as -alanine, pantoic acid, and
pantolactone. The new proposed HPLC Related Compounds is based on analyses
performed with Phenomenex Synergi Polar RP 80A brand of L11 column. The typical
retention times for -alanine, pantoic acid, pantothenic acid, and pantolactone are
6.3, 12.3, 20.7, and 22.8 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(DS: H. Dinh.)
Correspondence Number—C124000

Comment deadline: January 31, 2015
Calcium Pantothenate

C18 H32 CaN2 O10

476.53

-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-;
Calcium d-pantothenate (1:2)
[137-08-6].
DEFINITION
Change to read:
Calcium Pantothenate is the calcium salt of the dextrorotatory isomer of pantothenic acid. It
contains NLT 5.7% and NMT 6.0% of nitrogen (N), and NLT 8.2% and NMT 8.6% of calcium
(Ca), both calculated on the dried basis.
NLT 98.0% and NMT 102.0% of calcium pantothenate (C18 H32 CaN2 O10 ), calculated on the
dried basis. USP39
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IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Calcium
requirements.

191 : A 50-mg/mL solution meets the

Add the following:
• C. Optical Rotation, Specific Rotation
Sample solution: 50 mg/mL in water

781S

Acceptance criteria: +25.0 to +27.5

USP39

COMPOSITION
Delete the following:
• Nitrogen Determination, Method I 461
Sample: 500 mg
Analysis: Proceed as directed in the chapter.
Acceptance criteria: 5.7%–6.0% on the dried basis

USP39

Delete the following:
• Content of Calcium
Sample: 800 mg of Calcium Pantothenate
Blank: 150 mL of water containing 2 mL of 3 N hydrochloric acid
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 150 mL of water containing 2 mL of 3 N hydrochloric acid.
Add 15 mL of 1 N sodium hydroxide and 300 mg of hydroxy naphthol blue, and titrate with
Titrant to a distinct blue endpoint. Perform the Blank determination.
Calculate the percentage of calcium (Ca) in the Sample taken:
Result = {[(VS

VB) × M × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
M= actual molarity of the Titrant (mM/mL)
F= equivalency factor, 40.08 mg/mM
W= Sample weight (mg)
Acceptance criteria: 8.2%–8.6% on the dried basis

USP39
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ASSAY
Change to read:
• Procedure
Buffer solution: 5 g/L of monobasic potassium phosphate in water, adjusted with
phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
System suitability solution: 0.5 mg/mL of USP Calcium Pantothenate RS and 0.1 mg/mL
of USP Racemic Panthenol RS in water
Standard solution: 0.5 mg/mL of USP Calcium Pantothenate RS in water
Sample solution: 0.5 mg/mL of Calcium Pantothenate in water
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for pantothenate and panthenol are 1.0 and 1.1,
respectively.]
Suitability requirements
Resolution: NLT 1.5 between pantothenate and panthenol, System suitabillity solution
Tailing factor: NLT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of
Calcium Pantothenate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U concentration of Calcium Pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
Buffer solution: Dissolve 3.2 g of monobasic sodium phosphate in 1 L of water; adjust
with 1 N sodium hydroxide to a pH of 5.5.
Mobile phase: Acetonitrile and Buffer solution (2:98)
System suitability solution: 0.1 mg/mL of USP Calcium Pantothenate RS and 0.5
mg/mL each of USP
RS in water

-Alanine RS, USP Sodium d-Pantoate RS, and USP Pantolactone
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Standard solution: 0.5 mg/mL of USP Calcium Pantothenate RS in water
Sample solution: 0.5 mg/mL of Calcium Pantothenate in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for -alanine, pantoic acid, pantothenic acid, and
pantolactone are 0.3, 0.6, 1.0, and 1.9 min, respectively.]
Suitability requirements
Resolution: NLT 5.0 between pantothenic acid and pantoic acid peaks, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of
Calcium Pantothenate taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
CU
= concentration of Calcium Pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

OTHER COMPONENTS
Add the following:
• Content of Calcium

USP39
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Sample: 800 mg of Calcium Pantothenate
Blank: 150 mL of water containing 2 mL of 3 N hydrochloric acid
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 150 mL of water containing 2 mL of 3 N hydrochloric acid.
Add 15 mL of 1 N sodium hydroxide and 300 mg of hydroxy naphthol blue, and titrate with
Titrant to a distinct blue endpoint. Perform the Blank determination.
Calculate the percentage of calcium (Ca) in the Sample taken:
Result = {[(VS

VB) × M × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
M= actual molarity of the Titrant (mmol/mL)
F= equivalency factor, 40.08 mg/mmol
W= Sample weight (mg)
Acceptance criteria: 8.2%–8.6% on the dried basis

USP39

IMPURITIES
• Heavy Metals 231
Test preparation: 1.0 g in 25 mL of water
Acceptance criteria: NMT 20 ppm
Delete the following:
• Ordinary Impurities

466

Standard solution: Use water as the solvent. Use USP
Calcium Pantothenate RS, as the Standard.
Test solution: Use water as the solvent.
Eluant: Alcohol and water (65:35)
Visualization: 4
Acceptance criteria: NMT 1.0% USP39

-Alanine RS, in place of USP

Change to read:
• Related Compounds
Buffer solution, Mobile phase, System suitability solution, Standard solution,
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Calcium Pantothenate taken:
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Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of all the peak responses
Acceptance criteria
Individual impurity: NMT 0.1%
Total impurities: NMT 2.0%
Solution A: Dissolve 0.2 mL of perchloric acid in 1000 mL of water.
Mobile phase: Methanol and Solution A (2:100)
Standard solution: 0.04 mg/mL each of USP -Alanine RS and USP Sodium d-Pantoate
RS, 0.02 mg/mL of USP Pantolactone RS, and 0.004 mg/mL of USP Calcium
Pantothenate RS in Mobile phase
Sample solution: 4 mg/mL of Calcium Pantothenate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 4-µm, packing L11
Column temperature: 35
Flow rate: 0.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for -alanine, pantoic acid, pantolactone, and
pantothenic acid are shown in Table 1.]
Suitability requirements
Resolution: NLT 2.0 between

-alanine and pantoic acid peaks

Relative standard deviation: NMT 5.0% for -alanine, pantoic acid, pantothenic
acid, and pantolactone
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
Pantothenate taken:

-alanine and pantolactone in the portion of Calcium
Result = (rU/rS) × (CS/CU) × 100

rU
= peak response of

-alanine or pantolactone from the Sample solution

rS
= peak response of

-alanine or pantolactone from the Standard solution
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CS
= concentration of USP

-Alanine RS or USP Pantolactone RS in the Standard solution (mg/mL)

CU
= concentration of Calcium Pantothenate in the Sample solution (mg/mL)
Calculate the percentage of pantoic acid in the portion of Calcium Pantothenate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU
= peak response of pantoic acid from the Sample solution
rS
= peak response of pantoic acid from the Standard solution
CS
= concentration of USP Sodium d-Pantoate RS in the Standard solution (mg/mL)
CU
= concentration of Calcium Pantothenate in the Sample solution (mg/mL)
Mr1
= molecular weight of pantoic acid, 148.16
Mr2
= molecular weight of sodium pantoate, 170.14
Calculate the percentage of any unspecified impurity in the portion of Calcium Pantothenate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of any unspecified impurity from the Sample solution
rS
= peak response of pantothenic acid from the Standard solution
CS
= concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
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CU
= concentration of Calcium Pantothenate in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.

Impurity
-Alanine

Table 1
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.3
1.0

Pantoic acid
Pantothenic acid
Pantolactone
Any unspecified impurity
Total unspecified impurities
Total impurities

0.6
1.0
1.1
—
—
—

1.0
—
0.5
0.1
0.5
2.0

USP39

SPECIFIC TESTS
Delete the following:
• Optical Rotation, Specific Rotation 781S
Sample solution: 50 mg/mL in water
Acceptance criteria: +25.0 to +27.5

USP39

• Alkalinity
Sample: 1.0 g
Analysis: Dissolve the Sample in 15 mL of carbon dioxide-free water in a small flask. As
soon as the solution is complete, add 1.0 mL of 0.10 N hydrochloric acid, then add 0.05
mL of phenolphthalein TS.
Acceptance criteria: No pink color is produced within 5 s.
• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards

11

USP -Alanine RS
USP Calcium Pantothenate RS
USP Pantolactone RS
USP Sodium d-Pantoate RS
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USP39

BRIEFING
Cetirizine Hydrochloride Orally Disintegrating Tablets. Because there is no existing USP
monograph for this drug product, a new monograph, based on validated methods of analysis,
is proposed. The liquid chromatographic procedures in the Assay and the test for Related
Compounds are based on analyses performed with the Waters Symmetry C18 brand of L1
column. The retention time for cetirizine is about 20 min. The liquid chromatographic
procedure in the test for Dissolution was validated with the Waters Symmetry C18 brand of
L1. The retention time for cetirizine is about 1.5 min.
(SM4: D. Vicchio.)
Correspondence Number—C133815

Comment deadline: January 31, 2015
Add the following:
Cetirizine Hydrochloride Orally Disintegrating Tablets
DEFINITION
Cetirizine Hydrochloride Orally Disintegrating Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of cetirizine hydrochloride (C21 H25 ClN2 O3 ·2HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer A: Dissolve 13.2 g of sodium 1-decanesulfonate in 2760 mL of water. Add 5.5 g of
monobasic sodium phosphate and 1.2 mL of phosphoric acid. Pass through a suitable filter.
Buffer B: Dissolve 13.2 g of sodium 1-decanesulfonate in 2000 mL of water. Add 5.5 g of
monobasic sodium phosphate and 1.2 mL of phosphoric acid. Pass through a suitable filter.
Solution A: Acetonitrile and Buffer A (31:69)
Solution B: Acetonitrile and Buffer B (50:50)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
35.0
0
100
35.1
100
0
45.0
100
0
Diluent: Acetonitrile and 0.01 N hydrochloric acid (20:80)
System suitability stock solution: 0.04 mg/mL of USP Meclizine Related Compound A RS,
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prepared as follows. Transfer a quantity of the compound into a suitable volumetric flask.
Add 5% of the flask volume of acetonitrile to dissolve the components. Sonicate if
needed. Dilute with Diluent to volume.
System suitability solution: 0.4 mg/mL of USP Cetirizine Hydrochloride RS and 1.2 µg/mL
of USP Meclizine Related Compound A RS, prepared as follows. In a 100-mL volumetric
flask, dissolve 40 mg of USP Cetirizine Hydrochloride RS in Diluent, and then pipette 3.0 mL
of the System suitability stock solution. Dilute with Diluent to volume.
Standard solution: 0.4 mg/mL of USP Cetirizine Hydrochloride RS in Diluent
Sample solution: Nominally 0.4 mg/mL of cetirizine hydrochloride, prepared as follows.
Transfer 20 Tablets into a 500-mL volumetric flask, add 375 mL of Diluent, and stir for at
least 30 min. Dilute with Diluent to volume and pass a portion of this solution through a
suitable filter (GHP or PVDF), discarding the first 1 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm. For Identification test B, use a diode array detector in the range
of 210–300 nm.
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—Identify the components on the basis of their relative retention times, as shown in
Table 2.]
Suitability requirements
Resolution: NLT 1.5 between cetirizine and meclizine related compound A, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cetirizine hydrochloride
(C21 H25 ClN2 O3 ·2HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cetirizine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of cetirizine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration 701 : NMT 30 s
• Dissolution 711
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Medium: pH 6.5 phosphate buffer (4.77 g/L monobasic potassium phosphate and 2.62 g/L
of dibasic potassium phosphate); 900 mL, degassed by USP procedure
Apparatus 2: 50 rpm
Time: 15 min
Buffer: 2.7 g/L of monobasic potassium phosphate in water. Add 0.6 mL/L of phosphoric
acid.
Mobile phase: Acetonitrile and Buffer (33:67)
Diluent: Acetonitrile and 0.01 N hydrochloric acid (20:80)
Standard stock solution: 0.1 mg/mL of USP Cetirizine Hydrochloride RS in Diluent
Standard solution: 0.01 mg/mL of USP Cetirizine Hydrochloride RS from Standard stock
solution, in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size, discarding the first 1–2 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm packing L1
Column temperature: 40
Flow rate: 2.5 mL/min
Injection volume: 100 µL
Run time: 2.7 times the retention time of cetirizine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cetirizine hydrochloride
(C21 H25 ClN2 O3 ·2HCl) dissolved:
Result = (rU/rS) × CS × 1/L × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cetirizine Hydrochloride RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of cetirizine hydrochloride
(C21 H25 ClN2 O3 ·2HCl) is dissolved.
• Uniformity of Dosage Units
IMPURITIES
• Organic Impurities

905 : Meet the requirements
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Buffer A, Buffer B, Solution A, Solution B, Mobile phase, and Diluent: Proceed as
directed in the Assay.
System suitability stock solution: 0.04 mg/mL each of USP Cetirizine Related Compound
G RS, USP Cetirizine Related Compound B RS, USP 4-Chlorobenzophenone RS, USP
Meclizine Related Compound A RS, and USP Cetirizine Related Compound A RS, and 0.06
mg/mL each of USP Hydroxyzine Related Compound A RS and USP Cetirizine Related
Compound C RS, prepared as follows. Transfer a quantity of each compound into a
suitable volumetric flask. Add 5% of the flask volume of acetonitrile to dissolve the
compounds. Sonicate as needed. Dilute with Diluent to volume.
System suitability solution: 0.4 mg/mL of USP Cetirizine Hydrochloride RS; 1.2 µg/mL
each of USP Cetirizine Related Compound G RS, USP Cetirizine Related Compound B RS,
USP 4-Chlorobenzophenone RS, USP Meclizine Related Compound A RS, and USP Cetirizine
Related Compound A RS; and 1.8 µg/mL each of USP Hydroxyzine Related Compound A RS
and USP Cetirizine Related Compound C RS, prepared as follows. In a 100-mL volumetric
flask, dissolve 40 mg of USP Cetirizine Hydrochloride RS in Diluent, and then pipette 3.0 mL
of the System suitability stock solution. Dilute with Diluent to volume.
Standard stock solution: 0.04 mg/mL each of USP Cetirizine Hydrochloride RS, USP
Cetirizine Related Compound G RS, USP Hydroxyzine Related Compound A RS, and USP 4Chlorobenzophenone RS, prepared as follows. Transfer a quantity of each compound into a
suitable volumetric flask. Add 5% of the flask volume of acetonitrile to dissolve the
compounds. Sonicate if needed. Dilute with Diluent to volume.
Standard solution: 0.8 µg/mL each of USP Cetirizine Hydrochloride RS, USP Cetirizine
Related Compound G RS, USP Hydroxyzine Related Compound A RS, and USP 4Chlorobenzophenone RS from Standard stock solution, in Diluent.
Sample solution: Nominally 400 µg/mL of cetirizine hydrochloride, prepared as follows.
Transfer 20 Tablets into a 500-mL volumetric flask, add 375 mL of Diluent, and stir for at
least 30 min. Dilute with Diluent to volume and pass a portion of this solution through a
suitable filter (GHP or PVDF), discarding the first 1 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm and 260 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between cetirizine and meclizine related compound A, System
suitability solution
Relative standard deviation: NMT 10.0% for each component, Standard solution
Analysis
Samples: Standard solution and Sample solution
Chromatograph the System suitability solution, and identify the components on the basis
of their relative retention times, as shown in Table 2. Use the peak response at 260 nm
for 4-chlorobenzophenone. Use 230 nm for all other degradation products.
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Calculate the percentage of cetirizine related compound G, hydroxyzine related compound
A, and 4-chlorobenzophenone in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cetirizine related compound G, hydroxyzine related compound A, or 4chlorobenzophenone from the Sample solution
rS= peak response of the appropriate USP Reference Standard from the Standard solution
C=
S concentration of the appropriate USP Reference Standard in the Standard solution
(µg/mL)
C=
U nominal concentration of cetirizine hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of all other degradation products in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other degradation product from the Sample solution
rS= peak response of cetirizine from the Standard solution
C=
S concentration of USP Cetirizine Hydrochloride RS in the Standard solution (µg/mL)
C=
U nominal concentration of cetirizine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 2. Disregard any peak less than 0.05%.
Table 2
Relative
Acceptance
Retention Wavelength
Criteria,
Compound
Time
(nm)
NMT (%)
Cetirizine related compound B
0.88
230
0.2
Meclizine related compound A
0.95
230
0.2
Cetirizine
1.00
230
—
—
Bromocetirizine
1.07
Pa
—
Cetirizine related compound C
1.09
Pa
Cetirizine related compound G
1.15
230
0.2
Hydroxyzine related compound A
1.23
230
0.2
4-Chlorobenzophenone
1.45
260
0.2
Cetirizine related compound A
1.53
230
0.2
Any individual unspecified degradation product
—
230
0.2
Total degradation products
—
—
0.8
a Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
impurities for the drug product.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards

11
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USP Cetirizine Hydrochloride RS
USP Cetirizine Related Compound A RS
2-(2-{4-[(4-Chlorophenyl)phenylmethyl]piperazin-1-yl}ethoxy)acetic acid, ethyl ester
dihydrochloride.
C23 H29 ClN2 O3 ·2HCl
489.86
USP Cetirizine Related Compound B RS
2-(4-Benzhydrylpiperazin-1-yl)ethan-1-ol.
C19 H24 N2 O
296.41
USP Cetirizine Related Compound C RS
2-(2-{4-[(4-Chlorophenyl)phenylmethyl]piperazin-1-yl}ethoxy)acetamide.
C21 H26 ClN3 O2
387.90
USP Cetirizine Related Compound G RS
2-{4-[(4-Chlorophenyl)phenylmethyl)piperazin-1-yl}ethanol.
C19 H23 ClN2 O
330.85
USP 4-Chlorobenzophenone RS
(4-Chlorophenyl)phenylmethanone.
C13 H9 ClO
216.66
USP Hydroxyzine Related Compound A RS
1-[(4-Chlorophenyl)phenylmethyl]piperazine.
C17 H19 ClN2
286.80
USP Meclizine Related Compound A RS
4-Chlorobenzhydrol.
C13 H11 ClO
218.68
USP39

BRIEFING
Ciclopirox Olamine Cream, USP 37 page 2337. See the Briefing under Ciclopirox Cream.
(SM1: R.S. Prasad.)
Correspondence Number—C120149; C125806; C141485

Comment deadline: January 31, 2015
Ciclopirox Olamine Cream
(Title for this monograph—not to change until November 1, 2018)
(Prior to November 1, 2018, the current practice of labeling the article of commerce with
the name Ciclopirox Olamine Cream may be continued. Use of the name Ciclopirox
Cream will be permitted as of May 1, 2016; however, the use of this name will not be
mandatory until November 1, 2018. The 30-month extension will provide the time
needed by manufacturers and users to make necessary changes.)
DEFINITION
Change to read:
Ciclopirox Olamine Cream contains NLT 90.0% and NMT 110.0% of the labeled amount of
ciclopirox olamine (C12 H17 NO2 ·C2 H7 NO)
Ciclopirox Olamine Cream contains an amount of ciclopirox olamine (C12 H17 NO2 ·C2 H7 NO)
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of ciclopirox (C12 H17 NO2 )
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.
IDENTIFICATION
• A. Ultraviolet Absorption
Diluent: Methanol and 6.25 N NaOH (123:2)
Standard stock solution: 0.2 mg/mL of USP Ciclopirox Olamine RS in methanol
Standard solution: Dilute 4 mL of Standard stock solution with Diluent to make 100 mL.
Sample stock solution: Nominally equivalent to 0.2 mg/mL of ciclopirox olamine from
Cream, in methanol prepared as follows. Transfer an accurately weighed quantity of
Cream, equivalent to about 10 mg of ciclopirox olamine, to a 50-mL volumetric flask, add
25 mL of methanol, and shake by mechanical means for about 10 minutes. Dilute with
methanol to volume, mix, centrifuge, and use the supernatant.
Sample solution: Dilute 4 mL of Sample stock solution with Diluent to make 100 mL.
Acceptance criteria: The UV absorption spectrum of the Sample solution exhibits maxima
and minima at the same wavelengths as that of the Standard solution.
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP39
ASSAY
Change to read:
• Procedure
Blank: Methanol
Ferrous sulfate solution: 24 mg/mL of ferrous sulfate in a mixture of glacial acetic acid
and water prepared as follows. Transfer 600 mg of ferrous sulfate to a 25 mL volumetric
flask. Add 0.6 mL of glacial acetic acid, dilute with water to volume, and mix.
Standard solution: 0.2 mg/mL of USP Ciclopirox Olamine RS in methanol
Sample solution: Nominally equivalent to 0.2 mg/mL of ciclopirox olamine from Cream, in
methanol prepared as follows. Transfer accurately weighed quantity of Cream, equivalent
to 10 mg of ciclopirox olamine, to a 50-mL volumetric flask, add 25 mL of methanol, and
shake by mechanical means for about 10 min. Dilute with methanol to volume, mix,
centrifuge, and use the supernatant.
Spectrometric conditions
Mode: Vis
Analytical wavelength: 440 nm
Cell: 1 cm
Analysis: Transfer 4.0 mL of the Standard solution, 4.0 mL of the Sample solution, and
4.0 mL of the Blank, to separate 25-mL volumetric flasks. Add 15 mL of methanol to each
flask. Then to each flask add 1.0 mL of Ferrous sulfate solution, mix and dilute with
methanol to volume. Store the flasks in the dark for 1 h. Determine the absorbances of
the resulting solutions at the wavelength of maximum absorbance against the Blank.
Calculate the percentage of the labeled amount of Ciclopirox Olamine (C12 H17 NO2 ·C2 H7 NO)
in the portion of Cream taken:
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Result = (AU /AS) × (CS/CU ) × 100
AU= absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Ciclopirox Olamine RS in the Standard solution (mg/mL)
C=
U nominal concentration of ciclopirox olamine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
Protect the System suitability solution, Standard solution, and Sample solution from light. All
materials that are in direct contact with Ciclopirox Olamine (e.g., column materials,
reagents, solvents) should contain only very low amounts of extractable metal cations.
In order to ensure desorption of disruptive metal ions, every new column must be rinsed with
the Rinsing solution for NLT 20 volumes of the column, and then with water for NLT 20
volumes of the column and a mixture of Solution A and Solution B (95:5) for NLT 10
volumes of the column
Solution A: 1.26 g/L of ammonium formate in water. Adjust pH to 3.5 with formic acid and
pass through a suitable filter.
Solution B: Acetonitrile and methanol (60:25). Pass through a suitable filter.
Rinsing solution: 18.6 g/L of edetate disodium in water
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
10
15
85
12
15
85
12.01
95
5
15
95
5
Standard solution: 0.1 mg/mL of USP Ciclopirox Olamine RS in methanol.
Sample solution: Nominally 0.1 mg/mL of ciclopirox olamine in methanol prepared as
follows: Transfer a portion of Cream equivalent to 10 mg of ciclopirox olamine into a 100
mL volumetric flask and add 80 mL of methanol and shake vigorously to completely
dissolve before dilute to volume with methanol. Filter through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 300 nm.
Column: 2.1– mm × 10– cm; 1.8-µm packing L11
Column temperature: 30
Flow rate: 0.5 mL/min
Injection volume: 4 µL
System suitability
Samples: Standard solution
Suitability requirements
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Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution.
Calculate the percentage of the labeled amount of ciclopirox (C12 H17 NO2 ) in the portion of
Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Ciclopirox Olamine RS in the Standard solution (mg/mL)
CU
= nominal concentration of ciclopirox olamine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

USP39

OTHER COMPONENTS
Delete the following:
• Content of Benzyl Alcohol (if present)
Diluent: Chloroform and methanol (4:1)
Internal standard solution: 1.75 mg/mL of 1-nonyl alcohol in Diluent
Standard stock solution: 2 mg/mL of USP Benzyl Alcohol RS in Diluent.
Standard solution: 0.2 mg/mL of USP Benzyl Alcohol RS from Standard stock solution
prepared as folows: Transfer 5.0 mL Standard stock solution to a 50-mL volumetric flask,
add 5.0 mL of Internal standard solution, and dilute with Diluent to volume.
Sample solution: Transfer 1.0 g of Cream to a 50-mL volumetric flask, and add 30 mL of
Diluent. Add 5.0 mL of Internal standard solution, and dilute with Diluent to volume. Mix to
obtain a clear solution.
Chromatographic system
Chromatography 621 , System Suitability
Mode: GC
Detector: Flame ionization
Column: 4-mm × 2-m glass column packed with 3% phase G3 on 100- to 120-mesh
support S1AB
Temperature [Note— After six injections, raise the column temperature to about 300
for about 5 min, then cool to 100 . ]
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Column: 100
Injector: 315
Detector: 315
Carrier gas: Nitrogen
Flow rate: 45 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.6 between the peaks
Tailing factor: NMT 3.5 for the benzyl alcohol peak and the internal standard peak
Relative standard deviation: NMT 3%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzyl alcohol (C7 H8 O) in the portion of
Cream taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of the benzyl alcohol peak to the internal standard peak from the
Sample solution
R=
S peak response ratio of the benzyl alcohol peak to the internal standard peak from the
Standard solution
C=
S concentration of USP Benzyl Alcohol RS in the Standard solution (mg/mL)
C=
U nominal concentration benzyl alcohol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amount of benzyl alcohol (C7 H8 O)
USP39

Add the following:
• Content of Benzyl Alcohol (if present)
Diluent: Chloroform and methanol (4:1)
Internal standard solution: 0.2 mg/mL of USP Phenol RS in Diluent
Standard solution: 0.2 mg/mL USP Benzyl Alcohol RS in Internal standard solution
Sample solution: Transfer 1.0 g of Cream to a 50-mL volumetric flask, and add 30 mL of
Internal standard solution. Shake to dissolve and dilute with Internal standard solution to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m fused silica column coated with 0.25-mm G16 stationary phase
Temperature
Injector: 200
Detector: 300

PF 40(6): Nov.-Dec. 2014

382

Column: See Table 3
Initial
Temperature
( )

Table 3
Temperature Ramp
( /min)

Final
Temperature
( )

Hold Time at
Final
Temperature
(min)
5
7

150
0
150
150
10
230
Carrier gas: Helium
Flow rate: 2 mL/min
Injection volume: 1 µL
Split flow: 10:1
System suitability
Sample: Standard solution
[Note—The relative retention times for benzyl alcohol and phenol are about 1.0 and 1.3,
respectively]
Suitability requirements
Tailing factor: NMT 2.0 for the benzyl alcohol peak
Relative standard deviation: NMT 2.0% for the area ratios of benzyl alcohol and
phenol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzyl alcohol (C7 H8 O) in the portion
of Cream taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of the benzyl alcohol to phenol from the Sample solution
RS= peak response ratio of the benzyl alcohol to phenol from the Standard solution
C=
S concentration of USP Benzyl Alcohol RS in the Standard solution (mg/mL)
C=
U nominal concentration benzyl alcohol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amount of benzyl alcohol (C7 H8 O)
USP39

PERFORMANCE TESTS
• Minimum Fill 755 : Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
Protect the System suitability solution, Standard solution, and Sample solution from light.
All materials that are in direct contact with Ciclopirox Olamine (e.g., column materials,
reagents, solvents) should contain only very low amounts of extractable metal cations.
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In order to ensure desorption of disruptive metal ions, every new column must be rinsed
with the Rinsing solution for NLT 20 volumes of the column, and then with water for NLT 20
volumes of the column and a mixture of Solution A and Solution B (95:5) for NLT 10
volumes of the column
Mobile phase and Rinsing solution: Proceed as directed in the Assay.
System suitability solution: 2.0 mg/mL of USP Ciclopirox Olamine RS and 10 µg/mL each
of USP Ciclopirox Related Compound A RS, USP Ciclopirox Related Compound B RS, USP
Ciclopirox Related Compound C RS in methanol.
Standard solution: 10 µg/mL each of USP Ciclopirox Related Compound A RS, USP
Ciclopirox Related Compound B RS, USP Ciclopirox Related Compound C RS and USP
Ciclopirox Olamine RS in methanol.
Sample solution: Nominally 2.0 mg/mL of ciclopirox olamine in methanol prepared as
follows: Transfer a portion of Cream equivalent to 10 mg of ciclopirox olamine into a 5 mL
volumetric flask and add 2 mL of methanol and sonicate for 20 min at 50
dissolve and dilute to volume with methanol. Filter through 0.2 µm filter.
Chromatographic system

to completely

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 300 nm for Ciclopirox, Ciclopirox Related Compound B and Ciclopirox Related
Compound C and unspecified impurities, and UV 220 nm for Ciclopirox Related Compound
A
Column: 2.1– mm × 10– cm; 1.8-µm packing L11
Column temperature: 30
Flow rate: 0.5 mL/min
Injection volume: 4 µL
System suitability
Samples: System suitability solution and Standard solution[Note—See Table 2 for the
relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between ciclopirox and ciclopirox related compound B at 300 nm
and NLT 2.0 between ciclopirox related compound A and ciclopirox related compound C
at 220 nm, System suitability solution
Relative standard deviation: NMT 2.2%, Standard solution
Analysis
Samples: Standard solution and Sample solution.
Calculate the percentage of ciclopirox related compound A at 220 nm in the portion of
Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ciclopirox related compound A from the Sample solution
rS= peak response of ciclopirox related compound A from the Standard solution
C=
S concentration of USP Ciclopirox Related Compound A RS in the Standard solution
(mg/mL)
C=
U nominal concentration of Ciclopirox Olamine in the Sample solution (mg/mL)
Calculate the percentage of ciclopirox related compound B or ciclopirox related compound
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C at 300 nm in the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ciclopirox related compound B or ciclopirox related compound C from
the Sample solution
rS= peak response of ciclopirox related compound B or ciclopirox related compound C from
the Standard solution
C=
S concentration of USP Ciclopirox Related Compound B RS or USP Ciclopirox Related
Compound C RS in the Standard solution (mg/mL)
C=
U nominal concentration of Ciclopirox Olamine in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurities at 300 nm in the portion of Cream
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of Ciclopirox from the Standard solution
C=
S concentration of USP Ciclopirox Olamine RS in the Standard solution (mg/mL)
C=
U nominal concentration of Ciclopirox Olamine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard limit 0.05%.
Table 2
Relative
Acceptance
Retention Detection Wavelength
Criteria,
Name
Time
(nm)
NMT (%)
Ciclopirox Related Compound A
0.85
220
0.5
Ciclopirox Related Compound C
0.88
300
0.5
Ciclopirox
1.0
300
—
Ciclopirox Related Compound B
1.07
300
0.5
Any individual unspecified impurity
—
300
0.10
Total
—
—
1.00
USP39

SPECIFIC TESTS
• pH 791 :
Diluent: Water adjusted with 0.1 N hydrochloric acid or 0.1 N sodium hydroxide to a pH of
6–7
Analysis: Add 15 mL of boiling Diluent to 3.5 g of Cream in a 50-mL centrifuge tube. Place
a cap on the tube, and shake vigorously until an emulsion is formed. Loosen the cap, and
heat the tube on a steam bath for 10 min. Allow to cool, centrifuge, and determine the pH
of the aqueous phase.
Acceptance criteria: 5.0–8.0
Add the following:
• Microbial Enumeration Tests

61 and Tests for Specified Microorganisms

62 : The
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total aerobic microbial count is NMT 102 cfu/g and the total combined molds and yeasts
count is NMT 101 cfu/g. It also meets the requirement for absence of Staphylococcus
aureus, and Pseudomonus aeruginosa. USP39
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible tubes, and store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Benzyl Alcohol RS
Phenylmethanol
C7 H8 O
108.14
USP Ciclopirox Olamine RS
USP Ciclopirox Related Compound A RS
3-Cyclohexyl-4,5-dihydro-5-methyl-5-isoxazolyl acetic acid
C12 H19 NO3
225.29
USP Ciclopirox Related Compound B RS
6-Cyclohexyl-4-methyl-2-pyrone
C12 H16 NO
191.27
USP Ciclopirox Related Compound C RS
6-Cyclohexyl-4-methylpyridin-2(1H)-one
C12 H17 O2
192.26
USP Phenol RS
Phenol
C6 H6 O
94.11
USP39

BRIEFING
Ciclopirox Olamine Cream, USP 37 page 2337. See the Briefing under Ciclopirox Cream.
(SM1: R.S. Prasad.)
Correspondence Number—C120149; C125806; C141485

Comment deadline: January 31, 2015
Ciclopirox Olamine Cream
(Title for this monograph—not to change until November 1, 2018)
(Prior to November 1, 2018, the current practice of labeling the article of commerce with
the name Ciclopirox Olamine Cream may be continued. Use of the name Ciclopirox
Cream will be permitted as of May 1, 2016; however, the use of this name will not be
mandatory until November 1, 2018. The 30-month extension will provide the time
needed by manufacturers and users to make necessary changes.)
DEFINITION
Change to read:
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Change to read:
Ciclopirox Olamine Cream contains NLT 90.0% and NMT 110.0% of the labeled amount of
ciclopirox olamine (C12 H17 NO2 ·C2 H7 NO)
Ciclopirox Olamine Cream contains an amount of ciclopirox olamine (C12 H17 NO2 ·C2 H7 NO)
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of ciclopirox (C12 H17 NO2 )
USP39

.
IDENTIFICATION
• A. Ultraviolet Absorption
Diluent: Methanol and 6.25 N NaOH (123:2)
Standard stock solution: 0.2 mg/mL of USP Ciclopirox Olamine RS in methanol
Standard solution: Dilute 4 mL of Standard stock solution with Diluent to make 100 mL.
Sample stock solution: Nominally equivalent to 0.2 mg/mL of ciclopirox olamine from
Cream, in methanol prepared as follows. Transfer an accurately weighed quantity of
Cream, equivalent to about 10 mg of ciclopirox olamine, to a 50-mL volumetric flask, add
25 mL of methanol, and shake by mechanical means for about 10 minutes. Dilute with
methanol to volume, mix, centrifuge, and use the supernatant.
Sample solution: Dilute 4 mL of Sample stock solution with Diluent to make 100 mL.
Acceptance criteria: The UV absorption spectrum of the Sample solution exhibits maxima
and minima at the same wavelengths as that of the Standard solution.
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP39
ASSAY
Change to read:
• Procedure
Blank: Methanol
Ferrous sulfate solution: 24 mg/mL of ferrous sulfate in a mixture of glacial acetic acid
and water prepared as follows. Transfer 600 mg of ferrous sulfate to a 25 mL volumetric
flask. Add 0.6 mL of glacial acetic acid, dilute with water to volume, and mix.
Standard solution: 0.2 mg/mL of USP Ciclopirox Olamine RS in methanol
Sample solution: Nominally equivalent to 0.2 mg/mL of ciclopirox olamine from Cream, in
methanol prepared as follows. Transfer accurately weighed quantity of Cream, equivalent
to 10 mg of ciclopirox olamine, to a 50-mL volumetric flask, add 25 mL of methanol, and
shake by mechanical means for about 10 min. Dilute with methanol to volume, mix,
centrifuge, and use the supernatant.
Spectrometric conditions
Mode: Vis
Analytical wavelength: 440 nm
Cell: 1 cm
Analysis: Transfer 4.0 mL of the Standard solution, 4.0 mL of the Sample solution, and
4.0 mL of the Blank, to separate 25-mL volumetric flasks. Add 15 mL of methanol to each
flask. Then to each flask add 1.0 mL of Ferrous sulfate solution, mix and dilute with
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methanol to volume. Store the flasks in the dark for 1 h. Determine the absorbances of
the resulting solutions at the wavelength of maximum absorbance against the Blank.
Calculate the percentage of the labeled amount of Ciclopirox Olamine (C12 H17 NO2 ·C2 H7 NO)
in the portion of Cream taken:
Result = (AU /AS) × (CS/CU ) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Ciclopirox Olamine RS in the Standard solution (mg/mL)
CU= nominal concentration of ciclopirox olamine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
Protect the System suitability solution, Standard solution, and Sample solution from light. All
materials that are in direct contact with Ciclopirox Olamine (e.g., column materials,
reagents, solvents) should contain only very low amounts of extractable metal cations.
In order to ensure desorption of disruptive metal ions, every new column must be rinsed with
the Rinsing solution for NLT 20 volumes of the column, and then with water for NLT 20
volumes of the column and a mixture of Solution A and Solution B (95:5) for NLT 10
volumes of the column
Solution A: 1.26 g/L of ammonium formate in water. Adjust pH to 3.5 with formic acid and
pass through a suitable filter.
Solution B: Acetonitrile and methanol (60:25). Pass through a suitable filter.
Rinsing solution: 18.6 g/L of edetate disodium in water
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
10
15
85
12
15
85
12.01
95
5
15
95
5
Standard solution: 0.1 mg/mL of USP Ciclopirox Olamine RS in methanol.
Sample solution: Nominally 0.1 mg/mL of ciclopirox olamine in methanol prepared as
follows: Transfer a portion of Cream equivalent to 10 mg of ciclopirox olamine into a 100
mL volumetric flask and add 80 mL of methanol and shake vigorously to completely
dissolve before dilute to volume with methanol. Filter through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 300 nm.
Column: 2.1– mm × 10– cm; 1.8-µm packing L11
Column temperature: 30
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Flow rate: 0.5 mL/min
Injection volume: 4 µL
System suitability
Samples: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution.
Calculate the percentage of the labeled amount of ciclopirox (C12 H17 NO2 ) in the portion of
Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Ciclopirox Olamine RS in the Standard solution (mg/mL)
CU
= nominal concentration of ciclopirox olamine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

USP39

OTHER COMPONENTS
Delete the following:
• Content of Benzyl Alcohol (if present)
Diluent: Chloroform and methanol (4:1)
Internal standard solution: 1.75 mg/mL of 1-nonyl alcohol in Diluent
Standard stock solution: 2 mg/mL of USP Benzyl Alcohol RS in Diluent.
Standard solution: 0.2 mg/mL of USP Benzyl Alcohol RS from Standard stock solution
prepared as folows: Transfer 5.0 mL Standard stock solution to a 50-mL volumetric flask,
add 5.0 mL of Internal standard solution, and dilute with Diluent to volume.
Sample solution: Transfer 1.0 g of Cream to a 50-mL volumetric flask, and add 30 mL of
Diluent. Add 5.0 mL of Internal standard solution, and dilute with Diluent to volume. Mix to
obtain a clear solution.
Chromatographic system
Chromatography 621 , System Suitability
Mode: GC
Detector: Flame ionization
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Column: 4-mm × 2-m glass column packed with 3% phase G3 on 100- to 120-mesh
support S1AB
Temperature [Note— After six injections, raise the column temperature to about 300
for about 5 min, then cool to 100 . ]
Column: 100
Injector: 315
Detector: 315
Carrier gas: Nitrogen
Flow rate: 45 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.6 between the peaks
Tailing factor: NMT 3.5 for the benzyl alcohol peak and the internal standard peak
Relative standard deviation: NMT 3%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzyl alcohol (C7 H8 O) in the portion of
Cream taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of the benzyl alcohol peak to the internal standard peak from the
Sample solution
RS= peak response ratio of the benzyl alcohol peak to the internal standard peak from the
Standard solution
C=
S concentration of USP Benzyl Alcohol RS in the Standard solution (mg/mL)
C=
U nominal concentration benzyl alcohol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amount of benzyl alcohol (C7 H8 O)
USP39

Add the following:
• Content of Benzyl Alcohol (if present)
Diluent: Chloroform and methanol (4:1)
Internal standard solution: 0.2 mg/mL of USP Phenol RS in Diluent
Standard solution: 0.2 mg/mL USP Benzyl Alcohol RS in Internal standard solution
Sample solution: Transfer 1.0 g of Cream to a 50-mL volumetric flask, and add 30 mL of
Internal standard solution. Shake to dissolve and dilute with Internal standard solution to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
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Column: 0.32-mm × 30-m fused silica column coated with 0.25-mm G16 stationary phase
Temperature
Injector: 200
Detector: 300
Column: See Table 2
Initial
Temperature
( )

Table 2
Temperature Ramp
( /min)

Final
Temperature
( )

Hold Time at
Final
Temperature
(min)
5
7

150
0
150
150
10
230
Carrier gas: Helium
Flow rate: 2 mL/min
Injection volume: 1 µL
Split flow: 10:1
System suitability
Sample: Standard solution
[Note—The relative retention times for benzyl alcohol and phenol are about 1.0 and 1.3,
respectively]
Suitability requirements
Tailing factor: NMT 2.0 for the benzyl alcohol peak
Relative standard deviation: NMT 2.0% for the area ratios of benzyl alcohol and
phenol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzyl alcohol (C7 H8 O) in the portion
of Cream taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of the benzyl alcohol to phenol from the Sample solution
R=
S peak response ratio of the benzyl alcohol to phenol from the Standard solution
C=
S concentration of USP Benzyl Alcohol RS in the Standard solution (mg/mL)
C=
U nominal concentration benzyl alcohol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amount of benzyl alcohol (C7 H8 O)
USP39

PERFORMANCE TESTS
• Minimum Fill 755 : Meets the requirements
IMPURITIES
Add the following:
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• Organic Impurities
Protect the System suitability solution, Standard solution, and Sample solution from light.
All materials that are in direct contact with Ciclopirox Olamine (e.g., column materials,
reagents, solvents) should contain only very low amounts of extractable metal cations.
In order to ensure desorption of disruptive metal ions, every new column must be rinsed
with the Rinsing solution for NLT 20 volumes of the column, and then with water for NLT 20
volumes of the column and a mixture of Solution A and Solution B (95:5) for NLT 10
volumes of the column
Mobile phase and Rinsing solution: Proceed as directed in the Assay.
System suitability solution: 2.0 mg/mL of USP Ciclopirox Olamine RS and 10 µg/mL each
of USP Ciclopirox Related Compound A RS, USP Ciclopirox Related Compound B RS, USP
Ciclopirox Related Compound C RS in methanol.
Standard solution: 10 µg/mL each of USP Ciclopirox Related Compound A RS, USP
Ciclopirox Related Compound B RS, USP Ciclopirox Related Compound C RS and USP
Ciclopirox Olamine RS in methanol.
Sample solution: Nominally 2.0 mg/mL of ciclopirox olamine in methanol prepared as
follows: Transfer a portion of Cream equivalent to 10 mg of ciclopirox olamine into a 5 mL
volumetric flask and add 2 mL of methanol and sonicate for 20 min at 50
dissolve and dilute to volume with methanol. Filter through 0.2 µm filter.
Chromatographic system

to completely

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 300 nm for Ciclopirox, Ciclopirox Related Compound B and Ciclopirox Related
Compound C and unspecified impurities, and UV 220 nm for Ciclopirox Related Compound
A
Column: 2.1– mm × 10– cm; 1.8-µm packing L11
Column temperature: 30
Flow rate: 0.5 mL/min
Injection volume: 4 µL
System suitability
Samples: System suitability solution and Standard solution[Note—See Table 3 for the
relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between ciclopirox and ciclopirox related compound B at 300 nm
and NLT 2.0 between ciclopirox related compound A and ciclopirox related compound C
at 220 nm, System suitability solution
Relative standard deviation: NMT 2.2%, Standard solution
Analysis
Samples: Standard solution and Sample solution.
Calculate the percentage of ciclopirox related compound A at 220 nm in the portion of
Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ciclopirox related compound A from the Sample solution
rS= peak response of ciclopirox related compound A from the Standard solution
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C=
S concentration of USP Ciclopirox Related Compound A RS in the Standard solution
(mg/mL)
C=
U nominal concentration of Ciclopirox Olamine in the Sample solution (mg/mL)
Calculate the percentage of ciclopirox related compound B or ciclopirox related compound
C at 300 nm in the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ciclopirox related compound B or ciclopirox related compound C from
the Sample solution
rS= peak response of ciclopirox related compound B or ciclopirox related compound C from
the Standard solution
C=
S concentration of USP Ciclopirox Related Compound B RS or USP Ciclopirox Related
Compound C RS in the Standard solution (mg/mL)
C=
U nominal concentration of Ciclopirox Olamine in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurities at 300 nm in the portion of Cream
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of Ciclopirox from the Standard solution
C=
S concentration of USP Ciclopirox Olamine RS in the Standard solution (mg/mL)
C=
U nominal concentration of Ciclopirox Olamine in the Sample solution (mg/mL)
Acceptance criteria: See Table 3. Disregard limit 0.05%.
Table 3
Relative
Acceptance
Retention Detection Wavelength
Criteria,
Name
Time
(nm)
NMT (%)
Ciclopirox Related Compound A
0.85
220
0.5
Ciclopirox Related Compound C
0.88
300
0.5
Ciclopirox
1.0
300
—
Ciclopirox Related Compound B
1.07
300
0.5
Any individual unspecified impurity
—
300
0.10
Total
—
—
1.00
USP39

SPECIFIC TESTS
• pH 791 :
Diluent: Water adjusted with 0.1 N hydrochloric acid or 0.1 N sodium hydroxide to a pH of
6–7
Analysis: Add 15 mL of boiling Diluent to 3.5 g of Cream in a 50-mL centrifuge tube. Place
a cap on the tube, and shake vigorously until an emulsion is formed. Loosen the cap, and
heat the tube on a steam bath for 10 min. Allow to cool, centrifuge, and determine the pH

PF 40(6): Nov.-Dec. 2014

393

of the aqueous phase.
Acceptance criteria: 5.0–8.0
Add the following:
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 102 cfu/g and the total combined molds and yeasts
count is NMT 101 cfu/g. It also meets the requirement for absence of Staphylococcus
aureus, and Pseudomonus aeruginosa. USP39
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible tubes, and store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Benzyl Alcohol RS
Phenylmethanol
C7 H8 O
108.14
USP Ciclopirox Olamine RS
USP Ciclopirox Related Compound A RS
3-Cyclohexyl-4,5-dihydro-5-methyl-5-isoxazolyl acetic acid
C12 H19 NO3
225.29
USP Ciclopirox Related Compound B RS
6-Cyclohexyl-4-methyl-2-pyrone
C12 H16 NO
191.27
USP Ciclopirox Related Compound C RS
6-Cyclohexyl-4-methylpyridin-2(1H)-one
C12 H17 O2
192.26
USP Phenol RS
Phenol
C6 H6 O
94.11
USP39

BRIEFING
Cloxacillin Sodium, USP 37 page 2438. As part of USP modernization efforts, the following
revisions based on validated methods of analysis are proposed.
1.
An Identification test based on retention time agreement is added to the monograph to
strengthen the standard. This test is designated as test B. The Identification test
for sodium is revised to designate it as test C.
2.
A test for Organic Impurities is added to the monograph. The Assay is replaced with a
different validated procedure that is similar to the test for Organic Impurities.
3.
The liquid chromatographic procedure in the Assay and the test for Organic Impurities is
based on analyses performed with the Zorbax SB-C18 brand of L1 column. The Luna
C18(2) and XBridge C18 brands of L1 column are also suitable for these procedures.
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The typical retention time for cloxacillin is about 3 min in the Assay and about 16 min
in the test for Organic Impurities.
4.
The Sterility Tests section is revised to make it more flexible.
5.
The USP Reference Standards section is revised to include a new Reference Standard
that is used in the Assay and in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Wise.)
Correspondence Number—C129479

Comment deadline: January 31, 2015
Cloxacillin Sodium

C19 H17 ClN3 NaO5 S·H2 O

475.88

4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 6-[[[3-(2-chlorophenyl)-5-methyl-4isoxazolyl]carbonyl]amino]-3,3-dimethyl-7-oxo-, monosodium salt, monohydrate, [2S-(2 ,5 ,6
)]-;
Monosodium (2S,5R,6R)-6-[3-(o-chlorophenyl)-5-methyl-4-isoxazolecarboxamido]-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate monohydrate
[7081-449].
Anhydrous
C19 H17 ClN3 NaO5 S
457.87
[642-78-4].
DEFINITION
Cloxacillin Sodium contains the equivalent of NLT 825 µg/mg of cloxacillin (C19 H18 ClN3 O5 S).
IDENTIFICATION
• A. Infrared Absorption 197K
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP39
Change to read:
• B.
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Identification Tests—General, Sodium

191 : Meets the requirements

ASSAY
Change to read:
• Procedure
Buffer: 0.02 M monobasic potassium phosphate in water, adjusted with 2 N sodium
hydroxide to a pH of 6.8
Mobile phase: Acetonitrile and Buffer (20:80)
Standard solution: 0.55 mg/mL of USP Cloxacillin Sodium RS in Buffer
Sample solution: 0.55 mg/mL of Cloxacillin Sodium in Buffer prepared as follows. Dissolve
110 mg of Cloxacillin Sodium in Buffer in a 200-mL volumetric flask, dilute with Buffer to
volume and mix. Stir with a magnetic stirrer for 5 min.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution
Suitability requirements
Tailing factor: NMT 1.8
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of cloxacillin (C19 H18 ClN3 O5 S) in the portion of Cloxacillin
Sodium taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cloxacillin Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Cloxacillin Sodium in the Sample solution (mg/mL)
P= potency of cloxacillin in USP Cloxacillin Sodium RS (µg/mg)
Acceptance criteria: NLT 825 µg/mg
Protect solutions containing cloxacillin from light.
Solution A: 1.18 g/L of sodium 1-hexanesulfonate monohydrate and 0.8 mL/L of
ammonium hydroxide in water, adjusted with phosphoric acid to a pH of 2.9–3.1
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
45
55
2
45
55
2.5
35
65
5
35
65
Return to the original conditions and re-equilibrate the system.
Diluent: Acetonitrile and water (50:50)
System suitability stock solution: 0.1 mg/mL of USP Cloxacillin Related Compound D RS
in Diluent. Sonicate as needed to dissolve.
System suitability solution: 0.001 mg/mL of USP Cloxacillin Related Compound D RS from
System suitability stock solution and 0.1 mg/mL of USP Cloxacillin Sodium RS in Diluent.
Store this solution at 4 .
Standard solution: 0.1 mg/mL of USP Cloxacillin Sodium RS in Diluent. Sonicate as needed
to dissolve. Store this solution at 4 .
Sample solution: 0.1 mg/mL of Cloxacillin Sodium in Diluent. Sonicate as needed to
dissolve. Store this solution at 4 .
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Column: 40
Autosampler: 4
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for cloxacillin and cloxacillin related compound D are
about 1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 1.5 between cloxacillin and cloxacillin related compound D, System
suitability solution
Tailing factor: 0.8–1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of cloxacillin (C19 H18 ClN3 O5 S) in the portion of Cloxacillin
Sodium taken:
Result = (rU/rS) × (CS/CU) × P
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rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Cloxacillin Sodium RS in the Standard solution (mg/mL)
CU
= concentration of Cloxacillin Sodium in the Sample solution (mg/mL)
P
= potency of cloxacillin in USP Cloxacillin Sodium RS (µg/mg)
Acceptance criteria: NLT 825 µg/mg

USP39

IMPURITIES
Add the following:
• Organic Impurities
Protect solutions containing cloxacillin from light.
Solution A, Solution B, Diluent, and Chromatographic system: Proceed as directed in
the Assay.
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
30
35
65
Return to the original conditions and re-equilibrate the system.
System suitability stock solution: 0.1 mg/mL of USP Cloxacillin Related Compound D RS in
Diluent
System suitability solution: 0.01 mg/mL of USP Cloxacillin Related Compound D RS from
System suitability stock solution and 1 mg/mL of USP Cloxacillin Sodium RS in Diluent.
Store this solution at 4 .
Standard solution: 0.01 mg/mL of USP Cloxacillin Sodium RS in Diluent. Sonicate as needed
to dissolve. Store this solution at 4 .
Sample solution: 1 mg/mL of Cloxacillin Sodium in Diluent. Sonicate as needed to dissolve.
Store this solution at 4 .
System suitability
Samples: System suitability solution and Standard solution

PF 40(6): Nov.-Dec. 2014

398

Suitability requirements
Resolution: NLT 1.5 between cloxacillin related compound D and cloxacillin, System
suitability solution
Tailing factor: 0.8–1.5, Standard solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Cloxacillin Sodium taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cloxacillin Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Cloxacillin Sodium in the Sample solution (mg/mL)
P= potency of cloxacillin in USP Cloxacillin Sodium RS (µg/mg)
F=
1 conversion factor, 0.001 mg/µg
F=
2 relative response factor (see Table 3)
Acceptance criteria: See Table 3. The reporting threshold is 0.05%.

Name
Amoxicillin related compound Aa
Cloxacillin penicilloic acidb

Table 3
Relative
Retention
Time
0.12
0.49
0.70
0.72
0.89
1.0
1.18
1.25
1.54
—
—

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.24
0.65

Cloxacillin penilloic acidc,d
1.0
e
Cloxacillin related compound D
1.0
Cloxacillin
—
Tiocloxacillinf
1.0
g
Cloxacillin penicillamide
1.0
h
Cloxacillin penicilloic penicillamide
1.0
Any individual unspecified impurity
1.0
Total impurities
—
a 6-Aminopenicillanic acid; (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.

1.0
1.0
1.0
1.0
—
1.0
1.0
1.0
1.0
5.0

b (4S)-2-{Carboxy[3-(2-chlorophenyl)-5-methylisoxazole-4-carboxamido]methyl}-5,5dimethylthiazolidine-4-carboxylic acid.
c (4S)-2-{[3-(2-Chlorophenyl)-5-methylisoxazole-4-carboxamido]methyl}-5,5dimethylthiazolidine-4-carboxylic acid.
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d The system resolves two isomers. The limit is for the sum of the isomers.
e 3-(2-Chlorophenyl)-5-methylisoxazole-4-carboxylic acid.
f (2R,5R,6R)-6-[3-(2-Chlorophenyl)-5-methylisoxazole-4-carboxamido]-3,3-dimethyl-7-oxo-4thia-1-azabicyclo[3.2.0]heptane-2-carbothioic S-acid.
g (2S,5R,6R)-6-{(2S,5R,6R)-6-[3-(2-Chlorophenyl)-5-methylisoxazole-4-carboxamido]-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxamido}-3,3-dimethyl-7-oxo-4-thia1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
h (2S,5R,6R)-6-{(R)-2-[(2R,4S)-4-Carboxy-5,5-dimethylthiazolidin-2-yl]-2-[3-(2chlorophenyl)-5-methylisoxazole-4-carboxamido]acetamido}-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
USP39

• Dimethylaniline

223 : Meets the requirements

SPECIFIC TESTS
• Crystallinity

695 : Meets the requirements

• pH 791
Sample solution: 10 mg/mL in water
Acceptance criteria: 4.5–7.5
Change to read:
• Sterility Tests 71 : Where the label states that Cloxacillin Sodium is sterile, it meets the
requirements when tested as directed in Test for Sterility of the Product to be Examined,
Direct Inoculation of the Culture Medium, with the following exceptions. Use Fluid
Thioglycollate Medium containing polysorbate 80 solution (1 in 200) and an amount of
sterile penicillinase sufficient to inactivate the cloxacillin in each tube. Use Soybean—
Casein Digest Medium containing polysorbate 80 solution (1 in 200) and an amount of
sterile penicillinase sufficient to inactivate the cloxacillin in each tube. Shake the tubes
once daily.
Meets the requirements where the label states that Cloxacillin Sodium is sterile. If the test for
Direct Inoculation of the Culture Medium is used, perform the procedure as directed in the
chapter with the following exceptions. Use Fluid Thioglycollate Medium containing
polysorbate 80 solution (1 in 200) and an amount of sterile penicillinase sufficient to
inactivate the cloxacillin in each tube. Use Soybean–Casein Digest Medium containing
polysorbate 80 solution (1 in 200) and an amount of sterile penicillinase sufficient to
inactivate the cloxacillin in each tube. Shake the tubes once daily. USP39

• Water Determination, Method I

921 : 3.0%–5.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at a temperature not
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exceeding 25 .
• Labeling: Where it is intended for use in preparing sterile dosage forms, the label states that
it is sterile or must be subjected to further processing during the preparation of sterile
dosage forms.
Change to read:
• USP Reference Standards 11
USP Cloxacillin Related Compound D RS
3-(2-Chlorophenyl)-5-methylisoxazole-4-carboxylic acid.
C11 H8 ClNO3
237.64
USP39

USP Cloxacillin Sodium RS
BRIEFING
Daunorubicin Hydrochloride, USP 37 page 2515. As part of USP monograph modernization
efforts, the following revisions are proposed:
1.
Replace the current HPLC procedure in the Assay with a stability-indicating UHPLC
procedure that employs a mass-spectroscopy-compatible Mobile phase and a modern
analytical column. The procedure was validated using the Waters Acquity UPLC BEH
C18 brand of L1 column in which daunorubicin elutes at about 7 min.
2.
Add a test for Organic Impurities based on a validated procedure. The procedure uses
the same chromatographic parameters as those proposed in the Assay.
3.
Revise Identification test A to be consistent with current USP style.
4.
Add Identification test C for chloride detection to strengthen the monograph.
5.
Add new USP impurity Reference Standards to the USP Reference Standards section for
the Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: D. Min.)
Correspondence Number—C118464

Comment deadline: January 31, 2015
Daunorubicin Hydrochloride

C27 H29 NO10 ·HCl

563.98
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5,12-Naphthacenedione, 8-acetyl-10-[(3-amino-2,3,6-trideoxy- -l-lyxo-hexopyranosyl)oxy]7,8,9,10-tetrahydro-6,8,11-trihydroxy-1-methoxy-, (8S-cis)-, hydrochloride;
(1S,3S)-3-Acetyl-1,2,3,4,6,11-hexahydro-3,5,12-trihydroxy-10-methoxy-6,11-dioxo-1naphthacenyl-3-amino-2,3,6-trideoxy- -l-lyxo-hexopyranoside hydrochloride
[23541-50-6].
DEFINITION
Daunorubicin Hydrochloride has a potency equivalent to NLT 842 µg/mg and NMT 1030 µg/mg of
daunorubicin (C27 H29 NO10 ).
[Caution—Great care should be taken to prevent inhaling particles of Daunorubicin
Hydrochloride and exposing the skin to it.]
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197K USP39
The IR absorption spectrum of a potassium bromide dispersion of Daunorubicin Hydrochloride
exhibits maxima only at the same wavelengths as that of a similar preparation of USP
Daunorubicin Hydrochloride RS.
USP39

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• C. Identification Tests—General, Chloride

191

USP39

ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water (38:62). Adjust with phosphoric acid to a pH of 2.2
± 0.2.
Standard solution: 250 µg/mL of daunorubicin from USP Daunorubicin Hydrochloride RS in
Mobile phase
System suitability solution: 250 µg/mL of doxorubicin hydrochloride from USP
Doxorubicin Hydrochloride RS in the Standard solution
Sample solution: 250 µg/mL of Daunorubicin Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography

621 .)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
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Injection volume: 5 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for doxorubicin and daunorubicin are about 0.7 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 3 between the doxorubicin and the daunorubicin peaks, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the potency, in µg/mg, of daunorubicin (C27 H29 NO10 ) in the portion of
Daunorubicin Hydrochloride taken:
Result = (ru/rs ) × (Cs /Cu) × P
ru= peak response from the Sample solution
rs= peak response from the Standard solution
C=
s concentration of USP Daunorubicin Hydrochloride RS in the Standard solution (µg/mL)
C=
u concentration of Daunorubicin Hydrochloride in the Sample solution (µg/mL)
P= potency of daunorubicin in USP Daunorubicin Hydrochloride RS (µg/mg)
Solution A:
0.1% Trifluoroacetic acid
Solution B: Acetonitrile, methanol, and trifluoroacetic acid (800:200:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
70
30
3
70
30
13
40
60
13.1
70
30
15
70
30
Diluent: Solution A and Solution B (50:50)
System suitability solution: 0.1 mg/mL each of USP Daunorubicin Hydrochloride RS and
USP Daunorubicinone RS in Diluent
Standard solution: 0.1 mg/mL of USP Daunorubicin Hydrochloride RS in Diluent
Sample solution: 0.1 mg/mL of Daunorubicin Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Autosampler temperature: 4
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Flow rate: 0.4 mL/min
Injection volume: 1.7 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 3.5 between daunorubicin and daunorubicinone, System suitability
solution
Tailing factor: 0.8–1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the potency, in µg/mg, of daunorubicin (C27 H29 NO10 ) in the portion of
Daunorubicin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × P
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Daunorubicin Hydrochloride RS in the Standard solution (mg/mL)
CU
= concentration of Daunorubicin Hydrochloride in the Sample solution (mg/mL)
P
= potency of daunorubicin in USP Daunorubicin Hydrochloride RS (µg/mg)
USP39

Acceptance criteria: 842–1030 µg/mg
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, Diluent, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 2 µg/mL each of USP Doxorubicin Hydrochloride RS, USP
Dihydrodaunorubicin Hydrochloride RS, USP Daunorubicin Hydrochloride RS, and USP
Daunorubicinone RS in Diluent
Sample solution: 0.4 mg/mL of Daunorubicin Hydrochloride in Diluent
System suitability
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Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 3.5 between daunorubicin and daunorubicinone, System suitability
solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of doxorubicin in the portion of Daunorubicin Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of doxorubicin from the Sample solution
rS= peak response of doxorubicin from the Standard solution
C=
S concentration of USP Doxorubicin Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Daunorubicin Hydrochloride in the Sample solution (mg/mL)
P= potency of doxorubicin in USP Doxorubicin Hydrochloride RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Calculate the percentage of dihydrodaunorubicin in the portion of Daunorubicin
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of dihydrodaunorubicin from the Sample solution
rS= peak response of dihydrodaunorubicin from the Standard solution
C=
S concentration of USP Dihydrodaunorubicin Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of Daunorubicin Hydrochloride in the Sample solution (mg/mL)
P= potency of dihydrodaunorubicin in USP Dihydrodaunorubicin Hydrochloride RS (mg/mg)
Calculate the percentage of daunorubicinone in the portion of Daunorubicin Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of daunorubicinone from the Sample solution
rS= peak response of daunorubicinone from the Standard solution
C=
S concentration of USP Daunorubicinone RS in the Standard solution (mg/mL)
C=
U concentration of Daunorubicin Hydrochloride in the Sample solution (mg/mL)
P= potency of daunorubicinone in USP Daunorubicinone RS (mg/mg)
Calculate the percentage of each individual unspecified impurity in the portion of
Daunorubicin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
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rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of daunorubicin from the Standard solution
C=
S concentration of USP Daunorubicin Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Daunorubicin Hydrochloride in the Sample solution (mg/mL)
P= potency of daunorubicin in USP Daunorubicin Hydrochloride RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2
Relative
Retention
Time
0.50
0.72
0.75
1.0
1.2
—
—

Name
Doxorubicin

Acceptance
Criteria,
NMT (%)
0.5

Dihydrodaunorubicina,b
Daunorubicin
Daunorubicinonec
Any other individual unspecified impurity
Total impurities
a The system resolves two diastereoisomers of dihydrodaunorubicin. The limit
sum of the two isomers.

0.5
—
0.5
0.5
2.5
is for the

b (8S,10S)-10-[(3-Amino-2,3,6-trideoxy- -l-lyxo-hexopyranosyl)oxy]-6,8,11-trihydroxy-8-(1hydroxyethyl)-1-methoxy-7,8,9,10-tetrahydrotetracene-5,12-dione hydrochloride.
c Daunorubicinol; (8S,10S)-8-Acetyl-6,8,10,11-tetrahydroxy-1-methoxy-7,8,9,10tetrahydrotetracene-5,12-dione.
USP39

SPECIFIC TESTS
• Crystallinity

695 : Meets the requirements

• pH 791
Sample solution: 5 mg/mL in a solution
Acceptance criteria: 4.5–6.5
• Water Determination, Method I

921 : NMT 3.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and excessive
heat.
Change to read:
• USP Reference Standards 11
USP Daunorubicin Hydrochloride RS
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USP Daunorubicinone RS
(8S,10S)-8-Acetyl-6,8,10,11-tetrahydroxy-1-methoxy-7,8,9,10-tetrahydrotetracene5,12-dione.
C21 H18 O8
398.36
USP Dihydrodaunorubicin Hydrochloride RS
(8S,10S)-10-[(3-Amino-2,3,6-trideoxy- -l-lyxo-hexopyranosyl)oxy]-6,8,11-trihydroxy8-(1-hydroxyethyl)-1-methoxy-7,8,9,10-tetrahydrotetracene-5,12-dione hydrochloride.
C27 H31 NO10 HCl
566.00
USP Doxorubicin Hydrochloride RS
USP39

BRIEFING
Dexmedetomidine Injection. Because there is no existing USP monograph for this drug
product, a new monograph based on validated methods of analysis is proposed. The liquid
chromatographic procedure used in the Assay and test for Organic Impurities is based on
analyses performed with the YMC-Pack Pro brand of L1 column. The typical retention time
for dexmedetomidine is about 11 min. The proposed liquid chromatographic procedure for
Enantiomeric Purity is validated using the Chiral AGP brand of 5-µm L41 column. The typical
retention times for dexmedetomidine and levomedetomidine are about 5.5 and 3.8 min,
respectively, under the conditions specified for Enantiomeric Purity.
(SM2: S. Ramakrishna.)
Correspondence Number—C131647

Comment deadline: January 31, 2015
Add the following:
Dexmedetomidine Injection
DEFINITION
Dexmedetomidine Injection is a sterile solution containing Dexmedetomidine Hydrochloride and
sodium chloride. It contains NLT 95.0% and NMT 105.0% of the labeled amount of
dexmedetomidine free base (C13 H16 N2 ).
IDENTIFICATION
• A. The retention time of the dexmedetomidine peak of the Sample solution corresponds to
that of the Standard solution, as obtained in the Assay.
• B. The UV absorption spectra of the major peak of the Sample solution exhibit maxima and
minima at the same wavelengths as those of the Standard solution, as obtained in the
Assay.
ASSAY
• Procedure
Buffer: Dissolve 2.4 g of disodium hydrogen phosphate heptahydrate and 0.14 g of
monobasic sodium phosphate monohydrate in 1 L of water. Adjust with 0.1 N phosphoric
acid or 0.1 N sodium hydroxide to a pH of 7.8, if needed.
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Mobile phase: Methanol and Buffer (600:400)
Diluent: 0.9% Sodium chloride in water
Standard solution: 4.8 µg/mL of USP Dexmedetomidine Hydrochloride RS in water
Sample solution: Nominally equivalent to 4 µg/mL of dexmedetomidine. Dilute with Diluent,
if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detectors
Assay: UV 220 nm
Identification B: UV diode array
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dexmedetomidine (C13 H16 N2 ) in the
portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dexmedetomidine Hydrochloride RS in the Standard solution
(µg/mL)
CU= nominal concentration of dexmedetomidine in the Sample solution (µg/mL)
Mr1
= molecular weight of dexmedetomidine free base, 200.28
Mr2
= molecular weight of dexmedetomidine hydrochloride, 236.74
Acceptance criteria: 95.0%–105.0%
• Content of Sodium Chloride
Sample solution: Pipet 5 mL of Injection into a suitable beaker, add 40 mL of methanol
and 1 mL of nitric acid, and stir.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N silver nitrate VS
Blank: Methanol, nitric acid, and water (40:1:5 v/v/v)
Endpoint: Potentiometric
Analysis: Titrate the Sample solution with Titrant using silver and glass electrodes to a
potentiometric endpoint. Perform a blank determination, and make any necessary
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correction (see Titrimetry 541 ). Each mL of 0.1 N silver nitrate is equivalent to 58.44
mg of sodium chloride.
Acceptance criteria: 90.0%–110.0% of the labeled amount of sodium chloride
IMPURITIES
• Organic Impurities
Buffer and Mobile phase: Proceed as directed in the Assay.
System suitability solution: Equivalent to 0.18 µg/mL of dexmedetomidine free base from
USP Dexmedetomidine Hydrochloride RS and 0.25 µg/mL of butyl paraben in water
Sensitivity solution: Equivalent to 0.04 µg/mL of dexmedetomidine free base from USP
Dexmedetomidine Hydrochloride RS in water from the Standard solution
Standard solution: Equivalent to 0.2 µg/mL of dexmedetomidine free base from USP
Dexmedetomidine Hydrochloride RS in water
Sample solution: Nominally 100 µg/mL of dexmedetomidine hydrochloride
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 25 µL
Run time: NLT 3 times the retention time of dexmedetomidine
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 4.0 between butyl paraben and dexmedetomidine, System suitability
solution
Relative standard deviation: NMT 10.0%, Standard solution
Signal-to-noise ratio: 2–8, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of dexmedetomidine from the Standard solution
CS= concentration of USP Dexmedetomidine Hydrochloride RS in the Standard solution
(µg/mL)
CU= nominal concentration of dexmedetomidine in the Sample solution (µ g/mL)
Mr1
= molecular weight of dexmedetomidine free base, 200.28
Mr2
= molecular weight of dexmedetomidine hydrochloride, 236.74
Acceptance criteria: Disregard peaks below 0.02%.
Any individual impurity: NMT 0.2%
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Total impurities: NMT 0.5%
• Enantiomeric Purity
Mobile phase: Dissolve 6.63 g of disodium hydrogen phosphate heptahydrate and 2.76 g of
potassium dihydrogen phosphate in 1650 mL of water. Add 350 mL of acetonitrile and mix.
System suitability stock solution: 1 mg/mL of USP Levomedetomidine RS in water
System suitability solution: 0.05 mg/mL of USP Dexmedetomidine Hydrochloride RS and
0.01 mg/mL of USP Levomedetomidine RS from the System suitability stock solution, in
Mobile phase
Sensitivity solution: 0.2 µg/mL of USP Levomedetomidine Hydrochloride RS prepared as
follows. Dilute 2 mL of the Standard solution to volume with Mobile phase in a 10-mL
volumetric flask.
Standard solution: 1 µg/mL of USP Levomedetomidine RS in Mobile phase
Sample solution: 100 µg/mL of dexmedetomidine hydrochloride
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Columns
Analytical: 4-mm × 10-cm; 5-µm packing L41
Guard: 3-mm × 10-mm; packing L41
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of levomedetomidine
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 2.0 between levomedetomidine and dexmedetomidine, System
suitability solution
Tailing factor: NMT 2.0 for the dexmedetomidine peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levomedetomidine free base in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of levomedetomidine from the Sample solution
rS= peak response of levomedetomidine from the Standard solution
CS= concentration of USP Levomedetomidine RS in the Standard solution (µg/mL)
CU= nominal concentration of dexmedetomidine hydrochloride in the Sample solution
(µg/mL)
Mr1
= molecular weight of levomedetomidine free base, 200.28
Mr2
= molecular weight of levomedetomidine hydrochloride, 236.74
Acceptance criteria: See Table 1.
Table 1
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Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Levomedetomidine
0.62
1.0
Dexmedetomidine
1.00
—
SPECIFIC TESTS
• Bacterial Endotoxins Test
free base
• Sterility Tests
• pH

85 : NMT 0.70 USP Endotoxin Units/mg of dexmedetomidine

71 : Meets the requirements

791 : 4.5–7.0

• Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections
• Other Requirements: Meets the requirements under Injections and Implanted Drug
Products (Parenterals)—Product Quality Tests

1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-use, clear, flint-glass vials. Store at controlled
room temperature.
• Labeling: Label it to indicate that it is to be diluted with 0.9% Sodium Chloride Injection USP
for intravenous use and to be diluted with bacteriostatic 0.9% Sodium Chloride Injection
USP (0.9% benzyl alcohol preserved) to prepare the 7-day infusion solution.
• USP Reference Standards 11
USP Dexmedetomidine Hydrochloride RS
USP Endotoxin RS
USP Levomedetomidine RS
(R)-4-[1-(2,3-Dimethylphenyl)ethyl]-1H-imidazole hydrochloride.
C13 H16 N2 ·HCl
236.74
USP39

BRIEFING
Diclofenac Potassium Tablets, USP 37 page 2593. It is proposed to modernize the monograph
with the following changes:
1.
Replace the nonspecific titration procedure in the Assay with a specific highperformance liquid chromatographic procedure developed and validated for this drug
product. The proposed UHPLC method was validated with the YMC-Triart C18
packing L1 column. The typical retention time for diclofenac is about 4.2 min.
2.
Replace the test for Organic Impurities with a more selective UHPLC procedure. The
procedure uses the same chromatographic conditions as those proposed in the Assay
except that the analytical wavelength is set at 254 nm.
3.
Delete Identification test B for Potassium.
4.
Add Identification test B for diclofenac based on the UV (190–400 nm) spectrum of the
diclofenac peak in the Assay.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: A. Potts.)
Correspondence Number—C138745

Comment deadline: January 31, 2015
Diclofenac Potassium Tablets
DEFINITION
Diclofenac Potassium Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
diclofenac potassium (C14 H10 Cl2 KNO2 ).
IDENTIFICATION
• A. The retention time of the diclofenac peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
Delete the following:
• B. Identification Tests—General, Potassium
flame test. USP39

191 : It meets the requirements of the

Add the following:
• B. The UV (190–400 nm) spectrum of the diclofenac peak of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay. USP39
ASSAY
Change to read:
• Procedure
Solution A: 0.01 M phosphoric acid and 0.01 M monobasic sodium phosphate (150:150). If
necessary, adjust with additional portions of the appropriate components to a pH of 2.5
± 0.2.
Mobile phase: Methanol and Solution A (70:30)
Diluent: Methanol and water (70:30)
System suitability solution: 40 µg/mL of diethyl phthalate, 0.5 mg/mL of USP Diclofenac
Potassium RS, and 37.5 µg/mL of USP Diclofenac Related Compound A RS in Diluent
Standard solution: 0.5 mg/mL of USP Diclofenac Potassium RS in Diluent
Sample solution: Nominally 0.5 mg/mL of diclofenac potassium in Diluent prepared as
follows. Weigh and finely powder NLT 20 Tablets. Transfer a portion of the powder,
nominally equivalent to 50 mg of diclofenac potassium, to a 100-mL volumetric flask. Add
70 mL of Diluent, stir for 60 min, dilute with Diluent to volume, mix, and centrifuge.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 254 nm

621 , System Suitability.)
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Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.5 between diethyl phthalate and diclofenac related compound A;
NLT 3.5 between diclofenac related compound A and diclofenac, System suitability
solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of labeled amount of diclofenac potassium (C14 H10 Cl2 KNO2 ) in
the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak response of diclofenac from the Sample solution
rS= peak response of diclofenac from the Standard solution
C=
S concentration of USP Diclofenac Potassium RS in the Standard solution (mg/mL)
C=
U nominal concentration of diclofenac potassium for the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
Solution A: 0.7708 g/L of ammonium acetate in water. Adjust with acetic acid to a pH of
5.3. Pass through a suitable filter of 0.2-µm pore size.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.00
70
30
0.50
70
30
8.50
5
95
10.00
5
95
10.01
70
30
14.00
70
30
Diluent: Acetonitrile and water (50:50)
Standard solution: 0.2 mg/mL of USP Diclofenac Potassium RS in Diluent
Sample solution: Nominally 0.2 mg/mL of diclofenac potassium in Diluent prepared as
follows. Transfer a suitable portion of diclofenac potassium to a suitable volumetric
flask from NLT 20 finely powdered Tablets. Add Diluent equivalent to 80% of the flask
volume. Dissolve and make to volume with Diluent. Pass the solution through a suitable
filter of 0.22-µm pore size.
[Note—Protect the Standard solution and Sample solution from light.]
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm. For Identification test B, use a photo-diode array detector.
Column: 10-cm × 2.0-mm; 1.9-µm packing L1
Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 1 µL
System suitability
Sample: Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Tailing factor: NMT 1.2
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diclofenac potassium (C14 H10 Cl2 KNO2 )
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of diclofenac from the Sample solution
rS
= peak response of diclofenac from the Standard solution
CS
= concentration of USP Diclofenac Potassium RS in the Standard solution (mg/mL)
CU
= nominal concentration of diclofenac potassium in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

USP39

PERFORMANCE TESTS
• Dissolution 711
Medium: Simulated intestinal fluid (without enzyme); 900 mL
Apparatus 2: 50 rpm
Time: 60 min
Standard solution: A known concentration of USP Diclofenac Potassium RS in Medium.
Pass a portion of the solution under test through a suitable filter of 0.45-µm pore size.
Dilute with Medium if necessary.
Sample solution: Sample as per Dissolution
that is similar to the Standard solution.

711 . Dilute with Medium to a concentration
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Instrumental conditions
Mode: UV-Vis
Analytical wavelength: Maximum absorbance at about UV 276 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diclofenac potassium (C14 H10 Cl2 KNO2 )
dissolved:

A=
U absorbance of the Sample solution
C=
S concentration of the Standard solution (mg/mL)
V= volume of Medium, 900 mL
A=
S absorbance of the Standard solution
L= label claim of diclofenac potassium (mg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of diclofenac potassium (C14 H10 Cl2 KNO2 )
is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Solution A, Mobile phase, Diluent, System suitability solution, and Sample solution:
Prepare as directed in the Assay.
Standard solution: 2.5 µg/mL of USP Diclofenac Related Compound A RS in Diluent
System suitability solution A: Use System suitability solution.
System suitability solution B: 0.5 mg/mL of USP Diclofenac Potassium RS in Diluent
Chromatographic system: Proceed as directed in the Assay, except use the following
injection volume.
Injection volume: 10 µL for System suitability and 30 µL to perform Analysis
System suitability
Samples: System suitability solution A and System suitability solution B
Suitability requirements
Resolution: NLT 2.5 between diethyl phthalate and diclofenac related compound A;
NLT 3.5 between diclofenac related compound A and diclofenac, System suitability
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solution A
Relative standard deviation: NMT 2.0%, System suitability solution B
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diclofenac related compound A in the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) × F × 100
rU= diclofenac related compound A peak response from the Sample solution
rS= diclofenac related compound A peak response from the Standard solution
C=
S concentration of diclofenac related compound A in the Standard solution (µg/mL)
C=
U nominal concentration of diclofenac potassium in the Sample solution (mg/mL)
F= unit conversion factor, 0.001 mg/µg
Calculate the percentage of each of the other impurities, other than diethyl phthalate, if
present, in the portion of Tablets taken:
Result = (ri/rS) × (CS/CU ) × F × 100
ri = response of an individual impurity peak from the Sample solution
rS= diclofenac related compound A peak response from the Standard solution
C=
S concentration of USP Diclofenac Related Compound A RS in the Standard solution
(µg/mL)
CU= nominal concentration of diclofenac potassium in the Sample solution (mg/mL)
F= unit conversion factor, 0.001 mg/µg
Acceptance criteria
Individual impurities: NMT 0.5%
Total impurities: NMT 1.5%
Mobile phase and Diluent: Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL each of USP Diclofenac Potassium RS and USP
Diclofenac Related Compound A RS, in Diluent
Sample solution: Nominally 1.0 mg/mL of diclofenac potassium in Diluent prepared as
follows. Transfer a suitable portion of diclofenac potassium to a suitable volumetric
flask from NLT 20 finely powdered Tablets. Add Diluent equivalent to 80% of the flask
volume. Dissolve and make to volume with Diluent. Pass the solution through a suitable
filter of 0.22-µm pore size.
Chromatographic system: Proceed as directed in the Assay except for the Detector
as stated below.
Detector: UV 254 nm
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5%
Signal-to-noise ratio: NLT 10
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diclofenac related compound A in the portion of Tablets
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taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of diclofenac related compound A from the Sample solution
rS
= peak response of diclofenac related compound A from the Standard solution
CS
= concentration of USP Diclofenac Related Compound A RS in the Standard solution (mg/mL)
CU
= nominal concentration of diclofenac potassium in the Sample solution (mg/mL)
Calculate the percentage of any other impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of each individual impurity from the Sample solution
rS
= peak response of diclofenac from the Standard solution
CS
= concentration of USP Diclofenac Potassium RS in the Standard solution (mg/mL)
CU
= nominal concentration of diclofenac potassium in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
Table 2

Name
Oxindolea,e
Diclofenac
Diclofenac related compound D (diclofenac bromo analog)b,e
Diclofenac related compound A
Diclofenac alcohol analogc,e
Diclofenac benzaldehyde analogd,e

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
—
0.4
1.0
—
—
1.04
1.48
0.5
—
1.55
—
1.81
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Any individual unspecified impurity
Total impuritiese
a 1,3-Dihydro-2H-indol-2-one.

—
—

0.5
1.5

b 2-{2-[(2-Bromo-6-chlorophenyl)amino]phenyl}acetic acid.
c {2-[(2,6-Dichlorophenyl)amino]phenyl}methanol.
d 2-[(2,6-Dichlorophenyl)amino]benzaldehyde.
e Process related impurities, not to be counted in total impurities.
USP39

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards 11
USP Diclofenac Potassium RS
USP Diclofenac Related Compound A RS
1-(2,6-Dichlorophenyl)indolin-2-one (diclofenac lactam).
C14 H9 Cl2 NO
278.13
BRIEFING
Diclofenac Sodium Delayed-Release Tablets, USP 37 page 2595. It is proposed to modernize
the monograph with the following changes:
1.
Replace the Assay with a specific HPLC procedure developed and validated for this drug
product. The proposed UHPLC method was validated with the YMC-Triart C18
packing L1 column. The typical retention time for diclofenac is about 4.2 min.
2.
Replace the test for Organic Impurities with a more selective UHPLC procedure. The
procedure uses the same chromatographic conditions as that proposed in the Assay
except that the analytical wavelength is set at 254 nm.
3.
Delete Identification test B for sodium. Add Identification test B for diclofenac based on
the UV (190–400 nm) spectrum of the diclofenac peak in the Assay.
4.
Revise the Packaging and Storage section to specify protection from moisture.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: A. Potts.)
Correspondence Number—C138657

Comment deadline: January 31, 2015
Diclofenac Sodium Delayed-Release Tablets
DEFINITION
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Diclofenac Sodium Delayed-Release Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ).
IDENTIFICATION
• A. The retention time of the diclofenac peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
Delete the following:
• B. Identification Tests—General, Sodium 191 : It meets the requirements of the flame
test. USP39
Add the following:
• B. The UV (190–400 nm) spectrum of the diclofenac peak of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay. USP39
ASSAY
Change to read:
• Procedure
Solution A: Mix equal volumes of 0.01 M phosphoric acid and 0.01 M monobasic sodium
phosphate. If necessary, adjust with additional portions of the appropriate components
to a pH of 2.5 ± 0.2.
Mobile phase: Methanol and Solution A (70:30)
[Note—Increasing the proportion of buffer increases resolution.]
Diluent: Methanol and water (70:30)
System suitability solution: 20 µg/mL of diethyl phthalate, 7.5 µg/mL of USP Diclofenac
Related Compound A RS, and 0.75 mg/mL of USP Diclofenac Sodium RS in Diluent
Standard solution: 0.75 mg/mL of USP Diclofenac Sodium RS in Diluent
Sample solution: Nominally 0.75 mg/mL of diclofenac sodium in Diluent prepared as follow.
Transfer 20 Tablets to a volumetric flask of such capacity that when filled to volume, a
concentration of 0.75 mg/mL of diclofenac sodium is obtained. Add Diluent to about 70%
of the capacity of the flask, and shake by mechanical means for NLT 30 min to
disintegrate the Tablets. Cool to room temperature, and dilute with Diluent to volume.
Pass a portion of the solution through a filter of 0.5-µm or finer pore size, and use the
filtrate as the Sample solution.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L7 (end-capped)
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for diethyl phthalate, diclofenac related compound A,
and diclofenac are 0.5, 0.6, and 1.0, respectively.]
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Suitability requirements
Resolution: NLT 2.2 between the diethyl phthalate and diclofenac related compound A
peaks; NLT 6.5 between the diclofenac related compound A and diclofenac peaks,
System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diclofenac sodium (C14 H10 Cl2 NNaO2 ) in the portion of
Tablets taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak response of diclofenac from the Sample solution
rS= peak response of diclofenac from the Standard solution
C=
S concentration of USP Diclofenac Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
Solution A:
0.7708 g/L of ammonium acetate in water. Adjust with acetic acid to a pH of 5.3. Pass
through a suitable filter of 0.2-µm pore size.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.00
70
30
0.50
70
30
8.50
5
95
10.00
5
95
10.01
70
30
14.00
70
30
Diluent: Acetonitrile and water (50:50)
Standard solution: 0.2 mg/mL of USP Diclofenac Sodium RS in Diluent
Sample solution: Nominally 0.2 mg/mL of diclofenac sodium in Diluent prepared as follows.
Transfer a suitable portion of diclofenac sodium to a suitable volumetric flask from NLT 20
finely powdered Tablets. Add Diluent equivalent to 50% of the flask volume. Dissolve with
sonication for 20 min at 40 and fill with Diluent to volume. Pass the solution through a
suitable filter of 0.22-µm pore size.
[Note—Protect the Standard solution and Sample solution from light.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm. For Identification test B, use a photo-diode array detector.
Column: 10-cm × 2.0-mm; 1.9-µm packing L1
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Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 1 µL
System suitability
Sample: Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Tailing factor: NMT 1.2
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of diclofenac from the Sample solution
rS
= peak response of diclofenac from the Standard solution
CS
= concentration of USP Diclofenac Sodium RS in the Standard solution (mg/mL)
CU
= nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
USP39

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Proceed as directed in Procedure, Apparatus 1 and Apparatus 2, Delayed-Release Dosage
Forms, Method B to determine the amount of diclofenac sodium (C14 H10 Cl2 NNaO2 )
dissolved.
Acid stage
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm, paddles constructed of (or coated with) polytef being used
Time: 2 h
Detector: UV, maxima at about 276 nm
Standard solution: Transfer 68 mg of USP Diclofenac Sodium RS to a 100-mL volumetric
flask, add 10.0 mL of 0.1 N sodium hydroxide, and dilute with water to volume. Transfer
2.0 mL of this solution to a second 100-mL volumetric flask, dilute with a mixture of 0.1
N hydrochloric acid and 5 N sodium hydroxide (900:20) to volume, and mix. This
Standard solution contains 13.6 µg/mL of USP Diclofenac Sodium RS.
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Sample solution: At the end of 2 h, remove each Tablet, or the major portion thereof if
the Tablet is not intact, from the individual vessels, and subject them to the test under
Buffer stage. To the 0.1 N hydrochloric acid remaining in each vessel, add 20.0 mL of 5
N sodium hydroxide, and stir for 5 min.
Buffer stage
Medium: pH 6.8 phosphate buffer; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Detector: UV maxima at about 276 nm
Solution A: 76 mg/mL of tribasic sodium phosphate
pH 6.8 phosphate buffer: Solution A and 0.1 N hydrochloric acid (1:3), adjusted with 2
N hydrochloric acid or 2 N sodium hydroxide to a pH of 6.8 ± 0.05, if necessary
Standard solution: Transfer 68 mg of USP Diclofenac Sodium RS to a 100-mL volumetric
flask. Add 10.0 mL of 0.1 N sodium hydroxide, dilute with water to volume, and mix.
Transfer 3.0 mL of this solution to a 100-mL volumetric flask, dilute with Buffer stage
Medium to volume, and mix. The final concentration is about 0.0204 mg/mL of diclofenac
sodium.
Sample solution: Sample per Dissolution 711 . Dilute with Medium to a concentration
similar to that of the Standard solution.
Tolerances: NLT 75% (Q) of the labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 )
is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Solution A, Mobile phase, Diluent, System suitability solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Standard stock solution: 0.8 mg/mL of USP Diclofenac Related Compound A RS in
methanol
Standard solution: 4 µg/mL of USP Diclofenac Related Compound A RS from the Standard
stock solution in Diluent
Analysis: Measure the peak responses over a period of 40 min.
Calculate the percentage of diclofenac related compound A in relation to the quantity of
diclofenac sodium in the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) × 100
rU= peak response of diclofenac related compound A from the Sample solution
rS= peak response of diclofenac related compound A from the Standard solution
C=
S concentration of USP Diclofenac Related Compound A RS in the Standard solution
(mg/mL)
C=
U nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
Calculate the percentage of each impurity other than diethyl phthalate, if present, in
relation to the diclofenac sodium in the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) × 100
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rU= peak response for each impurity from the Sample solution
rS= peak response of diclofenac related compound A from the Standard solution
CS= concentration of USP Diclofenac Related Compound A RS in the Standard
solution (mg/mL) CU = nominal concentration of diclofenac sodium in the Sample solution
(mg/mL)
Acceptance criteria:
Individual impurities: NMT 0.5% of diclofenac related compound A; NMT 1.0% of any other
individual impurity
Total impurities: NMT 1.5%
Mobile phase and Diluent: Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL each of USP Diclofenac Sodium RS and USP Diclofenac
Related Compound A RS in Diluent
Sample solution: Nominally 1.0 mg/mL of diclofenac sodium in Diluent prepared as follows.
Transfer a suitable portion of diclofenac sodium to a suitable volumetric flask from NLT 20
finely powdered Tablets. Add Diluent equivalent to 50% of the flask volume. Dissolve with
(ERR 1-Feb-2014)

sonication for 20 min at 40 and fill with Diluent to volume. Pass the solution through a
suitable filter of 0.22-µm pore size.
Chromatographic system: Proceed as directed in the Assay, except for the Detector.
(See Chromatography 621 , System Suitability.)
Detector: UV 254 nm
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5%
Signal-to-noise ratio: NLT 10
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diclofenac related compound A in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of diclofenac related compound A from the Sample solution
rS
= peak response of diclofenac related compound A from the Standard solution
CS
= concentration of USP Diclofenac Related Compound A RS in the Standard solution (mg/mL)
CU
= nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
Calculate the percentage of any other impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU
= peak response of each individual impurity from the Sample solution
rS
= peak response of diclofenac from the Standard solution
CS
= concentration of USP Diclofenac Sodium RS in the Standard solution (mg/mL)
CU
= nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
Table 2

Name
Oxindolea,b
Diclofenac
Diclofenac related compound D (diclofenac bromo analog)c,b
Diclofenac related compound A
Diclofenac alcohol analogd,b
Diclofenac benzaldehyde analoge,b
Any individual unspecified impurity
Total impuritiesb

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
—
0.4
1.0
—
—
1.04
1.48
0.5
—
1.55
—
1.81
—
0.5
—
1.5

a 1,3-Dihydro-2H-indol-2-one.
b Process related impurities, not to be counted in total impurities.
c 2-{2-[(2-Bromo-6-chlorophenyl)amino]phenyl}acetic acid.
d {2-[(2,6-Dichlorophenyl)amino]phenyl}methanol.
e 2-[(2,6-Dichlorophenyl)amino]benzaldehyde.
USP39

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
Protect from moisture. USP39

• USP Reference Standards 11
USP Diclofenac Sodium RS
USP Diclofenac Related Compound A RS
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1-(2,6-Dichlorophenyl)indolin-2-one.
C14 H9 Cl2 NO
278.13
BRIEFING
Diclofenac Sodium Extended-Release Tablets, USP 37 page 2596. It is proposed to
modernize the monograph with the following changes:
1.
Replace the Assay with a specific HPLC procedure developed and validated for this drug
product. The proposed UHPLC method was validated with the YMC-Triart C18
packing L1 column. The typical retention time for diclofenac is about 4.2 min.
2.
Replace the test for Organic Impurities with a more selective UHPLC procedure. The
procedure uses the same chromatographic conditions as that proposed in the Assay
except that the analytical wavelength is set at 254 nm.
3.
Replace the Identification test B TLC procedure with a procedure based on the UV
(190–400 nm) spectrum of the diclofenac peak in the Assay.
4.
Introduce acceptance criteria for any individual unspecified impurity, NMT 0.5%, and
diclofenac related compound A, NMT 0.5%, based on the criteria for Diclofenac
Sodium Delayed-Release Tablets. Stakeholders are encouraged to submit FDAapproved acceptance criteria, along with the list of specified impurities, for the
Expert Committee's consideration.
5.
Revise the Packaging and Storage section to indicate protection from moisture.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: A. Potts.)
Correspondence Number—C138658

Comment deadline: January 31, 2015
Diclofenac Sodium Extended-Release Tablets
DEFINITION
Diclofenac Sodium Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ).
IDENTIFICATION
• A. The retention time of the diclofenac peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
Delete the following:
• B. Thin-Layer Chromatographic Identification Test 201
Standard solution: 2.0 mg/mL of USP Diclofenac Sodium RS in methanol. [Note—Shake by
mechanical means for 10 min before makeup to final volume. ]
Sample solution: Equivalent to 2.0 mg/mL of diclofenac sodium from a portion of the
powder (NLT 10 Tablets) in methanol. [Note—Sonicate for 10 min, and shake by
mechanical means for 10 min before makeup to final volume. Centrifuge this solution, and
use the clear supernatant. ]
Developing solvent system: Methanol, toluene, and glacial acetic acid (8:12:0.1) USP39

PF 40(6): Nov.-Dec. 2014

425

Add the following:
• B. The UV (190–400 nm) spectrum of the diclofenac peak of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay. USP39
ASSAY
Change to read:
• Procedure
[Note—Protect the Standard solution, System suitability solution, and Sample solution from
light.]
Diluent: Methanol and water (70:30)
Buffer: 0.01 M phosphoric acid and 0.01 M monobasic sodium phosphate. Adjust with
appropriate component to a pH of 2.5.
Mobile phase: Methanol and Buffer (7:3)
Standard solution: 0.5 mg/mL of USP Diclofenac Sodium RS in Diluent
Resolution solution: 20 µg/mL of diethyl phthalate, 7.5 µg/mL of USP Diclofenac Related
Compound A RS, and 0.75 mg/mL of USP Diclofenac Sodium RS in Diluent
Sample solution: Powder NLT 20 Tablets, and transfer a weighed portion of the powder,
equivalent to 100 mg of diclofenac sodium, to a 200-mL volumetric flask, and add 150 mL
of Diluent. Heat on a steam bath for 3–5 min, and sonicate for 20 min. Cool to room
temperature, and dilute with Diluent to volume. Place the flask in an ice bath for 45 min,
shaking occasionally to precipitate out any undissolved waxy material. Pass a portion of
the chilled solution through a filter of 0.45-µm or finer pore size. Allow the filtrate to
reach room temperature before using.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and Resolution solution
[Note—The relative retention times for diethyl phthalate, diclofenac related compound A,
and diclofenac are 0.5, 0.6, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.2 between the diethyl phthalate and diclofenac related compound A
peaks, and NLT 3.8 between the diclofenac related compound A and diclofenac
peaks, Resolution solution
Relative standard deviation: NMT 2.0% for diclofenac, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage label amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ) in the
portion of Tablets taken:
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Result = (rU /rS) × (CS/CU ) × 100
rU= peak response of diclofenac from the Sample solution
rS= peak response of diclofenac from the Standard solution
C=
S concentration of USP Diclofenac Sodium RS in the Standard solution (mg/mL)
C=
U nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
Solution A:
0.7708 g/L of ammonium acetate in water. Adjust with acetic acid to a pH of 5.3. Pass
through a suitable filter of 0.2-µm pore size.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.00
70
30
0.50
70
30
8.50
5
95
10.00
5
95
10.01
70
30
14.00
70
30
Diluent: Acetonitrile and water (50:50)
Standard solution: 0.2 mg/mL of USP Diclofenac Sodium RS in Diluent
Sample solution: Nominally 0.2 mg/mL of diclofenac sodium in Diluent prepared as follows.
Transfer a suitable portion of diclofenac sodium to a suitable volumetric flask from NLT 20
finely powdered Tablets. Add Diluent equivalent to 70% of the flask volume. Dissolve with
the aid of sonication for 25 min at 45 and fill with Diluent to volume. Pass the solution
through a suitable filter of 0.22-µm pore size.
[Note—Protect the Standard solution and Sample solution from light.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm. For Identification test B, use a photo-diode array detector.
Column: 10-cm × 2.0-mm; 1.9-µm packing L1
Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 1 µL
System suitability
Sample: Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Tailing factor: NMT 1.2
Relative standard deviation: NMT 2.8%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of diclofenac from the Sample solution
rS
= peak response of diclofenac from the Standard solution
CS
= concentration of USP Diclofenac Sodium RS in the Standard solution (mg/mL)
CU
= nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
USP39

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: 0.05 M phosphate buffer, pH 7.5; 900 mL
Apparatus 2: 50 rpm; use wire sinkers.
Times: 1, 5, 10, 16, and 24 h
Detector: UV 276 nm
Standard solution: USP Diclofenac Sodium RS in Medium
Analysis: Pass portions of the solution under test through a suitable filter. Dilute with
Medium, if necessary, to a concentration similar to that of the Standard solution.
Tolerances: See Table 2.
Time
(h)
1
5
10
16
24

Table 2
Amount
Dissolved
15%–35%
45%–65%
65%–85%
75%–95%
NLT 80%

The percentages of the labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ) dissolved
at the times specified conform to Acceptance Table 2 in 711 .
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
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Medium, Apparatus, and Analysis: Proceed as directed for Dissolution Test 1.
Times: 1, 2, 4, 6, and 10 h
Tolerances: See Table 3.
Table 3
Time
Amount
(h)
Dissolved
1
NMT 28%
2
20%–40%
4
35%–60%
6
50%–80%
10
NLT 65%
The percentages of the labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ) dissolved
at the times specified conform to Acceptance Table 2 in 711 .
Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium and Analysis: Proceed as directed for Dissolution Test 1.
Apparatus 1: 100 rpm
Times: 2, 4, 8, and 16 h
Tolerances: See Table 4.
Table 4
Time
Amount
(h)
Dissolved
2
22%–42%
4
34%–61%
8
52%–82%
16
NLT 73%
The percentages of the labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ) dissolved
at the times specified conform to Acceptance Table 2 in 711 .
Test 4: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 4.
Medium and Analysis: Proceed as directed for Dissolution Test 1.
Apparatus 1: 100 rpm
Times: 2, 4, 8, and 16 h
Tolerances: See Table 5.
Table 5
Time
Amount
(h)
Dissolved
2
20%–40%
4
35%–55%
8
60%–85%
16
NLT 85%
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The percentages of the labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ) dissolved
at the times specified conform to Acceptance Table 2 in
• Uniformity of Dosage Units

711 .

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Procedure
Diluent, Buffer, Mobile phase, Resolution solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard stock solution: 0.8 mg/mL of USP Diclofenac Related Compound A RS in
Diluent
Standard solution: 4 µg/mL of USP Diclofenac Related Compound A RS, made by diluting
a measured volume of Standard stock solution with Diluent
System suitability solution: 0.5 mg/mL of USP Diclofenac Sodium RS in Diluent
System suitability
Samples: Resolution solution and System suitability solution
[Note—The relative retention times for diethyl phthalate, diclofenac related compound
A, and diclofenac are 0.5, 0.6, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.2 between the diethyl phthalate and diclofenac related compound
A peaks; and NLT 3.8 between the diclofenac related compound A and the
diclofenac peaks, Resolution solution
Standard deviation: NMT 2.0% for the diclofenac peak, System suitability solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU /rS) × (CS/CU ) ×100
rU= peak response for any impurity from the Sample solution
rS= peak response for USP Diclofenac Related Compound A RS from the Standard solution
CS= concentration of USP Diclofenac Related Compound A RS in the Standard
solution(mg/mL)
C=
U concentration of diclofenac sodium in the Sample solution(mg/mL)
Acceptance criteria
Total impurities: NMT 1.5%
Mobile phase and Diluent: Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL of USP Diclofenac Sodium RS in Diluent
Sample solution: Nominally 1.0 mg/mL of diclofenac sodium in Diluent prepared as
follows. Transfer a suitable portion of diclofenac sodium to a suitable volumetric flask
from NLT 20 finely powdered Tablets. Add Diluent equivalent to 70% of the flask
volume. Dissolve with the aid of sonication for 25 min at 45 and fill with Diluent to
volume. Pass the solution through a suitable filter of 0.22-µm pore size.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 10-cm × 2.0-mm; 1.9-µm packing L1
Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 1 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5%
Signal-to-noise ratio: NLT 10
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diclofenac related compound A in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of diclofenac related compound A from the Sample solution
rS
= peak response of diclofenac related compound A from the Standard solution
CS
= concentration of USP Diclofenac Related Compound A RS in the Standard solution (mg/mL)
CU
= nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
Calculate the percentage of any other impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of each individual impurity from the Sample solution
rS
= peak response of diclofenac from the Standard solution
CS
= concentration of USP Diclofenac Sodium RS in the Standard solution (mg/mL)
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CU
= nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
Acceptance criteria: See Table 6. Disregard any impurity peak less than 0.05%.
Table 6

Name
Oxindolea,b
Diclofenac
Diclofenac related compound D (diclofenac bromo analog)c,b
Diclofenac related compound A (diclofenac lactam)d
Diclofenac alcohol analoge,b
Diclofenac benzaldehyde analogf ,b
Any individual unspecified impurity
Total impuritiesb

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
—
0.4
1.0
—
—
1.04
1.48
1.55
1.81
—
—

0.5
—
—
0.5
1.5

a 1,3-Dihydro-2H-indol-2-one.
b Process related impurities, not to be counted in total impurities.
c 2-{2-[(2-Bromo-6-chlorophenyl)amino]phenyl}acetic acid.
d 1-(2,6-Dichlorophenyl)indolin-2-one.
e {2-[(2,6-Dichlorophenyl)amino]phenyl}methanol.
f 2-[(2,6-Dichlorophenyl)amino]benzaldehyde.
USP39

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature, and protect from light
and moisture. USP39
• Labeling: When more than one Dissolution test is given, the labeling states the test used
only if Test 1 is not used.
• USP Reference Standards 11
USP Diclofenac Sodium RS
USP Diclofenac Related Compound A RS
1-(2,6-Dichlorophenyl)indolin-2-one.
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278.13
BRIEFING

Dicloxacillin Sodium, USP 37 page 2598. As part of USP modernization efforts, the following
revisions based on validated methods of analysis are proposed.
1.
An Identification test based on retention time agreement is added to the monograph to
strengthen the standard. This test is designated as test B. The Identification test
for sodium is revised to designate it as test C.
2.
A test for Organic Impurities is added to the monograph. The Assay is replaced with a
different validated procedure that is similar to the test for Organic Impurities.
3.
The liquid chromatographic procedure in the Assay and the test for Organic Impurities is
based on analyses performed with the Zorbax SB-C18 brand of L1 column. The Luna
C18(2) and XBridge C18 brands of L1 column are also suitable for these procedures.
The typical retention time for dicloxacillin is about 3 min in the Assay and about 22
min in the test for Organic Impurities.
4.
The USP Reference Standards section is revised to include a new reference standard
that is used in the Assay and in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Wise.)
Correspondence Number—C129482

Comment deadline: January 31, 2015
Dicloxacillin Sodium

C19 H16 Cl2 N3 NaO5 S·H2 O

510.32

4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 6-[[[3-(2,6-dichlorophenyl)-5-methyl-4isoxazolyl]carbonyl]amino]-3,3-dimethyl-7-oxo-, monosodium salt, monohydrate, [2S-(2 ,5 ,6
)]-;
Monosodium (2S,5R,6R)-6-[3-(2,6-dichlorophenyl)-5-methyl-4-isoxazolecarboxamido]-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate monohydrate
[13412-641].
Anhydrous
C19 H16 Cl2 N3 NaO5 S
492.32
[343-55-5].
DEFINITION
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Dicloxacillin Sodium contains the equivalent of NLT 850 µg/mg of dicloxacillin (C19 H17 Cl2 N3 O5 S).
IDENTIFICATION
• A. Infrared Absorption 197K
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP39
Change to read:
• B.
C. USP39
Identification Tests—General, Sodium 191
Analysis: Ignite about 100 mg. Proceed as directed in the chapter using a solution (1 in 20) of
the residue in acetic acid.
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Buffer: 2.72 g/L of monobasic potassium phosphate in water, adjusted with 8 N potassium
hydroxide to a pH of 5.0 ± 0.1
Mobile phase: Acetonitrile and Buffer (25:75)
Standard solution: 1.1 mg/mL of USP Dicloxacillin Sodium RS in Buffer. Use the Standard
solution promptly or store in the refrigerator and use on the day prepared.
Sample solution: 1.1 mg/mL of Dicloxacillin Sodium in Buffer. Stir with a magnetic stirrer
for 5 min to aid dissolution. Use the Sample solution promptly or store in the refrigerator
and use on the day prepared.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm;packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution
Suitability requirements
Capacity factor: 4—11
Column efficiency: NLT 700 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the quantity, in µg/mg, of dicloxacillin (C19 H17 Cl2 N3 O5 S) in the portion of
Dicloxacillin Sodium taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Dicloxacillin Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Dicloxacillin Sodium in the Sample solution (mg/mL)
P= potency of dicloxacillin in USP Dicloxacillin Sodium RS (µg/mg)
Acceptance criteria: NLT 850 µg/mg
Protect solutions containing dicloxacillin from light.
Solution A: 1.18 g/L of sodium 1-hexanesulfonate monohydrate and 0.8 mL/L of
ammonium hydroxide in water, adjusted with phosphoric acid to a pH of 2.9–3.1
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
45
55
2
45
55
2.5
35
65
5
35
65
Return to the original conditions and re-equilibrate the system.
Diluent: Acetonitrile and water (50:50)
System suitability stock solution: 0.1 mg/mL of USP Dicloxacillin Related Compound D RS
in Diluent. Sonicate as needed to dissolve.
System suitability solution: 0.001 mg/mL of USP Dicloxacillin Related Compound D RS
from System suitability stock solution and 0.1 mg/mL of USP Dicloxacillin Sodium RS in
Diluent. Store this solution at 4 .
Standard solution: 0.1 mg/mL of USP Dicloxacillin Sodium RS in Diluent. Sonicate as
needed to dissolve. Store this solution at 4 .
Sample solution: 0.1 mg/mL of Dicloxacillin Sodium in Diluent. Sonicate as needed to
dissolve. Store this solution at 4 .
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Column: 40
Autosampler: 4
Flow rate: 1.5 mL/min
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Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for dicloxacillin and dicloxacillin related compound D are
about 1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 1.5 between dicloxacillin and dicloxacillin related compound D, System
suitability solution
Tailing factor: 0.8–1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of dicloxacillin (C19 H17 Cl2 N3 O5 S) in the portion of
Dicloxacillin Sodium taken:
Result = (rU/rS) × (CS/CU) × P
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Dicloxacillin Sodium RS in the Standard solution (mg/mL)
CU
= concentration of Dicloxacillin Sodium in the Sample solution (mg/mL)
P
= potency of dicloxacillin in USP Dicloxacillin Sodium RS (µg/mg)
Acceptance criteria: NLT 850 µg/mg

USP39

IMPURITIES
Add the following:
• Organic Impurities
Protect solutions containing dicloxacillin from light.
Solution A, Solution B, Diluent, and Chromatographic system: Proceed as directed in
the Assay.
Mobile phase: See Table 2.
Table 2
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Time
Solution A Solution B
(min)
(%)
(%)
0
70
30
10
70
30
30
50
50
35
35
65
45
25
75
Return to the original conditions and re-equilibrate the system.
System suitability stock solution: 0.1 mg/mL of USP Dicloxacillin Related Compound D RS
in Diluent
System suitability solution: 0.01 mg/mL of USP Dicloxacillin Related Compound D RS from
System suitability stock solution and 1 mg/mL of USP Dicloxacillin Sodium RS in Diluent.
Store this solution at 4 .
Standard solution: 0.01 mg/mL of USP Dicloxacillin Sodium RS in Diluent. Sonicate as
needed to dissolve. Store this solution at 4 .
Sample solution: 1 mg/mL of Dicloxacillin Sodium in Diluent. Sonicate as needed to
dissolve. Store this solution at 4 .
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between dicloxacillin related compound D and dicloxacillin, System
suitability solution
Tailing factor: 0.8–1.5, Standard solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Dicloxacillin Sodium taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Dicloxacillin Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Dicloxacillin Sodium in the Sample solution (mg/mL)
P= potency of dicloxacillin in USP Dicloxacillin Sodium RS (µg/mg)
F=
1 conversion factor, 0.001 mg/µg
F=
2 relative response factor (see Table 3)
Acceptance criteria: See Table 3. The reporting threshold is 0.05%.

Name
Amoxicillin related compound Aa

Table 3
Relative
Retention
Time
0.07

Relative
Response
Factor
0.20

Acceptance
Criteria,
NMT (%)
1.0
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acidb,c

Dicloxacillin penicilloic
Dicloxacillin glycine analogd
Dicloxacillin N-acetyl penicilloic acide

0.23
0.25
0.38
0.43
0.61
0.69
0.90
1.0
1.3
—
—

1.0
1.0
1.0

Dicloxacillin penilloic acidb,f
0.75
Dicloxacillin related compound Dg
1.4
Dicloxacillin
—
h
Dicloxacillin penicillamide
1.0
Any individual unspecified impurity
1.0
Total impurities
—
a 6-Aminopenicillanic acid; (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.

1.0
1.0
1.0
1.0
1.0
—
1.0
1.0
5.0

b The system resolves two isomers. The limit is for the sum of the isomers.
c (4S)-2-{Carboxy[3-(2,6-dichlorophenyl)-5-methylisoxazole-4-carboxamido]methyl}-5,5dimethylthiazolidine-4-carboxylic acid.
d [3-(2,6-Dichlorophenyl)-5-methylisoxazole-4-carbonyl]glycine.
e (2R,4S)-3-Acetyl-2-{(R)-carboxy[3-(2,6-dichlorophenyl)-5-methylisoxazole-4carboxamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
f (4S)-2-{[3-(2,6-Dichlorophenyl)-5-methylisoxazole-4-carboxamido]methyl}-5,5dimethylthiazolidine-4-carboxylic acid.
g 3-(2,6-Dichlorophenyl)-5-methylisoxazole-4-carboxylic acid.
h (2S,5R,6R)-6-{(2S,5R,6R)-6-[3-(2,6-Dichlorophenyl)-5-methylisoxazole-4-carboxamido]-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxamido}-3,3-dimethyl-7-oxo-4-thia1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
USP39

• Dimethylaniline

223 : Meets the requirements

SPECIFIC TESTS
• Crystallinity

695 : Meets the requirements

• pH 791
Sample solution: 10 mg/mL in water
Acceptance criteria: 4.5–7.5
• Water Determination, Method I
ADDITIONAL REQUIREMENTS

921 : 3.0%–5.0%
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• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Dicloxacillin Related Compound D RS
3-(2,6-Dichlorophenyl)-5-methylisoxazole-4-carboxylic acid.
C11 H7 Cl2 NO3
272.08
USP39

USP Dicloxacillin Sodium RS
BRIEFING
Doxercalciferol. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analysis, is being proposed. The chromatographic
procedure in the Assay and the test for Organic Impurities is based on analyses performed
with the YMC-Pack ODS-AQ brand of L1 column. The typical retention time for the
doxercalciferol peak is about 20 min.
(SM3: E. Gonikberg.)
Correspondence Number—C123293; C106492

Comment deadline: January 31, 2015
Add the following:
Doxercalciferol

C28 H44 O2

412.65

1 -Hydroxyvitamin D2 ;
1 -Hydroxyergocalciferol;
9,10-Secoergosta-5,7,10(19),22-tetraene-1,3-diol, (1 ,3 ,5Z,7E,22E)-;
(5Z,7E,22E)-9,10-Secoergosta-5,7,10(19),22-tetraene-1 ,3 -diol

[54573-75-0].

DEFINITION
Doxercalciferol contains NLT 98.0% and NMT 102.0% of doxercalciferol (C28 H44 O2 ), calculated
on the dried basis.
[Caution—Great care should be taken in handling Doxercalciferol, because it is a potentially
cytotoxic agent.]
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IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1. Return to original conditions and re-equilibrate the system for
5 min.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
25
75
15
23
77
20
10
90
25
10
90
Standard solution: 1.0 mg/mL of USP Doxercalciferol RS in acetonitrile. Use sonication to
dissolve if necessary.
Sample solution: 1.0 mg/mL of Doxercalciferol in acetonitrile. Use sonication to dissolve if
necessary.
[Note—Doxercalciferol solutions are stable for at least 9 h when stored at room
temperature, and up to 7 days when stored at 5 .]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 35
Flow rate: 1.7 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
[Note—USP Doxercalciferol RS contains pre-doxercalciferol as a minor component. The
relative retention times for pre-doxercalciferol and doxercalciferol are 0.94 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between pre-doxercalciferol and doxercalciferol
Tailing factor: 0.7–1.3
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of doxercalciferol (C28 H44 O2 ) in the portion of Doxercalciferol
taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of doxercalciferol from the Sample solution
rS= peak response of doxercalciferol from the Standard solution
C=
S concentration of USP Doxercalciferol RS in the Standard solution (mg/mL)
C=
U concentration of Doxercalciferol in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Organic Impurities
Solution A, Solution B, and Chromatographic system: Proceed as directed in the Assay.
Mobile phase: See Table 2. Return to original conditions and re-equilibrate the system for
5 min.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
25
75
15
23
77
20
10
90
30
10
90
36
0
100
50
0
100
Standard stock solution: 4.0 mg/mL of USP Doxercalciferol RS. Dissolve first in ethyl
acetate using about 20% of the final volume with sonication in an ice-water bath, if
necessary, and dilute with acetonitrile to volume.
Standard solution: 0.004 mg/mL of USP Doxercalciferol RS in acetonitrile from the
Standard stock solution
Sample solution: 4.0 mg/mL of Doxercalciferol. Dissolve first in ethyl acetate using about
20% of the final volume with sonication in an ice-water bath, if necessary, and dilute with
acetonitrile to volume. [Note—The Sample solution should be prepared fresh before
injection and injected within 5 min of preparation.]
System suitability
Sample: Standard stock solution
Suitability requirements
Resolution: NLT 2.0 between pre-doxercalciferol and doxercalciferol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Doxercalciferol
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of doxercalciferol from the Standard solution
C=
S concentration of USP Doxercalciferol RS in the Standard solution (mg/mL)
C=
U concentration of Doxercalciferol in the Sample solution (mg/mL)
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Acceptance criteria: See Table 3. Disregard any peak observed in the blank.
Table 3

Name
Pre-doxercalciferol
trans-Doxercalciferol (if present)a,b
Doxercalciferol
Any other individual impurity
Total impurities

Relative
Retention
Time
0.94
0.96
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
—
0.10
0.50

a (5E,7E,22E)-9,10-Secoergosta-5,7,10(19),22-tetraene-1 ,3 -diol.
b If possible from manufacturing process.

SPECIFIC TESTS
• Loss on Drying
(See Thermal Analysis 891 .)
Analysis: Determine the percentage of volatile substances by thermogravimetric analysis
on an appropriately calibrated instrument, using 5–10 mg of Doxercalciferol. Heat the
specimen under test at a rate of 5 /min in a stream of nitrogen at a flow rate of about 40
mL/min. Record the thermogram from ambient temperature to 150 .
Acceptance criteria: NMT 0.50%
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in ethanol
Acceptance criteria: +45 to +52
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 103 cfu/g, and the total combined yeasts and molds
count is NMT 102 cfu/g.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at 2 –8 .
• USP Reference Standards
USP Doxercalciferol RS

11

USP39

BRIEFING
Doxercalciferol Capsules. Because there is no existing USP monograph for this dosage form, a
new monograph, based on validated methods of analysis, is being proposed.
1.
The chromatographic procedure in the Assay and test for Organic Impurities is based on
analyses performed with the Inertsil Silica brand of L3 column. The typical retention
time for the doxercalciferol peak is about 11 min.
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2.
The chromatographic procedure in the Dissolution test is based on analysis performed
with the Inertsil ODS-P brand of L1 column. The typical retention time for the
doxercalciferol peak is about 14 min.
3.
The chromatographic procedure in the test for Content of Butylated Hydroxyanisole is
based on analyses performed with the Inertsil ODS 3V brand of L1 column. The
typical retention time for both components of butylated hydroxyanisole is about 4
min. The peak for doxercalciferol is not detected in this procedure.
(SM3: E. Gonikberg.)
Correspondence Number—C120637

Comment deadline: January 31, 2015
Add the following:
Doxercalciferol Capsules
DEFINITION
Doxercalciferol Capsules contain NLT 90.0% and NMT 105.0% of the labeled amount of
doxercalciferol (C28 H44 O2 ). They may contain butylated hydroxyanisole or other suitable
antioxidants.
[Caution—Great care should be taken in handling doxercalciferol, because it is a potentially
cytotoxic agent.]
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Chromatographic solvent hexane, tetrahydrofuran, methylene chloride, and
isopropyl alcohol (73.5: 10: 13.5: 3)
Standard solution: 2.0 µg/mL of USP Doxercalciferol RS in Mobile phase. Use sonication to
dissolve if necessary.
Sample solution: Empty and combine the contents of 20–50 Capsules (the combined
contents should be NLT 25 µg of doxercalciferol). Transfer an amount of Capsule
contents, equivalent to about 10 µg of doxercalciferol, to a 5-mL volumetric flask, dissolve
in and dilute with Mobile phase to volume, and mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm or diode array. [Note—Use a diode array detector to perform
Identification test B.]
Column: 4.6-mm × 25-cm; 5-µm packing L3
Column temperature: 40
Flow rate: 2.0 mL/min
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Injection volume: 500 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Identify the peak due to pre-doxercalciferol based on its relative retention time (see Table
3).
Calculate the percentage of the labeled amount of doxercalciferol (C28 H44 O2 ) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= sum of the peak responses of doxercalciferol and pre-doxercalciferol from the Sample
solution
rS= sum of the peak responses of doxercalciferol and pre-doxercalciferol from the Standard
solution
C=
S concentration of USP Doxercalciferol RS in the Standard solution (µg/mL)
C=
U nominal concentration of doxercalciferol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–105.0%
OTHER COMPONENTS
• Content of Butylated Hydroxyanisole (if present)
Solvent mixture: Acetonitrile and methanol (50:50)
Acidified water: Water adjusted to a pH of 3.0 with diluted phosphoric acid
Mobile phase: Solvent mixture and Acidified water (70:30)
Standard solution: 16 µg/mL of butylated hydroxyanisole in methanol
Sample solution: Transfer an amount of Capsule contents, containing about 75 µg of
butylated hydroxyanisole, based on the label claim, to a 5-mL volumetric flask. Add 3 mL
of methanol, shake well, and dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0%
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of butylated hydroxyanisole in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of butylated hydroxyanisole from the Sample solution
rS= peak response of butylated hydroxyanisole from the Standard solution
C=
S concentration of butylated hydroxyanisole in the Standard solution (µg/mL)
C=
U nominal concentration of butylated hydroxyanisole in the Sample solution (µg/mL)
Acceptance criteria: 80.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meet the requirements for Weight Variation

• Dissolution 711
[Note—Perform the determination under subdued light.]
Medium: 1.0% (w/v) solid N,N-dimethyldodecylamine N-oxide in water; 100 mL
Apparatus 2: 200 rpm, using 150-mL or 200-mL vessels and the appropriate paddle (see
Figure 1 and Figure 2 for suitable configurations, and Table 1 and Table 2 for the
dimensions). The paddle is at 10 ± 1 mm from the bottom.
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Figure 1
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Figure 2
Table 1
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Vessel,
Dimensions
Figure 1
(mm)
A
124.5 ± 5.0
ØB
41.0 ± 5.0
Table 2
Paddle,
Dimensions
Figure 2
(mm)
ØA
6.0 ± 1.0
B
16.7 ± 1.0
C
29.8 ± 1.0
D
6.6–8.7
G
0.95–3.0
Time: 60 min
Solution A: Methanol and water (87:13)
Solution B: Methanol
Mobile phase: See Table 3. Return to original conditions and re-equilibrate the system for
10 min.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
17
90
10
18
10
90
24
10
90
Standard stock solution: 1.0 µg/mL of USP Doxercalciferol RS in methanol. Use sonication
as necessary to dissolve.
Standard solution: (0.02 × L) µg/mL of USP Doxercalciferol RS from the Standard stock
solution in Medium, where L is the label claim, in µg/Capsule, of doxercalciferol
Sample solution: Withdraw about 2.5 mL of the solution under test from a zone midway
between the surface of the dissolution Medium and the top of the rotating paddle, NLT 1
cm from the vessel wall. Pass a portion of the solution under test through a suitable filter
of 0.45-µm pore size, discarding the first 0.5 mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 500 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–2.0
Relative standard deviation: NMT 10.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxercalciferol (C28 H44 O2 ) dissolved:
Result = (rU/rS) × CS × (V/L) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (µg/mL)
V= volume of Medium, 100 mL
L= label claim (µg/Capsule)
Tolerances: NLT 75% (Q) of the labeled amount of doxercalciferol (C28 H44 O2 ) is dissolved.
IMPURITIES
• Organic Impurities
Mobile phase, Sample solution, and Chromatographic system: Proceed as directed in
the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Capsules taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the responses of all peaks from the Sample solution
Acceptance criteria: See Table 4. Disregard any peak observed in the blank.
Table 4
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Doxercalciferol
1.0
—
Pre-doxercalciferol
1.36
4.0
Any other individual impurity
—
1.0
Total impurities, excluding
—
pre-doxercalciferol
2.0
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 103 cfu/g, and the total combined yeasts and molds
count is NMT 102 cfu/g. Meet the requirements of the test for absence of Escherichia coli
in 1 g.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
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room temperature.
• USP Reference Standards
USP Doxercalciferol RS

11

USP39

BRIEFING
Ephedrine Sulfate Injection, USP 37 page 2804. As part of USP monograph modernization
efforts, it is proposed to make the following changes:
1.
Add a stability-indicating HPLC procedure in the test for Organic Impurities. The
proposed liquid chromatographic procedure is based on analyses performed with the
Kinetex Biphenyl 100A brand of L11 column, manufactured by Phenomenex, in which
ephedrine elutes at about 1.6 min.
2.
Replace the nonspecific Assay by titrimetry with a validated stability-indicating HPLC
procedure. The liquid chromatography procedure for the Assay utilizes the same
chromatographic parameters as those proposed in the test for Organic Impurities.
3.
Delete the non-value-added sulfate Identification test B.
4.
Add an orthogonal test based on the retention time agreement in the Assay.
5.
Add a temperature requirement in the Packaging and Storage section based on the drug
package insert.
6.
Add USP Pseudoephedrine Sulfate RS to the USP Reference Standards section to
support the proposed revision in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R.S. Prasad.)
Correspondence Number—C143046

Comment deadline: January 31, 2015
Ephedrine Sulfate Injection
DEFINITION
Ephedrine Sulfate Injection is a sterile solution of Ephedrine Sulfate in Water for Injection. It
contains NLT 95.0% and NMT 105.0% of the labeled amount of ephedrine sulfate
[(C10 H15 NO)2 ·H2 SO4 ].
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Mix 1 mL of Injection with 5 mL of alcohol, and evaporate on a steam bath with
the aid of a current of air to dryness.
Acceptance criteria: The residue obtained from the Sample meets the requirements.
Delete the following:
• B. Identification Tests—General, Sulfate 191 : The residue as obtained above meets
the requirements. USP39
Add the following:
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Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP39
ASSAY
Change to read:
• Procedure
Sample solution: Transfer suitable volume of injection nominally equivalent to 250 mg of
ephedrine sulfate to a separator and add water if necessary to make about 10 mL.
Saturate the solution with sodium chloride (3 g), add 5 mL of 1 N sodium hydroxide, and
extract with four 25-mL portions of chloroform. Wash the combined chloroform extracts
by shaking with 10 mL of a saturated solution of sodium chloride, and filter through
chloroform-saturated purified cotton into a beaker. Extract the wash solution with 10 mL
of chloroform, and add to the main chloroform extract. Add methyl red TS.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid in dioxane VS
Endpoint detection: Visual
Analysis: Titrate Sample solution with Titrant. Perform a blank determination and make
necessary correction. Each mL of 0.1 N perchloric acid is equivalent to 21.43 mg of
ephedrine sulfate [(C10 H15 NO)2 ·H2 SO4 ].
Acceptance criteria: 95.0%–105.0%
Solution A: To 1 L of water add 4 mL of triethylamine. Adjust with phosphoric acid to a
pH of 4.0.
Mobile phase: Acetonitrile and Solution A (1:99)
System suitability solution: 0.1 mg/mL of USP Ephedrine Sulfate RS and 0.01 mg/mL of
USP Pseudoephedrine Sulfate RS in water
Standard solution: 0.1 mg/mL of USP Ephedrine Sulfate RS in water
Sample solution: Nominally 0.1 mg/mL of ephedrine sulfate in water prepared as
follows. Transfer a portion of Injection to a suitable volumetric flask. Dilute with water
to volume, and mix well.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 206 nm
Column: 2.1-mm × 10-cm; 2.6-µm packing L11
Column temperature: 30
Flow rate: 0.6 mL/min
Injection volume: 10 µL
Run time: NLT 3 times the retention time of ephedrine
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between ephedrine and pseudoephedrine, System suitability
solution
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Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ephedrine sulfate
[(C10 H15 NO)2 ·H2 SO4 ] in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of ephedrine from the Sample solution
rS
= peak response of ephedrine from the Standard solution
CS
= concentration of USP Ephedrine Sulfate RS in the Standard solution (mg/mL)
CU
= nominal concentration of ephedrine sulfate in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%

USP39

IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, System suitability solution, and Chromatographic system: Proceed as
directed in the Assay.
Standard solution: 1.0 µg/mL of USP Ephedrine Sulfate RS in water
Sample solution: Nominally 500 µg/mL of ephedrine sulfate in water prepared as follows.
Transfer a portion of Injection to a suitable volumetric flask. Dilute with water to volume,
and mix well.
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
System suitability requirements
Resolution: NLT 2.0 between ephedrine and pseudoephedrine, System suitability
solution
Relative standard deviation: NMT 2.0% for ephedrine, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of each impurity from the Sample solution
rS= peak response of ephedrine from the Standard solution
C=
S concentration of USP Ephedrine Sulfate RS in the Standard solution (µg/mL)
C=
U nominal concentration of ephedrine in the Sample solution (µg/mL)
Acceptance criteria: See Table 1. Disregard any peak less than 0.05%.
Table 1
Relative
Retention
Time
1.0
1.2
—
—

Name

Acceptance
Criteria,
NMT (%)
—
—
0.2
2.0

Ephedrine
Pseudoephedrinea
Any individual impurity
Total impurities
a Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
impurities of the drug product.
USP39

SPECIFIC TESTS
• pH 791 : 4.5–7.0
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products
(Parenterals)—Product Quality Tests
• Bacterial Endotoxins Test

1

85 : NMT 1.7 USP Endotoxin Units/mg of ephedrine sulfate

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose or multiple-dose, light-resistant containers,
preferably of Type I glass.
Store at controlled room temperature. USP39

Change to read:
• USP Reference Standards 11
USP Endotoxin RS
USP Ephedrine Sulfate RS
USP Pseudoephedrine Sulfate RS
(C10 H15 NO)2 ·H2 SO4

428.54

USP39

BRIEFING
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Epinephrine, USP 37 page 2805. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Replace Identification test A based on a color test with a specific IR identification.
2.
Add Identification test B based on the retention time agreement in the Assay.
3.
Replace the nonspecific Assay by titrimetry with a validated liquid chromatographic
procedure. The proposed procedure uses the Acquity UHPLC HSS T3 brand of L1
column manufactured by Waters in which epinephrine elutes at about 6.6 min.
4.
In the Impurities section, replace the tests for Limit of Adrenalone, as directed by
Spectrophotometry and Light-Scattering 851 , and Limit of Norepinephrine by a
TLC procedure, with the procedure using the same chromatographic conditions as
those proposed in the Assay.
5.
Revise the Acceptance criteria in the Definition and Assay from “NLT 97.0% and NMT
100.5%” to “NLT 98.0% and NMT 102.0%”, which are typical for chromatographic
procedures.
6.
Add USP Epinephrine RS and USP Adrenalone Hydrochloride RS to the USP Reference
Standards section to support the proposed revision in the test for Organic
Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R.S. Prasad.)
Correspondence Number—C74796

Comment deadline: January 31, 2015
Epinephrine

C9 H13 NO3

183.20

1,2-Benzenediol, 4-[1-hydroxy-2-(methylamino)ethyl]-, (R)-;
( )-3,4-Dihydroxy- -[(methylamino)methyl]benzyl alcohol
DEFINITION
Change to read:
Epinephrine contains NLT 97.0% and NMT 100.5%
NLT 98.0% and NMT 102.0% USP39

[51-43-4].
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of epinephrine (C9 H13 NO3 ), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197K

USP39

Sample solution: Slightly acid solution of Epinephrine (1 in 1000)
Analysis: To 5 mL of pH 4.0 acid phthalate buffer (see Reagents, Indicators, and Solutions—
Buffer Solutions) add 0.5 mL of Sample solution and 1.0 mL of 0.1 N iodine. Mix, and allow to
stand for 5 min. Add 2 mL of sodium thiosulfate solution (1 in 40).
Acceptance criteria: A deep red color is produced.
USP39

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP39
ASSAY
Change to read:
• Procedure
Sample: 300 mg
Titrimetric System
Mode: Direct titration
Titrant: 0.1 M sodium nitrite VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 50 mL of glacial acetic acid, warming slightly if needed to
dissolve. Add crystal violet TS to the Sample, and titrate with 0.1 N perchloric acid VS.
Perform a blank determination, and make any necessary correction. Each mL of 0.1 N
perchloric acid is equivalent to 18.32 mg of epinephrine (C9 H13 NO3 ).
Acceptance criteria: 97.0%–100.5% on the dried basis
Solution A: Transfer 1.3 mL of heptafluorobutyric acid to a 1-L volumetric flask
containing 500 mL of water, and add 0.82 mL of formic acid. Dilute with water to volume.
Adjust with ammonium hydroxide to a pH of 2.3. Pass through a suitable filter of 0.2-µm
pore size.
Solution B: Add 1.3 mL of heptafluorobutyric acid and 0.82 mL of formic acid to 1 L of
acetonitrile. Pass through a suitable filter of 0.2-µm pore size.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
4.5
100
0
8.8
50
50
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10.8
50
50
10.9
100
0
13.9
100
0
Diluent: 0.005 M hydrochloric acid
System suitability stock solution: 100 µg/mL of USP Adrenalone Hydrochloride RS in
Diluent
System suitability solution: Prepare 1 µg/mL of USP Epinephrine RS and 1 µg/mL of
USP Adrenalone Hydrochloride RS in Diluent as follows. Transfer a weighed quantity of
USP Epinephrine RS to a suitable volumetric flask. Add an appropriate volume of System
suitability stock solution. Dilute with Diluent to volume.
Standard solution: Prepare 0.2 mg/mL of USP Epinephrine RS in Diluent as follows.
Transfer a weighed quantity of USP Epinephrine RS to a suitable volumetric flask, and
fill with Diluent to 80% of the flask volume. Agitate for 20 min in an ultrasonic bath, and
dilute with Diluent to volume.
Sample solution: Prepare 0.2 mg/mL of Epinephrine in Diluent as follows. Transfer 10 mg
of Epinephrine to a 50-mL volumetric flask, and fill with Diluent to 80% of the flask
volume. Agitate for 20 min in an ultrasonic bath, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 232 nm
Column: 2.1-mm × 10-cm; 1.8-µm packing L1
Column temperature: 45
Flow rate: 0.4 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 5 between epinephrine and adrenalone, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of epinephrine (C9 H13 NO3 ) in the portion of Epinephrine taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Epinephrine RS in the Standard solution (mg/mL)
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CU
= concentration of Epinephrine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

USP39

IMPURITIES
• Residue on Ignition 281
Sample: 100 mg
Acceptance criteria: Negligible
Delete the following:
• Limit of Adrenalone
Sample solution: 2 mg/mL of Epinephrine in dilute hydrochloric acid (1 in 200)
Analysis: Determine the absorptivity of the Sample solution at 310 nm (see
Spectrophotometry and Light-Scattering
Acceptance criteria: NMT 0.2 USP39

851 ).

Delete the following:
• Limit of Norepinephrine
Standard stock solution A: 364 mg/mL of USP Epinephrine Bitartrate RS in formic acid
Standard solution A: 20 mg/mL of epinephrine in methanol, from Standard stock solution A
Standard stock solution B: 16 mg/mL of USP Norepinephrine Bitartrate RS in formic acid
Standard solution B: 1.6 mg/mL of USP Norepinephrine Bitartrate RS in methanol from
Standard stock solution B
Sample solution: 20 mg/mL of Epinephrine. Dissolve 200 mg of Epinephrine in 1.0 mL of
formic acid, and dilute with methanol to 10.0 mL.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: n-Butanol, water, and formic acid (7:2:1)
Spray reagent: Folin-Ciocalteu phenol TS
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
In an unsaturated chamber, develop the plate in the Developing solvent system until the
solvent front has moved three-fourths the length of the plate. Remove the plate from the
chamber, mark the solvent front, and allow the solvent to evaporate in warm circulating
air. Spray with Spray reagent, followed by sodium carbonate solution (1 in 10).
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that of Standard solution A. Any spot from the Sample solution is not
larger or more intense than the spot with the same RF value from Standard solution B,
corresponding to NMT 4.0% norepinephrine. USP39

PF 40(6): Nov.-Dec. 2014

457

Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system: Proceed
as directed in the Assay.
Standard stock solution A: 100 µg/mL of USP Norepinephrine Bitartrate RS in Diluent
Standard stock solution B: 100 µg/mL of USP Adrenalone Hydrochloride RS in Diluent
Standard solution: Prepare 0.5 µg/mL of USP Epinephrine RS, 1 µg/mL of USP
Norepinephrine Bitartrate RS, and 0.60 µg/mL of USP Adrenalone Hydrochloride RS in
Diluent as follows. Transfer a suitable quantity of USP Epinephrine RS to a suitable
volumetric flask. Add appropriate volumes of Standard stock solution A and Standard stock
solution B. Dilute with Diluent to volume.
Sample solution: 0.5 mg/mL of Epinephrine in Diluent
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 5 between epinephrine and adrenalone
Relative standard deviation: NMT 2.8% for epinephrine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of norepinephrine in the portion of Epinephrine taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of norepinephrine from the Sample solution
rS= peak response of norepinephrine from the Standard solution
CS= concentration of USP Norepinephrine Bitartrate RS in the Standard solution (mg/mL)
CU= concentration of Epinephrine in the Sample solution (mg/mL)
Mr1
= molecular weight of norepinephrine, 169.19
Mr2
= molecular weight of norepinephrine bitartrate monohydrate, 337.28
Calculate the percentage of adrenalone in the portion of Epinephrine taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of adrenalone from the Sample solution
rS= peak response of adrenalone from the Standard solution
CS= concentration of USP Adrenalone Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Epinephrine in the Sample solution (mg/mL)
Mr1
= molecular weight of adrenalone, 181.19
Mr2
= molecular weight of adrenalone hydrochloride, 217.65
Calculate the percentage of each individual unspecified impurity in the portion of
Epinephrine taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of each unspecified impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Epinephrine RS in the Standard solution (mg/mL)
C=
U concentration of Epinephrine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Name

Norepinephrinea
0.5
Epinephrine
1
b
Adrenalone
1.1
Individual unspecified impurity
—
a (R)-3-(2-Amino-1-hydroxyethyl)phenol.

4.0
—
0.2
0.10

b 3¢,4¢-Dihydroxy-2-(methylamino)acetophenone.
USP39

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 20 mg/mL in 0.6 N hydrochloric acid
Acceptance criteria:

50.0 to

54.0

• Loss on Drying 731
Analysis: Dry under vacuum over silica gel for 18 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Adrenalone Hydrochloride RS
3¢,4¢-Dihydroxy-2-(methylamino)acetophenone hydrochloride.
C9 H11 NO3 ·HCl
217.65 USP39
USP Epinephrine Bitartrate RS
USP Epinephrine RS USP39
USP Norepinephrine Bitartrate RS
BRIEFING
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Eszopiclone Tablets. Because there is no existing USP monograph for this drug product, a new
monograph based on validated methods of analysis is being proposed. Identification test A is
based on the corresponding test in the monograph for Zopiclone Tablets published in the
2014 edition of the British Pharmacopoeia. The liquid chromatographic procedures in the
Assay, test for Dissolution, and test for Organic Impurities are based on analyses performed
with the Purospher STAR RP-18e brand of L1 column. The typical retention times for
eszopiclone in the Assay, test for Dissolution, and test for Organic Impurities are about 8,
5.5, and 30 min, respectively.
(SM4: H. Joyce.)
Correspondence Number—C134099

Comment deadline: January 31, 2015
Add the following:
Eszopiclone Tablets
DEFINITION
Eszopiclone Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of eszopiclone
(C17 H17 ClN6 O3 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Standard: USP Eszopiclone RS
Sample: Nominally 37.5 mg of eszopiclone from Tablets prepared as follows. Powder a
number of Tablets, and mix the resulting powder. Transfer a portion of powder, equivalent
to 37.5 mg of eszopiclone, to a suitable container, add 30 mL of acetone, and shake.
Dilute with acetone to 50 mL and pass the resulting solution through a suitable filter.
Evaporate the filtrate to dryness on a water bath and dry the residue in an oven at 60
for 2 h.
Acceptance criteria: Meets the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 1.4 g/L of anhydrous dibasic sodium phosphate in water
Mobile phase: Acetonitrile and Solution A (25:75) adjusted with dilute phosphoric acid to a
pH of 6.5 ± 0.05
Standard stock solution: 0.5 mg/mL of USP Eszopiclone RS prepared as follows. Transfer a
suitable quantity of USP Eszopiclone RS to an appropriate volumetric flask and add 50% of
the final flask volume of acetonitrile. Sonication may be used to promote dissolution. Dilute
with acetonitrile to volume.
Standard solution: 0.03 mg/mL of USP Eszopiclone RS from Standard stock solution in
Mobile phase passed through a suitable filter of 0.45-µm pore size. Use the filtrate.
Sample stock solution: Nominally 0.2 mg/mL of eszopiclone from Tablets prepared as
follows. Transfer NLT 5 intact Tablets to a suitable volumetric flask. Add 5% of the final
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flask volume of Solution A and sonicate in cool water for 5 min with constant shaking. Add
30% of the final flask volume of acetonitrile and sonicate for 15 min. Dilute with
acetonitrile to volume. Centrifuge the resulting solution and use the supernatant.
Sample solution: Nominally 0.03 mg/mL of eszopiclone from Sample stock solution in
Mobile phase passed through a suitable filter of 0.45-µm pore size. Use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 303 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 50 µL
Run time: NLT 1.9 times the retention time of eszopiclone
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of eszopiclone (C17 H17 ClN6 O3 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Eszopiclone RS in the Standard solution (mg/mL)
C=
U nominal concentration of eszopiclone in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 500 mL
Apparatus 2: 50 rpm
Time: 30 min
Solution A: 1.4 g/L of anhydrous dibasic sodium phosphate in water
Mobile phase: Acetonitrile and Solution A (30:70) adjusted with dilute phosphoric acid (1 in
10) to a pH of 6.5 ± 0.5
Standard stock solution: 0.1 mg/mL of USP Eszopiclone RS in acetonitrile. Sonication may
be used to promote dissolution.
Standard solution: (L/500) mg/mL of USP Eszopiclone RS from Standard stock solution in
Medium, where L is the Tablet label claim in mg. Pass the resulting solution through a
suitable filter of 0.45-µm pore size and use the filtrate.
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Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 303 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.2 mL/min
Injection volume: 100 µL
Run time: NLT 1.5 times the retention time of eszopiclone
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of eszopiclone (C17 H17 ClN6 O3 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Eszopiclone RS in the Standard solution (mg/mL)
V= volume of Medium, 500 mL
L= label claim (mg/Tablet)
Acceptance criteria: NLT 80% (Q) of the labeled amount of eszopiclone (C17 H17 ClN6 O3 ) is
dissolved.
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
• Organic Impurities
Protect all solutions from light.
Solution A: 8.1 g/L of sodium lauryl sulfate and 6.9 g/L of monobasic sodium phosphate in
water. Sonicate for NLT 15 min and do not let the temperature of the water bath exceed
25 . Pass the resulting solution through a suitable filter of 0.45-µm pore size. Foam may
form during filtration.
Mobile phase: Acetonitrile and Solution A (37:63) adjusted with dilute phosphoric acid (1 in
100) to a pH of 4.8 ± 0.05
Diluent: Acetonitrile and Solution A (37:63) adjusted with dilute phosphoric acid (1 in 100)
to a pH of 2.5 ± 0.05
System suitability solution: 0.008 mg/mL each of USP Eszopiclone Related Compound A
RS and USP Eszopiclone RS in Diluent. Sonication may be used to promote dissolution.
Standard solution: 0.008 mg/mL of USP Eszopiclone RS in Diluent passed through a
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suitable membrane filter of 0.45-µm pore size. Use the filtrate. Sonication may be used to
promote dissolution.
Sample solution: Nominally 0.8 mg/mL of eszopiclone in Diluent prepared as follows. Crush
NLT 20 Tablets to a fine powder and transfer a suitable portion to an appropriate
volumetric flask. Add 60% of the final flask volume of Diluent, sonicate for 15 min in cold
water with periodic shaking, and dilute with Diluent to volume. Pass the resulting solution
through a suitable membrane filter of 0.45-µm pore size, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 303 nm
Column: 4.6 mm × 25 cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 50 µL
Run time: NLT 2 times the retention time of eszopiclone
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 10 between eszopiclone related compound A and eszopiclone, System
suitability solution
Tailing factor: NMT 2.0 for eszopiclone, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each degradation product from the Sample solution
rS= peak response of eszopiclone from the Standard solution
C=
S concentration of USP Eszopiclone RS in the Standard solution (mg/mL)
C=
U nominal concentration of eszopiclone in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1. Disregard peaks less than 0.04%.

Name

Table 1
Relative
Retention
Time

Zopiclone alcohola
2-Amino-5-chloropyridine
Eszopiclone related compound A
Eszopiclone
Any individual unspecified degradation product

0.11
0.21
0.44
1.0
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.6
0.76
0.86
—
1.0

1.0
1.0
1.0
—
0.50
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Total degradation products
—
—
2.0
a 6-(5-Chloropyridin-2-yl)-7-hydroxy-6,7-dihydro-5H-pyrrolo[3,4-b]pyrazin-5-one.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Eszopiclone RS
USP Eszopiclone Related Compound A RS
6-(5-Chloropyridin-2-yl)-7-oxo-6,7-dihydro-5H-pyrrolo[3,4-b]pyrazin-5-yl-4methylpiperazine-1-carboxylate 4-oxide.
C17 H17 ClN6 O4
404.81
USP39

BRIEFING
Fluconazole Injection, USP 37 page 2996. See the Briefing under Fluconazole in Dextrose
Injection and Fluconazole in Sodium Chloride Injection.
(SM1: S. Shivaprasad, B. Davani.)
Correspondence Number—C150833

Comment deadline: January 31, 2015
Fluconazole Injection
(Title for this monograph—not to change until November 1, 2018)
(Prior to November 1, 2018, the current practice of labeling the article of commerce with
the name Fluconazole Injection may be continued. Use of the names Fluconazole in
Sodium Chloride Injection or Fluconazole in Dextrose Injection will be permitted as of
May 1, 2016; however, the use of these names will not be mandatory until November 1,
2018. The 30-month extension will provide the time needed by manufacturers and users
to make necessary changes.)
DEFINITION
Fluconazole Injection is a sterile solution of Fluconazole in a suitable vehicle. It contains NLT
90.0% and NMT 110.0% of the labeled amount of fluconazole (C13 H12 F 2 N6 O).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 0.82 g/L of sodium acetate in water. Adjust with 1 N acetic acid solution to a pH of
5.0.
Diluent: Methanol and Buffer (20:80)
Solution A: Methanol and Buffer (5:95)
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Solution B: Acetonitrile and methanol (60:40)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
9
80
20
15
15
85
18
80
20
25
80
20
System suitability solution: 0.04 mg/mL each of benzyl alcohol and USP Fluconazole RS in
Diluent
Standard solution: 0.2 mg/mL of USP Fluconazole RS in Diluent
Sample solution: Equivalent to 0.2 mg/mL of fluconazole from Injection in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 261 nm
Column: 4.0-mm × 10-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection size: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for benzyl alcohol and fluconazole are about 0.8 and
1.0, respectively, from the System suitability solution.]
Suitability requirements
Resolution: NLT 1.8 between benzyl alcohol and fluconazole, System suitability solution
Column efficiency: NLT 4000 theoretical plates for the fluconazole peak, System
suitability solution
Tailing factor: NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluconazole (C13 H12 F 2 N6 O) in the
portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
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Organic Impurities
[Note—On the basis of the synthetic route, perform either (a) Procedure 1 and Procedure 2, or
(b) Procedure 3, or (c) Procedure 4. Procedure 3 is recommended if bistriazole ketone and
epoxyfluconazole (see Table 4) are potential impurities. Procedure 4 is recommended if
fluconazole bromohydrine and epoxyfluconazole (see Table 5) are potential impurities.]
• Procedure 1: For Nonpolar Impurities
Buffer and Diluent: Prepare as directed in the Assay.
Solution A: Methanol and Buffer (5:95)
Solution B: Acetonitrile and methanol (60:40)
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
77
23
5
77
23
30
40
60
43
77
23
50
77
23
System suitability solution: 2.4 and 20 µg/mL, respectively of 1,4-benzoquinone and USP
Fluconazole RS in Diluent
Standard solution: 2 µg/mL of USP Fluconazole RS in Diluent
Diluted standard solution: 0.2 µg/mL of USP Fluconazole RS in Diluent from the Standard
solution
Sample solution: Equivalent to 1.0 mg/mL of fluconazole from Injection in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 261 nm
Column: 4.0-mm × 10-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection size: 100 µL
System suitability
Samples: System suitability solution, Standard solution, and Diluted standard solution
[Note—The relative retention times for 1,4-benzoquinone and fluconazole are about 0.5
and 1.0, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 5.0 between 1,4-benzoquinone and fluconazole, System suitability
solution
Column efficiency: NLT 2500 theoretical plates for the fluconazole peak, System
suitability solution
Tailing factor: NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Ratio of average peak area: Between 8.0 and 12.0 for the ratio of the fluconazole
peak from the Standard solution to that of the Diluted standard solution
Analysis
Samples: Standard solution and Sample solution
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[Note—For the following calculations, do not include peaks eluting before fluconazole and do
not include impurities at relative retention times of 2.00–2.12 and 3.14–3.26. The
disregarded impurities at the specified relative retention times are process impurities
monitored in the drug substance. Furthermore, disregard any peak due to an excipient or
any peak less than 0.02%. This test is for determination of the late-eluting peaks, and
hence the early-eluting peaks are not quantitated using this procedure.]
Calculate the percentage of the largest unknown nonpolar impurity in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the largest impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of fluconazole in the Standard solution (mg/mL)
C=
U concentration of fluconazole, based on the label claim and the extent of dilution, in the
Sample solution (mg/mL)
Calculate the percentage of unknown nonpolar impurities in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= sum of the peak areas of the unknown peaks from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of fluconazole, based on the label claim and the extent of dilution, in the
Sample solution (mg/mL)
Acceptance criteria
Largest unknown nonpolar impurity: NMT 0.1%
Total unknown nonpolar impurities: NMT 0.5%
• Procedure 2: For Polar Impurities
Buffer, Diluent, Mobile phase, System suitability solution, and Chromatographic
system: Proceed as directed in the Assay.
Standard solution: 2 µg/mL of USP Fluconazole RS in Diluent
Diluted standard solution: 0.2 µg/mL of USP Fluconazole RS in Diluent from the Standard
solution
Sample solution: Equivalent to 0.2 mg/mL of fluconazole from Injection in Diluent
System suitability
Samples: System suitability solution, Standard solution, and Diluted standard solution
[Note—The relative retention times for benzyl alcohol and fluconazole are about 0.8 and
1.0, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 1.8 between benzyl alcohol and fluconazole, System suitability solution
Column efficiency: NLT 4000 theoretical plates for the fluconazole peak, System
suitability solution
Tailing factor: NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Ratio of average peak area: Between 8.0 and 12.0 for the ratio of the fluconazole
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peak from the Standard solution to that of the Diluted standard solution
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times of known related compounds versus fluconazole are
included in Table 3.]
Calculate the percentage of the single largest unknown polar impurity in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the largest impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of fluconazole in the Standard solution (mg/mL)
C=
U concentration of fluconazole, based on the label claim and the extent of dilution, in the
Sample solution (mg/mL)
Calculate the quantity, as a percentage, of the unknown polar impurities in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= total peak area response of all the unknown peaks from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of fluconazole in the Standard solution (mg/mL)
C=
U concentration of fluconazole, based on the label claim and the extent of dilution, in the
Sample solution (mg/mL)
Acceptance criteria
Largest unknown polar impurity: NMT 0.1%
Total unknown polar impurities: NMT 0.5%
Total unknown polar and nonpolar impurities: NMT 1.0% (sum of results from
Procedure 1 and Procedure 2)
[Note—Disregard any peak due to an excipient or any peak less than 0.03%.]
Table 3

Name
Hydroxymethylfurfural (if dextrose is present)a
Aminofluconazole quaternary salt b
Unidentified impurity (if dextrose is present)c
Fluconazole isomerd
Fluconazole diole
Cyclohexanonef
Fluconazole

Relative
Retention
Time
0.22–0.28
0.30–0.36
0.37–0.43
0.47–0.59
0.68–0.74
0.77–0.83
1.0
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a 5-Hydroxymethylfurfural.
b 4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-4H-1,2,4triazolium bromide.
c Dextrose-related compound.
d 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
e 2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
f A process impurity associated with drug product packaged in bags.

[Note—Disregard aminofluconazole quaternary salt, fluconazole isomer, and fluconazole diol
impurities from Table 3 in the following calculation because these are process impurities
that are monitored in the drug substance.]
• Procedure 3
Buffer: 0.63 g/L of ammonium formate in water
Mobile phase: Acetonitrile and Buffer (14:86)
Standard solution: 2 mg/mL of USP Fluconazole RS in Buffer. [Note—Use approximately
14% of the total volume as acetonitrile, and sonicate if necessary to facilitate
dissolution.]
Sensitivity solution: 1 µg/mL of USP Fluconazole RS in Mobile phase from the Standard
solution
Sample solution: Equivalent to 2 mg/mL of fluconazole in 0.9% aqueous solution of sodium
chloride
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Samples: Standard solution and Sensitivity solution
[Note—The retention time for fluconazole is between 12 and 14 min.]
Suitability requirements
Signal-to-noise ratio: NLT 10, Sensitivity solution
Column efficiency: NLT 3000 theoretical plates, Standard solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
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C=
S concentration of fluconazole in the Standard solution (mg/mL)
C=
U concentration of fluconazole, based on the label claim, in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: See Table 4.
Total impurities: NMT 0.5%
Table 4

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

ketonea

Bistriazole
0.13
0.2
Fluconazole isomerb
0.5
0.2
Fluconazole
1.0
—
Epoxyfluconazolec
2.6
0.2
Any other individual impurity
—
0.2
a 1,3-Bis(1H-1,2,4-triazol-1-yl)propan-2-one.
b 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
c 1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.
• Procedure 4
Buffer: 13.4 g/L of dibasic sodium phosphate heptahydrate in water. Adust with phosphoric
acid to a pH of 7.0.
Mobile phase: Acetonitrile and Buffer (26:74)
Standard solution: 2 mg/mL of USP Fluconazole RS in Mobile phase
Sample solution: Equivalent to 2 mg/mL of fluconazole in 0.9% aqueous solution of sodium
chloride
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 0.5 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
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C=
S concentration of fluconazole in the Standard solution (mg/mL)
C=
U concentration of fluconazole, based on the label claim, in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: See Table 5.
Total impurities: NMT 0.5%
Table 5
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Aminofluconazole quaternary salt a
0.57
0.74
0.1
Fluconazole isomerb
0.68
0.93
0.1
c
Fluconazole diol
0.91
1.3
0.1
Fluconazole
1.0
1.0
—
d
Fluconazole bromohydrine
2.58
1.1
0.1
Epoxyfluconazolee
2.59
0.90
0.1
Any other individual impurity
—
1.0
0.1
a 4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-4H-1,2,4triazol-1-ium bromide.
b 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
c 2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
d 1-Bromo-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol.
e 1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.
SPECIFIC TESTS
• Sterility Tests

71 : Meets the requirements

• Bacterial Endotoxins Test

85 : NMT 0.416 USP Endotoxin Unit/mg of fluconazole

• Other Requirements: Meets the requirements under Injections

1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature.
• Labeling: Label to indicate the vehicle used. If a test for Organic Impurities other than
Procedure 1 and Procedure 2 is used, then the labeling states with which Organic
Impurities test the article complies.
• USP Reference Standards
USP Endotoxin RS
USP Fluconazole RS

11

BRIEFING
Fluconazole Injection, USP 37 page 2996 and PF 39(2) [Mar.–Apr., 2013]. The previously
published proposal is canceled and replaced with the following proposal based on comments
received.
The following changes to the Fluconazole Injection monograph are proposed based on USP's
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Nomenclature Expert Committee decision to include the specific vehicle in the title of premixed drug products. As the fluconazole injection is produced in two separate vehicles,
namely in Dextrose and in Sodium Chloride, it is being proposed to change the title of the
existing USP monograph from Fluconazole Injection to Fluconazole in Dextrose Injection. The
official USP monograph for Fluconazole Injection in USP 37 page 2996 is being split into two
separate monographs—Fluconazole in Dextrose Injection (a revision to the existing USP
monograph) and Fluconazole in Sodium Chloride Injection (a new monograph). The following
revisions are proposed for the Fluconazole in Dextrose Injection monograph along with the
title change:
1.
The Definition section is revised to include the specific vehicle (dextrose) used.
2.
An Identification test for dextrose is included.
3.
Organic Impurities, Procedure 3 and Procedure 4 are deleted as they are specific to the
drug product in the sodium chloride vehicle and no longer applicable to this dosage
form.
4.
The Labeling section is deleted as it is no longer applicable.
5.
The column efficiency criteria in the System suitability subsection in the Assay and test
for Organic Impurities are deleted as other suitability criteria are sufficient.
6.
In Organic Impurities, Procedure 1 and Procedure 2, the Diluted standard solution and
Suitability requirement for the peak area ratio are deleted. The remaining criteria are
sufficient to establish suitability of the chromatographic system.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Subject to consideration of comments received during the comment period, this monograph is
proposed to become official May 1, 2016, but with November 1, 2018, designated as the
official date for the title change. Use of the name Fluconazole in Dextrose Injection will be
permitted as of May 1, 2016; however, its use will not be mandatory until November 1,
2018. The 30-month postponement of the official date for the name change is intended to
allow for product label changes to be made and for health practitioners and consumers to
become familiar with the revised terminology.
(SM1: S. Shivaprasad.)
Correspondence Number—C150833

Comment deadline: January 31, 2015
Change to read:
Fluconazole Injection
Fluconazole in Dextrose Injection

USP39

(Title for this monograph–not to change until November 1, 2018)
(Prior to November 1, 2018, the current practice of labeling the article of commerce with
the name Fluconazole Injection may be continued. Use of the name Fluconazole in
Dextrose Injection will be permitted as of May 1, 2016; however, the use of this name
will not be mandatory until November 1, 2018. The 30-month extension will provide the
time needed by manufacturers and users to make necessary changes.)
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DEFINITION
Change to read:
Fluconazole Injection
Fluconazole in Dextrose Injection

USP39

is a sterile solution of Fluconazole in a suitable vehicle
containing Fluconazole and Dextrose. USP39
It contains NLT 90.0% and NMT 110.0% of the labeled amount of fluconazole (C13 H12 F 2 N6 O).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. Test for Dextrose
Analysis: Add a few drops of the Injection (1 in 20) to 5 mL of hot alkaline cupric tartrate
TS.
Acceptance criteria: A red to orange precipitate of cuprous oxide is formed. USP39

ASSAY
Change to read:
• Procedure
Buffer: 0.82 g/L of sodium acetate in water. Adjust with 1 N acetic acid solution to a pH of
5.0.
Diluent: Methanol and Buffer (20:80)
Solution A: Methanol and Buffer (5:95)
Solution B: Acetonitrile and methanol (60:40)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
9
80
20
15
15
85
18
80
20
25
80
20
System suitability solution: 0.04 mg/mL each of benzyl alcohol and USP Fluconazole RS in
Diluent
Standard solution: 0.2 mg/mL of USP Fluconazole RS in Diluent
Sample solution: Nominally 0.2 mg/mL of fluconazole from Injection in Diluent
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 261 nm

621 , System Suitability.)
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Column: 4.0-mm × 10-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for benzyl alcohol and fluconazole are about 0.8 and
1.0, respectively, from the System suitability solution.]
Suitability requirements
Resolution: NLT 1.8 between benzyl alcohol and fluconazole, System suitability solution
Column efficiency: NLT 4000 theoretical plates for the fluconazole peak, System
suitability solution
USP39

Tailing factor: NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluconazole (C13 H12 F 2 N6 O) in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of fluconazole from the Sample solution
rS= peak response of fluconazole from the Standard solution
C=
S concentration of USP Fluconazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Organic Impurities Procedure 1: For Nonpolar Impurities
[Note—On the basis of the synthetic route, perform either (a) Procedure 1 and Procedure 2, or
(b) Procedure 3, or (c) Procedure 4. Procedure 3 is recommended if bistriazole ketone and
epoxyfluconazole (see Table 4) are potential impurities. Procedure 4 is recommended if
fluconazole bromohydrine and epoxyfluconazole (see Table 5) are potential impurities.]
USP39

Buffer, Diluent, Solution A, and Solution B: Prepare as directed in the Assay.
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
77
23
5
77
23
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30
40
60
43
77
23
50
77
23
System suitability solution: 2.4 µg/mL of 1,4-benzoquinone and 20 µg/mL of USP Fluconazole
RS in Diluent
Standard solution: 2 µg/mL of USP Fluconazole RS in Diluent
Diluted standard solution: 0.2 µg/mL of USP Fluconazole RS in Diluent from the Standard
solution
USP39

Sample solution: Nominally 1.0 mg/mL of fluconazole from Injection in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 261 nm
Column: 4.0-mm × 10-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution, and Diluted standard solution
USP39

[Note—The relative retention times for 1,4-benzoquinone and fluconazole are about 0.5 and
1.0, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 5.0 between 1,4-benzoquinone and fluconazole, System suitability solution
Column efficiency: NLT 2500 theoretical plates for the fluconazole peak, System suitability
solution
USP39

Tailing factor: NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Ratio of average peak area: Between 8.0 and 12.0 for the ratio of the fluconazole peak from
the Standard solution to that of the Diluted standard solution
USP39

Analysis
Samples: Standard solution and Sample solution
[Note—For the following calculations, do not include peaks eluting before fluconazole and do not
include impurities at relative retention times of 2.00–2.12 and 3.14–3.26. The disregarded
impurities at the specified relative retention times are process impurities monitored in the drug
substance. Furthermore, disregard any peak due to an excipient or any peak less than 0.02%.
This test is for determination of the late-eluting peaks, and hence the early-eluting peaks are
not quantitated using this procedure.]
Calculate the percentage of the largest unknown nonpolar impurity in the portion of Injection
taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the largest unknown nonpolar impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
C=
S concentration of USP Fluconazole RS in the Standard solution (mg/mL)
C=
U concentration of fluconazole, based on the label claim and the extent of dilution,
nominal concentration of fluconazole USP39
in the Sample solution (mg/mL)
Calculate the percentage of
total USP39
unknown nonpolar impurities in the portion of Injection taken:
Result = (rT/rS) × (CS/CU) × 100
rT = sum of the peak responses of all the unknown impurities from the Sample solution
rS = peak response of fluconazole from the Standard solution
CS = concentration of USP Fluconazole RS in the Standard solution (mg/mL)
CU = concentration of fluconazole, based on the label claim and the extent of dilution,
nominal concentration of fluconazole USP39
in the Sample solution (mg/mL)
Acceptance criteria
Largest unknown nonpolar impurity: NMT 0.1%
Total unknown nonpolar impurities: NMT 0.5%
Change to read:
• Organic Impurities Procedure 2: For Polar Impurities
Buffer, Diluent, Solution A, Solution B, Mobile phase, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 2 µg/mL of USP Fluconazole RS in Diluent
Diluted standard solution: 0.2 µg/mL of USP Fluconazole RS in Diluent from the Standard
solution
USP39

Sample solution: Nominally 0.2 mg/mL of fluconazole from Injection in Diluent
System suitability
Samples: System suitability solution and Standard solution, and Diluted standard solution
USP39

[Note—The relative retention times for benzyl alcohol and fluconazole are about 0.8 and 1.0,
respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 1.8 between benzyl alcohol and fluconazole, System suitability solution
Column efficiency: NLT 4000 theoretical plates for the fluconazole peak, System suitability
solution
USP39

Tailing factor: NMT 1.5 for the fluconazole peak, System suitability solution
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Relative standard deviation: NMT 5.0%, Standard solution
Ratio of average peak area: Between 8.0 and 12.0 for the ratio of the fluconazole peak from
the Standard solution to that of the Diluted standard solution
USP39

Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times are listed in Table 3.]
Calculate the percentage of the single largest unknown polar impurity in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the largest unknown polar impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
C=
S concentration of USP Fluconazole RS in the Standard solution (mg/mL)
C=
U concentration of fluconazole, based on the label claim and the extent of dilution,
nominal concentration of fluconazole USP39
in the Sample solution (mg/mL)
Calculate the percentage of
total USP39
unknown polar impurities in the portion of Injection taken:
Result = (rT/rS) × (CS/CU) × 100
rT = sum of the peak responses of all the unknown polar impurities from the Sample solution
rS = peak response of fluconazole from the Standard solution
CS = concentration of USP Fluconazole RS in the Standard solution (mg/mL)
CU =concentration of fluconazole, based on the label claim and the extent of dilution,
nominal concentration of fluconazole USP39
in the Sample solution (mg/mL)
Acceptance criteria:
See Table 3. USP39
Disregard any peak due to an excipient or any peak less than 0.03%.
Table 3
Relative
Retention
Name
Time
Hydroxymethylfurfural (if dextrose is present)
USP39
a

0.22–0.28
— USP39
Aminofluconazole quaternary salt c 0.30–0.36
—b USP39
Unidentified impurity (if dextrose is present)c

Acceptance
Criteria,
NMT (%) USP39
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Unidentified dextrose-related impurity USP39
0.37–0.43
— USP39
Fluconazole isomerd 0.47–0.59
—b USP39
Fluconazole diole 0.68–0.74
—b USP39
Cyclohexanonef 0.77–0.83
— USP39
Fluconazole 1.0
— USP39
Largest unknown polar impurity — 0.1 Total unknown polar impurities — 0.5 Total unknown
polar and nonpolar impurities (sum of results from Procedure 1 and Procedure 2 — 1.0
a 5-Hydroxymethylfurfural.
b These are process impurities which are included in this table for identification only. These
impurities are controlled in the drug substance. They are not to be reported for the drug
product and are not included in the total impurities. USP39
c 4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-4H-1,2,4triazolium bromide.
c Dextrose-related compound.
USP39

d 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
e 2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
f A process
Potential USP39
impurity associated with drug product packaged in bags.
[Note—Disregard aminofluconazole quaternary salt, fluconazole isomer, and fluconazole diol
impurities from Table 3 in the following calculation because these are process impurities that
are monitored in the drug substance.]
USP39

Delete the following:
• Organic Impurities: Procedure 3
Buffer: 0.63 g/L of ammonium formate in water
Mobile phase: Acetonitrile and Buffer (14:86)
Standard solution: 2 mg/mL of USP Fluconazole RS in Buffer. [Note—Use approximately
14% of the total volume as acetonitrile, and sonicate if necessary to facilitate dissolution.
]
Sensitivity solution: 1 µg/mL of USP Fluconazole RS in Mobile phase from the Standard
solution
Sample solution: Equivalent to 2 mg/mL of fluconazole in 0.9% aqueous solution of sodium
chloride
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Samples: Standard solution and Sensitivity solution
[Note—The retention time for fluconazole is between 12 and 14 min. ]
Suitability requirements
Signal-to-noise ratio: NLT 10, Sensitivity solution
Column efficiency: NLT 3000 theoretical plates, Standard solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
C=
S concentration of fluconazole in the Standard solution (mg/mL)
C=
U concentration of fluconazole, based on the label claim, in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: See Table 4.
Total impurities: NMT 0.5%

Name

Table 4
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Bistriazole ketonea
0.13
0.2
Fluconazole isomerb
0.5
0.2
Fluconazole
1.0
—
Epoxyfluconazolec
2.6
0.2
Any other individual impurity
—
0.2
a 1,3-Bis(1H-1,2,4-triazol-1-yl)propan-2-one.
b 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
c 1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.
USP39

Delete the following:
• Organic Impurities: Procedure 4
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Buffer: 13.4 g/L of dibasic sodium phosphate heptahydrate in water. Adjust with phosphoric
acid to a pH of 7.0.
Mobile phase: Acetonitrile and Buffer (26:74)
Standard solution: 2 mg/mL of USP Fluconazole RS in Mobile phase
Sample solution: Equivalent to 2 mg/mL of fluconazole in 0.9% aqueous solution of sodium
chloride
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 0.5 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
C=
S concentration of fluconazole in the Standard solution (mg/mL)
C=
U concentration of fluconazole, based on the label claim, in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: See Table 5.
Total impurities: NMT 0.5%

Name
Aminofluconazole quaternary salt a
Fluconazole isomerb
Fluconazole diolc
Fluconazole
Fluconazole bromohydrined
Epoxyfluconazolee
Any other individual impurity

Table 5
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.57
0.68
0.91
1.0
2.58
2.59
—

0.74
0.93
1.3
1.0
1.1
0.90
1.0

0.1
0.1
0.1
—
0.1
0.1
0.1

PF 40(6): Nov.-Dec. 2014

480

a 4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-4H1,2,4-triazol-1-ium bromide.
b 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
c 2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
d 1-Bromo-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol.
e 1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.

USP39

SPECIFIC TESTS
• Sterility Tests

71 : Meets the requirements

• Bacterial Endotoxins Test 85 : NMT 0.416 USP Endotoxin Units/mg of fluconazole
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products
(Parenterals)—Product Quality Tests

1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature.
Delete the following:
• Labeling: Label to indicate the vehicle used. If a test for Organic Impurities other than
Procedure 1 and Procedure 2 is used, then the labeling states with which Organic
Impurities test the article complies. USP39
• USP Reference Standards
USP Endotoxin RS
USP Fluconazole RS

11

BRIEFING
Fluconazole in Sodium Chloride Injection, PF 39(2) [Mar.–Apr. 2013]. The previously
published proposal is canceled and replaced with the following proposal based on the
comments received.
The following changes to the Fluconazole Injection monograph are proposed based on USP's
Nomenclature Expert Committee decision to include the specific vehicle in the title of
premixed products. Because Fluconazole Injection is produced in two separate vehicles,
namely in Dextrose and in Sodium Chloride, it is being proposed to split the official USP
monograph for Fluconazole Injection into two separate monographs—Fluconazole in Sodium
Chloride Injection (a new monograph) and Fluconazole in Dextrose Injection (a revision to
the existing USP monograph). The specifications in the current proposal for Fluconazole in
Sodium Chloride Injection are adopted from the existing monograph for Fluconazole Injection
in USP 37 page 2996 with the changes outlined below.
1.
The Definition section is revised to include the specific vehicle (sodium chloride) used.
2.
The test for Sodium Chloride Content is added.
3.
The statement “Label to indicate the vehicle used” in the Labeling section is removed.
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In addition, the following changes are proposed:
1.
Table 3 in the test for Organic Impurities is revised to remove the dextrose-related
impurities because dextrose is no longer applicable to this dosage form.
2.
The Column efficiency criteria in the System suitability subsection in the Assay and the
test for Organic Impurities are removed as other suitability criteria are sufficient.
3.
Under Procedure 1 and Procedure 2 in the test for Organic Impurities, the Diluted
standard solution and System suitability requirement for the area ratio are removed.
The remaining criteria are sufficient to establish suitability of the Chromatographic
system.
Subject to consideration of comments received during the comment period, this new monograph
is proposed to become official May 1, 2016, but with November 1, 2018 designated as the
official date for the title change. Use of the name Fluconazole in Sodium Chloride Injection
will be permitted as of May 1, 2016; however, its use will not be mandatory until November
1, 2018. The 30-month postponement of the official date for the name change is intended
to allow for product label changes to be made and for health practitioners and consumers to
become familiar with the revised terminology.
(SM1: S. Shivaprasad.)
Correspondence Number—C149731; C117470; C133831

Comment deadline: January 31, 2015
Add the following:
Fluconazole in Sodium Chloride Injection
(Title for this monograph—not to change until November 1, 2018)
(Prior to November 1, 2018, the current practice of labeling the article of commerce with
the name Fluconazole Injection may be continued. Use of the name Fluconazole in
Sodium Chloride Injection will be permitted as of May 1, 2016; however, the use of this
name will not be mandatory until November 1, 2018. The 30-month extension will
provide the time needed by manufacturers and users to make necessary changes.)
DEFINITION
Fluconazole in Sodium Chloride Injection is a sterile solution containing Fluconazole and Sodium
Chloride. It contains NLT 90.0% and NMT 110.0% of the labeled amount of fluconazole
(C13 H12 F 2 N6 O).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 0.82 g/L of sodium acetate in water. Adjust with 1 N acetic acid solution to a pH of
5.0.
Diluent: Methanol and Buffer (20:80)
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Solution A: Methanol and Buffer (5:95)
Solution B: Acetonitrile and methanol (60:40)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
9
80
20
15
15
85
18
80
20
25
80
20
System suitability solution: 0.04 mg/mL each of benzyl alcohol and USP Fluconazole RS in
Diluent
Standard solution: 0.2 mg/mL of USP Fluconazole RS in Diluent
Sample solution: Nominally 0.2 mg/mL of fluconazole from Injection in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 261 nm
Column: 4.0-mm × 10-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for benzyl alcohol and fluconazole are about 0.8 and
1.0, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 1.8 between benzyl alcohol and fluconazole, System suitability solution
Tailing factor: NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluconazole (C13 H12 F 2 N6 O) in the
portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
• Sodium Chloride Content
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Solution A: 2 g/L of polyvinyl alcohol in water
Solution B: Transfer 25 mL of 65% nitric acid to a 100-mL volumetric flask and dilute with
water to volume.
Sample solution: Transfer 5 mL of Injection to a suitable container, and add 40 mL of
water, 1 mL of Solution A, and 1 mL of Solution B.
Titrant: 0.1 N silver nitrate
Analysis: Perform potentiometric titration with Titrant. Each mL of Titrant is equivalent to
5.844 mg of sodium chloride (NaCl).
Acceptance criteria: 95%–105% of the labeled amount of sodium chloride
IMPURITIES
• Organic Impurities, Procedure 1: For Nonpolar Impurities
[Note—On the basis of the synthetic route, perform either (a) Procedure 1 and Procedure 2, or
(b) Procedure 3, or (c) Procedure 4. Procedure 3 is recommended if bistriazole ketone and
epoxyfluconazole (see Table 4) are potential impurities. Procedure 4 is recommended if
fluconazole bromohydrine and epoxyfluconazole (see Table 5) are potential impurities.]
Buffer, Diluent, Solution A, and Solution B: Prepare as directed in the Assay.
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
77
23
5
77
23
30
40
60
43
77
23
50
77
23
System suitability solution: 2.4 µg/mL of 1,4-benzoquinone and 20 µg/mL of USP
Fluconazole RS in Diluent
Standard solution: 2 µg/mL of USP Fluconazole RS in Diluent
Sample solution: Nominally 1.0 mg/mL of fluconazole from Injection in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 261 nm
Column: 4.0-mm × 10-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for 1,4-benzoquinone and fluconazole are about 0.5
and 1.0, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 5.0 between 1,4-benzoquinone and fluconazole, System suitability
solution
Tailing factor: NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
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Analysis
Samples: Standard solution and Sample solution
[Note—For the following calculations, do not include peaks eluting before fluconazole and do
not include impurities at relative retention times of 2.00–2.12 and 3.14–3.26. The
disregarded impurities at the specified relative retention times are process impurities
monitored in the drug substance. Furthermore, disregard any peak due to an excipient or
any peak less than 0.02%. This test is for determination of the late-eluting peaks, and
hence the early-eluting peaks are not quantitated using this procedure.]
Calculate the percentage of the largest unknown nonpolar impurity in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the largest unknown nonpolar impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
C=
S concentration of USP Fluconazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of fluconazole in the Sample solution (mg/mL)
Calculate the percentage of total unknown nonpolar impurities in the portion of Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= sum of the peak responses of all the unknown nonpolar impurities from the Sample
solution
rS= peak response of fluconazole from the Standard solution
C=
S concentration of USP Fluconazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria
Largest unknown nonpolar impurity: NMT 0.1%
Total unknown nonpolar impurities: NMT 0.5%
• Organic Impurities, Procedure 2: For Polar Impurities
Buffer, Diluent, Solution A, Solution B, Mobile phase, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 2 µg/mL of USP Fluconazole RS in Diluent
Sample solution: Nominally 0.2 mg/mL of fluconazole from Injection in Diluent
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for benzyl alcohol and fluconazole are about 0.8 and
1.0, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 1.8 between benzyl alcohol and fluconazole, System suitability solution
Tailing factor: NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times of known related compounds are listed in Table 3.]
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Calculate the percentage of the single largest unknown polar impurity in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the largest unknown polar impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
C=
S concentration of USP Fluconazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of fluconazole in the Sample solution (mg/mL)
Calculate percentage of the total unknown polar impurities in the portion of Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= sum of the peak responses of all the unknown polar impurities from the Sample solution
rS= peak response of fluconazole from the Standard solution
C=
S concentration of USP Fluconazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria: See Table 3. Disregard any peak due to an excipient or any peak less
than 0.03%.
Table 3

Name

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Aminofluconazole quaternary salt a
0.30–0.36
—b
Fluconazole isomerc
0.47–0.59
—b
Fluconazole diold
0.68–0.74
—b
—
Cyclohexanonee
0.77–0.83
Fluconazole
1.0
—
Largest unknown polar impurity
—
0.1
Total unknown polar impurities
—
0.5
Total unknown polar and nonpolar impurities (sum of results
—
from Procedure 1 and Procedure 2)
1.0
a 4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-4H-1,2,4triazolium bromide.
b These are process impurities which are included in this table for identification only. These
impurities are controlled in the drug substance. They are not to be reported for the drug
product and are not included in the total impurities.
c 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
d 2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
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e Potential impurity associated with drug product packaged in bags.
• Organic Impurities, Procedure 3
Buffer: 0.63 g/L of ammonium formate in water
Mobile phase: Acetonitrile and Buffer (14:86)
Standard solution: 2 mg/mL of USP Fluconazole RS in Buffer. [Note—Use approximately
14% of the total volume of acetonitrile, and sonicate if necessary to facilitate
dissolution.]
Sensitivity solution: 1 µg/mL of USP Fluconazole RS in Mobile phase from the Standard
solution
Sample solution: Nominally 2 mg/mL of fluconazole in 0.9% aqueous solution of sodium
chloride
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and Sensitivity solution
[Note—The retention time for fluconazole is between 12 and 14 min.]
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
C=
S concentration of USP Fluconazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria: See Table 4.

Name
Bistriazole ketonea
Fluconazole isomerb
Fluconazole

Table 4
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.13
0.5
1.0

0.2
0.2
—

PF 40(6): Nov.-Dec. 2014

487

Epoxyfluconazolec
2.6
0.2
Any other individual impurity
—
0.2
Total impurities
—
0.5
a 1,3-Bis(1H-1,2,4-triazol-1-yl)propan-2-one.
b 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
c 1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.
• Organic Impurities, Procedure 4
Buffer: 13.4 g/L of dibasic sodium phosphate heptahydrate in water. Adjust with
phosphoric acid to a pH of 7.0.
Mobile phase: Acetonitrile and Buffer (26:74)
Standard solution: 2 mg/mL of USP Fluconazole RS in Mobile phase
Sample solution: Nominally 2 mg/mL of fluconazole in 0.9% aqueous solution of sodium
chloride
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 0.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
C=
S concentration of USP Fluconazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria: See Table 5.

Name
Aminofluconazole quaternary salt a

Table 5
Relative
Retention
Time
0.57

Relative
Response
Factor
0.74

Acceptance
Criteria,
NMT (%)
0.1
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Fluconazole isomerb
0.68
0.93
0.1
Fluconazole diolc
0.91
1.3
0.1
Fluconazole
1.0
1.0
—
d
Fluconazole bromohydrine
2.58
1.1
0.1
e
Epoxyfluconazole
2.59
0.90
0.1
Any other individual impurity
—
1.0
0.1
Total impurities
—
—
0.5
a 4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-4H-1,2,4triazol-1-ium bromide.
b 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
c 2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
d 1-Bromo-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol.
e 1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.

SPECIFIC TESTS
• Sterility Tests

71 : Meets the requirements

• Bacterial Endotoxins Test 85 : NMT 0.416 USP Endotoxin Unit/mg of fluconazole
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products
(Parenterals)—Product Quality Tests

1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature.
• Labeling: If a test for Organic Impurities other than Procedure 1 and Procedure 2 is used,
then the labeling states with which Organic Impurities test the article complies.
• USP Reference Standards
USP Endotoxin RS
USP Fluconazole RS

11

USP39

BRIEFING
Ganciclovir Compounded Oral Suspension, USP 37 page 3130. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Ganciclovir
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Ganciclovir
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of ganciclovir
(C9 H13 N5 O4 ).
Prepare Ganciclovir
Compounded USP39
Oral Suspension 100 mg/mL as follows (see Pharmaceutical Compounding 795 —Nonsterile
Preparations).
Ganciclovir
10 g
Vehicle for Oral Solution (regular or sugar-free), NF, a sufficient quantity to make 100 mL
Empty the contents of the required number of capsules into a suitable mortar, or use
Ganciclovir powder. Add sufficient Vehicle to wet the powder, and triturate to form a smooth
paste. Add additional Vehicle to about half the final volume, and transfer the contents of the
mortar to a calibrated bottle. Using additional Vehicle, rinse the mortar, and transfer the
contents, stepwise and quantitatively, to bring to final volume. Mix well.
[Caution—Avoid skin contact or inhalation of ganciclovir by using protective gloves and a fume
hood or surgical mask.]
ASSAY
• Procedure
Solution A: 25-mM monobasic sodium phosphate solution. Adjust with phosphoric acid to a
pH of 2.5.
Mobile phase: Acetonitrile and Solution A (2.5: 97.5). Filter and degas.
Internal standard solution: 0.4 mg/mL of hypoxanthine
Standard stock solution: 1.0 mg/mL of USP Ganciclovir RS
Standard solution: 6 µg/mL of ganciclovir and 4 µg/mL of hypoxanthine prepared from
Standard stock solution and Internal standard solution
Sample solution: Transfer about 1 mL of Oral Suspension from each bottle to a plastic
weighing cup, and weigh to determine density. [Note—The exact volume of Oral
Suspension taken from each bottle is calculated by the suspension density.] Transfer the
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Oral Suspension to a 100-mL volumetric flask, and add 50 mL of water. Place the
volumetric flask on a mechanical shaker for 30 min, and dilute with water to volume.
Transfer 0.6 mL of this solution and 1 mL of the Internal standard solution to a 100-mL
volumetric flask, and dilute with water to volume to obtain a solution with a nominal
concentration of 6 µg/mL of ganciclovir and 4 µg/mL of hypoxanthine.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for hypoxanthine and ganciclovir are 0.75 and 1.0,
respectively.]
Suitability requirements
Relative standard deviation: NMT 1.5% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ganciclovir (C9 H13 N5 O4 ) in the
portion of Oral Suspension taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of ganciclovir to the internal standard from the Sample solution
RS= peak response ratio of ganciclovir to the internal standard from the Standard solution
C=
S concentration of ganciclovir in the Standard solution (mg/mL)
C=
U nominal concentration of ganciclovir in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature.
Change to read:
• Beyond-Use Date: NMT 90 days after the date on which it was compounded
when stored at controlled room temperature USP39
• Labeling: Label it to state that it is to be well shaken before use, and to state the BeyondUse Date.
• USP Reference Standards
USP Ganciclovir RS

11
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BRIEFING
Granisetron Hydrochloride Compounded Oral Suspension, USP 37 page 3192. The
Compounding Expert Committee and the Nomenclature, Safety, and Labeling Expert
Committee propose to revise the title of this and other compounded monographs to identify
that it is a compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 published in USP 38–NF 33. A list
of all compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Granisetron Hydrochloride
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Granisetron Hydrochloride
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled content of granisetron
hydrochloride
USP39

(C18 H24 N4 O).·HCl
USP39

Prepare Granisetron Hydrochloride
Compounded USP39
Oral Suspension (0.056 mg/mL) equivalent to
containing USP39
0.05 mg/mL of granisetron as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Granisetron (as
Granisetron USP39
Hydrochloride)
Vehicle: a 1:1 mixture of Vehicle for Oral Solution, NF, and Vehicle for Oral
Suspension, NF, a sufficient quantity to make

5 mg (5.6
mg)

100 mL

Calculate the required quantity of each ingredient for the total amount to be prepared. If using
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tablets, place the required number of tablets in a suitable mortar, and comminute the tablets to
a fine powder with a pestle, or add Granisetron Hydrochloride powder. Add the Vehicle in small
portions, and triturate to make a smooth paste. Add increasing volumes of the Vehicle to make
a Granisetron Hydrochloride suspension that is pourable. Transfer the contents of the mortar,
stepwise and quantitatively, to a calibrated bottle. Add enough Vehicle to bring to final volume,
and mix well.
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and 50 mM monobasic sodium dihydrogen phosphate (3:17).
Adjust with phosphoric acid to a pH of 7.0. Make adjustments if necessary (see
Chromatography 621 , System Suitability.)
Standard stock solution: 1.0 mg/mL USP Granisetron Hydrochloride RS
Standard solution: Transfer 2.5 mL of Standard stock solution to a 100-mL volumetric
flask, and dilute with Mobile phase to volume to obtain a solution containing 25 µg/mL of
granisetron hydrochloride.
Sample solution: Shake the Oral Suspension thoroughly by hand. Pipet 5.0 mL into a 10mL volumetric flask. Dilute with Mobile phase to volume, and mix. to obtain a nominal
concentration of 25 µg of granisetron hydrochloride/mL
USP39

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 300 nm
Column: 4.6-mm × 15-cm; 5-µm packing L10
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time of the granisetron peak is 7.0 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for the replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of
granisetron ( USP39
C18 H24 N4 O·HCl
) USP39
in the volume of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

USP39
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= peak response from the Sample solution
= peak response from the Standard solution
= concentration of granisetron hydrochloride in the Standard solution (µg/mL)
= nominal concentration of granisetron hydrochloride
USP39

in the Sample solution (µg/mL)
Mr1 = molecular weight of granisetron, 312.41
Mr2 = molecular weight of granisetron hydrochloride, 348.87

USP39

Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.0–4.5

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or at controlled cold temperature
2 –8 .

USP39

Change to read:
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at controlled room temperature or when stored at controlled cold temperature
2 –8

USP39

• Labeling: Label it to state that it is to be well shaken before use, and to state the BeyondUse Date.
• USP Reference Standards 11
USP Granisetron Hydrochloride RS
BRIEFING
Halcinonide, USP 37 page 3213. As part of the USP monograph modernization effort, the
following revisions are proposed:
1.
Replace the Assay using a nonspecific UV procedure with a stability-indicating HPLC
procedure. The new HPLC procedure is based on analysis performed with the Zorbax
SB-C18 brand of L1 column manufactured by Agilent Technologies. The typical
retention time for halcinonide is about 11.2 min.
2.
Replace the TLC procedure in the test for Organic Impurities with a stability-indicating
UHPLC procedure. The UHPLC procedure is based on analysis performed with the
Waters Acquity UPLC BEH C18 brand of L1 packing. The typical retention time for
halcinonide is 14.4 min.
3.
Add Identification test B based on the retention time agreement in the proposed Assay.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: R.-H. Yeh, D. Min.)
Correspondence Number—C120149

Comment deadline: January 31, 2015
Halcinonide

C24 H32 ClFO5

454.96

Pregn-4-ene-3,20-dione, 21-chloro-9-fluoro-11-hydroxy-16,17-[(1-methylethylidene)bis(oxy)], (11 ,16 )-;
21-Chloro-9-fluoro-11 ,16 ,17-trihydroxypregn-4-ene-3,20-dione cyclic 16,17-acetal with
acetone
[3093-35-4].
DEFINITION
Halcinonide contains NLT 97.0% and NMT 102.0% of halcinonide (C24 H32 ClFO5 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP39
ASSAY
Change to read:
• Procedure
Standard solution: 15 µg/mL of USP Halcinonide RS in methanol
Sample stock solution: 0.3 mg/mL of Halcinonide in methanol
Sample solution: 15 µg/mL of Halcinonide in methanol, from Sample stock solution
Instrumental conditions
Mode: UV
Analytical wavelength: 239 nm
Cell: 1 cm
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Blank: Methanol
Analysis
Samples: Standard solution and Sample solution
Determine the absorbances of the Standard solution and the Sample solution.
Calculate the percentage of halcinonide (C24 H32 ClFO5 ) in the portion of Halcinonide
taken:
Result = (AU /AS) × (CS/CU ) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Halcinonide RS in the Standard solution (µg/mL)
CU= concentration of Halcinonide in the Sample solution (µg/mL)
Mobile phase:
Acetonitrile and water (50:50)
Diluent: Acetonitrile and water (2:1)
Standard solution: 0.3 mg/mL of USP Halcinonide RS in Diluent
Sample solution: 0.3 mg/mL of Halcinonide in Diluent. [Note—Sonication may be needed
to aid in the dissolution of the Standard solution and Sample solution.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.85% for six replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of halcinonide (C24 H32 ClFO5 ) in the portion of Halcinonide
taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
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CS
= concentration of USP Halcinonide RS in the Standard solution (mg/mL)
CU
= concentration of Halcinonide in the Sample solution (mg/mL)
USP39

Acceptance criteria: 97.0%–102.0%
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
Change to read:
• Organic Impurities
Diluent: Chloroform and methanol (1:1)
Sample solution: 10 mg/mL of Halcinonide in Diluent
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 100 µL
Developing solvent system: Chloroform and ethyl acetate (5:1)
Analysis: Divide the area of the chromatographic plate into three equal sections, the first
two sections to be used for the Sample solution and the third section for the blank.
Apply the Sample solution to appropriate sections of the plate, drying each solution as it
is applied with a current of warm air. Using a continuous elution chamber, develop in
Developing Solvent System for 2 h. Remove the plate from the chamber, dry in an oven
at 90 for 15 min, and locate the bands by viewing under short-wavelength UV light.
Mark the principal band and any secondary bands. Quantitatively remove the silica gel
containing these bands, including a corresponding blank segment, and transfer to
separate glass-stoppered, 50-mL centrifuge tubes, combining the impurities if more than
one impurity is present. Add 30.0 mL of dehydrated alcohol to the tubes containing the
principal band and the corresponding blank, and add 10.0 mL of dehydrated alcohol to
the tubes containing the combined impurities and the corresponding blank. Insert
stoppers in the tubes, and shake gently on a reciprocating shaker for 60 min. Centrifuge,
and dilute the principal band eluate and its corresponding blank eluate with an equal
volume of dehydrated alcohol, and mix.
Instrumental conditions
Mode: UV
Analytical wavelength: 239 nm
Cell: 1 cm
Blank: Dehydrated alcohol
Analysis: Determine the absorbances of the clear supernatant eluates and its
corresponding blank eluate.
Calculate the percentage of chromatographic impurities in the portion of Halcinonide taken:
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Result = (Ai/(Ai+ 6AU ))×100
Ai= absorbance of the combined impurity bands eluate, corrected for the corresponding
blank
AU= absorbance of the principal band eluate, corrected for the corresponding blank
Acceptance criteria: NMT 3.0%
Solution A: 10 mM of ammonium acetate in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
20.0
10
90
22.0
10
90
22.1
90
10
25.0
90
10
Diluent 1: Acetonitrile and water (60:30)
Diluent 2: Acetonitrile and water (10:90)
Standard stock solution: 0.2 mg/mL of USP Halcinonide RS in Diluent 1
Standard solution: 0.1 µg/mL of USP Halcinonide RS from Standard stock solution in
Diluent 2
Sample stock solution: 0.2 mg/mL of Halcinonide in Diluent 1
Sample solution: 0.1 mg/mL of Halcinonide from Sample stock solution in Diluent 2
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 2.1-mm × 15-cm; 1.8-µm packing L1
Flow rate: 0.3 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Relative standard deviation: NMT 2.8%
Signal-to-noise ratio: NLT 50
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified impurity in the portion of
Halcinonide taken:
Result = (rU/rS) × (CS/CU) × 100
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rU
= peak response of each individual unspecified impurity from the Sample solution
rS
= peak response of halcinonide from the Standard solution
CS
= concentration of USP Halcinonide RS in the Standard solution (µg/mL)
CU
= concentration of Halcinonide in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time

Name
Dihydrotriamcinolonea
Halcinonide
Any individual unspecified impurity
Total impurities

0.5
1.0
—
—

Acceptance
Criteria,
NMT (%)
—
—
0.10
3.0

a 9-Fluoro-11 ,16 ,17,21-tetrahydroxypregna-4-ene-3,20-dione.
USP39

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 20 mg/mL in chloroform
Acceptance criteria: +150 to +160
• Loss on Drying 731
Analysis: Dry under vacuum at 100 for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Halcinonide RS

11
BRIEFING

Hydralazine Hydrochloride Compounded Oral Solution, USP 37 page 3243. The
Compounding Expert Committee and the Nomenclature, Safety, and Labeling Expert
Committee propose to revise the title of this and other compounded monographs to identify
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that it is a compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 published in USP 38–NF 33. A list
of all compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Hydralazine Hydrochloride
Compounded USP39
Oral Solution
DEFINITION
Change to read:
Hydralazine Hydrochloride
Compounded USP39
Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of hydralazine
hydrochloride (C8 H8 N4 ·HCl).
Prepare Hydralazine Hydrochloride
Compounded USP39
Oral Solution of the designated percentage strength as follows (see Pharmaceutical
Compounding—Nonsterile Preparations 795 ).
Hydralazine Hydrochloride
For 0.1% Oral Solution
For 1.0% Oral Solution
Sorbitol Solution (70%)
Methylparaben
Propylparaben
Propylene Glycol
Aspartame
Purified Water, a sufficient quantity to make

100 mg
1.0 g
40 g
65 mg
35 mg
10 g
50 mg
100 mL

Dissolve the Hydralazine Hydrochloride in 30 mL of Purified Water, add the Aspartame, and
shake or stir until the solids have dissolved. Add the Sorbitol Solution. In a separate container,
dissolve an aliquot portion of an intimate homogeneous mixture of accurately weighed
quantities of Methylparaben and Propylparaben in the Propylene Glycol, and, with stirring, add
this mixture to the solution containing the Hydralazine Hydrochloride. Add sufficient Purified
Water to make the preparation measure 100 mL, and mix.
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[Note—Hydralazine reacts with many flavors; do not add flavors when compounding.]
SPECIFIC TESTS
• pH

791 : 3.0–5.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in a suitable light-resistant glass or plastic bottle, with a
child-resistant closure. Store in a refrigerator.
Change to read:
• Beyond-Use Date: NMT 30 days after the date on which it was compounded
when stored in a refrigerator USP39
• Labeling: Label it to state, as part of the official title, the amount of hydralazine
hydrochloride, expressed as a percentage and parenthetically (mg/5 mL). Label it to state
that it is to be stored in a refrigerator. The label indicates that patients may mix the
appropriate dose with fruit juice or apple sauce just before administration. [Precaution—
Phenylketonurics: It contains 1.4 mg/5 mL of phenylalanine.]
BRIEFING
Hydrochloric Acid Compounded Injection, USP 37 page 3244. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Hydrochloric Acid
Compounded USP39
Injection
DEFINITION
Change to read:
Hydrochloric Acid
Compounded USP39
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Injection contains
NLT 90% and NMT 110% of the labeled amount of hydrochloric acid (HCl), equivalent to
NLT 328 mg and NMT 401 mg of hydrochloric acid (HCl) in 100 mL.
Prepare Hydrochloric Acid
Compounded USP39

USP39

Injection, 0.1 N, as follows (see Pharmaceutical Compounding—Sterile Preparations 797 ).
Hydrochloric Acid, 1.0 N
10 mL
Sodium Chloride Injection, 0.45% or 0.9%, a sufficient quantity to make 100 mL
Prepare 1.0 N Hydrochloric Acid by adding Hydrochloric Acid to Purified Water in an appropriate
volumetric flask with continuous stirring. Allow the solution to cool to room temperature, add
sufficient Purified Water to bring to final volume, and continue mixing for 1 min. Pass through a
compatible filter of 0.45-µm pore size to reduce particulate matter load. Accurately measure
the nonsterile 1.0 N Hydrochloric Acid with an appropriate glass or plastic device, and
accurately dilute to final volume with 0.45% or 0.9% Sodium Chloride Injection. Sterilize the
solution by passing through a sterile acid-compatible membrane filter of 0.2-µm pore size into a
sterile intravenous polypropylene container in an ISO Class 5 environment. [Note—This is a
High-Risk Level Compounded Sterile Preparation (CSP) that shall be prepared according to
Pharmaceutical Compounding—Sterile Preparations

797 .]

ASSAY
• Procedure
Sample: 25 mL
Blank: 25 mL water
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.5 N sodium hydroxide VS
Endpoint detection: Visual
Analysis: Place Sample in a conical flask, add methyl red TS, and titrate with Titrant.
Calculate the weight of hydrochloric acid in 100 mL:
Result = [(VS

VB) × N × F] × D

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 18.23 mg/mEq
D= dilution factor, 4
Acceptance criteria: 328–401 mg in 100 mL
SPECIFIC TESTS
• pH

791 : 1.0–1.2

• Sterility Tests 71 : It meets the requirements when tested as directed under Test for
Sterility of the Product to be Examined, Membrane Filtration.
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85 : NMT 1.5 Endotoxin Units/mL

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in polypropylene container or equivalent. Store at
controlled room temperature or at controlled cold temperature
2 –8 .

USP39

Change to read:
• Beyond-Use Date: If a sterility test and bacterial endotoxin test is passed, NMT 120 days
when stored at controlled room temperature or at controlled cold temperature
2 –8 .

USP39

In the absence of passing a sterility test and endotoxin test, the storage periods at controlled
room temperature or cold temperature for High-Risk Level CSPs applies. (See CSP Microbial
Contamination Risk Levels in Pharmaceutical Compounding—Sterile Preparations

797 .)

Change to read:
• Labeling: Label it Hydrochloric Acid
Compounded USP39
Injection, 0.1 N. Label it to state that this is a single-dose intravenous injection and that it
contains no antimicrobial preservatives. Label it to state the Beyond-Use Date.
• USP Reference Standards
USP Endotoxin RS

11
BRIEFING

Indomethacin Compounded Topical Gel, USP 37 page 3334. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Indomethacin
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USP39

DEFINITION
Change to read:
Indomethacin
Compounded USP39
Topical Gel contains NLT 0.90 g and NMT 1.10 g of Indomethacin in 100 mL of Gel.
Prepare Indomethacin
Compounded USP39
Topical Gel as follows.
Indomethacin
1.0 g
Carbomer 941
2.0 g
Purified Water
10 mL
Alcohol (95% ethyl alcohol), a sufficient quantity to make 100 mL
Transfer the Indomethacin to a suitable beaker, and dissolve it in 55 mL of Alcohol. Transfer
this solution to a glass mortar, and slowly add the Carbomer 941 so that it is thoroughly
distributed. Press out any white lumps until a smooth gel is formed. Slowly add the Purified
Water with mixing. Add a sufficient quantity of Alcohol to bring to final volume, and mix.
Transfer the Gel to a wide-mouth container or ointment jar.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant, wide-mouth containers or
ointment jars. Store at controlled room temperature.
Change to read:
• Beyond-Use Date: NMT 30 days after the date on which it was compounded
when stored at controlled room temperature USP39

Change to read:
• Labeling: Label it to state that it is for topical, external use only. Label to indicate that it
should be used only as directed and that the container should be kept tightly closed.
Label it to state the Beyond-Use Date. USP39

BRIEFING
Isradipine Compounded Oral Suspension, USP 37 page 3450. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/usp-
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nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Isradipine
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Isradipine
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of isradipine
(C19 H21 N3 O5 ).
Prepare Isradipine
Compounded USP39
Oral Suspension 1 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations

795 ).

Isradipine capsulesa or powderb, equivalent to
100 mg
Glycerin, USP
3 mL
Syrup, NF, a sufficient quantity to make
100 mL
a DynaCirc 5-mg capsules, Sandoz Pharmaceuticals, East Hanover, NJ.
b Isradipine powder, Sandoz, East Hanover, NJ.
Calculate the required quantity of each ingredient for the total amount to be prepared. If using
capsules, empty the required number in a suitable mortar, or use Isradipine powder. Add
sufficient Glycerin to wet the powder, and triturate to a fine paste. Add the Syrup in small
portions. Add increasing volumes of the Syrup to make an isradipine liquid that is pourable.
Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add
enough of the Syrup to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Methanol, tetrahydrofuran, and water (42:20:38). Filter, and degas.
Diluent: Prepare a solution of methanol and 95% ethanol (50:50).
Standard stock solution: 1.0 mg/mL of USP Isradipine RS in Diluent
Standard solution: Prepare 0.1 mg/mL of isradipine from Standard stock solution and
Diluent, and pass through a filter of 0.22-µm pore size.
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Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Prepare 0.1
mg/mL of isradipine from Oral Suspension and Diluent, and pass through a filter of 0.22-µm
pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for isradipine is about 6.1 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of isradipine (C19 H21 N3 O5 ) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of isradipine in the Standard solution (mg/mL)
C=
U nominal concentration of isradipine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 5.5–6.5

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature
2 –8 .

USP39

Change to read:
• Beyond-Use Date: NMT 30 days after the date on which it was compounded, when stored
at controlled cold temperature
2 –8

USP39

• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
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Beyond-Use Date.
• USP Reference Standards
USP Isradipine RS

11
BRIEFING

Ketoconazole Compounded Oral Suspension, USP 37 page 3467. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Ketoconazole
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Ketoconazole
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of ketoconazole
(C26 H28 Cl2 N4 O4 ).
Prepare Ketoconazole
Compounded USP39
Oral Suspension 20 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Ketoconazole
Cetylpyridinium Chloride
Xanthan Gum
Purified Water
Suspension Structured Vehicle or Sugar-Free Suspension Structured Vehicle, a
sufficient quantity to make

2.0 g
10
mg
0.15
g
30 mL
100
mL
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Place the required number of tablets in a glass mortar, and comminute to a fine powder such
that they pass through a 40-mesh or 45-mesh sieve, or add Ketoconazole powder to the
mortar. Dissolve the Cetylpyridinium Chloride in Purified Water, and dilute quantitatively, and
stepwise if necessary, with Purified Water to obtain 10 mL of a solution containing 10 mg of
Cetylpyridinium Chloride. Transfer this solution, in divided portions, to the mortar containing the
powder, and mix to form a smooth paste. Place 20 mL of Purified Water in a beaker. Using
moderate heat, stir to form a vortex, and slowly sprinkle the Xanthan Gum into the vortex to
obtain a uniform dispersion. Add the dispersion to the wetted powder paste, and mix until
smooth. Add a sufficient quantity of the Suspension Structured Vehicle or Sugar-Free
Suspension Structured Vehicle to bring to final volume. Mix well.
ASSAY
• Procedure
Mobile phase: Acetonitrile and 0.01 M tetrabutylammonium hydrogen sulfate (25:75). Pass
through a filter of 5-µm or finer pore size, and degas.
Diluent: Methanol and water (50:50)
System suitability solution: Dissolve 4 mg of USP Ketoconazole RS in 1.0 mL of a solution
of potassium sorbate in water (1 in 5000). Dilute with Diluent to 10.0 mL.
Standard solution: 0.4 mg/mL of USP Ketoconazole RS in Diluent
Sample solution: [Note—If the Oral Suspension has settled, invert the container 10–15
times, and sonicate for 5 min, or stir on a magnetic stirrer until the Oral Suspension
appears homogeneous. Examine the mixture for the presence of bubbles and unsuspended
solids before sampling.] Transfer 5.0 mL of homogeneous Oral Suspension to a 250-mL
volumetric flask, add 100 mL of water, and stir for 15 min to dissolve the xanthan gum.
Add 135 mL of methanol, and stir for an additional 15 min. Cool, and dilute with methanol
to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 223 nm
Columns
Guard: 5-µm packing L1
Analytical: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ketoconazole and sorbate are 1.0 and 1.7,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between sorbate and ketoconazole, System suitability solution
Relative standard deviation: NMT 2.0% for replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of ketoconazole (C26 H28 Cl2 N4 O4 ) in the portion of Oral
Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of ketoconazole in the Standard solution (mg/mL)
C=
U nominal concentration of ketoconazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant amber containers. Store at
controlled room temperature.
Change to read:
• Beyond-Use Date: NMT 14 days after the date on which it was compounded
when stored at controlled room temperature USP39

Change to read:
• Labeling: Label it to state that it is to be well shaken before use, and that it is to be
protected from light.
Label it to state the Beyond-Use Date. USP39

• USP Reference Standards
USP Ketoconazole RS

11
BRIEFING

Labetalol Hydrochloride Compounded Oral Suspension, USP 37 page 3476. The
Compounding Expert Committee and the Nomenclature, Safety, and Labeling Expert
Committee propose to revise the title of this and other compounded monographs to identify
that it is a compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 published in USP 38–NF 33. A list
of all compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
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Labetalol Hydrochloride
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Labetalol Hydrochloride
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of labetalol
hydrochloride (C19 H24 N2 O3 ·HCl).
Prepare Labetalol Hydrochloride
Compounded USP39
Oral Suspension 40 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Labetalol Hydrochloride
4g
Vehicle: a 1:1 mixture of Vehicle for Oral Solution (regular or sugar-free), NF, and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL
Place the required number of tablets in a suitable mortar and comminute to a fine powder, or
use Labetalol Hydrochloride powder. Add 20 mL of the Vehicle, and mix to form a uniform paste.
Add the Vehicle in small portions almost to volume. Transfer the contents of the mortar,
stepwise and quantitatively, to a calibrated bottle. Add the Vehicle in portions to rinse the
mortar, then add sufficient Vehicle to bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: Methanol and 0.1 M monobasic sodium phosphate (35:65). Filter, and
degas.
Standard solution: 400 µg/mL of USP Labetalol Hydrochloride RS
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Pipet 1.0 mL of the sample into a 100-mL volumetric
flask, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for labetalol hydrochloride is about 7.5 min.]
Suitability requirements
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Relative standard deviation: NMT 1.6% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of labetalol hydrochloride (C19 H24 N2 O3 ·HCl) in the portion of
Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of labetalol hydrochloride in the Standard solution (µg/mL)
C=
U nominal concentration of labetalol hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature, or in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded
when stored at controlled room temperature, or in a cold place USP39
• Labeling: Label it to state that it is to be well shaken, and to state the Beyond-Use Date.
• USP Reference Standards 11
USP Labetalol Hydrochloride RS
BRIEFING
Lidocaine Hydrochloride, USP 37 page 3552. It is proposed to modernize the monograph with
the following changes:
1.
Replace USP Lidocaine RS for Identification test A with USP Lidocaine Hydrochloride RS
to eliminate the use of chloroform in the test.
2.
Replace USP Lidocaine RS with USP Lidocaine Hydrochloride RS in the Standard solution
in the Assay and remove the molecular weight correction in the calculations section
because it is no longer necessary.
3.
Add a liquid chromatographic procedure in the test for Organic Impurities based on
European Pharmacopoeia 8.0. This procedure uses the Waters XTerra RP18 brand of
L1 packing column. The typical retention time for the lidocaine peak is about 14.1
min.
4.
Delete the test for Melting Range or Temperature 741 because the monograph
contains a specific IR identification procedure and also includes a selective HPLC
procedure in the test for Organic Impurities.
5.
Add USP Lidocaine Hydrochloride RS, USP Lidocaine Related Compound H RS, and USP
Ropivacaine Related Compound A RS to perform the Assay and the test for Organic
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Impurities. Remove USP Lidocaine RS as it is no longer needed in Identification test A
and the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: D. Min.)
Correspondence Number—C99461

Comment deadline: January 31, 2015
Lidocaine Hydrochloride
C14 H22 N2 O·HCl·H2 O
288.81
Acetamide, 2-(diethylamino)-N-(2,6-dimethylphenyl)-, monohydrochloride, monohydrate;
2-(Diethylamino)-2¢,6¢-acetoxylidide monohydrochloride monohydrate
[6108-05-0].
Anhydrous
270.80
f [73-78-9].
DEFINITION
Lidocaine Hydrochloride contains NLT 97.5% and NMT 102.5% of lidocaine hydrochloride
(C14 H22 N2 O·HCl), calculated on the anhydrous basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197K
197

USP39

Standard: Prepare as directed in 197K , using USP Lidocaine RS.
Sample: Dissolve 300 mg in 5–10 mL of water in a separator, add 4 mL of 6 N ammonium
hydroxide, and extract with four 15-mL portions of chloroform. Combine the chloroform
extracts, evaporate with the aid of a current of warm air, and dry the residue in vacuum over
silica gel for 24 h.
Acceptance criteria: Meets the requirements
USP39

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
Change to read:
• Procedure
Solution A: Water and glacial acetic acid (930:50). Adjust with 1 N sodium hydroxide to a
pH of 3.40.
Mobile phase: Acetonitrile and Solution A (1:4)
Standard solution: 1.7 mg/mL of USP Lidocaine RS in Mobile phase prepared as follows.
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Dissolve 85 mg of USP Lidocaine RS in 0.5 mL of 1 N hydrochloric acid in a 50-mL
volumetric flask. Dilute with Mobile phase to volume.[Note—Warming may be needed to aid
dissolution.]
2.0 mg/mL of USP Lidocaine Hydrochloride RS in Mobile phase USP39
System suitability stock solution: 220 µg/mL of methylparaben in Mobile phase
System suitability solution: Mix 2 mL of System suitability stock solution and 20 mL of
Standard solution.
Sample solution: 2 mg/mL of Lidocaine Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 3.0 between lidocaine and methylparaben, System suitability solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of lidocaine hydrochloride (C14 H22 N2 O·HCl) in the portion of Lidocaine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
Result = (rU/rS) × (CS/CU) × 100 USP39

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Lidocaine RS
USP Lidocaine Hydrochloride RS USP39
in the Standard solution (mg/mL)
CU = concentration of Lidocaine Hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of lidocaine hydrochloride, 270.80
Mr2 = molecular weight of lidocaine, 234.34
USP39

Acceptance criteria: 97.5%–102.5% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Chloride and Sulfate, Sulfate

221
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Sample: 100 mg
Analysis: Dissolve Sample in 10 mL of water, and add 1 mL of 3 N hydrochloric acid. Mix,
and add 1 mL of barium chloride TS.
Acceptance criteria: The turbidity does not exceed that produced by 0.10 mL of 0.020 N
sulfuric acid (NMT 0.1%).
• Heavy Metals, Method I

231 : NMT 20 ppm

Add the following:
• Organic Impurities
Buffer: 4.85 g/L of monobasic potassium phosphate in water. Adjust with sodium hydroxide
solution to a pH of 8.0.
Mobile phase: Acetonitrile and Buffer (30:70)
Standard solution: 0.5 µg/mL of USP Ropivacaine Related Compound A RS and 5 µg/mL
each of USP Lidocaine Related Compound H RS and USP Lidocaine Hydrochloride RS in
Mobile phase
Sample solution: 5 mg/mL of Lidocaine Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 3.5 times the retention time for lidocaine
System suitability
Sample: Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between lidocaine related compound H and ropivacaine related
compound A; NLT 2.0 between ropivacaine related compound A and lidocaine
Relative standard deviation: NMT 10.0% for ropivacaine related compound A
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of lidocaine related compound H or ropivacaine related
compound A in the portion of Lidocaine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for lidocaine related compound H or ropivacaine related compound A from
the Sample solution
rS= peak response of lidocaine related compound H or ropivacaine related compound A from
the Standard solution
C=
S concentration of USP Lidocaine Related Compound H RS or USP Ropivacaine Related
Compound A RS in the Standard solution (µg/mL)
C=
U concentration of Lidocaine Hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Lidocaine
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Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each unspecified impurity from the Sample solution
rS= peak response of lidocaine from the Standard solution
C=
S concentration of USP Lidocaine Hydrochloride RS in the Standard solution (µg/mL)
C=
U concentration of Lidocaine Hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Name
Time
Lidocaine related compound H
0.38
Ropivacaine related compound A
0.42
Lidocaine
1.0
Any individual unspecified impurity
—
Total impurities
—

Acceptance
Criteria,
NMT (% )
0.10
0.01
—
0.10
0.5

USP39

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature 741 : 74 –79
[Note—The preliminary drying treatment is omitted. ]
USP39

• Water Determination, Method I

921 : 5.0%–7.0%

• Sterility Tests 71 : Where the label states that Lidocaine Hydrochloride is sterile, it meets
the requirements.
• Bacterial Endotoxins Test 85 : Where the label states that Lidocaine Hydrochloride is
sterile or must be subjected to further processing during the preparation of injectable
dosage forms, it contains NMT 1.1 USP Endotoxin Units/mg of lidocaine hydrochloride.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
Change to read:
• USP Reference Standards
USP Endotoxin RS
USP Lidocaine RS

11
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USP Lidocaine Hydrochloride RS
USP Lidocaine Related Compound H RS
2-Chloro-N-(2,6-dimethylphenyl)acetamide.
C10 H12 ClNO
197.66
USP Ropivacaine Related Compound A RS
2,6-Dimethylaniline hydrochloride.
C8 H11 N·HCl
157.64
USP39

BRIEFING
Lisinopril Compounded Oral Suspension, USP 37 page 3567. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Lisinopril
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Lisinopril
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of lisinopril
(C21 H31 N3 O5 ).
Prepare Lisinopril
Compounded USP39
Oral Suspension 1 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Lisinopril tabletsa equivalent to
100 mg
Vehicle: a 1:1 mixture of Ora-Sweet b and Ora-Plusb, a sufficient quantity to make 100 mL
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a Prinivil 10-mg tablets, Merck & Co., West Point, PA.
b Paddock Laboratories, Minneapolis, MN.

Calculate the required quantity of each ingredient for the total amount to be prepared. Place
the required number of tablets in a suitable mortar, and comminute to a fine powder. Add the
Vehicle in small portions, and triturate to make a smooth paste. Add increasing volumes of the
Vehicle to make a lisinopril liquid that is pourable. Transfer the contents of the mortar, stepwise
and quantitatively, to a calibrated bottle. Add enough of the Vehicle to bring to final volume,
and mix well.
ASSAY
• Procedure
Solution A: 4.1 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a
pH of 2.0.
Mobile phase: 1.0 g/L of sodium 1-hexanesulfonate in acetonitrile and Solution A (18:82).
Filter and degas.
Diluent: Methanol and water (20:80)
Standard solution: 0.2 mg/mL of USP Lisinopril RS in Diluent
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Mix 1.0 mL of
Oral Suspension with 4.0 mL of Diluent to obtain a solution having a nominal concentration
of 0.2 mg/mL of lisinopril.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for lisinopril is about 12.9 min.]
Suitability requirements
Column efficiency: NLT 1800 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lisinopril (C21 H31 N3 O5 ) in the portion of
Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
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C=
S concentration of lisinopril in the Standard solution (mg/mL)
C=
U nominal concentration of lisinopril in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.3–5.3

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature
2 –8

USP39

or at controlled room temperature.
Change to read:
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at controlled cold temperature
2 –8

USP39

or at controlled room temperature
• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards
USP Lisinopril RS

11
BRIEFING

Loratadine Tablets, USP 37 page 3593. On the basis of comments received, the following
revisions to the monograph are proposed.
1.
The Acceptance criteria requirement for fluoroloratadine in Table 1 in the test for
Organic Impurities is deleted because fluoroloratadine is a process impurity and is
controlled in the drug substance.
2.
The nomenclature of fluoroloratadine in Table 1 in the test for Organic Impurities is
updated to the current USP naming convention.
3.
An equation is added in the Dissolution test to provide consistency with current USP
style.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: M. Koleck.)
Correspondence Number—C135061

Comment deadline: January 31, 2015
Loratadine Tablets
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DEFINITION
Loratadine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of loratadine
(C22 H23 ClN2 O2 ).
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Diluent: Chloroform and methanol (1:1)
Standard solution: 4 mg/mL of USP Loratadine RS in Diluent
Sample solution: Nominally 4 mg/mL of loratadine prepared as follows. Transfer a quantity
of Tablets equivalent to 20 mg of loratadine to a centrifuge tube. Add 5.0 mL of Diluent,
rotate for 30 min, and centrifuge.
Application volume: 5 µL
Developing solvent system: Ethyl ether and diethylamine (40:1), in a paper-lined tank
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer A: 0.01 M dibasic potassium phosphate (1.74 g/L of anhydrous dibasic potassium
phosphate in water)
Buffer B: 0.6 M dibasic potassium phosphate (105 g/L of anhydrous dibasic potassium
phosphate in water)
0.05 N hydrochloric acid: Transfer 500 mL of water to a 1000-mL volumetric flask, add 83
mL of hydrochloric acid, and dilute with water to volume. Transfer 50 mL of this solution
to a 1000-mL volumetric flask, and dilute with water to volume.
Mobile phase: Acetonitrile, methanol, and Buffer A (60:60:70). Adjust with 10%
phosphoric acid to a pH of 7.2.
Diluent: Transfer 400 mL of 0.05 N hydrochloric acid and 80 mL of Buffer B to a 1-L
volumetric flask. Dilute with a mixture of acetonitrile and methanol (1:1) to volume.
Standard solution: 0.4 mg/mL of USP Loratadine RS in Diluent
Sample solution: Transfer 10 Tablets to a 250-mL volumetric flask, add 100 mL of 0.05 N
hydrochloric acid, and shake for 40 min or until the Tablets are completely disintegrated.
Add 75 mL of a mixture of acetonitrile and methanol (1:1) and 20 mL of Buffer B, and mix
for 5 min. Dilute with a mixture of acetonitrile and methanol (1:1) to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 25 –35
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
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Capacity factor: NLT 3.5
Tailing factor: NMT 1.7
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of loratadine (C22 H23 ClN2 O2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Loratadine RS in the Standard solution (mg/mL)
C=
U nominal concentration of loratadine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 60 min
Standard solution: USP Loratadine RS at a known concentration in Medium
Sample solution: A filtered portion of the solution under test, suitably diluted with
Medium, if necessary
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: Maximum absorbance at about 280 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of loratadine (C22 H23 ClN2 O2 ) dissolved:
Result = (AU/AS) × CS × D × V × (1/L) × 100
AU
= absorbance of the Sample solution
AS
= absorbance of the Standard solution
CS
= concentration of USP Loratadine RS in the Standard solution (mg/mL)
D
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= dilution factor for the Sample solution, if needed
V
= volume of Medium, 900 mL
L
= label claim (mg/Tablet)
USP39

Tolerances: NLT 80% (Q) of the labeled amount of loratadine (C22 H23 ClN2 O2 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Buffer A, Buffer B, 0.05 N hydrochloric acid, Mobile phase, Diluent, and Sample
solution: Proceed as directed in the Assay.
Standard solution: 0.8 µg/mL of USP Loratadine RS in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for each impurity from the Sample solution
rS= peak area of loratadine from the Standard solution
C=
S concentration of USP Loratadine RS in the Standard solution (mg/mL)
C=
U nominal concentration of loratadine in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
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4-(8-chloro-11-fluoro-6,11-dihydro-5Hbenzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)-1piperidinecarboxylate ethyl
0.79
Loratadine
1.0
Any other individual impurity
—
a
—
Total impurities
a Sum of all impurities, other than 4-(8-chloro-11-fluoro-6,11-dihydro-5Hbenzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)-1-piperidinecarboxylate ethyl

0.2
—
0.1
0.1

Table 1
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)
—
—
0.1
0.1

Fluoroloratadinea,b
0.79
Loratadine
1.0
Any other individual impurity
—
Total impurities
—
a This is a process impurity and is included in the table for identification only. This impurity
is controlled in the drug substance. It is not to be reported for the drug product and
should not be included in the total impurities.
b Ethyl 4-(8-chloro-11-fluoro-5,6-dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)
piperidin-1-carboxylate.
USP39

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store between 2 and 30 .
Protect from excessive moisture if packaged in blisters.
• USP Reference Standards
USP Loratadine RS

11
BRIEFING

Lufenuron. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analysis is proposed. The HPLC procedure in the
Assay and the test for Organic Impurities is based on analyses performed with the
LiChrospher RP18e brand of L1 column. The typical retention time for lufenuron is about 10.9
min.
(SM3: M. Puderbaugh.)
Correspondence Number—C132879

Comment deadline: January 31, 2015
Add the following:
Lufenuron
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511.2

Benzamide, N-[[[2,5-Dichloro-4-(1,1,2,3,3,3-hexafluoropropoxy)phenyl]amino]carbonyl]-2,6difluoro-;
1-[2,5-Dichloro-4-(1,1,2,3,3,3-hexafluoropropoxy)phenyl]-3-(2,6-difluorobenzoyl)urea
[103055-07-8].
DEFINITION
Lufenuron contains NLT 98.0% and NMT 102.0% of lufenuron (C17 H8 Cl2 F 8 N2 O3 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 0.1 mL of phosphoric acid diluted with water to 1 L
Solution B: Acetonitrile
Mobile phase: See Table 1. Return to original conditions, and equilibrate the system.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
30
70
5
30
70
15
10
90
17
10
90
Diluent: Acetonitrile and water (70:30)
System suitability solution: 0.4 mg/mL of USP Lufenuron RS and 0.14 mg/mL of USP
Lufenuron Related Compound G RS in Diluent. Sonicate if necessary to facilitate
dissolution.
Standard stock solution: 0.4 mg/mL of USP Lufenuron RS in Diluent. Sonicate if necessary
to facilitate dissolution.
Standard solution: 0.04 mg/mL of USP Lufenuron RS in Diluent from Standard stock
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solution
Sample stock solution: 0.4 mg/mL of Lufenuron in Diluent. Sonicate if necessary to
facilitate dissolution.
Sample solution: 0.04 mg/mL of Lufenuron in Diluent from Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 255 nm
Column: 4-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.0 between lufenuron related compound G and lufenuron, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of lufenuron (C17 H8 Cl2 F 8 N2 O3 ) in the portion of Lufenuron
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Lufenuron RS in the Standard solution (mg/mL)
C=
U concentration of Lufenuron in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
Mobile phase, Diluent, Standard solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Identification solution: 1.2 µg/mL of USP Lufenuron Related Compound B RS and 1.6
µg/mL of USP Lufenuron Related Compound C RS in Diluent
Diluted standard solution: 0.4 µg/mL of USP Lufenuron RS in Diluent from Standard
solution
Sample solution: 0.4 mg/mL of Lufenuron in Diluent. Sonicate if necessary to facilitate
dissolution.
Analysis
Samples: Identification solution, Diluted standard solution, and Sample solution
Chromatograph the Identification solution, and identify the components on the basis of
their relative retention times, given in Table 2.
Calculate the percentage of each impurity in the portion of Lufenuron taken:
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Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of lufenuron from the Diluted standard solution
C=
S concentration of USP Lufenuron RS in the Diluted standard solution (µg/mL)
C=
U concentration of Lufenuron in the Sample solution (µg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting level for impurities is 0.1%.
Table 2
Relative
Retention
Name
Time
Lufenuron related compound B
0.3
Lufenuron related compound C
0.7
Lufenuron related compound G
0.9
Lufenuron
1.0
Any other individual impurity
—
Total impurities
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.77
0.3
0.77
0.4
1.0
0.20
—
—
1.0
0.20
—
1.0

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 to constant weight.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• Labeling: Label it to indicate that it is for veterinary use only.
• USP Reference Standards 11
USP Lufenuron RS
USP Lufenuron Related Compound B RS
N-[(2,5-Dichloro-4-hydroxyphenyl)carbamoyl]-2,6-difluorobenzamide.
C14 H8 Cl2 F 2 N2 O3
361.13
USP Lufenuron Related Compound C RS
N-[(3-Chloro-4-(1,1,2,3,3,3-hexafluoropropoxy)phenyl)carbamoyl)-2,6difluorobenzamide.
C17 H9 ClF 8 N2 O3
476.71
USP Lufenuron Related Compound G RS
2,5-Dichloro-4-[3-(2,6-difluorobenzoyl)ureido]phenyl phenyl carbonate.
C21 H12 Cl2 F 2 N2 O5
481.23
USP39

BRIEFING
Meloxicam, USP 37 page 3680. On the basis of comments received, the following revisions are
proposed:
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1.
Replace Identification test B using Ultraviolet Absorption with a retention time
agreement test, as obtained in the Assay.
2.
Clarify the System suitability requirements and tighten the Relative standard deviation
from “2.0%” to “0.73%” in the Assay, to be consistent with the requirements in
Chromatography 621 , System Suitability.
3.
Revise the Definition and Acceptance criteria in the Assay from “99.0%–100.5%” to
“98.0%–102.0%”, which is typical for a chromatographic assay.
4.
Add the column particle size to the Column in the Assay, based on the validated
method.
5.
In the test for Organic Impurities, Procedure 2, revise the concentration for meloxicam
related compound B and meloxicam related compound C in the Standard solution and
add the Relative standard deviation requirement for the meloxicam peak to the
System suitability to ensure the suitability of the Chromatographic system.
6.
Delete the wavelength for meloxicam in Table 2 for Procedure 1 to avoid confusion and
correct the wavelength for meloxicam in Table 4 for Procedure 2 to be consistent
with the sponsor's submission data.
7.
Update the chemical names for meloxicam related compound A and meloxicam related
compound B and add the chemical formula and the molecular weight for meloxicam
related compounds in the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: H. Cai.)
Correspondence Number—C147611

Comment deadline: January 31, 2015
Meloxicam

C14 H13 N3 O4 S2

351.40

4-Hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)-2H-1,2-benzothiazine-3-carboxamide 1,1dioxide
[71125-38-7].
DEFINITION
Change to read:
Meloxicam contains NLT 99.0% and NMT 100.5%
NLT 98.0% and NMT 102.0% USP39
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of meloxicam (C14 H13 N3 O4 S2 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
• B. Ultraviolet Absorption 197U
Wavelength range: 240–450 nm
Sample solution: 10 µg/mL in methanol

USP39

Add the following:
• B. The retention time of the meloxicam peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. USP39
ASSAY
Change to read:
• Procedure
Solution A: Mixture of a 0.1% (w/v) solution of ammonium acetate adjusted with 10%
ammonia solution to a pH of 9.1
Mobile phase: Methanol and Solution A (21:29)
Diluent: Methanol and 1 N sodium hydroxide (250:1)
System suitability solution: 0.08 mg/mL each of USP Meloxicam RS and USP Meloxicam
Related Compound A RS prepared as follows. Dissolve USP Meloxicam RS and USP
Meloxicam Related Compound A RS in 50% of the flask volume of Diluent, and dilute with
water to volume.
Standard solution: 0.2 mg/mL of USP Meloxicam RS prepared as follows. Dissolve USP
Meloxicam RS in 50% of the flask volume of Diluent, and dilute with water to volume.
Sample solution: 0.2 mg/mL of Meloxicam prepared as follows. Dissolve Meloxicam in 50%
of the flask volume of Diluent, and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 360 nm
Column: 4.6-mm × 15-cm;
5-µm USP39
packing L1
Column temperature: 45
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution
and Standard solution USP39
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[Note—The relative retention times for meloxicam related compound A and meloxicam are 0.7
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 3.0 between meloxicam related compound A and meloxicam,
System suitability solution USP39
Tailing factor: NMT 2.0 for the meloxicam peak,
System suitability solution USP39
Relative standard deviation: NMT 2.0%
0.73%, Standard solution USP39
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of meloxicam (C14 H13 N3 O4 S2 ) in the portion of Meloxicam taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of meloxicam from the Sample solution
rS= peak response of meloxicam from the Standard solution
C=
S concentration of USP Meloxicam RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 99.0%–100.5%
98.0%–102.0% USP39
on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

Change to read:
• Organic Impurities, Procedure 1
Perform either Procedure 1 or Procedure 2, depending on the manufacturing process used.
Solution A: 0.1% (w/v) solution of monobasic potassium phosphate adjusted with 1 N
sodium hydroxide to a pH of 6.0
Solution B: Methanol
Diluent: Methanol and 1 N sodium hydroxide (50:3)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
60
40
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2
60
40
10
30
70
15
30
70
15.1
60
40
18
60
40
System suitability solution: 0.08 mg/mL each of USP Meloxicam RS, USP Meloxicam
Related Compound A RS, and USP Meloxicam Related Compound B RS prepared as follows.
Dissolve USP Meloxicam RS, USP Meloxicam Related Compound A RS, and USP Meloxicam
Related Compound B RS in 10% of the flask volume of Diluent, and dilute with water to
volume.
Standard stock solution: 0.6 mg/mL of USP Meloxicam RS prepared as follows. Dissolve
USP Meloxicam RS in 25% of the flask volume of Diluent, and dilute with methanol to
volume.
Standard solution: 0.012 mg/mL of USP Meloxicam RS in methanol from the Standard
stock solution
Sample solution: 4 mg/mL of Meloxicam prepared as follows. Dissolve Meloxicam in 25% of
the flask volume of Diluent, and dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 and 350 nm (variable wavelength or multi-wavelength detector)
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 45
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times are listed in Table 2.]
Suitability requirements
Resolution: NLT 3.0 between meloxicam related compound A and meloxicam at 350 nm;
NLT 3.0 between meloxicam related compound B and meloxicam at 260 nm, System
suitability solution
Relative standard deviation: NMT 10%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Meloxicam taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of meloxicam at 350 nm from the Standard solution
C=
S concentration of USP Meloxicam RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
F= relative response factor (see Table 2)
[Note—For the specified impurities, calculate the percentage content of each impurity,
using the peak responses from the Sample solution recorded at the detection wavelength
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given in Table 2. For an unknown impurity, calculate the percentage content, using peak
responses recorded at the wavelength that gives the greater response.]
Acceptance criteria: See Table 2.

Name
Meloxicam related compound Ba
Meloxicam
Meloxicam related compound Ab
Methyl-meloxicamc
Ethyl-meloxicamd
Individual unknown impurity
Total impurities
a 2-Amino-5-methyl-thiazole.
5-Methylthiazol-2-amine. USP39

Table 2
Relative
Retention Wavelength
Time
(nm)
0.4
1.0
1.4
1.7
1.9
—
—

260
—
350
350
350
260/350
—

Relative
Response
Factor
1.0
—
0.5
1.0
1.0
1.0
—

Acceptance
Criteria,
NMT (%)
0.1
—
0.1
0.05
0.05
0.1
0.3

b 4-Hydroxy-2-methyl-2H-1,2-benzothiazine-3-carboxylic acid ethylester 1,1-dioxide.
Ethyl 4-hydroxy-2-methyl-2H-1,2-benzothiazine-3-carboxylate 1,1-dioxide. USP39
c N-[3,5-Dimethylthiazol-2(3H]-ylidene)-4-hydroxy-2-methyl-2H-benzo[e][1,2]thiazine-3carboxamide 1,1-dioxide.
d N-[3-Ethyl-5-methylthiazol-2(3H)-ylidene]-4-hydroxy-2-methyl-2H-benzo[e][1,2]thiazine-3carboxamide 1,1-dioxide.
Change to read:
• Organic Impurities, Procedure 2
If an article complies with this test, the labeling indicates that it meets the requirements
under Organic Impurities, Procedure 2.
Solution A and Solution B: Proceed as directed in Procedure 1.
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
45
55
25
45
55
30
30
70
40
30
70
45
45
55
50
45
55
Diluent A: Diluent B and 0.4 N sodium hydroxide (50:3)
Diluent B: Methanol and water (2:3)
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Standard stock solution A: 0.01 mg/mL of USP Meloxicam RS prepared as follows. Dilute a
solution of 0.05 mg/mL of USP Meloxicam RS in Diluent A with Diluent B.
Standard stock solution B: 0.05 mg/mL each of USP Meloxicam Related Compound B RS
and USP Meloxicam Related Compound C RS prepared as follows. Transfer suitable
amounts of USP Meloxicam Related Compound B RS and USP Meloxicam Related Compound
C RS to an adequate volumetric flask. Add 0.4 N sodium hydroxide to 6% of the flask
volume, and sonicate for 2 min. Add an additional 40% of the flask volume of methanol,
sonicate for 2 min, and dilute with water to volume.
Standard solution: 0.001 mg/mL of USP Meloxicam RS and 0.005 mg/mL
0.0015 mg/mL USP39
each of USP Meloxicam Related Compound B RS and USP Meloxicam Related Compound C RS
prepared as follows. Transfer suitable volumes of Standard stock solution A and Standard stock
solution B to an adequate volumetric flask, and dilute with Diluent B to volume.
Sample solution: 1 mg/mL of Meloxicam prepared as follows. Dissolve a suitable amount of
Meloxicam with 50% of the flask volume of Diluent A, and dilute with Diluent B to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV variable wavelength or multi-wavelength detector at 260 and 350 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 45
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times are listed in Table 4.]
Suitability requirements
Relative standard deviation: NMT 5.0% for meloxicam related compound C at 350 nm and
NMT 5.0% for meloxicam related compound B at 260 nm
for meloxicam, meloxicam related compound B, and meloxicam related compound C USP39
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Meloxicam taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of the corresponding related compound from the Standard solution
C=
S concentration of the corresponding USP Related Compound RS in the Standard solution
(mg/mL). [Note—Use the concentration of USP Meloxicam RS for unknown impurities.]
C=
U concentration of the Sample solution (mg/mL)
[Note—Use the peak response and concentration of USP Meloxicam RS for unknown impurities;
for the specified impurities, calculate the percentage content of each impurity using the
Sample solution peak responses recorded at the detection wavelength given in Table 4. For an
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unknown impurity, calculate the percentage content using peak responses recorded at the
wavelength that gives the greater response.]
Acceptance criteria: See Table 4.
Table 4
Relative
Acceptance
Retention Wavelength
Criteria,
Name
Time
(nm)
NMT (%)
260/350
350 USP39
Meloxicam
1.0
a
— Meloxicam related compound B 0.8 260 0.1 Meloxicam related compound Cb 3.2 350 0.1
Individual unknown impurity — 260/350 0.1 Total impurities — — 0.3
a 2-Amino-5-methyl-thiazole.
5-Methylthiazol-2-amine. USP39
b Isopropyl-4-hydroxy-2-methyl-2H-1,2-benzothiazine-3-carboxylate-1,1-dioxide.
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• Labeling: The labeling states with which Procedure under Organic Impurities the article
complies if a test other than Procedure 1 is used.
Change to read:
• USP Reference Standards 11
USP Meloxicam RS
USP Meloxicam Related Compound A RS
4-Hydroxy-2-methyl-2H-1,2-benzothiazine-3-carboxylic acid ethylester 1,1-dioxide.
Ethyl 4-hydroxy-2-methyl-2H-1,2-benzothiazine-3-carboxylate 1,1-dioxide.
C12 H13 NO5 S
283.30 USP39
USP Meloxicam Related Compound B RS
2-Amino-5-methyl-thiazole.
5-Methylthiazol-2-amine.
C4 H6 N2 S
114.175 USP39
USP Meloxicam Related Compound C RS
Isopropyl-4-hydroxy-2-methyl-2H-1,2-benzothiazine-3-carboxylate-1,1-dioxide.
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297.33

USP39

BRIEFING
Mesalamine, USP 37 page 3714. On the basis of comments received, the following revisions
are being proposed:
1.
Replace the UV test in Identification test B with a retention time agreement test as
obtained in the Assay, and delete Identification test C as the remaining identification
tests are sufficient to ensure the identity of the article.
2.
Revise the Definition and the Acceptance criteria in the Assay from 98.5%–101.5% to
98.0%–102.0%, which is typical for a chromatographic assay.
3.
Tighten the Relative standard deviation from 2.0% to 0.73% in the Assay to be
consistent with the requirements in Chromatography 621 , System Suitability.
4.
In the Assay, clarify the type of tetrabutylammonium hydroxide used in the Buffer
preparation, and add column packing particle size based on the validated method.
5.
Delete the tests for Hydrogen Sulfide and Sulfur Dioxide and Clarity of Solution. The
remaining tests are sufficient to ensure quality and purity.
6.
Allow sample filtration in the test for Chloride and Sulfate, Sulfate.
7.
Revise the titles of the tests for 3-Aminosalicylic Acid and Other Related Impurities and
Aniline, 2-Aminophenol, and 4-Aminophenol to be consistent with the current USP
style.
8.
Add a Relative standard deviation requirement to the System suitability in the test for
Content of 3-Aminosalicylic Acid and Other Related Impurities to ensure the
suitability of the chromatographic system.
9.
Clarify the Resolution requirement and add a Relative standard deviation requirement to
the System suitability in the test for Content of Aniline, 2-Aminophenol, and 4Aminophenol to ensure the suitability of the chromatographic system.
10.
Replace the 4-aminophenol reagent with USP 4-Aminophenol RS in the test for Content
of Aniline, 2-Aminophenol, and 4-Aminophenol, and add USP 4-Aminophenol RS to the
USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: H. Cai.)
Correspondence Number—C145500

Comment deadline: January 31, 2015
Mesalamine
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153.14

Benzoic acid, 5-amino-2-hydroxy-;
5-Aminosalicylic acid
[89-57-6].
DEFINITION
Change to read:
Mesalamine contains NLT 98.5% and NMT 101.5%
NLT 98.0% and NMT 102.0% USP39
of mesalamine (C7 H7 NO3 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
• B. Ultraviolet Absorption 197U
Solution: 12 µg/mL
Medium: 0.1 N hydrochloric acid
Acceptance criteria: Absorptivities at 230 nm do not differ by more than 3.0%.

USP39

Delete the following:
• C.
Analysis: Dissolve about 100 mg of Mesalamine in 5 mL of 0.1 N hydrochloric acid, and add
1 drop of ferric chloride TS.
Acceptance criteria: A purplish-violet color is produced. USP39

Add the following:
• B. The retention time of the mesalamine peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. USP39
ASSAY
Change to read:
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• Procedure
Buffer: Transfer 7.1 g of anhydrous dibasic sodium phosphate and 6.9 g of monobasic
sodium phosphate to a 1000-mL volumetric flask, add 500 mL of water, and swirl to
dissolve. Add 7.5 mL of a solution of tetrabutylammonium hydroxide
tetrabutylammonium hydroxide 30-hydrate USP39
in methanol (1 in 4), dilute with water to volume, and mix.
Mobile phase: Methanol and Buffer (15:85)
System suitability solution: 0.25 mg/mL of 4-aminosalicylic acid and 0.4 mg/mL of USP
Mesalamine RS in Mobile phase
Standard stock solution: 1 mg/mL of USP Mesalamine RS in Mobile phase
Standard solution: 0.4 mg/mL of USP Mesalamine RS in Mobile phase from the Standard stock
solution
Sample stock solution: 1 mg/mL of Mesalamine in Mobile phase
Sample solution: 0.4 mg/mL of Mesalamine in Mobile phase from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm;
10-µm USP39
packing L1
Flow rate: 2 mL/min
Injection volume: 15 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between 4-aminosalicylic acid and mesalamine, System suitability
solution
Tailing factor: NMT 2.5, Standard solution
Relative standard deviation: NMT 2.0%
0.73%, USP39
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mesalamine (C7 H7 NO3 ) in the portion of Mesalamine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of mesalamine from the Sample solution
rS= peak response of mesalamine from the Standard solution
C=
S concentration of USP Mesalamine RS in the Standard solution (mg/mL)
C=
U concentration of Mesalamine in the Sample solution (mg/mL)
Acceptance criteria: 98.5%–101.5%
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USP39

on the dried basis
IMPURITIES
• Chloride and Sulfate, Chloride 221
Sample solution: Disperse 500 mg in 40 mL of water, sonicate for 5 min, and filter the
dispersion. Use the filtrate.
Analysis: Add 1 mL of nitric acid to the Sample solution.
Acceptance criteria: No more chloride than corresponds to 0.7 mL of 0.020 N hydrochloric
acid (0.1%)
Change to read:
• Chloride and Sulfate, Sulfate 221
Sample solution: 500 mg
Dissolve 500 mg in water. Filter if necessary. Use the filtrate.

USP39

Acceptance criteria: The Sample solution shows no more sulfate than corresponds to 1.0 mL
of 0.02 N sulfuric acid (0.2%).
• Heavy Metals, Method II

231 : NMT 0.002%

• Residue on Ignition 281 : NMT 0.2%
Delete the following:
• Hydrogen Sulfide and Sulfur Dioxide
Analysis: Dissolve about 500 mg in 5 mL of 1 N sodium hydroxide, add 6 mL of 3 N
hydrochloric acid, and stir vigorously. Hold a piece of moistened lead acetate test paper
over the mixture.
Acceptance criteria: The test paper so obtained does not become discolored. USP39

Change to read:
•
Content of USP39
3-Aminosalicylic Acid and Other Related Impurities
[Note—Use this test to measure 3-aminosalicylic acid and other related impurities not measured
in the test for
Content of USP39
Aniline, 2-Aminophenol, and 4-Aminophenol.]
Mobile phase: Dissolve 1.36 g of monobasic potassium phosphate and 2.2 g of sodium 1octanesulfonate in 890 mL of water, and adjust with phosphoric acid to a pH of 2.2. Pass
through a filter of 0.5-µm or finer pore size. To the filtrate add 80 mL of methanol and 30 mL
of acetonitrile.
Standard solution: 1 µg/mL each of USP Mesalamine RS and 3-aminosalicylic acid in Mobile
phase
Sample solution: 0.5 mg/mL of Mesalamine in Mobile phase. Initially add about 75% of the final
volume of Mobile phase, and sonicate briefly to dissolve. Dilute with Mobile phase to volume,
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and mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 20 µL
Run time: 3 times the retention time of mesalamine
System suitability
Sample: Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2 between mesalamine and 3-aminosalicylic acid
Relative standard deviation: NMT 5.0% for both mesalamine and 3-aminosalicylic acid
USP39

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 3-aminosalicylic acid:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of 3-aminosalicylic acid from the Sample solution
rS= peak response of 3-aminosalicylic acid from the Standard solution
C=
S concentration of 3-aminosalicylic acid in the Standard solution (µg/mL)
C=
U concentration of Mesalamine in the Sample solution (µg/mL)
Calculate the percentage of any other impurity:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual impurity from the Sample solution
rS= peak response of mesalamine from the Standard solution
C=
S concentration of USP Mesalamine RS in the Standard solution (µg/mL)
C=
U concentration of Mesalamine in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Mesalamine
1.0
—
3-Aminosalicylic acid
1.3
0.2
Any other impurity
—
0.2
Total impurities
—
1.0
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Change to read:
•
Content of USP39
Aniline, 2-Aminophenol, and 4-Aminophenol
Standard stock solution: 0.05 mg/mL of aniline, 2 mg/mL of 2-aminophenol, and 2 mg/mL of 4aminophenol
USP 4-Aminophenol RS USP39
in methanol
Standard solution: 0.5 µg/mL of aniline, 20 µg/mL of 2-aminophenol, and 20 µg/mL of 4aminophenol
USP 4-Aminophenol RS USP39
from the Standard stock solution in methylene chloride
Sample solution: 100 mg/mL of Mesalamine in methylene chloride. Allow to settle, and use the
clear methylene chloride solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 10-m fused-silica capillary; 2.65-µm film of G27
Temperatures
Injection port: 280
Detector: 300
Column: See Table 2.
Table 2
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
70
—
70
2
70
30
150
1
Carrier gas: Helium
Flow rate: 15 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
[Note—See Table 3 for the relative retention times.]
Suitability requirements
Resolution: The peaks are baseline separated.
NLT 2.0 between aniline and 2-aminophenol; NLT 2.0 between 2-aminophenol and 4aminophenol
Relative standard deviation: NMT 10.0% for aniline, 2-aminophenol, and 4-aminophenol
USP39

Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of aniline, 2-aminophenol, and 4-aminophenol in the portion of
Mesalamine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of aniline, 2-aminophenol, or 4-aminophenol from the Sample solution
rS= peak response of aniline, 2-aminophenol, or 4-aminophenol from the Standard solution
C=
S concentration of aniline, 2-aminophenol, or 4-aminophenol
USP 4-Aminophenol RS USP39
in the Standard solution (µg/mL) CU= concentration of Mesalamine in the Sample solution
(µg/mL)
Acceptance criteria: See Table 3.
Table 3
Relative
Retention
Name
Time
Aniline
0.5
2-Aminophenol
0.9
4-Aminophenol
1.0

Acceptance
Criteria,
NMT (%)
0.0005
0.02
0.02

SPECIFIC TESTS
Delete the following:
• Clarity of Solution
Sample solution: Freshly prepare a solution of 0.25 g of Mesalamine in 10 mL of 1 N
hydrochloric acid.
Acceptance criteria: The Sample solution is clear. USP39

• Loss on Drying 731
Analysis: Dry under vacuum at 105 for 3 h.
Acceptance criteria: NMT 0.5%
• pH 791
Sample: A suspension (1 in 40)
Acceptance criteria: 3.5–4.5
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP 4-Aminophenol RS
4-Aminophenol.
C6 H7 NO
109.13 USP39
USP Mesalamine RS
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BRIEFING
Metolazone Compounded Oral Suspension, USP 37 page 3807. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Metolazone
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Metolazone
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of metolazone
(C16 H16 ClN3 O3 S).
Prepare Metolazone
Compounded USP39
Oral Suspension 1 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations
Metolazone

795 ).

Vehicle: a 1:1 mixture of Vehicle for Oral Solution, (regular or sugar-free), NF, and
Vehicle for Oral Suspension, NF, a sufficient quantity to make

100
mg
100
mL

Place the required number of tablets in a suitable mortar and comminute to a fine powder, or
use Metolazone powder. Add 20 mL of Vehicle, and mix to a uniform paste. Add the Vehicle in
small portions, and transfer the contents of the mortar, stepwise and quantitatively, to a
calibrated bottle. Add Vehicle in portions to rinse the mortar, then add sufficient Vehicle to
bring to final volume, and mix well.
ASSAY

PF 40(6): Nov.-Dec. 2014

540

• Procedure
Mobile phase: Methanol and water (70:30) containing 1.5 g/L of ammonium acetate and 1
mL/L of diisopropylamine. Filter, and degas.
Standard solution: 1.0 µg/mL of USP Metolazone RS
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix on a vortex mixer for 30 s. Pipet 1.0 mL of the sample to a 1000-mL volumetric flask,
and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 20-cm; 5-µm packing L3
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for metolazone is about 6.0 min.]
Suitability requirements
Relative standard deviation: NMT 2.2% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metolazone (C16 H16 ClN3 O3 S) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of metolazone in the Standard solution (µg/mL)
C=
U nominal concentration of metolazone in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.6–4.6

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature, or in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded
when stored at controlled room temperature, or in a cold place USP39
• Labeling: Label it to state that it is to be well shaken, and to state the Beyond-Use Date.
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BRIEFING

Metoprolol Tartrate Compounded Oral Solution, USP 37 page 3813. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Metoprolol Tartrate
Compounded USP39
Oral Solution
DEFINITION
Change to read:
Metoprolol Tartrate
Compounded USP39
Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of metoprolol
tartrate [(C15 H25 NO3 )2 ·C4 H6 O6 ].
Prepare Metoprolol Tartrate
Compounded USP39
Oral Solution 10 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile Preparations
795 ).
Metoprolol Tartrate powder
1g
Vehicle for Oral Solution (regular or sugar-free), NF, a sufficient quantity to make 100 mL
Add Metoprolol Tartrate powder and 20 mL of Vehicle to a mortar, and mix. Add the Vehicle in
small portions almost to volume, and mix thoroughly after each addition. Transfer the contents
of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough Vehicle to bring
to final volume, and mix well.
ASSAY
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• Procedure
Mobile phase: 961 mg of 1-pentanesulfonic acid sodium salt (monohydrate) and 82 mg of
anhydrous sodium acetate in a mixture of 550 mL of methanol and 470 mL of water. Add
0.57 mL of glacial acetic acid. Filter, and degas.
Standard solution: 100 µg/mL of USP Metoprolol Tartrate RS
Sample solution: Agitate the container of Oral Solution for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix on a vortex mixer for 30 s. Pipet 1.0 mL of the sample to a 100-mL volumetric flask,
and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for metoprolol tartrate is about 7.3 min.]
Suitability requirements
Relative standard deviation: NMT 1.3% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of metoprolol tartrate [(C15 H25 NO3 )2 ·C4 H6 O6 ] in the portion of
Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of metoprolol tartrate in the Standard solution (µg/mL)
C=
U nominal concentration of metoprolol tartrate in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.6–4.6

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded
when stored at controlled room temperature or in a cold place USP39
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• Labeling: Label it to state the Beyond-Use Date.
• USP Reference Standards 11
USP Metoprolol Tartrate RS
BRIEFING
Metoprolol Tartrate Compounded Oral Suspension, USP 37 page 3814. The Compounding
Expert Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to
revise the title of this and other compounded monographs to identify that it is a
compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 published in USP 38–NF 33. A list
of all compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Metoprolol Tartrate
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Metoprolol Tartrate
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of metoprolol
tartrate [(C15 H25 NO3 )2 ·C4 H6 O6 ].
Prepare Metoprolol Tartrate
Compounded USP39
Oral Suspension 10 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Metoprolol Tartrate
1g
Vehicle: a 1:1 mixture of Vehicle for Oral Solution, (regular or sugar-free), NF, and Vehicle 100
for Oral Suspension, NF, a sufficient quantity to make
mL
Place the required number of tablets in a suitable mortar, and comminute to a fine powder, or
use Metoprolol Tartrate powder. Add the Vehicle in small portions, and mix well. Transfer the
contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add the Vehicle in
portions to rinse the mortar. Add sufficient Vehicle to bring to final volume, and mix well.
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ASSAY
• Procedure
Mobile phase: 961 mg of 1-pentanesulfonic acid sodium salt (monohydrate) and 82 mg of
anhydrous sodium acetate in a mixture of 550 mL of methanol and 470 mL of water. Add
0.57 mL of glacial acetic acid. Filter, and degas.
Standard solution: 100 µg/mL of USP Metoprolol Tartrate RS
Sample solution: Agitate the container of Oral Suspension for 30 min on a rotating mixer,
remove a 5-mL sample, and store in a clear glass vial at 70 until analyzed. At the time
of analysis, remove the sample from the freezer, allow it to reach room temperature, and
mix with a vortex mixer for 30 s. Pipet 1.0 mL of the sample to a 100-mL volumetric flask,
and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for metoprolol tartrate is about 7.3 min.]
Suitability requirements
Relative standard deviation: NMT 1.3% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of metoprolol tartrate [(C15 H25 NO3 )2 ·C4 H6 O6 ] in the portion of
Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of metoprolol tartrate in the Standard solution (µg/mL)
C=
U nominal concentration of metoprolol tartrate in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.6–4.6

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature, or in a cold place.
Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded
when stored at controlled room temperature, or in a cold place USP39
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• Labeling: Label it to state that it is to be well shaken, and to state the Beyond-Use Date.
• USP Reference Standards 11
USP Metoprolol Tartrate RS
BRIEFING
Minoxidil Topical Solution, USP 37 page 3848. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1.
Replace the HPLC procedure in the Assay with a validated stability-indicating UHPLC
procedure. The proposed procedure is based on analyses performed with the Acquity
UPLC BEH Shield RP18 brand of L1 column. The typical retention time for minoxidil is
about 7 min.
2.
Add the test for Organic Impurities to the monograph. The proposed procedure uses
the same chromatographic system as the Assay procedure to be operationally
efficient.
3.
Add Acceptance criteria for unspecified impurities based on ICH guidelines.
Manufacturers are strongly encouraged to submit their approved specifications to
USP if they are different from those proposed in this revision.
4.
Add USP Minoxidil Related Compound E RS to the USP Reference Standards section to
support the proposed revision to the Assay and the test for Organic Impurities
procedure.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM2: G. Hsu.)
Correspondence Number—C131423

Comment deadline: January 31, 2015
Minoxidil Topical Solution
DEFINITION
Minoxidil Topical Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
minoxidil (C9 H15 N5 O).
IDENTIFICATION
• A. Infrared Absorption 197M
Sample: Evaporate 1 mL of the Topical Solution under a stream of nitrogen while heating
at 50 .
Acceptance criteria: Meets the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
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Mobile phase: Methanol, glacial acetic acid, and water (700:10:300). Add 3.0 g/L of
docusate sodium. Adjust with perchloric acid to a pH of 3.0.
Internal standard solution: 0.2 mg/mL of medroxyprogesterone acetate in Mobile phase
Standard solution: 0.25 mg/mL of USP Minoxidil RS in Internal standard solution
Sample stock solution: Equivalent to 10 mg/mL of minoxidil from Topical Solution in
Mobile phase
Sample solution: Mix 0.5 mL of Sample stock solution with 20.0 mL of Internal standard
solution.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the internal standard and minoxidil are 0.8 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between the internal standard and minoxidil
Relative standard deviation: NMT 2.0% from NLT four replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of minoxidil (C9 H15 N5 O) in the portion of Topical Solution taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of minoxidil to the internal standard from the Sample solution
R=
S peak response ratio of minoxidil to the internal standard from the Standard solution
C=
S concentration of USP Minoxidil RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (unit/mL)
Acceptance criteria: 90.0%–110.0%
Solution A: Add 0.65 mL of heptafluorobutyric acid to a 1000-mL volumetric flask. Dilute
with water to volume.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.0
100
0
10.0
60
40
10.1
100
0
15.0
100
0
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Diluent: Methanol and water (50:50)
System suitability solution: 0.4 mg/mL of USP Minoxidil RS and 0.001 mg/mL of USP
Minoxidil Related Compound E RS in Diluent
Standard solution: 0.05 mg/mL of USP Minoxidil RS in Diluent
Sample solution: Nominally 0.05 mg/mL of minoxidil in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: UHPLC
Detector: UV 280 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Column temperature: 35
Flow rate: 0.4 mL/min
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between minoxidil and minoxidil related compound E, System
suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of minoxidil (C9 H15 N5 O) in the portion of
Topical Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Minoxidil RS in the Standard solution (mg/mL)
CU
= nominal concentration of minoxidil in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

IMPURITIES
Add the following:
• Organic Impurities

USP39
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Solution A, Solution B, Mobile phase, Diluent, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.4 µg/mL of USP Minoxidil RS in Diluent
Sample solution: Nominally 0.4 mg/mL of minoxidil in Diluent. Pass through a suitable filter
of 0.2-µm pore size.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between minoxidil and minoxidil related compound E, System
suitability solution
Relative standard deviation: NMT 2.8%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each unspecified impurity in the portion of Topical Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of minoxidil from the Standard solution
C=
S concentration of USP Minoxidil RS in the Standard solution (mg/mL)
C=
U nominal concentration of minoxidil in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.05%.
Table 2

Name
Minoxidil related compound A (pyrimidine oxide analog)a,b
Pyrimidine analogc,b
Minoxidil
Minoxidil related compound E (deoxyminoxidil)d,b
Individual unspecified impurity
Total impurities
a 2,6-Diamino-4-chloropyrimidine 1-oxide.

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
—
0.36
—
0.51
1.00
—
—
1.03
—
0.2
—
2.0

b Process impurity included in the table for identification only. Process impurities are controlled
in the drug substance, and are not to be reported or included in the total impurities for the
drug product.
c 6-Chloropyrimidine-2,4-diamine.
d 6-(Piperidin-1-yl)pyrimidine-2,4-diamine.
USP39
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Minoxidil RS
USP Minoxidil Related Compound E RS
6-(Piperidin-1-yl)pyrimidine-2,4-diamine.
C9 H15 N5
193.25
USP39

BRIEFING
Morphine Sulfate Compounded Suppositories, USP 37 page 3887. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Morphine Sulfate
Compounded USP39
Suppositories
DEFINITION
Change to read:
Morphine Sulfate
Compounded USP39
Suppositories contain NLT 90.0% and NMT 110.0% of the labeled amount of morphine sulfate
pentahydrate [(C17 H19 NO3 )2 ·H2 SO4 ·5H2 O].
Prepare Morphine Sulfate
Compounded USP39
Suppositories in Fatty Acid Base or Polyethylene Glycol Base as follows (see Pharmaceutical
Compounding—Nonsterile Preparations

795 ).
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Morphine Sulfate
50 mg
Silica Gel
25 mg
Fatty Acid Base or Polyethylene Glycol Base, a sufficient quantity to make 1 suppository
Calibrate the actual molds with the Base that is used for preparing the Suppositories, and
adjust the formula accordingly. Thoroughly mix the Morphine Sulfate and Silica Gel to obtain a
uniform powder. Heat the Base slowly and evenly until melted. Slowly add the powder to the
melted Base with stirring. Mix thoroughly, and pour into molds. Cool, trim, and wrap.
ASSAY
• Suppositories in Fatty Acid Base
Mobile phase: Dissolve 5.5 g of sodium 1-heptanesulfonate in 700 mL of water, and add
300 mL of methanol and 10 mL of glacial acetic acid. Filter and degas.
System suitability solution: 0.24 mg/mL of USP Morphine Sulfate RS and 0.15 mg/mL of
phenol in Mobile phase
Standard solution: 0.5 mg/mL of USP Morphine Sulfate RS in Mobile phase. Prepare a fresh
solution daily.
Sample solution: Transfer 1 Suppository to a 60-mL separator containing 20 mL of
chloroform and 20 mL of 0.01 N hydrochloric acid, and shake to dissolve the Suppository.
Transfer the chloroform layer to a 250-mL separator. Extract the aqueous layer with a
second 20-mL portion of chloroform, and combine the chloroform extracts in the 250-mL
separator. Wash the chloroform extracts with two additional 20-mL portions of 0.01 N
hydrochloric acid, combine the aqueous layers in a 100-mL volumetric flask, dilute with
Mobile phase to volume, and mix. Pass through a filter of 0.45-µm or finer pore size,
discarding the first 4 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 284 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for phenol and morphine sulfate are about 0.7 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between phenol and morphine sulfate, System suitability solution
Tailing factor: NMT 2.0 for the morphine sulfate peak
Relative standard deviation: NMT 2.0% for replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of morphine sulfate pentahydrate
[(C17 H19 NO3 )2 ·H2 SO4 ·5H2 O] in the Suppository:
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Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of morphine sulfate in the Standard solution (mg/mL) (corrected for
moisture content by titrimetric determination)
CU= nominal concentration of morphine sulfate in the Sample solution (mg/mL)
Mr1
= molecular weight of morphine sulfate pentahydrate, 758.83
Mr2
= molecular weight of anhydrous morphine sulfate, 668.77
Acceptance criteria: 90.0%–110.0%
• Suppositories in Polyethylene Glycol Base
Mobile phase, System suitability solution, Standard solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay for Suppositories in
Fatty Acid Base.
Sample solution: Transfer 1 Suppository to a 100-mL volumetric flask, and add 70 mL of
Mobile phase. Sonicate for 15 min to dissolve the Suppository, cool, dilute with Mobile
phase to volume, and mix. Pass a 10-mL portion of the solution through a filter of 0.45-µm
or finer pore size, discarding the first 4 mL of filtrate.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of morphine sulfate pentahydrate
[(C17 H19 NO3 )2 ·H2 SO4 ·5H2 O] in the Suppository:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of morphine sulfate in the Standard solution (mg/mL) (corrected for
moisture content by titrimetric determination)
CU= nominal concentration of morphine sulfate in the Sample solution (mg/mL)
Mr1
= molecular weight of morphine sulfate pentahydrate, 758.83
Mr2
= molecular weight of anhydrous morphine sulfate, 668.77
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meet the requirements for Weight Variation

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight containers, and store in a refrigerator. Do not
dispense or store Polyethylene Glycol Base Suppositories in polystyrene containers.
Change to read:
• Beyond-Use Date: NMT 90 days after the date on which they were compounded
when stored in a refrigerator USP39
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Change to read:
• Labeling: Label Morphine Sulfate Suppositories to state whether they are in a Fatty Acid
Base or in a Polyethylene Glycol Base. Label to indicate that they are for rectal use only.
Label to state that they are to be stored in a refrigerator. The label also bears a warning
that the Suppositories are a specially formulated strength to be used only by the patient
for whom they were prescribed, and that wrappers are to be removed before use.
Label it to state the Beyond-Use Date. USP39

• USP Reference Standards
USP Morphine Sulfate RS

11
BRIEFING

Naratriptan Compounded Oral Suspension, USP 37 page 3936. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Naratriptan Hydrochloride
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Naratriptan Hydrochloride
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled content of naratriptan
hydrochloride
USP39

(C17 H25 N3 O2 S·HCl
USP39

). Prepare Naratriptan Hydrochloride
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Compounded USP39
Oral Suspension (0.55 mg/mL) equivalent to
containing USP39
0.5 mg/mL of Naratriptan as follows (see Pharmaceutical Compounding—Nonsterile
Preparations

795 ).
Naratriptan (as
Naratriptan USP39

Hydrochloride) 50 mg (55 mg) Vehicle: a 1:1 mixture of Vehicle for Oral Solution, NF (regular or
sugar-free), and Vehicle for Oral Suspension, NF, a sufficient quantity to make 100 mL
Calculate the required quantity of each ingredient for the total amount to be prepared. If using
tablets, place the required number of tablets in a suitable mortar, and comminute the tablets to
a fine powder or add Naratriptan Hydrochloride powder. Add the Vehicle in small portions and
triturate to make a smooth paste. Add increasing volumes of the Vehicle to make a naratriptan
hydrochloride
USP39

suspension that is pourable. Transfer the contents of the mortar, stepwise and quantitatively,
to a calibrated bottle. Add enough of the Vehicle to bring to final volume, and mix well.
ASSAY
Change to read:
• Procedure
Mobile phase: 2-propanol and 12 mM triethylamine phosphate buffer (1:10). Make
adjustments if necessary.
Standard stock solution: 0.5 mg/mL of USP Naratriptan Hydrochloride RS in Mobile phase
Standard solution: Transfer 1.0 mL of Standard stock solution to a 25-mL volumetric flask,
dilute with Mobile phase to volume to obtain a solution containing 20 µg/mL of naratriptan
hydrochloride, and pass through a suitable filter of 0.22-µm pore size.
Sample solution: Shake the Oral Suspension thoroughly by hand. Pipet 0.4 mL into a 10mL volumetric flask. Add 1 mL of 0.1 N sodium hydroxide solution by pipet, and sonicate
for 5 min. Dilute with Mobile phase to volume, and mix to obtain a nominal concentration
of 20 µg/mL of naratriptan. hydrochloride
USP39

Centrifuge, and pass the naratriptan hydrochloride
USP39

solution through a suitable filter of 0.22-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L11
Flow rate: 1.4 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
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Suitability requirements
Retention time: 9.7 min for the naratriptan peak
Relative standard deviation: NMT 4.9% for the replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of naratriptan hydrochloride
(C17 H25 N3 O2 S·HCl) in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU
rS
CS
CU

USP39

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of naratriptan hydrochloride in the Standard solution (µg/mL), on the
anhydrous basis
= nominal concentration of naratriptan hydrochloride
USP39

in the Sample solution (µg/mL)
= molecular weight of naratriptan, 335.47

Mr1
Mr2 = molecular weight of naratriptan hydrochloride, 371.93

USP39

Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.0–4.5

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or at controlled cold temperature
2 –8 .

USP39

Change to read:
• Beyond-Use Date: NMT 7 days after the date on which it was compounded when stored at
controlled room temperature, and NMT 90 days after the date on which it was compounded
if
when USP39
stored at controlled cold temperature
2 –8

USP39

• Labeling: Label it to state that it is to be well shaken before use, and to state the BeyondUse Date.
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• USP Reference Standards 11
USP Naratriptan Hydrochloride RS
BRIEFING
Omeprazole and Sodium Bicarbonate Compounded Oral Suspension, USP 37 page 4067.
The Compounding Expert Committee and the Nomenclature, Safety, and Labeling Expert
Committee propose to revise the title of this and other compounded monographs to identify
that it is a compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 published in USP 38–NF 33. A list
of all compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Omeprazole
and Sodium Bicarbonate Compounded
Oral Suspension

USP39

DEFINITION
Change to read:
Omeprazole
and Sodium Bicarbonate Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of omeprazole
(C17 H19 N3 O3 S).
Prepare Omeprazole
and Sodium Bicarbonate Compounded USP39
Oral Suspension 2 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Omeprazole and sodium bicarbonate for oral suspensiona equivalent to 200 mg and 16.8 g
Purified Water, USP, a sufficient quantity to make
100 mL
a Zegerid 20-mg/1680-mg powder for oral suspension, Santarus, San
Diego, CA.
Calculate the required quantity of each ingredient for the total amount to be prepared. Empty
the required number of packets in a suitable mortar. Add Purified Water in small portions, and
triturate to make a smooth paste. Add increasing volumes of Purified Water to make an
omeprazole liquid that is pourable. Transfer the contents of the mortar, stepwise and
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quantitatively, to a calibrated bottle. Add enough Purified Water to bring to final volume, and
mix well.
ASSAY
Change to read:
• Procedure
Solution A: 50 mM monobasic sodium phosphate buffer, adjusted to a pH of 8.5
with dilute sodium hydroxide (ERR 1-Jun-2014)
Mobile phase: Acetonitrile and Solution A (25:75). Filter and degas.
Standard stock solution: 1.0 mg/mL of USP Omeprazole RS in Mobile phase
Standard solution: 50 µg/mL prepared from Standard stock solution in Mobile phase
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 1.25 mL of
Oral Suspension into a 50-mL volumetric flask, and dilute with Mobile phase to volume to
obtain a solution with a nominal concentration of 50 µg/mL of omeprazole. Centrifuge.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 302 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Column temperature: 35
Flow rate: 1.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
[Note—The retention time for omeprazole is about 7.8 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of omeprazole (C17 H19 N3 O3 S) in the portion of
Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of omeprazole in the Standard solution (µg/mL)
C=
U nominal concentration of omeprazole in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 7.5–8.5
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ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature
2 –8 .

USP39

Change to read:
• Beyond-Use Date: NMT 45 days after the date on which it was compounded, when stored
at controlled cold temperature
2 –8

USP39

• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards
USP Omeprazole RS

11
BRIEFING

Ondansetron Compounded Oral Suspension, USP 37 page 4072. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Ondansetron Hydrochloride
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Ondansetron Hydrochloride
Compounded USP39
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Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of ondansetron
(C18 H19 N3 O), calculated on the anhydrous basis.
Prepare Ondansetron Hydrochloride
Compounded USP39
Oral Suspension containing 1.0 mg/mL of ondansetron hydrochloride (dihydrate) equivalent to
0.8 mg/mL of ondansetron as follows (see Pharmaceutical Compounding—Nonsterile
Preparations

795 ).
Ondansetron (as
ondansetron USP39

hydrochloride dihydrate) 80 mg (100 mg) Vehicle: a 1:1 mixture of Vehicle for Oral Solution
(regular or sugar-free), NF, and Vehicle for Oral Suspension, NF, a sufficient quantity to make
100 mL
Place the required number of tablets in a suitable glass mortar, and comminute to a fine
powder, or add Ondansetron hydrochloride powder. Add 50 mL of the Vehicle in 5-mL portions,
and mix well with each addition. Transfer the contents of the mortar, stepwise and
quantitatively, to a calibrated bottle. Add sufficient Vehicle to bring the preparation to final
volume, and mix well.
ASSAY
• Procedure
Mobile phase: 43 mM of monobasic potassium phosphate buffer adjusted with a mixture of
1 N sodium hydroxide and acetonitrile (85:15) to a pH of 5.4
Standard solution: Dissolve USP Ondansetron Hydrochloride RS in Mobile phase to obtain a
solution with a nominal concentration of 4 µg/mL of ondansetron.
Sample solution: Bring each bottle of Oral Suspension to room temperature. Pipet 500 µL
of Oral Suspension from each bottle into a 100-mL volumetric flask, and dilute with Mobile
phase to volume. Pass through a filter of 0.45-µm pore size, and keep frozen at
assayed.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 216 nm
Columns
Guard: 3.9-mm × 20-cm; 4-µm packing L10
Analytical: 4.6-mm × 25-cm; 5-µm packing L10
Flow rate: 1 mL/min
Injection volume: 80 µL
System suitability
Sample: Standard solution
[Note—The retention time for ondansetron is about 30 min.]
Suitability requirements
Relative standard deviation: NMT 1.6% for replicate injections
Analysis
Samples: Standard solution and Sample solution

70 until
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Calculate the percentage of the labeled amount of ondansetron (C18 H19 N3 O) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of ondansetron in the Standard solution (µg/mL)
C=
U nominal concentration of ondansetron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0% on the anhydrous basis
SPECIFIC TESTS
• pH

791 : 3.6–4.6

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature, or in a cold place.
Change to read:
• Beyond-Use Date: NMT 42 days after the date on which it was compounded
when stored at controlled room temperature or in a cold place USP39
• Labeling: Label it to state that it is to be well shaken before use, and to state the BeyondUse Date. Label to indicate that it contains 1 mg/mL of ondansetron hydrochloride
(dihydrate) equivalent to 0.8 mg/mL of ondansetron.
• USP Reference Standards 11
USP Ondansetron Hydrochloride RS
BRIEFING
Oxacillin Sodium, USP 37 page 4097. As part of USP modernization efforts, the following
revisions based on validated methods of analysis are proposed.
1.
An Identification test based on infrared absorption is added to the monograph to
strengthen the standard. This test is designated as test A. The other two
identification tests are revised to designate them as tests B and C.
2.
A test for Organic Impurities is added to the monograph. The Assay is replaced with a
different validated procedure that is similar to the test for Organic Impurities.
3.
The liquid chromatographic procedure in the Assay and the test for Organic Impurities is
based on analyses performed with the Zorbax SB-C18 brand of L1 column. The Luna
C18(2) and XBridge C18 brands of L1 column are also suitable for these procedures.
The typical retention time for oxacillin is about 13 min in the Assay and about 23 min
in the test for Organic Impurities.
4.
The Sterility Tests section is revised to make it more flexible.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM1: A. Wise.)
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Correspondence Number—C134381

Comment deadline: January 31, 2015
Oxacillin Sodium

C19 H18 N3 NaO5 S·H2 O

441.43

4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 3,3-dimethyl-6-[[(5-methyl-3-phenyl-4isoxazolyl)-carbonyl]amino]-7-oxo-, monosodium salt, monohydrate, [2S-(2 ,5 ,6 )]-;
Monosodium (2S,5R,6R)-3,3-dimethyl-6-(5-methyl-3-phenyl-4-isoxazolecarboxamido)-7-oxo-4thia-1-azabicyclo[3.2.0]heptane-2-carboxylate monohydrate
[7240-38-2].
Anhydrous
C19 H18 N3 NaO5 S
423.43
[1173-88-2].
DEFINITION
Oxacillin Sodium contains the equivalent of NLT 815 µg/mg and NMT 950 µg/mg of oxacillin
(C19 H19 N3 O5 S).
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197K

USP39

Change to read:
• A.
B. USP39
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Change to read:
• B.
C. USP39
Identification Tests—General, Sodium
ASSAY
Change to read:
• Procedure

191 : Meets the requirements
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Buffer: 2.7 g/L of monobasic potassium phosphate
Mobile phase: Acetonitrile, methanol and Buffer (300:100:700)
Standard solution: 0.11 mg/mL of USP Oxacillin Sodium RS. Use this solution on the day
prepared.
Sample solution: 0.11 mg/mL of Oxacillin Sodium. Stir with a magnetic stirrer for 5 min to
aid dissolution. Use this solution on the day prepared.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 225 nm
Column: 4-mm × 30-cm; packing L11
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 1.6
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of oxacillin (C19 H19 N3 O5 S) in the portion of Oxacillin
Sodium taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Oxacillin Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Oxacillin Sodium in the Sample solution (mg/mL)
P= potency of oxacillin in USP Oxacillin Sodium RS (µg/mg)
Acceptance criteria: 815 µg/mg—950 µg/mg
Protect solutions containing oxacillin from light.
Solution A: 1.18 g/L of sodium 1-hexanesulfonate monohydrate and 0.8 mL/L of
ammonium hydroxide in water, adjusted with phosphoric acid to a pH of 2.8–3.2
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
20
30
70
Return to the original conditions and re-equilibrate the system.
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Diluent: Acetonitrile and water (15:85)
System suitability stock solution: 0.1 mg/mL of USP Oxacillin Related Compound C RS in
Diluent. Sonicate as needed to dissolve.
System suitability solution: 0.01 mg/mL of USP Oxacillin Related Compound C RS from
System suitability stock solution and 1 mg/mL of USP Oxacillin Sodium RS in Diluent.
Store this solution at 4 .
Standard solution: 1 mg/mL of USP Oxacillin Sodium RS in Diluent. Sonicate as needed to
dissolve. Store this solution at 4 .
Sample solution: 1 mg/mL of Oxacillin Sodium in Diluent. Sonicate as needed to dissolve.
Store this solution at 4 .
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Column: 40
Autosampler: 4
Flow rate: 1.5 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for oxacillin related compound C and oxacillin are about
0.96 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between oxacillin related compound C and oxacillin, System
suitability solution
Tailing factor: 0.8–1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of oxacillin (C19 H19 N3 O5 S) in the portion of Oxacillin
Sodium taken:
Result = (rU/rS) × (CS/CU) × P
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Oxacillin Sodium RS in the Standard solution (mg/mL)
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CU
= concentration of Oxacillin Sodium in the Sample solution (mg/mL)
P
= potency of oxacillin in USP Oxacillin Sodium RS (µg/mg)
Acceptance criteria: 815–950 µg/mg

USP39

IMPURITIES
Add the following:
• Organic Impurities
Protect solutions containing oxacillin from light.
Solution A: 6 g/L of anhydrous monobasic sodium phosphate, 0.56 g/L of sodium 1hexanesulfonate monohydrate, and 0.05 g/L of edetate disodium. Adjust with phosphoric
acid to a pH of 3.0–3.2.
Solution B: Acetonitrile
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
3
90
10
30
50
50
40
15
85
45
15
85
Return to the original conditions and re-equilibrate the system.
Diluent: Acetonitrile and water (15:85)
System suitability stock solution: 0.1 mg/mL of USP Oxacillin Related Compound C RS in
Diluent. Do not sonicate.
System suitability solution: 0.01 mg/mL of USP Oxacillin Related Compound C RS from
System suitability stock solution and 1 mg/mL of USP Oxacillin Sodium RS in Diluent. Store
this solution at 4 .
Standard solution: 0.01 mg/mL of USP Oxacillin Sodium RS in Diluent. Do not sonicate.
Store this solution at 4 .
Sample solution: 1 mg/mL of Oxacillin Sodium in Diluent. Do not sonicate. Store this
solution at 4 .
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
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Column: 22
Autosampler: 4
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between oxacillin related compound C and oxacillin, System
suitability solution
Tailing factor: 0.8–1.5, Standard solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Oxacillin Sodium taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Oxacillin Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Oxacillin Sodium in the Sample solution (mg/mL)
P= potency of oxacillin in USP Oxacillin Sodium RS (µg/mg)
F=
1 conversion factor, 0.001 mg/µg
F=
2 relative response factor (see Table 3)
Acceptance criteria: See Table 3. The reporting threshold is 0.05%.

Name

Table 3
Relative
Retention
Time

Amoxicillin related compound Aa
Oxacillin penicilloic acidb,c
Imidazothiazole analogd
Oxacillin penilloic acidc,e
Thiooxacillinf
Oxacillin related compound Cg
Oxacillin
Cloxacillin
Cloxacillin isomersh
N-(Penicillan-6-yl) oxacillinamidei
N-(Penicillan-6-yl) open ring oxacillinamidej
Any individual unspecified impurity

0.08
0.66
0.69
0.68
0.83
0.84
0.93
0.97
1.0
1.09
1.17
1.19
1.31
—

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.22

0.5

0.40
1.0

1.5
0.5

0.79
1.0
2.0
—
1.0
1.0
1.0
1.0
1.0

0.5
0.5
0.5
—
1.0
0.5
0.5
0.5
0.2
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Total impurities
—
—
a 6-Aminopenicillanic acid; (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.

3.0

b (4S)-2-[Carboxy(5-methyl-3-phenylisoxazole-4-carboxamido)methyl]-5,5dimethylthiazolidine-4-carboxylic acid.
c The system resolves two isomers. The limit is for the sum of the isomers.
d (3S,7R)-2,2-Dimethyl-5-(5-methyl-3-phenylisoxazol-4-yl)-2,3,7,7atetrahydroimidazo[5,1-b]thiazole-3,7-dicarboxylic acid.
e (4S)-5,5-Dimethyl-2-[(5-methyl-3-phenylisoxazole-4-carboxamido)methyl]thiazolidine-4carboxylic acid.
f (2R,5R,6R)-3,3-Dimethyl-6-(5-methyl-3-phenylisoxazole-4-carboxamido)-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carbothioic acid.
g Isoxazole carboxylic analog; 5-Methyl-3-phenylisoxazole-4-carboxylic acid.
h (2S,5R,6R)-6-[3-(Chlorophenyl)-5-methylisoxazole-4-carboxamido]-3,3-dimethyl-7-oxo-4thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
i (2S,5R,6R)-6-{(2S,5R,6R)-3,3-Dimethyl-6-(5-methyl-3-phenylisoxazole-4-carboxamido)-7oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxamido}-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
j (2S,5R,6R)-6-{(R)-2-[(2R,4S)-4-Carboxy-5,5-dimethylthiazolidin-2-yl]-2-(5-methyl-3phenylisoxazole-4-carboxamido)acetamido}-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
USP39

SPECIFIC TESTS
• Crystallinity

695 : Meets the requirements

• pH 791
Sample solution: 30 mg/mL
Acceptance criteria: 4.5–7.5
• Water Determination, Method I

921 : 3.5%–5.0%

Change to read:
• Sterility Tests 71 : Where the label states that Oxacillin Sodium is sterile, it meets the
requirements. when tested as directed for Test for Sterility of the Product to be Examined,
Membrane Filtration.
USP39
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• Bacterial Endotoxins Test 85 : Where the label states that Oxacillin Sodium is sterile or
must be subjected to further processing during the preparation of injectable dosage forms,
it contains NMT 0.2 USP Endotoxin Units/mg of oxacillin.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, at controlled room temperature.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
Change to read:
• USP Reference Standards 11
USP Endotoxin RS
USP Oxacillin Related Compound C RS
Isoxazole carboxylic analog;
5-Methyl-3-phenylisoxazole-4-carboxylic acid.
C11 H9 NO3
203.20
USP39

USP Oxacillin Sodium RS
BRIEFING
Paliperidone. Because there is no existing USP monograph for this drug substance a new
monograph based on validated methods of analysis is proposed. The gradient elution HPLC
procedure used in the Assay and the test for Organic Impurities is based on analyses
performed with the Atlantis dC18 brand of L1 column manufactured by Waters Corporation.
The typical retention time for paliperidone under the chromatographic conditions is about 12
min.
(SM4: R. Ravichandran.)
Correspondence Number—C126997

Comment deadline: January 31, 2015
Add the following:
Paliperidone

C23 H27 FN4 O3

426.48
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4H-Pyrido[1,2-a]pyrimidin-4-one, 3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyl]ethyl]6,7,8,9-tetrahydro-9-hydroxy-2-methyl-;
(9RS)-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)piperidin-1-yl]]ethyl]-9-hydroxy-2-methyl6,7,8,9-tetrahydro-4H-pyrido [1,2-a]pyrimidin-4-one
[144598-75-4].
DEFINITION
Paliperidone contains NLT 98.0% and NMT 102.0% of paliperidone (C23 H27 FN4 O3 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Do not dry the sample.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect the System suitability, Standard, and Sample solutions from light.
Buffer: 28 mM Tetrabutylammonium hydrogen sulfate
Mobile phase: See Table 1.
Solution A: Methanol and Buffer (10:90)
Solution B: Methanol
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
5
100
0
35
85
15
37
100
0
45
100
0
Diluent: Dissolve 0.71g of dibasic sodium phosphate and 0.62g monobasic sodium
phosphate in 1L of water.
System suitability solution 0.5 mg/mL of USP Paliperidone Resolution Mixture RS prepared
as follows. Dissolve first in methanol using 50% of the final flask volume, and dilute with
Diluent.
Standard solution: 0.5 mg/mL of USP Paliperidone RS prepared as follows. Dissolve first in
methanol using 50% of the final flask volume, and dilute with Diluent.
Sample solution: 0.5 mg/mL of paliperidone prepared as follows. Dissolve first in methanol
using 50% of the final flask volume, and dilute with Diluent.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
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Column temperature: 40
Flow rate: 0.9 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between paliperidone related compound B and paliperidone; NLT
2.0 between paliperidone and paliperidone hyroxybenzoyl analog, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of paliperidone (C23 H27 FN4 O3 ) in the portion of Paliperidone
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Paliperidone RS in the Standard solution (mg/mL)
C=
U concentration of Paliperidone in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0%
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
Protect the System suitability, Standard, and Sample solutions from light.
Diluent, Mobile phase, System suitability solution, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.5 µg/mL of USP Paliperidone RS in Diluent from Standard solution
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between paliperidone related compound B and paliperidone; NLT
2.0 between paliperidone and paliperidone hydroxybenzyl analog, System suitability
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Relative standard deviation: NMT 5.0%, Sensitivity solution
Analysis:
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Paliperidone taken:
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Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response of paliperidone from the Standard solution
C=
S concentration of USP Paliperidone RS in the Standard solution (mg/mL)
C=
U concentration of Paliperidone in the Sample solution (mg/mL)
F= relative response factor for the corresponding impurity (see Table 2)
Acceptance criteria: See Table 2. Disregard any peak with area less than 0.05%.
Table 2
Relative
Retention
Time

Name

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Paliperidone related compound Ca
0.57
1.0
0.10
Paliperidone related compound Bb
0.83
1.0
0.10
Paliperidone
1.00
—
—
c
1.0
Paliperidone hydroxybenzoyl analog
1.1
0.10
d
0.58
Paliperidone ketone
1.27
0.50
Any other individual unspecified impurity
—
1.0
0.10
Total impurities
—
—
0.70
a 3-(2-Chloroethyl)-9-hydroxy-2-methyl-6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4one.
b 6-Fluoro-3-(piperidin-4-yl)benzoisoxazole.
c 3-{2-[4-(4-Fluoro-2-hydroxybenzoyl)piperidin-1-yl]ethyl}-9-hydroxy-2-methyl-6,7,8,9tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.
d 3-{2-[4-(6-Fluorobenzo[d]isoxazol-3-yl)piperidin-1-yl]ethyl}-2-methyl-7,8-dihydro-4Hpyrido[1,2-a]pyrimidine-4,9(6H)-dione.

SPECIFIC TESTS
• Water Determination, Method Ia

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP Paliperidone RS
USP Paliperidone Resolution Mixture RS
This contains paliperidone as the major component; it also contains paliperidone related
compound B, paliperidone related compound C, paliperidone hydroxybenzoyl analog and
paliperidone ketone as minor components.
USP39

BRIEFING

PF 40(6): Nov.-Dec. 2014

570

Pancuronium Bromide Injection, USP 37 page 4177. Based on the comments received, it is
proposed to revise the Packaging and Storage requirements to include multidose vials. It is
also proposed to remove the light-resistant container requirement. Both changes are
consistent with the FDA-approved label.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C143052

Comment deadline: January 31, 2015
Pancuronium Bromide Injection
DEFINITION
Pancuronium Bromide Injection is a sterile solution containing NLT 92.0% and NMT 105.0% of
the labeled amount of pancuronium bromide (C35 H60 Br2 N2 O4 ) in Water for Injection. It contains
a suitable tonicity-adjusting agent.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, methanol, and 0.024 M hydrochloric acid (125:220:655)
Diluent: 0.0024 M hydrochloric acid
Standard stock solution: 1.0 mg/mL of USP Pancuronium Bromide RS prepared as follows.
Transfer the required quantity of USP Pancuronium Bromide RS to a suitable volumetric
flask. Dissolve in 2% of the flask volume of acetonitrile. Dilute with Diluent to volume.
Sonicate for 3 min.
Standard solution: 0.1 mg/mL of USP Pancuronium Bromide RS from the Standard stock
solution and Diluent
Sample solution: Nominally 0.1 mg/mL of pancuronium bromide from a suitable volume of
Injection in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Detector: 40
Column: 35
Suppressor: 4-mm cationic membrane suppressor or equivalent
Suppression solution: 0.15 M tetrabutylammonium hydroxide
Suppressor flow rate: 1 mL/min
Flow rate: 0.75 mL/min
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Injection volume: 25 µL
Run time: 2 times the retention time of pancuronium
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pancuronium bromide (C35 H60 Br2 N2 O4 )
in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Pancuronium Bromide RS in the Standard solution (mg/mL)
C=
U nominal concentration of pancuronium bromide in the Sample solution (mg/mL)
Acceptance criteria: 92.0%–105.0%
IMPURITIES
Change to read:
• Organic Impurities
Diluent, Standard stock solution, and Chromatographic system: Proceed as directed in
the Assay.
Mobile phase: Acetonitrile, methanol, and 0.024 M hydrochloric acid (125:180:695)
System suitability solution: 1 mg/mL of USP Pancuronium Bromide RS and 0.02 mg/mL
each of USP Pancuronium Bromide Related Compound A RS, USP Pancuronium Bromide
Related Compound B RS, USP Pancuronium Bromide Related Compound C RS, and USP
Vecuronium Bromide RS prepared as follows. Transfer the required amounts of the
individual components to a suitable volumetric flask. Dissolve in 2% of the flask volume of
acetonitrile, and dilute with Diluent to volume. Sonicate for 3 min.
Standard solution: 0.02 mg/mL of USP Pancuronium Bromide RS from the Standard stock
solution and Diluent
Sample solution: Nominally 1.0 mg/mL of pancuronium bromide from a suitable volume of
Injection in Diluent
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between pancuronium related compound B and pancuronium
related compound A; NLT 1.5 between pancuronium related compound C and
vecuronium peaks, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of each impurity as well as any unspecified impurity in the
portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of the pancuronium peak from the Standard solution
C=
S concentration of USP Pancuronium Bromide RS in the Standard solution (mg/mL)
C=
U nominal concentration of pancuronium bromide in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Pancuronium related
compound B
Pancuronium related
compound A
Vecuronium related
compound F a
Pancuronium
Pancuronium related
compound C
Vecuroniumb
Any individual unspecified degradation product
Total
degradation products USP39

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.70

3.0

0.78

0.4

0.90
1.0
1.47
1.69
—

—
—
2.0
—
0.2

— 5.0
a
Piperidinium, 1-[(2,3,5,16,17)-17-acetyloxy-3-hydroxy-2-(1-piperidinyl)androstan-16-yl]-1methyl. (ERR 1-O ct-2013)
This impurity is the acid degradation product of vecuronium bromide and may be present only in
the System suitability solution.
b This process impurity is included for peak identification purposes only and is controlled in the
drug substance. This is not included in the total impurities.
SPECIFIC TESTS
• pH

791 : 3.8–4.2

• Particulate Matter in Injections
injections.
• Bacterial Endotoxins Test

788 : It meets the requirements for small-volume

85 : It contains NMT 50 USP Endotoxin Units/mg of
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pancuronium bromide.
• Injections and Implanted Drug Products (Parenterals)—Product Quality Tests
Meets the requirements

1 :

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant,
USP39

single-dose
or multiple-dose USP39
containers for injections, as described in Injections and Implanted Drug Products
(Parenterals)—Product Quality Tests

1 , Packaging, preferably of Type 1 glass. Store in a

refrigerator between 2 and 8 , protected from light.
• USP Reference Standards 11
USP Pancuronium Bromide RS
USP Pancuronium Bromide Related Compound A RS
1,1¢-(3 ,17 -Dihydroxy-5 -androstan-2 ,16 -ylene) bis(1-methylpiperidinium)
dibromide.
C31 H56 Br2 N2 O2
648.60
USP Pancuronium Bromide Related Compound B RS
1,1¢-(17 -Acetoxy-3 -hydroxy-5 -androstan-2 ,16 -ylene) bis(1methylpiperidinium) dibromide.
C33 H58 Br2 N2 O3
690.63
USP Pancuronium Bromide Related Compound C RS
1,1¢-(3 -Acetoxy-17 -hydroxy-5 -androstan-2 ,16 -ylene) bis(1methylpiperidinium) dibromide.
C33 H58 Br2 N2 O3
690.63
USP Vecuronium Bromide RS
BRIEFING
Pantoprazole Sodium Compounded Oral Suspension, USP 37 page 4179. The Compounding
Expert Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to
revise the title of this and other compounded monographs to identify that it is a
compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 published in USP 38–NF 33. A list
of all compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)

PF 40(6): Nov.-Dec. 2014

574

Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Pantoprazole
Sodium Compounded
Oral Suspension

USP39

DEFINITION
Change to read:
Pantoprazole
Sodium Compounded

USP39

Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled content of pantoprazole
sodium
(C16 H15 F 2 N3 O4 S). USP39
Prepare Pantoprazole
Sodium Compounded USP39
Oral Suspension
containing USP39
2 mg/mL
of pantoprazole USP39
as follows (see Pharmaceutical Compounding—Nonsterile Preparations
Pantoprazole Sodium
Delayed-Release Tablets equivalent to USP39

795 ).1

200 mg Sodium Bicarbonate 8.4% Injection, a sufficient quantity to make 100 mL
Calculate the required quantity of each ingredient for the total amount to be prepared. Remove
the trademark imprint from the tablets by gently rubbing on a paper towel that has been
dampened with Alcohol, USP. Allow the tablets to air-dry for a few min. Triturate the tablets to
a coarse powder by using a mortar and pestle, and transfer to a calibrated bottle. Add 50 mL of
Sodium Bicarbonate 8.4% Injection and agitate until the coating is dissolved. Add sufficient
Sodium Bicarbonate 8.4% Injection to bring the final volume to 100 mL and mix well until the
powder is uniformly suspended.
[Note—If the imprint is not properly removed, the pharmaceutical elegance of the final product
will be compromised by the presence of flecks of dark material.]
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and 50 mM dibasic potassium phosphate (2:3). Adjust with
phosphoric acid to a pH of 7.0. Make adjustments if necessary.
Standard stock solution: 1.0 mg/mL of USP Pantoprazole Sodium RS in water
Standard solution: Transfer 1.5 mL of Standard stock solution to a 100-mL volumetric
flask, and dilute with water to volume in order to obtain a solution containing about 15
µg/mL of pantoprazole sodium. Pass through a suitable filter of 0.22-µm pore size.
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Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Accurately
pipet 3.75 mL of Oral Suspension to a 50-mL volumetric flask. Add 25 mL of water to the
flask, and place on an orbital shaker for 20 min. Dilute with water to volume. Take a 5-mL
portion of the diluted sample and further dilute with water to 50 mL to obtain a solution
with a nominal concentration of 15 µg/mL of pantoprazole. sodium
USP39

Pass through a suitable filter of 0.22-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.6 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for the pantoprazole peak is about 2.6 min.]
Suitability requirements
Relative standard deviation: NMT 1.0% for the replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pantoprazole (C16 H14 F 2 N3 NaO4 S)·1.5 H2 O
USP39

in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU
rS
CS
CU

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of pantoprazole sodium in the Standard solution (µg/mL)
= nominal concentration of pantoprazole sodium
USP39

Mr1

USP39

in the Sample solution (µg/mL)
= molecular weight of pantoprazole, 383.37

Mr2 = molecular weight of pantoprazole sodium, 405.35
USP39

Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 7.9–8.3
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ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature
2 –8 .

USP39

Change to read:
• Beyond-Use Date: NMT 14 days after the date on which it was compounded when stored
at controlled cold temperature
2 –8

USP39

• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards 11
USP Pantoprazole Sodium RS
1 This formula is frequently used for home health patients with feeding tubes who have been discharged from
hospitals. The goal of the drug is to neutralize the acidity of the stomach.

BRIEFING
Pentoxifylline Compounded Oral Suspension, USP 37 page 4240. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Pentoxifylline
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
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Pentoxifylline
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of pentoxifylline
(C13 H18 N4 O3 ).
Prepare Pentoxifylline
Compounded USP39
Oral Suspension 20 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations

795 ).
Pentoxifylline
extended-release

USP39

tabletsa equivalent to 2 g Purified Water, USP, a sufficient quantity to make 100 mL
a Trental 400-mg tablets, sanofi-aventis, Somerville, NJ.
Calculate the required quantity of each ingredient for the total amount to be prepared. Place
the required number of tablets in a suitable mortar, add Purified Water in small portions, and
triturate to make a smooth paste. Add increasing volumes of Purified Water to make a
pentoxifylline liquid that is pourable. Transfer the contents of the mortar, stepwise and
quantitatively, to a calibrated bottle. Add enough Purified Water to bring to final volume, and
mix well.
ASSAY
• Procedure
Solution A: 50 mM monobasic potassium phosphate buffer, adjusted with phosphoric acid
to a pH of 3.2
Mobile phase: Acetonitrile and Solution A (20:80). Pass through a filter of 0.45-µm pore
size, and degas.
Internal standard solution: 100 µg/mL of caffeine in Mobile phase
Standard stock solution: 20 mg/mL of USP Pentoxifylline RS in Mobile phase
Standard solution: Pipet 1.0 mL of Standard stock solution into a 15-mL conical centrifuge
tube, and add 9 mL of deionized water. Mix the sample for 30 s in a vortex mixer, and
centrifuge for 30 min at 1250 × g. Pipet 50 µL of the supernatant into a separate
borosilicate culture tube, dilute with 575 µL of Mobile phase, and add 625 µL of Internal
standard solution to obtain a solution having a nominal concentration of 80 µg/mL of
pentoxifylline and 50 µg/mL of caffeine.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 1.0 mL
of Oral Suspension into a 15-mL conical centrifuge tube, and add 9 mL of deionized water.
Mix the sample for 30 s in a vortex mixer, and centrifuge for 30 min at 1250 × g. Pipet 50
µL of the supernatant into a separate borosilicate culture tube, dilute with 575 µL of
Mobile phase, and add 625 µL of Internal standard solution to obtain a solution having a
nominal concentration of 80 µg/mL of pentoxifylline and 50 µg/mL of caffeine.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
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Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for caffeine and pentoxifylline are about 0.42 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 10.0 between pentoxifylline and caffeine
Column efficiency: NLT 10,000 theoretical plates
Tailing factor: NMT 2.0 for the pentoxifylline peak
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pentoxifylline (C13 H18 N4 O3 ) in the
portion of Oral Suspension taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of pentoxifylline to the internal standard from the Sample solution
RS= peak response ratio of pentoxifylline to the internal standard from the Standard solution
C=
S concentration of pentoxifylline in the Standard solution (µg/mL)
C=
U nominal concentration of pentoxifylline in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 5.9–7.7

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature
2 –8

USP39

or at controlled room temperature.
Change to read:
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature
2 –8

USP39

or at controlled room temperature
• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards
USP Pentoxifylline RS

11
BRIEFING
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Pergolide Compounded Oral Suspension, Veterinary, USP 37 page 4247. The Compounding
Expert Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to
revise the title of this and other compounded monographs to identify that it is a
compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 published in USP 38–NF 33. A list
of all compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Pergolide
Compounded USP39
Oral Suspension, Veterinary
DEFINITION
Change to read:
Pergolide
Compounded

USP39

Oral Suspension, Veterinary contains NLT 90.0% and NMT 110.0% of the labeled amount of
pergolide mesylate
USP39

(C19 H26 N2 S).·CH4 O3 S
USP39

Prepare Pergolide
Compounded USP39
Oral Suspension, Veterinary, 1 mg/mL, as follows (see Pharmaceutical Compounding—
Nonsterile Preparations

795 ).
Pergolide (as

USP39

Pergolide Mesylate, USP
) USP39
20 mg
(26.11 mg) USP39
Vehicle for Oral Suspension, NF 10 mL Vehicle for Oral Solution, NF 10 mL
Connect an empty, calibrated, 35-mL Luer lock injection syringe to the port of a fluiddispensing connector. Remove the plunger of another 35-mL Luer lock syringe, and set the
plunger aside. Lock the barrel of this syringe onto the open port of the connector. Set this

PF 40(6): Nov.-Dec. 2014

580

connected syringe apparatus in an upright, vertical position that is perpendicular to the work
surface with the open syringe on top. Add the Vehicle for Oral Suspension and the Pergolide
Mesylate into the open barrel. Replace the plunger on the open syringe, and invert the
apparatus 180 . Apply 50 depressions to each syringe to mix. Consolidate the mixture into a
single syringe. Disconnect the empty syringe. Add, via another 35-mL Luer lock injection
syringe connected to the open port of the fluid-dispensing connector, a sufficient quantity of
Vehicle for Oral Solution to bring the preparation to a final volume of 20 mL. Reattach the
empty 35-mL syringe to the fluid-dispensing connector. Apply 50 depressions to each syringe
to formulate a uniform suspension.
Alternatively, it may be prepared as follows. Add the Pergolide Mesylate to the mortar. Add the
Vehicle for Oral Suspension, and mix to form a uniform paste. Add the Vehicle for Oral Solution
in small portions almost to a final volume of 20 mL, and mix thoroughly after each addition.
Transfer the contents of the mortar, stepwise and quantitatively, to a calibrated bottle. Add
sufficient Vehicle for Oral Solution to bring the preparation to a final volume of 20 mL, and mix
well.
IDENTIFICATION
• A. The retention time of the pergolide peak of the Sample solution corresponds to that of
the Standard solutions, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 0.5 M sodium octanesulfonate solution and water (2:98), adjusted with glacial
acetic acid to a pH of 2.2
Mobile phase: Acetonitrile and Solution A (50:50)
Diluent: Methanol and 0.01 N hydrochloric acid (50:50)
Standard stock solution: 1.0 mg/mL of USP Pergolide Mesylate RS in methanol prepared in
low-actinic glassware
Standard solutions: Prepare five solutions of known concentrations of about 20, 10, 5, 2,
and 1 µg/mL of pergolide mesylate by quantitatively diluting the Standard stock solution
with Mobile phase. Use low-actinic glassware.
Sample solution: Transfer 500 µL of Oral Suspension, Veterinary to a 5-mL volumetric
flask, and dilute with Diluent to volume. Further dilute an aliquot of the solution with
Mobile phase to obtain a solution with a nominal concentration of 10 µg/mL of pergolide.
mesylate
USP39

Use low-actinic glassware.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 223 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 25 µL
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System suitability
Samples: Standard solutions and Sample solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution (20 µg/mL)
Relative standard deviation: NMT 2.0% for replicate injections, Standard solution (20
µg/mL)
Correlation coefficient: NLT 0.995, linear regression of the Standard solutions
Resolution: NLT 2.0, Sample solution
Analysis
Samples: Standard solutions and Sample solution
Generate a regression curve of peak height versus pergolide mesylate concentration, and
calculate the equation for the linear regression line.
Calculate the percentage of the labeled amount of pergolide mesylate
USP39

(C19 H26 N2 S)·CH4 O3 S
USP39

in the portion of Oral Suspension, Veterinary taken.
Use the molecular weights of pergolide and pergolide mesylate, 314.50 and 410.60,
respectively. USP39
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 4.0–4.2

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers, and store in a
refrigerator.
Change to read:
• Beyond-Use Date: NMT 14 days after the date on which it was compounded
when stored in a refrigerator USP39

Change to read:
• Labeling: Label to state that it is to be well shaken, protected from light, and kept out of
the reach of children. Label it to state the Beyond-Use Date. Label to indicate that it is for
veterinary use only, and to indicate the nominal content of pergolide mesylate
USP39

in the Oral Suspension, Veterinary.
• USP Reference Standards
USP Pergolide Mesylate RS

11
BRIEFING

Phenobarbital Compounded Oral Suspension, USP 37 page 4263. The Compounding Expert
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Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Phenobarbital
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Phenobarbital
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of phenobarbital
(C12 H12 N2 O3 ).
Prepare Phenobarbital
Compounded USP39
Oral Suspension 10 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations 795 ).
Phenobarbital tabletsa equivalent to
Vehicle: a 1:1 mixture of Ora-Sweet b (regular or sugar-free) and Ora-Plusb, a sufficient
quantity to make
a Phenobarbital 60-mg tablets, Excellium Pharmaceutical, Inc., Fairfield, NJ.
b Paddock Laboratories, Minneapolis, MN.

1.2 g
120
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. Place
the required number of tablets in a suitable mortar, and comminute to a fine powder with a
pestle. Add the Vehicle in small portions, and triturate to make a smooth paste. Add increasing
volumes of the Vehicle to make a phenobarbital liquid that is pourable. Transfer the contents of
the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the Vehicle to
bring to final volume, and mix well.
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ASSAY
• Procedure
Mobile phase: Acetonitrile and water (30:70). Adjust with dilute sulfuric acid to a pH of
3.0.
Standard stock solution: 0.4 mg/mL of USP Phenobarbital RS in Mobile phase
Standard solution: 20 µg/mL of phenobarbital prepared from Standard stock solution and
Mobile phase
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Prepare 20
µg/mL of phenobarbital from Oral Suspension and Mobile phase, and centrifuge.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 60
Flow rate: 1.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
[Note—The retention time for phenobarbital is about 6.8 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phenobarbital (C12 H12 N2 O3 ) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of phenobarbital in the Standard solution (µg/mL)
C=
U nominal concentration of phenobarbital in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature.
• Beyond-Use Date: NMT 115 days after the date on which it was compounded, when stored
at controlled room temperature
• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
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USP Phenobarbital RS
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11
BRIEFING

Piroxicam Compounded Cream, USP 37 page 4328. The Compounding Expert Committee and
the Nomenclature, Safety, and Labeling Expert Committee propose to revise the title of this
and other compounded monographs to identify that it is a compounded preparation,
consistent with the Nomenclature Guidelines (http://www.usp.org/usp-nf/developmentprocess/compendial-nomenclature). See also Compounded Preparations in general chapter
Labeling 7 published in USP 38–NF 33. A list of all compounding monograph titles that will
be revised is posted online at http://www.usp.org/usp-nf/notices/compounding-monographtitles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Piroxicam
Compounded USP39
Cream
DEFINITION
Change to read:
Piroxicam
Compounded USP39
Cream contains NLT 90.0% and NMT 110.0% of the labeled amount of piroxicam
(C15 H13 N3 O4 S).
Prepare Piroxicam
Compounded USP39
Cream as follows (see Pharmaceutical Compounding—Nonsterile Preparations
Piroxicam
3g
White Petrolatum
25 g
Stearyl Alcohol
15 g
Propylparaben
0.06 g
Methylparaben
0.15 g
Propylene Glycol
12.0 g
Sodium Lauryl Sulfate
1g
Sodium Hydroxide 1 N
2.5 mL
Purified Water, a sufficient quantity to make 100 g

795 ).
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In an appropriate container (final weight tared), mix the White Petrolatum and Stearyl Alcohol
together, and heat to 80 ± 5 to form a clear oil phase. In a separate container, mix the
Propylparaben, Methylparaben, Propylene Glycol, Sodium Lauryl Sulfate, and about 30 mL of
Purified Water together, and heat to 80 ± 5 to form a clear aqueous phase. Add the aqueous
phase to the oil phase with continuous stirring, and allow it to cool to 50 to form an emulsion.
In a mortar, triturate the Piroxicam with the Sodium Hydroxide to form a suspension. Using
additional Purified Water to rinse the mortar, add the piroxicam suspension to the previously
prepared emulsion, transferring the suspension stepwise and quantitatively to the emulsion. Add
sufficient Purified Water with stirring to bring to final weight. Package, and label.
ASSAY
• Procedure
Solution A: 2.7 g/L of citric acid and 5.4 g/L of dibasic sodium phosphate in Purified Water.
Pass through a filter of 0.45-µm pore size.
Mobile phase: Methanol and Solution A (50:50). Filter, and degas.
Diluent: 0.01 N methanolic hydrochloric acid prepared by diluting 0.9 mL of hydrochloric
acid with methanol to a final volume of 1 L
Standard solution: Dissolve an accurately weighed quantity of USP Piroxicam RS in 2 mL of
chloroform, and dilute with Diluent to obtain a solution with a nominal concentration of
about 50 µg/mL of piroxicam.
Sample solution: Add 340 mg of Cream to 4 mL of chloroform and 150 mL of Diluent.
Shake the mixture on a wrist action shaker for 15 min, and dilute with Diluent to 200 mL.
Pass the solution through a filter of 0.45-µm pore size, and discard the first 5 mL of the
filtrate.
Blank: Add 340 mg of Purified Water to 4 mL of chloroform and 150 mL of Diluent. Shake
the mixture on a wrist action shaker for 15 min, and dilute with Diluent to 200 mL. Pass
the solution through a filter of 0.45-µm pore size, and discard the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Columns
Guard: 4.6-mm × 2-cm; packing L1
Analytical: 4.6-mm × 30-cm; 10-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for piroxicam is about 7 min.]
Suitability requirements
Relative standard deviation: NMT 2.8% for replicate injections
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of the labeled amount of piroxicam (C15 H13 N3 O4 S) in the portion
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of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of piroxicam in the Standard solution (µg/mL)
C=
U nominal concentration of piroxicam in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in a tight, light-resistant, plastic resealable container.
Store at controlled room temperature.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at controlled room temperature
• Labeling: Label it to state the Beyond-Use Date.
• USP Reference Standards
USP Piroxicam RS

11
BRIEFING

Potassium Bromide Compounded Oral Solution, Veterinary, USP 37 page 4347. The
Compounding Expert Committee and the Nomenclature, Safety, and Labeling Expert
Committee propose to revise the title of this and other compounded monographs to identify
that it is a compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/usp-nf/development-process/compendial-nomenclature). See also
Compounded Preparations in general chapter Labeling 7 published in USP 38–NF 33. A list
of all compounding monograph titles that will be revised is posted online at
http://www.usp.org/usp-nf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Potassium Bromide
Compounded USP39
Oral Solution, Veterinary
DEFINITION
Change to read:
Potassium Bromide
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Compounded USP39
Oral Solution, Veterinary contains an amount of potassium bromide equivalent to NLT 151 mg
and NMT 185 mg of bromide (Br ) per mL.
Prepare Potassium Bromide
Compounded USP39
Oral Solution, Veterinary as follows (see Pharmaceutical Compounding—Nonsterile Preparations
795 ).
Potassium Bromide
25 g
Purified Water
60 mL
Corn Syrup, FCC, a sufficient quantity to make 100 mL
Dissolve the Potassium Bromide in Purified Water. Add Corn Syrup to bring to final volume with
mixing.
ASSAY
• Procedure
TCA solution: 20% (w/v) Trichloroacetic acid in water
Gold chloride solution: 5 mg/mL of gold chloride in water
Standard stock solution: Dissolve USP Sodium Bromide RS in water to obtain a solution
with a nominal concentration of 20 mg/mL of bromide.
Standard solutions: Prepare 4 solutions of known concentrations of about 2.0, 1.0, 0.5,
and 0.25 mg/mL of bromide by diluting the Standard stock solution with water.
Sample solution: Dilute Oral Solution, Veterinary quantitatively with water (1:99).
Blank: Water
Instrumental conditions
(See Spectrophotometry and Light Scattering 851 .)
Mode: Vis
Analytical wavelength: 440 nm
System suitability
Samples: Standard solutions and Blank
Suitability requirements
Correlation coefficient: NLT 0.99, linear regression of the Standard solutions
Analysis
Samples: Sample solution and Blank
To 750-µL aliquots of each Sample add 500 µL of TCA solution and 250 µL of Gold chloride
solution. Mix on a vortex mixer, and immediately read the absorbance of each Sample.
Calculate the concentration, in mg/mL, of bromide (Br ) in the portion of Oral Solution,
Veterinary taken:
Result = C × D
C= concentration of the Sample solution (mg/mL) obtained from the standard curve
D= dilution factor of the Sample solution, 100
Acceptance criteria: 151–185 mg/mL of bromide (Br )
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in a tight container, and store in a refrigerator.
Change to read:
• Beyond-Use Date: NMT 180 days after the date on which it was compounded
when stored in a refrigerator USP39
• Labeling: Label to state that it is to be kept out of the reach of children. Label it to state
the Beyond-Use Date, and the nominal content of potassium bromide in the Oral Solution,
Veterinary. Label it to indicate that it is for veterinary use only.
• USP Reference Standards
USP Sodium Bromide RS

11
BRIEFING

Progesterone Compounded Vaginal Inserts, USP 37 page 4430. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Progesterone
Compounded USP39
Vaginal Suppositories
Inserts USP39
DEFINITION
Change to read:
Progesterone
Compounded

USP39

Vaginal Suppositories
Inserts USP39
contain NLT 90.0% and NMT 110.0% of the labeled amount of progesterone (C21 H30 O2 ).
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USP39

Progesterone Vaginal Suppositories
Inserts USP39
in Fatty Acid Base or Polyethylene Glycol Base as follows (see Pharmaceutical Compounding—
Nonsterile Preparations 795 ).
Progesterone (micronized)
25–600 mg
Fatty Acid Base or Polyethylene Glycol Base, a sufficient quantity to make 1 Suppository
Insert USP39

Calibrate the actual molds with the Base that is used for preparing the Suppositories
Inserts, USP39
and adjust the formula accordingly. Heat the Base slowly and evenly until melted. Slowly add
the Progesterone powder to the melted base, with stirring. Mix thoroughly, and pour into molds.
If preparing Suppositories
Inserts USP39
in Fatty Acid Base, cool in a refrigerator until solidified, trim, and wrap. If preparing
Suppositories
Inserts USP39
in Polyethylene Glycol Base, cool, trim, and wrap.
ASSAY
Change to read:
• Suppositories
Inserts USP39
in Fatty Acid Base
Solution A: Dehydrated alcohol, isopropyl alcohol, and methanol (90:5:5)
Mobile phase: Solution A and water (55:45). Filter, and degas.
Diluent: Solution A and water (70:30)
System suitability stock solution A: 0.4 mg/mL of USP Methyltestosterone RS in Mobile phase
System suitability stock solution B: 0.4 mg/mL of USP Progesterone RS in Mobile phase
System suitability solution:
Transfer 2.0 mL each of System suitability stock solution A and System suitability stock
solution B (ERR 1-Jun-2014)
to a 10-mL volumetric flask, and dilute with Mobile phase to volume.
Standard solution A: Prepare 0.25 mg/mL of USP Progesterone RS in n-propyl alcohol.
Mix 5.0 mL of the solution (ERR 1-Jun-2014)
with 10.0 mL of Diluent.
Standard solution B: Prepare 3 mg/mL of USP Progesterone RS in n-propyl alcohol. Transfer
3.0 mL of the solution to a 100-mL volumetric flask, and dilute with Diluent to volume.
Sample solution A: Transfer 1 Suppository
Insert, USP39
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containing NMT 100 mg of progesterone, to a 100-mL volumetric flask. Dissolve in 90 mL of npropyl alcohol, heat at 45 for 4 min, and sonicate for 10 min. Cool, and dilute with n-propyl
alcohol to volume. Dilute quantitatively, and stepwise if necessary, with n-propyl alcohol,
sonicating if necessary, to obtain a solution containing a nominal concentration of 0.25 mg/mL
of progesterone. Transfer 5.0 mL of this solution to a 50-mL centrifuge tube, add 10.0 mL of
Diluent, sonicate for 1 min, and centrifuge for 10 min at 2000 rpm. Pass the supernatant
through a filter of 0.45-µm or finer pore size, discarding the first 4 mL of the filtrate.
Sample solution B: Transfer 1 Suppository
Insert, USP39
containing more than 100 mg of progesterone, to a 200-mL volumetric flask. Dissolve in 180 mL
of n-propyl alcohol, heat at 45 for 8 min, and sonicate for 5 min. Cool, and dilute with n-propyl
alcohol to volume. Dilute quantitatively, and stepwise if necessary, with n-propyl alcohol,
sonicating each dilution for 1 min, to obtain a solution with a nominal concentration of 0.09
mg/mL of progesterone. Transfer 15 mL of this solution to a 50-mL centrifuge tube, and
centrifuge for 10 min at 2000 rpm. Pass the supernatant through a filter of 0.45-µm or finer
pore size, discarding the first 4 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 3.9-mm × 30-cm; packing L1
Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for methyltestosterone and progesterone are about 0.8
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between methyltestosterone and progesterone
Tailing factor: NMT 2.0 for the progesterone peak
Relative standard deviation: NMT 2.0% for replicate injections for progesterone
Analysis
Samples: Standard solution A and Sample solution A or Standard solution B and Sample
solution B
Calculate the percentage of the labeled amount of progesterone (C21 H30 O2 ) in the Suppository
Insert USP39
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of progesterone in the Standard solution (mg/mL)
CU = nominal concentration of progesterone in the Sample solution (mg/mL)
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Acceptance criteria: 90.0%–110.0%
Change to read:
• Suppositories
Inserts USP39
in Polyethylene Glycol Base
Solution A, Mobile phase, System suitability stock solution A, System suitability stock
solution B, System suitability solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay for Suppositories
Inserts USP39
in Fatty Acid Base.
Standard solution: 0.1 mg/mL of USP Progesterone RS in Mobile phase
Sample solution: Dissolve 1 Suppository
Insert USP39
in 200 mL of Mobile phase, and dilute quantitatively, and stepwise if necessary, with Mobile
phase to obtain a solution with a nominal concentration of 0.1 mg/mL of progesterone. Pass a
10-mL portion of the mixture through a filter of 0.45-µm or finer pore size, discarding the first 4
mL of the filtrate.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of progesterone (C21 H30 O2 ) in the Suppository
Insert USP39
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of progesterone in the Standard solution (mg/mL)
CU = nominal concentration of progesterone in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meet the requirements for Weight Variation

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in light-resistant containers, and store in a refrigerator.
Store Suppositories
Inserts USP39
in Fatty Acid Base in well-closed containers. Store Suppositories
Inserts USP39
in Polyethylene Glycol Base in tight containers, and do not dispense or store in polystyrene
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containers.
Change to read:
• Beyond-Use Date: NMT 90 days after the date on which they were compounded
when stored in a refrigerator USP39

Change to read:
• Labeling: Label Suppositories
Inserts USP39
to state whether they are Progesterone Vaginal Suppositories
Inserts USP39
in a Fatty Acid Base or in a Polyethylene Glycol Base. Label to state the amount of
progesterone, in mg, in each Suppository
Insert. USP39
Label to state that they are to be stored in a refrigerator. Label to state that they are to be
used only as directed, and that wrappers are to be removed before use. If necessary,
Suppositories
Inserts USP39
in Polyethylene Glycol Base may be moistened before insertion.
• USP Reference Standards 11
USP Methyltestosterone RS
USP Progesterone RS
BRIEFING
Propoxyphene Hydrochloride, USP 37 page 4456. It is proposed to omit the monograph
because products containing propoxyphene are no longer considered safe for use in humans
and the FDA requested companies to voluntarily withdraw propoxyphene-containing products
from the United States market. No drug products formulated with the drug substance as
defined in the Propoxyphene Hydrochloride monograph are currently marketed as human or
veterinary medicine in the United States.
(SM2: H. Cai.)
Correspondence Number—C145617

Comment deadline: January 31, 2015
Delete the following:
Propoxyphene Hydrochloride
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375.93

Benzeneethanol, -[2-(dimethylamino)-1-methylethyl]- -phenyl-, propanoate (ester),
hydrochloride, [S-(R*,S*)]-;
(2S,3R)-(+)-4-(Dimethylamino)-3-methyl-1,2-diphenyl-2-butanol propionate (ester)
hydrochloride
[1639-60-7].
DEFINITION
Propoxyphene Hydrochloride contains NLT 98.0% and NMT 102.0% of C22 H29 NO2 ·HCl,
calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197S
Sample solution: 50 mg/mL in chloroform
• B. Procedure
Sample solution: 17 mg/mL of Propoxyphene Hydrochloride in Purified Water
Analysis: Treat 3 mL of Sample solution with 1 mL of 6 N ammonium hydroxide to
precipitate the propoxyphene base. Filter to remove the precipitate, acidify the filtrate
with 2 mL of nitric acid, and add 1 mL of silver nitrate TS.
Acceptance criteria: A white, curdy precipitate that is soluble in an excess of 6 N
ammonium hydroxide confirms the presence of silver chloride.
ASSAY
• Procedure
Solution A (0.02 M KH2PO4): 2.72 g/L monobasic potassium phosphate
Mobile phase: Acetonitrile, triethylamine, and Solution A (53:0.1:47). Adjust with 85.0%
phosphoric acid to a pH of 8.0. [Note—The Mobile phase should be examined prior to use
for particulates and clarity. ]
Standard solution: 0.11 mg/mL of USP Propoxyphene Hydrochloride RS in Mobile phase.
Sonicate to dissolve if necessary.
Sample solution: 0.11 mg/mL of Propoxyphene Hydrochloride in Mobile phase. Sonicate to
dissolve if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
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Column: 4.6 mm × 15 cm; 3.5-µm packing L1
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for the propoxyphene hydrochloride peak
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C22 H29 NO2 ·HCl in the portion of Propoxyphene Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Propoxyphene Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of Propoxyphene Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
Organic Impurities
• Procedure
Mobile phase: Proceed as directed in the Assay.
Standard solution: 3 µg/mL of USP Propoxyphene Related Compound A RS, 2 µg/mL of USP
Propoxyphene Related Compound B RS, and 1 µg/mL of USP Propoxyphene Hydrochloride
RS in Mobile phase. Sonicate to dissolve if necessary.
Sample solution: 1.1 mg/mL of Propoxyphene Hydrochloride in Mobile phase. Sonicate to
dissolve if necessary.
Chromatographic system: Proceed as directed in the Assay, with the exception that the
chromatographic run time is six times the retention time of propoxyphene.
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between propoxyphene related compound A and propoxyphene
related compound B, and NLT 2.0 between propoxyphene related compound B and
propoxyphene
Relative standard deviation: NMT 15%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of propoxyphene related compound A in the portion of
Propoxyphene Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of propoxyphene related compound A from the Sample solution
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rS= peak response of propoxyphene related compound A from the Standard solution
C=
S concentration of USP Propoxyphene Related Compound A RS in the Standard solution
(mg/mL)
C=
U concentration of Propoxyphene Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Impurity Table 1.
Calculate the percentage of propoxyphene related compound B as the hydrochloride in the
portion of Propoxyphene Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
r=
U peak response of propoxyphene related compound B from the Sample solution
r=
S peak response of propoxyphene related compound B from the Standard solution
C=S concentration of USP Propoxyphene Related Compound B RS in the Standard solution
(mg/mL)
C=U nominal concentration of propoxyphene related compound B in the Sample solution (mg/mL)
M=r1molecular weight of propoxyphene related compound B as the hydrochloride, 361.93
M=r2molecular weight of propoxyphene related compound B, 325.45
Acceptance criteria: See Impurity Table 1.
Calculate the percentage of any other specified and unspecified impurity in the portion of
Propoxyphene Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of any specified or unspecified impurity from the Sample solution
rS= peak response of Propoxyphene Hydrochloride from the Standard solution
C=
S concentration of USP Propoxyphene Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Propoxyphene Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (See Impurity Table 1.)
Acceptance criteria: See Impurity Table 1. [Note—Disregard any impurity less than
0.05%. ]

Name

Impurity Table 1
Relative
Retention
Time

Propoxyphene related compound Aa
Propoxyphene related compound Bb
Propoxyphene
E-Aminostilbenec
Butyroxyphened
Z-Aminostilbenee
Ethylidene bibenzylf
Any individual unspecified impurity

0.6
0.85
1.0
1.3
1.6
2.0
3.5
—

Relative
Response
Factor
—
—
—
1.5
1.0
1.3
1.9
1.0

Acceptance
Criteria,
NMT (%)
0.5
0.6
—
0.2
0.2
0.2
0.2
0.1

PF 40(6): Nov.-Dec. 2014

a
b
c
d
e
f

596

-d-4-Dimethylamino-1,2-diphenyl-3-methyl-2-butanol hydrochloride.
-d-2-Acetoxy-4-dimethylamino-1,2-diphenyl-3-methylbutane hydrochloride.
(S)-1-Dimethylaminopropan-2-yl-(E)-stilbene.
(2S,3R)-4-(Dimethylamino)-3-methyl-1,2-diphenylbutan-2-yl butyrate.
(S)-1-Dimethylaminopropan-2-yl-(Z)-stilbene.
(E)-1,2-Diphenylbut-2-ene.

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S : +52 to +57
Sample solution: 10 mg/mL in water, freshly prepared
• Loss on Drying 731 : Dry a sample at 105 for 3 h: it loses NMT 1.0% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP Propoxyphene Hydrochloride RS
USP Propoxyphene Related Compound A RS
a-d-4-Dimethylamino-1,2-diphenyl-3-methyl-2-butanol hydrochloride.
C19 H25 NO·HCl
319.87
USP Propoxyphene Related Compound B RS
-d-2-Acetoxy-4-dimethylamino-1,2-diphenyl-3-methylbutane.
C21 H27 NO2
325.45
USP39

BRIEFING
Propoxyphene Hydrochloride Capsules, USP 37 page 4457. It is proposed to omit the
monograph because products containing propoxyphene are no longer considered safe for use
in humans and the FDA requested companies to voluntarily withdraw propoxyphenecontaining products from the United States market. No drug products formulated as defined
in the Propoxyphene Hydrochloride Capsules monograph are currently marketed as human or
veterinary medicine in the United States.
(SM2: H. Cai.)
Correspondence Number—C145619

Comment deadline: January 31, 2015
Delete the following:
Propoxyphene Hydrochloride Capsules
DEFINITION
Propoxyphene Hydrochloride Capsules contain NLT 92.5% and NMT 107.5% of the labeled
amount of C22 H29 NO2 ·HCl.
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IDENTIFICATION
[Note—Use the following solutions in the tests below. ]
Standard solution: Transfer 125 mg of USP Propoxyphene Hydrochloride RS to a 125-mL
separator containing 8 mL of acetone, 32 mL of water, and 20 mL of 100 mg/mL of sodium
carbonate solution, and swirl the mixture for 3 min. Add 25.0 mL of chloroform, insert the
stopper, and shake the mixture by mechanical means for 1 h. Filter the chloroform extract
through a layer of anhydrous sodium sulfate into a suitable beaker.
Sample solution: Transfer a quantity of Capsule contents, remaining from the preparation of
the Sample solution in the Assay, equivalent to 320 mg of propoxyphene hydrochloride to a
100-mL volumetric flask. Add 20 mL of acetone, and sonicate for 1 min. Dilute the solution
with water to 100 mL. Allow to stand until the excipients have settled, usually 15–20 min.
Transfer 40.0 mL of this solution to a 125-mL separator containing 20 mL of 100 mg/mL of
sodium carbonate solution, and swirl the mixture for 3 min. Add 25.0 mL of chloroform, insert
the stopper, and shake the mixture by mechanical means for 1 h. Filter the chloroform extract
through a layer of anhydrous sodium sulfate into a suitable beaker. Use the Standard solution
and the Sample solution for the following tests.
• A. The IR absorption spectrum of the Sample solution, concentrated if necessary by
evaporating a portion on a steam bath with the aid of a current of air to one-fifth of its
volume, exhibits maxima only at the same wavelengths as that of the Standard solution.
• B. The chromatogram of the Sample solution obtained as directed in the Assay exhibits a
major peak for propoxyphene hydrochloride, the retention time of which corresponds to
that exhibited for the Standard solution in the Assay.
ASSAY
• Procedure
Solution A: 6.8 g of monobasic potassium phosphate in 900 mL of water. Add 2.0 mL of
triethylamine and adjust by the addition of phosphoric acid to a pH of 3.0 ± 0.1. Dilute
with water to 1000 mL (phosphate buffer).
Diluent: Acetonitrile and water (2:3)
Mobile phase: Acetonitrile and Solution A (2:3)
Standard solution: 6.5 µg/mL of USP Propoxyphene Hydrochloride RS in Diluent. [Note
—Sonicate as needed to aid dissolution. ]
Sample stock solution: Remove, as completely as possible, the contents of NLT 20
Capsules. Weigh the contents, and determine the average weight/Capsule. Transfer mixed
combined contents of Capsules nominally equivalent to 65 mg of propoxyphene
hydrochloride to 50 mL of Diluent, sonicate for 5 min, and shake by mechanical means for
15 min. Dilute with Diluent to 200 mL, and filter, discarding the first 20 mL of the filtrate.
Sample solution: Nominally equivalent to 6.5 µg/mL from the Sample stock solution diluted
with Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 3.3-cm; 3-µm packing L1 that is base-deactivated. [Note
—Precondition the column for at least 30 min with Mobile phase. ]
Flow rate: 1 mL/min
Injection size: 10 µL
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System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2 for the propoxyphene hydrochloride peak
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C22 H29 NO2 ·HCl in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Propoxyphene Hydrochloride RS in the Standard solution (µg/mL)
C=
U nominal concentration of propoxyphene hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 92.5%–107.5%
PERFORMANCE TESTS
• Dissolution 711
pH 4.5 acetate buffer: 2.99 g of sodium acetate trihydrate in 200 mL of water. Add 1.66
mL of glacial acetic acid, and dilute with water to 1000 mL.
Medium: pH 4.5 acetate buffer; 500 mL
Apparatus 1: 100 rpm
Time: 60 min
Diluent: Proceed as directed in the Assay.
Standard solution: USP Propoxyphene Hydrochloride RS in Diluent
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Diluent to a concentration that is similar to the Standard solution.
Analysis: Proceed as directed in the Assay.
Tolerances: NLT 85% (Q) of the labeled amount of C22 H29 NO2 ·HCl is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP Propoxyphene Hydrochloride RS
USP39

BRIEFING
Propoxyphene Hydrochloride and Acetaminophen Tablets, USP 37 page 4458. It is
proposed to omit the monograph because products containing propoxyphene are no longer
considered safe for use in humans and the FDA requested companies to voluntarily withdraw
propoxyphene-containing products from the United States market. No drug products formulated
as defined in the Propoxyphene Hydrochloride and Acetaminophen Tablets monograph are
currently marketed as human or veterinary medicine in the United States.
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Correspondence Number—145618

Comment deadline: January 31, 2015
Delete the following:
Propoxyphene Hydrochloride and Acetaminophen Tablets

» Propoxyphene Hydrochloride and Acetaminophen Tablets contain not less
than 90.0 percent and not more than 110.0 percent of the labeled amounts
of propoxyphene hydrochloride (C 22 H 29 NO 2 ·HCl) and acetaminophen
(C 8 H 9 NO 2 ).
Packaging and storage—Preserve in tight containers.
USP Reference standards 11 —
USP Acetaminophen RS
USP Propoxyphene Hydrochloride RS
Identification—Transfer 1 finely ground Tablet to a test tube. If the Tablets are coated, first
immerse the Tablet in acetone for 1½ minutes, remove the shell, and grind. Add 5 mL of
methanol, shake for 5 minutes, and centrifuge. Use the clear supernatant as the Test solution.
Prepare a Standard solution in methanol containing, in each mL, 130 mg of USP Acetaminophen
RS and 13 mg of USP Propoxyphene Hydrochloride RS. Apply 5 µL of the Test solution on a line
parallel to and about 2 cm from the bottom edge of a 20- × 5-cm thin-layer chromatographic
plate (see Chromatography 621 ) coated with chromatographic silica gel mixture, and apply
5 µL of the Standard solution separately on the starting line. Place the plate in a developing
chamber containing a mixture of butyl acetate, chloroform, and formic acid (60:40:20), and
develop the chromatogram until the solvent front has moved about 15 cm above the line of
application. Remove the plate, allow to dry in a hood, and view under short-wavelength UV
light: the RF value of the principal spot from the Test solution corresponds to that from the
Standard solution. Spray the plate with iodoplatinate TS: the RF value of the orange-brown
spot from the Test solution corresponds to that from the Standard solution.
Dissolution, Procedure for a Pooled Sample

711 —

Medium: pH 4.5 acetate buffer, prepared as directed in the test for Dissolution under
Propoxyphene Hydrochloride, Aspirin and Caffeine Capsules; 700 mL.
Apparatus 2: 50 rpm.
Time: 30 minutes.
Procedure— Proceed as directed in the Assay, using a filtered portion of the solution under
test, diluted with Mobile phase, and a Standard solution having accurately known
concentrations of USP Propoxyphene Hydrochloride RS and USP Acetaminophen RS in Mobile
phase. Calculate the amounts of propoxyphene hydrochloride (C22 H29 NO2 ·HCl) and
acetaminophen (C8 H9 NO2 ) dissolved.
Tolerances— Not less than 80% (Q) of the labeled amount of C22 H29 NO2 ·HCl and not less than
80% (Q) of the labeled amount of C8 H9 NO2 are dissolved in 30 minutes.
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Uniformity of dosage units 905 : meet the requirements for Content Uniformity with respect
to propoxyphene hydrochloride.
Assay—
Mobile phase— Mix 0.15% diethylamine in water, adjusted with phosphoric acid to a pH of 3.2 ±
0.2, and acetonitrile (4:1). Sonicate for 15 minutes, and filter through a filter having a porosity
of 0.5 µm or finer. Make adjustments if necessary (see System Suitability under
Chromatography

621 ).

Standard preparation 1— Transfer about 2J mg of USP Acetaminophen RS, accurately weighed,
to a 10-mL volumetric flask, J being the ratio of the labeled amount, in mg, of acetaminophen
to the labeled amount, in mg, of propoxyphene hydrochloride in each Tablet. Transfer about 2
mg of USP Propoxyphene Hydrochloride RS, accurately weighed, to the same flask. Add about 5
mL of Mobile phase, swirl to dissolve, dilute with Mobile phase to volume, and mix. This solution
contains about 0.2 mg of USP Propoxyphene Hydrochloride RS and 0.2J mg of USP
Acetaminophen RS per mL.
Standard preparation 2— Transfer 5.0 mL of Standard preparation 1 to a 100-mL volumetric
flask, dilute with Mobile phase to volume, and mix. This solution contains about 0.01J mg of USP
Acetaminophen RS per mL.
Assay preparation 1— Weigh and finely powder not less than 20 Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 40 mg of propoxyphene
hydrochloride, to a 200-mL volumetric flask, add about 150 mL of Mobile phase, shake by
mechanical means for 30 minutes, sonicate for 5 minutes, dilute with Mobile phase to volume,
mix, and filter, discarding the first 20 mL of the filtrate. Use the clear filtrate as Assay
preparation 1.
Assay preparation 2— Transfer 5.0 mL of Assay preparation 1 to a 100-mL volumetric flask,
dilute with Mobile phase to volume, and mix.
Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 210-nm detector and a 254-nm detector and a 3.9-mm × 30-cm column that contains
packing L1. The flow rate is about 1 mL per minute. Chromatograph Standard preparation 1,
and record the responses as directed for Procedure: the tailing factor for the propoxyphene
peak is not more than 2.0, and the relative standard deviation for replicate injections is not
more than 2.0%. Chromatograph Standard preparation 2, and record the responses as directed
for Procedure: the tailing factor for the acetaminophen peak is not more than 1.5, and the
relative standard deviation for replicate injections is not more than 2.0%.
Procedure— [Note—Use peak areas where peak responses are indicated.] Separately inject
equal volumes (about 20 µL) of Standard preparation 1, Standard preparation 2, Assay
preparation 1, and Assay preparation 2 into the chromatograph, record the chromatograms
using both the 210-nm and the 254-nm detectors, and measure the responses for the
propoxyphene hydrochloride peaks obtained using the 210-nm detector and for the
acetaminophen peaks obtained using the 254-nm detector. Calculate the quantity, in mg, of
propoxyphene hydrochloride (C22 H29 NO2 ·HCl) in the portion of Tablets taken by the formula:
200C(rU / rS)
in which C is the concentration, in µg per mL, of USP Propoxyphene Hydrochloride RS in
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Standard preparation 1, and rU and rS are the propoxyphene hydrochloride peak responses
obtained from Assay preparation 1 and Standard preparation 1, respectively. Calculate the
quantity, in mg, of acetaminophen (C8 H9 NO2 ) in the portion of Tablets taken by the formula:
4000C(rU / rS)
in which C is the concentration, in mg per mL, of USP Acetaminophen RS in Standard
preparation 2, and rU and rS are the acetaminophen peak responses obtained from Assay
preparation 2 and Standard preparation 2, respectively. USP39
BRIEFING
Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules, USP 37 page 4459. It is
proposed to omit the monograph because the products containing propoxyphene are no longer
considered safe for use in humans and the FDA requested companies to voluntarily withdraw
propoxyphene-containing products from the United States market. No drug products formulated
as defined in the Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules monograph are
currently marketed as human or veterinary medicine in the United States.
(SM2: H. Cai.)

Correspondence Number—145620

Comment deadline: January 31, 2015
Delete the following:
Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules

» Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules contain not
less than 90.0 percent and not more than 110.0 percent of the labeled
amounts of propoxyphene hydrochloride (C 22 H 29 NO 2 ·HCl), aspirin (C 9 H 8 O 4 ),
and caffeine (C 8 H 10 N 4 O 2 ).
Note—W here Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules
are prescribed, the quantity of propoxyphene hydrochloride is to be
specified. W here the Capsules are prescribed without reference to the
quantity of aspirin or caffeine contained therein, a product containing 389
mg of aspirin and 32.4 mg of caffeine shall be dispensed.
Packaging and storage—Preserve in tight containers at controlled room temperature.
USP Reference standards 11 —
USP Aspirin RS
USP Caffeine RS
USP Propoxyphene Hydrochloride RS
USP Salicylic Acid RS
Identification—
A: Place an amount of the finely powdered contents of Capsules, equivalent to about 65 mg of
propoxyphene hydrochloride, in a test tube, add 5 mL of methanol, shake for 5 minutes, and
centrifuge. The clear supernatant is the test solution. Dissolve weighed amounts of USP
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Propoxyphene Hydrochloride RS, USP Aspirin RS, and USP Caffeine RS corresponding,
proportionately, to the amounts of propoxyphene hydrochloride, aspirin, and caffeine in the
Capsules to obtain a Standard solution having a known concentration of about 13 mg of
propoxyphene hydrochloride per mL. Apply 10 µL each of the test solution and the Standard
solution to a suitable thin-layer chromatographic plate (see Chromatography 621 ) coated
with a 0.25-mm layer of chromatographic silica gel mixture. Develop the chromatograms in a
solvent system consisting of a mixture of chloroform, butyl acetate, and formic acid (30:20:10)
until the solvent front has moved about three-fourths of the length of the plate. Remove the
plate from the developing chamber, mark the solvent front, allow it to dry in a fume hood, and
examine the plate under short-wavelength UV light: the chromatogram of the test solution
exhibits 3 principal spots that correspond in RF value and intensity with those obtained from the
Standard solution.
B: The Assay preparation prepared as directed in the Assay for propoxyphene hydrochloride
and caffeine is dextrorotatory.
Dissolution 711 —
Medium: pH 4.5 acetate buffer; 500 mL.
Apparatus 1: 100 rpm.
Time: 60 minutes.
pH 4.5 acetate buffer— Dissolve 2.99 g of sodium acetate trihydrate in 200 mL of water, add
1.66 mL of glacial acetic acid, dilute with water to 1000 mL, and mix.
Determination of dissolved aspirin— Transfer 5.0 mL of a filtered portion of the solution under
test to a 25-mL volumetric flask. Concurrently pipet 5 mL of a standard solution, prepared by
dissolving 35 mg of accurately weighed USP Aspirin RS in 50.0 mL of pH 4.5 acetate buffer, into
a second 25-mL volumetric flask. Proceed as directed for Procedure in the Assay for aspirin,
beginning with “Into each flask pipet 5 mL of Sodium hydroxide reagent.” Concomitantly
determine the absorbances of both solutions against a similarly treated blank of 5.0 mL of pH
4.5 acetate buffer. Determine the amount of aspirin (C9 H8 O4 ) in solution by comparison with
the Standard solution.
Determination of dissolved propoxyphene hydrochloride—
Internal standard solution —Dissolve n-tricosane in chloroform to obtain a solution containing
about 0.06 mg per mL.
Standard preparation —Dissolve an accurately weighed quantity of USP Propoxyphene
Hydrochloride RS in pH 4.5 acetate buffer to obtain a solution having a known concentration
(between 0.06 and 0.13 mg per mL) that corresponds to the concentration of propoxyphene
hydrochloride that is estimated for the solution under test, based on the labeled content of the
Capsules and the extent of dissolution.
Procedure —Transfer equal, accurately measured, volumes (between 5.0 and 10.0 mL) of
filtered portions of the solution under test and the Standard preparation into separate, screwcapped centrifuge tubes. To each tube add 5.0 mL of sodium carbonate solution (1 in 5), and
shake. Extract with one 5.0-mL portion of Internal standard solution, and one 5.0-mL portion of
chloroform, and shake each extract for 5 minutes. Pass the organic layers through phase-
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separating paper. Evaporate to about 1 mL, and inject a 10-µL portion into a suitable gas
chromatograph equipped with a flame-ionization detector. Proceed as directed for Procedure in
the Assay for propoxyphene hydrochloride and caffeine, beginning with “The column is typically
60 cm × 4 mm.” Determine the amount of propoxyphene hydrochloride (C22 H29 NO2 ·HCl) in
solution by comparison with the Standard preparation.
Tolerances— Not less than 75% (Q) of the labeled amount of C9 H8 O4 is dissolved in 60
minutes, and not less than 85% (Q) of the labeled amount of C22 H29 NO2 ·HCl is dissolved in 60
minutes.
Uniformity of dosage units 905 : meet the requirements for Content Uniformity with respect
to propoxyphene hydrochloride and to caffeine.
Free salicylic acid—
Ferric chloride-urea reagent— Dissolve by swirling, without the aid of heat, 60 g of urea in a
mixture of 8 mL of ferric chloride solution (6 in 10) and 42 mL of 0.05 N hydrochloric acid.
Adjust this solution, if necessary, with 6 N hydrochloric acid to a pH of 3.2.
Standard preparation— Transfer 15.0 mg of USP Salicylic Acid RS, accurately weighed, to a
100-mL volumetric flask, add chloroform to volume, and mix. Transfer 10.0 mL of this solution to
a 100-mL volumetric flask containing 20 mL of methanol, 4 drops of hydrochloric acid, and 20
mL of a 1 in 10 solution of glacial acetic acid in ether, dilute with chloroform to volume, and
mix.
Test preparation— Pack a pledget of glass wool in the base of a 25- × 200-mm
chromatographic tube. In a beaker, prepare a mixture of 6 g of chromatographic siliceous earth,
2 mL of freshly prepared Ferric chloride-urea reagent, and 40 mL of chloroform. Transfer the
mixture to the chromatographic tube. Rinse the beaker with 15 mL of chloroform, transfer to
the column, and pack tightly. Place a small amount of glass wool at the top of the column.
Weigh accurately a quantity of the finely powdered contents of Capsules, equivalent to about
50 mg of aspirin, mix with 10 mL of chloroform by stirring for 3 minutes, and transfer to the
chromatographic column with the aid of 10 mL of chloroform. Pass 40 mL of chloroform through
the column, rinse the tip of the chromatographic tube with chloroform, and discard the eluate.
Prepare as a receiver a 100-mL volumetric flask containing 20 mL of methanol and 4 drops of
hydrochloric acid, and elute any salicylic acid from the column with 20 mL of a 1 in 10 solution
of glacial acetic acid in ether that recently has been saturated with water, followed by 30 mL
of chloroform. Dilute the eluate with chloroform to volume, and mix.
Procedure— Concomitantly determine the absorbances of the Standard preparation and the
Test preparation in 1-cm cells at the wavelength of maximum absorbance at about 306 nm,
with a suitable spectrophotometer, using as the blank a solvent mixture of the same
composition as that used for the Standard preparation: the absorbance of the Test
preparation does not exceed that of the Standard preparation (3.0%, calculated on the basis
of the labeled content of aspirin).
Assay for propoxyphene hydrochloride and caffeine—
Internal standard solution— Dissolve n-tricosane in chloroform to obtain a solution having a
concentration of about 0.6 mg per mL.
Standard preparation— Transfer to a 50-mL volumetric flask accurately weighed quantities of
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about 32 mg of USP Propoxyphene Hydrochloride RS, about 32J mg of USP Aspirin RS, and
about 32J¢ mg of USP Caffeine RS, where J is the ratio of the labeled amount, in mg, of aspirin
to the labeled amount, in mg, of propoxyphene hydrochloride per Capsule, and J¢ is the ratio of
the labeled amount, in mg, of caffeine to the labeled amount, in mg, of propoxyphene
hydrochloride per Capsule. Add 10 mL of acetone, and swirl to dissolve the reference standards
completely. Dilute with water to volume, and mix.
Assay preparation— Remove as completely as possible the contents of 20 Capsules, and
transfer an accurately weighed portion of the powder, equivalent to 65 mg of propoxyphene
hydrochloride, to a 100-mL volumetric flask containing 20 mL of acetone. If the Capsules
contain a pellet (propoxyphene hydrochloride) as well as a powder, finely grind the pellets, then
mix with the powder before proceeding. Sonicate for about 1 minute. Dilute the milky solution
with water to volume, and mix. Filter, discarding the first 20 mL of the filtrate.
Procedure for propoxyphene hydrochloride and caffeine— Transfer 5.0-mL aliquots of the Assay
preparation and the Standard preparation to separate 60-mL separators. To each add 5.0 mL
of sodium carbonate solution (1 in 5) and 5.0 mL of Internal standard solution. Shake vigorously
for 5 minutes, and allow the layers to separate. Drain the chloroform layer through phaseseparating paper, suitably supported in a funnel, into a screw-capped test tube. Extract with
one 5-mL portion of chloroform, and drain the chloroform layer through phase-separating paper.
Evaporate the combined chloroform extracts, using a stream of dry nitrogen, to a final volume
of about 2 mL. Inject separately a suitable volume, equivalent to about 6.4 µg of
propoxyphene, of the chloroform extracts from the Assay preparation and the Standard
preparation into a suitable gas chromatograph equipped with a flame-ionization detector. The
column is typically 60 cm × 3 mm and is packed with 3% methyl phenyl silicone, liquid phase on
80- to 100-mesh chromatographic siliceous earth. The temperature of the injection port is 200
, the column temperature is 175 , and the carrier gas, nitrogen, has a flow rate of about 60 mL
per minute. Relative retention times are about 0.65 for caffeine, 1.0 for the internal standard,
and 1.7 for propoxyphene. In a suitable chromatogram, the resolution factor is not less than
1.0 between any two peaks, the relative standard deviation for five replicate injections of the
Standard preparation is not more than 2.0, and the tailing factor for caffeine is not greater
than 1.5. Calculate the quantities, in mg, of propoxyphene hydrochloride (C22 H29 NO2 ·HCl) and
caffeine (C8 H10 N4 O2 ), respectively, in the portion taken for the Assay preparation by the same
formula:
100C(RU / RS)
in which C is the concentration, in mg per mL, of the appropriate USP Reference Standard in
the Standard preparation, and RU and RS are the ratios of the peak areas of the corresponding
analyte to those of the internal standard obtained from the Assay preparation and the
Standard preparation, respectively.
Assay for aspirin—
Sodium hydroxide reagent— Dissolve 1 g of polyoxyethylene (23) lauryl ether in about 100 mL
of hot water contained in a 1000-mL volumetric flask. Dilute with water to about 600 mL, and
dissolve 10 g of sodium hydroxide in this solution. Dilute with water to volume, and mix.
Ferric nitrate reagent— Mix 70 mL of nitric acid with about 600 mL of water contained in a
1000-mL volumetric flask. Dissolve 40 g of ferric nitrate [Fe(NO3 )3 ·9H2 O] in this solution, dilute
with water to volume, and mix.
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Standard preparation and Assay preparation—Prepare as directed in the Assay for
propoxyphene hydrochloride and caffeine to obtain solutions having concentrations of about 4
mg of aspirin per mL.
Procedure— Into separate 25-mL volumetric flasks pipet 2 mL each of the Standard preparation
and the Assay preparation, and 2 mL of dilute acetone (1 in 5) to provide the blank. Into each
flask pipet 5 mL of Sodium hydroxide reagent, mix by gentle swirling, and allow to stand at
room temperature for 8 minutes. Dilute with Ferric nitrate reagent to volume, and mix.
Concomitantly determine the absorbances of both solutions against the blank in 1-cm cells at
the wavelength of maximum absorbance at about 530 nm, taking care to allow the solutions to
reach an equilibrium temperature in the cell compartment. The color intensity is temperaturedependent. Calculate the quantity, in mg, of aspirin (C9 H8 O4 ) in the portion taken for the Assay
preparation by the formula:
100C(AU / AS)
in which C is the concentration, in mg per mL, of USP Aspirin RS in the Standard preparation,
and AU and AS are the absorbances of the solutions from the Assay preparation and the
Standard preparation, respectively. USP39
BRIEFING
Propoxyphene Napsylate, USP 37 page 4461. It is proposed to omit the monograph
because the products containing propoxyphene are no longer considered safe for use in humans
and the FDA requested companies to voluntarily withdraw propoxyphene-containing products
from the United States market. No drug products formulated with the drug substance as
defined in the Propoxyphene Napsylate monograph are currently marketed as human or
veterinary medicine in the United States.
(SM2: H. Cai.)

Correspondence Number—145621

Comment deadline: January 31, 2015
Delete the following:
Propoxyphene Napsylate
C22 H29 NO2 ·C10 H8 O3 S·H2 O

565.72

Benzeneethanol, -[2-(dimethylamino)-1-methylethyl]- -phenyl-, propanoate (ester), [S(R*,S*)]-, compd. with 2- naphthalenesulfonic acid (1:1), monohydrate.
( S,1R)- -[2-(Dimethylamino)-1-methylethyl]- -phenylphenethyl propionate compound with
2-naphthalenesulfonic acid (1:1) monohydrate [[26570-10-5]].
Anhydrous
547.72
[[17140-78-2]].

» Propoxyphene Napsylate contains not less than 97.0 percent and not more
than 103.0 percent of C 22 H 29 NO 2 ·C 10 H 8 O 3 S, calculated on the anhydrous
basis.
Packaging and storage—Preserve in tight containers.
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USP Reference standards 11 —
USP Propoxyphene Napsylate RS
USP Propoxyphene Related Compound A RS
a-d-4-Dimethylamino-1,2-diphenyl-3-methyl-2-butanol hydrochloride.
C19 H25 NO·HCl
319.87
USP Propoxyphene Related Compound B RS
-d-2-Acetoxy-4-dimethylamino-1,2-diphenyl-3-methylbutane.
C21 H27 NO2
325.45
Identification—
A: Infrared Absorption

197K : previously dried at 105 for 3 hours.

B: Ultraviolet Absorption

197U —

Solution: 40 µg per mL.
Medium: methanol.
Absorptivities at 275 nm, calculated on the anhydrous basis, do not differ by more than 3.0%.
Melting range, Class I

741 : between 158 and 165 , but the range between beginning and

end of melting does not exceed 4 , determined after drying at 105 for 3 hours.
Specific rotation

781S : between +35 and +43 .

Test solution: 10 mg per mL, in chloroform.
Water, Method I
Residue on ignition

921 : between 2.5% and 5.0%.
281 : not more than 0.5%.

Heavy metals, Method II

231 : 0.003%.

Related compounds—
Mobile phase and Chromatographic system— Proceed as directed in the Assay.
Standard stock solution— Accurately weigh about 10 mg each of USP Propoxyphene Related
Compound A RS and USP Propoxyphene Related Compound B RS into a 50-mL volumetric flask,
dissolve using 2 mL of methanol, dilute with Mobile phase to volume, and mix.
Standard solution— Transfer 5.0 mL of the Standard stock solution to a 50-mL volumetric flask,
dilute with Mobile phase to volume, and mix.
System suitability solution— Dissolve an accurately weighed quantity of USP Propoxyphene
Napsylate RS in Standard solution, and dilute quantitatively, and stepwise if necessary, to
obtain a solution having known concentrations of about 4.5 mg per mL of USP Propoxyphene
Napsylate RS, about 0.02 mg per mL of USP Propoxyphene Related Compound A RS, and about
0.02 mg per mL of USP Propoxyphene Related Compound B RS.
Test solution— Use the Assay preparation.
Chromatographic system— Chromatograph the System suitability solution, and record the peak
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responses as directed for Procedure: the relative retention times are about 0.63 for
propoxyphene related compound A, 0.78 for propoxyphene related compound B, and 1.0 for
propoxyphene napsylate; the resolution, R, between propoxyphene related compound B and
propoxyphene related compound A is not less than 2.0; and the relative standard deviation for
replicate injections is not more than 2.0%.
Procedure— Separately inject equal volumes (about 50 µL) of the Standard solution and the
Test solution into the chromatograph, record the chromatograms, and measure the peak
responses. Calculate the quantity, in mg, of propoxyphene related compound A in the portion of
Propoxyphene Napsylate taken by the formula:
50C(491.67/319.88)(rU / rS)
in which C is the concentration, in mg per mL, of USP Propoxyphene Related Compound A RS in
the Standard solution; 491.67 and 319.88 are the molecular weights of propoxyphene related
compound A napsylate and propoxyphene related compound A, respectively; and rU and rS are
the propoxyphene related compound A peak responses obtained from the Test solution and the
Standard solution, respectively: not more than 0.5% of propoxyphene related compound A
napsylate is found. Calculate the quantity, in mg, of propoxyphene related compound B
napsylate in the portion of Propoxyphene Napsylate taken by the formula:
50C(533.71/325.45)(rU / rS)
in which C is the concentration, in mg per mL, of USP Propoxyphene Related Compound B RS in
the Standard solution; 533.71 and 325.45 are the molecular weights of propoxyphene related
compound B napsylate and propoxyphene related compound B, respectively; and rU and rS are
the propoxyphene related compound B peak responses obtained from the Test solution and the
Standard solution, respectively. Not more than 0.6% of propoxyphene related compound B
napsylate is found.
Assay—
0.1 M Monobasic ammonium phosphate buffer, pH 6.3— Dissolve 11.5 g of monobasic
ammonium phosphate and 1.0 mL of triethylamine in 1000 mL of water, adjust with 10% sodium
hydroxide to a pH of 6.3 ± 0.05, and mix.
Mobile phase— Prepare a filtered and degassed mixture of methanol and 0.1 M Monobasic
ammonium phosphate buffer, pH 6.3 (67:33). Make adjustments if necessary (see System
Suitability under Chromatography

621 ).

Standard preparation— Dissolve an accurately weighed quantity of USP Propoxyphene
Napsylate RS in Mobile phase to obtain a solution having a known concentration of about 5.0
mg per mL.
Assay preparation— Transfer about 250 mg of Propoxyphene Napsylate, accurately weighed, to
a 50-mL volumetric flask, dissolve in and dilute with Mobile phase to volume, and mix.
Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a 254-nm detector and a 3.9-mm × 30-cm column that contains packing L1. The
flow rate is about 1.5 mL per minute. Chromatograph the Standard preparation, and record the
peak responses as directed for Procedure: the retention time of propoxyphene napsylate is
about 9 minutes; the tailing factor for the propoxyphene napsylate peak is not more than 3.5;
and the relative standard deviation for replicate injections is not more than 2.0%.
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Procedure— Separately inject equal volumes (about 50 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. Calculate the quantity, in mg, of C22 H29 NO2 ·C10 H8 O3 S in the
portion of Propoxyphene Napsylate taken by the formula:
50C(rU / rS)
in which C is the concentration, in mg per mL, of USP Propoxyphene Napsylate RS in the
Standard preparation; and rU and rS are the peak responses obtained from the Assay
preparation and the Standard preparation, respectively. USP39
BRIEFING
Propoxyphene Napsylate Oral Suspension, USP 37 page 4462. It is proposed to omit the
monograph because the products containing propoxyphene are no longer considered safe for
use in humans and the FDA requested companies to voluntarily withdraw propoxyphenecontaining products from the United States market. No drug products formulated as defined in
the Propoxyphene Napsylate Oral Suspension monograph are currently marketed as human or
veterinary medicine in the United States.
(SM2: H. Cai.)

Correspondence Number—145624

Comment deadline: January 31, 2015
Delete the following:
Propoxyphene Napsylate Oral Suspension

» Propoxyphene Napsylate Oral Suspension contains not less than 90.0
percent and not more than 110.0 percent of the labeled amount of
propoxyphene napsylate (C 22 H 29 NO 2 ·C 10 H 8 O 3 S·H 2 O).
Packaging and storage—Preserve in tight containers, protected from light. Avoid freezing.
USP Reference standards 11 —
USP Propoxyphene Napsylate RS
Identification—Transfer a volume of Oral Suspension, equivalent to about 100 mg of
propoxyphene napsylate, to a small flask, mix with 10 mL of chloroform, and filter: the
chloroform solution is dextrorotatory (see Optical Rotation
Uniformity of dosage units

781 ).

905 —

for oral suspension packaged in single-unit containers: meets the requirements.
Deliverable volume

698 —

for oral suspension packaged in multiple-unit containers: meets the requirements.
Alcohol content, Method II

611 : between 0.5% and 1.5% of C2 H5 OH.

Assay—
Diethylamine phosphate buffer, Diluent, Mobile phase, Standard preparation, and
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Chromatographic system— Proceed as directed in the Assay under Propoxyphene Napsylate
Tablets.
Assay preparation— Transfer an accurately weighed quantity of the well-mixed Oral
Suspension, equivalent to about 50 mg of propoxyphene napsylate monohydrate, to a 100-mL
volumetric flask. Dissolve in and dilute with a solution of acetonitrile in water (2 in 5) to volume,
and mix. Further dilute 10.0 mL of the resulting solution to 50 mL with the solution of
acetonitrile in water (2 in 5).
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
areas for the propoxyphene peaks. Calculate the quantity, in mg, of propoxyphene napsylate
(C22 H29 NO2 ·C10 H8 O3 S·H2 O) in each mL of the Oral Suspension taken by the formula:
(565.72/547.72)500C(D/WU)(rU / rS)
in which 565.72 and 547.72 are the molecular weights of propoxyphene napsylate and
anhydrous propoxyphene napsylate, respectively; C is the concentration, in mg per mL, of
anhydrous USP Propoxyphene Napsylate RS in the Standard preparation; D is the density, in g
per mL, of the Oral Suspension; WU is the weight, in g, of the Oral Suspension taken; and rU
and rS are the peak responses obtained from the Assay preparation and the Standard
preparation, respectively. USP39
BRIEFING
Propoxyphene Napsylate Tablets,USP 37 page 4462. It is proposed to omit the
monograph because products containing propoxyphene are no longer considered safe for use in
humans and the FDA requested companies to voluntarily withdraw propoxyphene-containing
products from the United States market. No drug products formulated as defined in the
Propoxyphene Napsylate Tablets monograph are currently marketed as human or veterinary
medicine in the United States.
(SM2: H. Cai.)

Correspondence Number—145625

Comment deadline: January 31, 2015
Delete the following:
Propoxyphene Napsylate Tablets

» Propoxyphene Napsylate Tablets contain not less than 90.0 percent and
not more than 110.0 percent of the labeled amount of
C 22 H 29 NO 2 ·C 10 H 8 O 3 S·H 2 O.
Packaging and storage—Preserve in tight containers.
USP Reference standards 11 —
USP Propoxyphene Napsylate RS
Identification—Transfer a portion of finely powdered Tablets, equivalent to about 100 mg of
propoxyphene napsylate, to a small flask, and mix with 10 mL of chloroform. Add 10 mL of pH
12.5 borate buffer [Note—Dissolve 6.18 g of boric acid and 7.5 g of potassium chloride in water
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to make 500 mL. Dissolve 17.5 g of sodium hydroxide in water to make 500 mL. Mix the two
solutions, dilute with water to 2000 mL, and mix.], shake for 3 minutes, allow to stand until
most of the emulsion has broken, and filter the chloroform solution: the chloroform solution is
dextrorotatory (see Optical Rotation

781 ).

Dissolution 711 —
Medium: pH 4.5 acetate buffer, prepared as directed in the Dissolution test under
Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules; 500 mL.
Apparatus 1: 100 rpm.
Time: 60 minutes.
Determine the amount of C22 H29 NO2 ·C10 H8 O3 S·H2 O dissolved by employing the following
method.
Diethylamine phosphate buffer, Mobile phase, and Chromatographic system— Proceed as
directed in the Assay.
Standard solution— Dissolve an accurately weighed quantity of USP Propoxyphene Napsylate
RS in Dissolution Medium to obtain a solution having a known concentration of about 0.1 mg
per mL.
Test solution— Quantitatively dilute a filtered portion of the solution under test with Dissolution
Medium to obtain a solution having a concentration of about 0.1 mg of propoxyphene napsylate
per mL.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard solution and the
Test solution into the chromatograph, record the chromatograms, and measure the areas for
the propoxyphene peaks. Calculate the quantity, in mg, of C22 H29 NO2 ·C10 H8 O3 S·H2 O dissolved
by the formula:
(565.72 / 547.72)500CD(rU / rS)
in which 565.72 and 547.72 are the molecular weights of propoxyphene napsylate and
anhydrous propoxyphene napsylate, respectively; C is the concentration, in mg per mL, of USP
Propoxyphene Napsylate RS in the Standard solution; D is the dilution factor used to prepare
the Test solution; and rU and rS are the peak responses obtained from the Test solution and
the Standard solution, respectively.
Tolerances— Not less than 75% (Q) of the labeled amount of C22 H29 NO2 ·C10 H8 O3 S·H2 O is
dissolved in 60 minutes.
Uniformity of dosage units

905 : meet the requirements.

Assay—
Diethylamine phosphate buffer— Mix 5.0 mL of diethylamine with 995 mL of water, and adjust
with phosphoric acid to a pH of 3.2.
Diluent— Prepare a mixture of Diethylamine phosphate buffer and acetonitrile (4:1).
Mobile phase— Prepare a mixture of Diethylamine phosphate buffer and acetonitrile (3:2).
Sonicate for 15 minutes, and pass through a filter having a 0.5-µm or finer porosity. Make
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adjustments if necessary (see System Suitability under Chromatography

621 ).

Standard preparation— Dissolve an accurately weighed quantity of USP Propoxyphene
Napsylate RS in Diluent to obtain a solution having a known concentration of about 0.1 mg per
mL.
Assay preparation— Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 5 Tablets, to a 1000-mL
volumetric flask. Dissolve in and dilute with Diluent to volume, and mix. Further dilute 10.0 mL of
the resulting solution with Diluent, mix, and filter or centrifuge to obtain a clear solution having
a concentration of about 0.1 mg per mL.
Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a 217-nm detector and a 3.9-mm × 30-cm column containing packing L1. The
flow rate is about 1 mL per minute. Chromatograph the Standard preparation, and record the
responses as directed for Procedure: the tailing factor is not more than 1.5; and the relative
standard deviation for replicate injections is not more than 2.0%.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
areas for the propoxyphene peaks. Calculate the quantity, in mg, of propoxyphene napsylate
(C22 H29 NO2 ·C10 H8 O3 S·H2 O) in the portion of the Tablets taken by the formula:
(565.72 / 547.72)1000CD(rU / rS)
in which 565.72 and 547.72 are the molecular weights of propoxyphene napsylate monohydrate
and anhydrous propoxyphene napsylate, respectively; C is the concentration, in mg per mL, of
USP Propoxyphene Napsylate RS in the Standard preparation; D is the dilution factor used to
prepare the Assay preparation; and rU and rS are the responses obtained from the Assay
preparation and the Standard preparation, respectively. USP39
BRIEFING
Propoxyphene Napsylate and Acetaminophen Tablets, USP 37 page 4463. It is proposed
to omit the monograph because the products containing propoxyphene are no longer considered
safe for use in humans and the FDA requested companies to voluntarily withdraw
propoxyphene-containing products from the United States market. No drug products formulated
as defined in the Propoxyphene Napsylate and Acetaminophen Tablets monograph are currently
marketed as human or veterinary medicine in the United States.
(SM2: H. Cai.)

Correspondence Number—145622

Comment deadline: January 31, 2015
Delete the following:
Propoxyphene Napsylate and Acetaminophen Tablets

» Propoxyphene Napsylate and Acetaminophen Tablets contain not less than
90.0 percent and not more than 110.0 percent of the labeled amounts of
propoxyphene napsylate (C 22 H 29 NO 2 ·C 10 H 8 O 3 S·H 2 O) and acetaminophen
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(C 8 H 9 NO 2 ).
Packaging and storage—Preserve in tight containers, at controlled room temperature.
USP Reference standards 11 —
USP Acetaminophen RS
USP Propoxyphene Napsylate RS
Identification—
A: Transfer the finely ground contents of 1 Tablet to a test tube, add 5 mL of methanol, shake
for 5 minutes, and centrifuge. Use the clear supernatant as the test solution. Prepare a
Standard solution in methanol containing, in each mL, about 20 mg of USP Propoxyphene
Napsylate RS and 130 mg of USP Acetaminophen RS. Apply 10 µL of the test solution on a line
parallel to and about 2 cm from the bottom edge of a 20- × 5-cm thin-layer chromatographic
plate (see Chromatography 621 ) coated with chromatographic silica gel mixture, and apply
10 µL of the Standard solution separately on the starting line. Place the plate in a developing
chamber containing a mixture of chloroform, butyl acetate, and formic acid (50:50:20), and
develop the chromatogram until the solvent front has moved about 15 cm above the line of
application. Remove the plate, allow to dry in a hood, and view under short-wavelength UV
light: the solution under test exhibits two principal spots having intensities and RF values
identical to those of the two principal spots obtained from the Standard solution.
B: The retention time of the major peak for propoxyphene in the chromatogram of the Assay
preparation corresponds to that in the chromatogram of the Standard preparation, as obtained
in the Assay for propoxyphene napsylate.
C: The retention time of the major peak for acetaminophen in the chromatogram of the Assay
preparation corresponds to that in the chromatogram of the Standard preparation, as obtained
in the Assay for acetaminophen.
Dissolution 711 —
Medium: pH 4.5 acetate buffer, prepared as directed in the test for Dissolution under
Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules; 500 mL.
Apparatus 1: 100 rpm.
Time: 60 minutes.
Determine the amount of propoxyphene napsylate monohydrate (C22 H29 NO2 ·C10 H8 O3 S·H2 O)
dissolved by employing the following method.
Diethylamine phosphate buffer, Mobile phase, and Chromatographic system— Proceed as
directed in the Assay under Propoxyphene Napsylate Tablets.
Standard solution— Transfer about 10 mg of USP Propoxyphene Napsylate RS and about 10J mg
of USP Acetaminophen RS, both accurately weighed, to a 100-mL volumetric flask, J being the
ratio of the labeled amount, in mg, of acetaminophen to the labeled amount, in mg, of
propoxyphene napsylate in each Tablet. Dissolve in and dilute with Dissolution Medium to
volume, and mix. This solution contains about 0.1 mg of USP Propoxyphene Napsylate RS and
0.1J mg of USP Acetaminophen RS per mL. [Note—Retain a portion of this solution for use in
preparing the Standard solution when determining the amount of acetaminophen dissolved.]
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Test solution and Procedure— Proceed as directed in the Dissolution test under Propoxyphene
Napsylate Tablets.
Determine the amount of acetaminophen (C8 H9 NO2 ) dissolved by employing the following
method.
Diethylamine phosphate buffer— Prepare as directed in the Assay under Propoxyphene
Napsylate Tablets.
Mobile phase, Chromatographic system, and Procedure— Proceed as directed in the Assay for
acetaminophen.
Standard solution A— Transfer 10.0 mL of the Standard solution to a 100-mL volumetric flask,
dilute with Dissolution Medium to volume, and mix. This solution contains about 0.01J mg of
USP Acetaminophen RS per mL.
Test solution A— Quantitatively dilute a filtered portion of the solution under test with
Dissolution Medium to obtain a solution having a concentration of about 0.01J mg of
acetaminophen per mL.
Tolerances— Not less than 75% (Q) of the labeled amounts of C22 H29 NO2 ·C10 H8 O3 S·H2 O and
C8 H9 NO2 is dissolved in 60 minutes.
Uniformity of dosage units 905 : meet the requirements for Content Uniformity with respect
to propoxyphene napsylate and acetaminophen.
Assay for propoxyphene napsylate—
Diethylamine phosphate buffer, Diluent, Mobile phase, and Chromatographic system— Proceed
as directed in the Assay under Propoxyphene Napsylate Tablets.
Standard preparation— Transfer about 10 mg of USP Propoxyphene Napsylate RS and about
10J mg of USP Acetaminophen RS, both accurately weighed, to a 100-mL volumetric flask, J
being the ratio of the labeled amount, in mg, of acetaminophen to the labeled amount, in mg, of
propoxyphene napsylate in each Tablet. Dissolve in and dilute with Diluent to volume, and mix.
This solution contains about 0.1 mg of USP Propoxyphene Napsylate RS and 0.1J mg of USP
Acetaminophen RS per mL. [Note—Retain a portion of the Standard preparation for use in the
Assay for acetaminophen.]
Assay preparation and Procedure— Proceed as directed in the Assay under Propoxyphene
Napsylate Tablets. [Note—Retain a portion of the Assay preparation for use in the Assay for
acetaminophen.]
Assay for acetaminophen—
Diethylamine phosphate buffer— Prepare as directed in the Assay under Propoxyphene
Napsylate Tablets.
Mobile phase— Prepare a mixture of Diethylamine phosphate buffer and acetonitrile (4:1).
Sonicate for 15 minutes, and pass through a filter having a 0.5-µm or finer porosity. Make
adjustments if necessary (see System Suitability under Chromatography

621 ).

Standard preparation— Transfer 10.0 mL of the Standard preparation prepared as directed in

PF 40(6): Nov.-Dec. 2014

614

the Assay for propoxyphene napsylate to a 100-mL volumetric flask, dilute with Mobile phase to
volume, and mix. This solution contains about 0.01J mg of USP Acetaminophen RS per mL.
Assay preparation— Transfer 10.0 mL of the Assay preparation prepared as directed in the
Assay for propoxyphene napsylate to a 100-mL volumetric flask, dilute with Mobile phase to
volume, and mix.
Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a 245-nm detector and a 3.9-mm × 30-cm column containing packing L1. The
flow rate is about 1 mL per minute. Chromatograph the Standard preparation, and record the
responses as directed for Procedure: the tailing factor is not more than 1.5; and the relative
standard deviation for replicate injections is not more than 2.0%.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
areas for the acetaminophen peaks. Calculate the quantity, in mg, of acetaminophen
(C8 H9 NO2 ) in the portion of Tablets taken by the formula:
5000CD(rU / rS)
in which C is the concentration, in mg per mL, of USP Acetaminophen RS in the Standard
preparation; D is the dilution factor used to prepare the Assay preparation in the Assay for
propoxyphene napsylate; and rU and rS are the peak responses obtained from the Assay
preparation and the Standard preparation, respectively. USP39
BRIEFING
Propoxyphene Napsylate and Aspirin Tablets, USP 37 page 4464. It is proposed to omit
the monograph because the products containing propoxyphene are no longer considered safe
for use in humans and the FDA requested companies to voluntarily withdraw propoxyphenecontaining products from the United States market. No drug products formulated as defined in
the Propoxyphene Napsylate and Aspirin Tablets monograph are currently marketed as human or
veterinary medicine in the United States.
(SM2: H. Cai.)

Correspondence Number—145623

Comment deadline: January 31, 2015
Delete the following:
Propoxyphene Napsylate and Aspirin Tablets

» Propoxyphene Napsylate and Aspirin Tablets contain not less than 90.0
percent and not more than 110.0 percent of the labeled amounts of
propoxyphene napsylate (C 22 H 29 NO 2 ·C 10 H 8 O 3 S·H 2 O) and aspirin (C 9 H 8 O 4 ).
Packaging and storage—Preserve in tight containers, at controlled room temperature.
USP Reference standards 11 —
USP Aspirin RS
USP Propoxyphene Napsylate RS
USP Salicylic Acid RS
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Identification—
A: Transfer the finely ground contents of 1 Tablet to a test tube, add 5 mL of methanol, shake
for 5 minutes, and centrifuge. Use the clear supernatant as the Test solution. Prepare a
Standard solution in methanol containing, in each mL, about 65 mg of USP Aspirin RS and 20 mg
of USP Propoxyphene Napsylate RS. Apply 10 µL of the Test solution on a line parallel to and
about 2 cm from the bottom edge of a 20- × 5-cm thin-layer chromatographic plate (see
Chromatography 621 ) coated with chromatographic silica gel mixture, and apply 10 µL of
the Standard solution separately on the starting line. Place the plate in a developing chamber
containing a mixture of chloroform, butyl acetate, and formic acid (60:40:20), and develop the
chromatogram until the solvent front has moved about 15 cm above the line of application.
Remove the plate, allow to dry in a hood, and view under short-wavelength UV light: the
solution under test exhibits two principal spots having intensities and RF values identical to
those of the two principal spots obtained from the Standard solution.
B: The Assay preparation prepared as directed in the Assay is dextrorotatory.
Dissolution 711 —
Medium: pH 4.5 acetate buffer, prepared as directed in the test for Dissolution under
Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules; 500 mL.
Apparatus 1: 100 rpm.
Time: 60 minutes.
Determination of dissolved propoxyphene napsylate—
Internal standard solution— Dissolve n-tricosane in chloroform to obtain a solution containing
about 0.1 mg per mL.
Standard solution— Dissolve an accurately weighed quantity of USP Propoxyphene Napsylate
RS in pH 4.5 acetate buffer to prepare a solution of about 0.20 mg per mL.
Solution A— Dissolve 4.2 g of sodium bicarbonate in 100 mL of water.
Solution B— Dissolve 14.3 g of sodium carbonate in 100 mL of water.
pH 9.0 buffer— Dilute 10 mL of Solution B to 100.0 mL with Solution A.
Procedure— Transfer equal, accurately measured, volumes (between 5.0 and 10.0 mL) of
filtered portions of the solution under test and the Standard solution into separate, screwcapped centrifuge tubes. To each tube, add 5.0 mL of the pH 9.0 buffer and shake. Add 10.0
mL of the Internal standard solution to each tube and shake for shake for 1 minute. Pass the
organic layer through phase-separating paper. Evaporate to about 1 mL, and inject a 10-µL
portion into a suitable gas chromatograph equipped with a flame-ionization detector. Proceed
as directed for Procedure in the Assay for propoxyphene hydrochloride and caffeine,
Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules, beginning with “The column is
typically 60 cm × 3 mm.” Determine the amount of propoxyphene hydrochloride (C22 H29 NO2 ·
HCl) in the solution by comparison with the Standard solution.
Determination of dissolved aspirin— Proceed as directed for Determination of dissolved aspirin
in the test for Dissolution under Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules.
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Tolerances— Not less than 75% (Q) of the labeled amount of C22 H29 NO2 ·C10 H8 O3 S·H2 O and
not less than 75% (Q) of the labeled amount of C9 H8 O4 are dissolved in 60 minutes.
Uniformity of dosage units 905 : meet the requirements for Content Uniformity with respect
to propoxyphene napsylate.
Free salicylic acid—
Ferric chloride-urea reagent— Dissolve by swirling, without the aid of heat, 60 g of urea in a
mixture of 8 mL of ferric chloride solution (6 in 10) and 42 mL of 0.05 N hydrochloric acid.
Adjust this solution by the addition of 6 N hydrochloric acid to a pH of 3.2, if necessary.
Standard preparation— Transfer 15.0 mg of USP Salicylic Acid RS, accurately weighed, to a
100-mL volumetric flask, add chloroform to volume, and mix. Transfer 10.0 mL of this solution to
a 100-mL volumetric flask containing 20 mL of methanol, 4 drops of hydrochloric acid, and 20
mL of a 1 in 10 solution of glacial acetic acid in ether, dilute with chloroform to volume, and
mix.
Test preparation— Pack a pledget of glass wool in the base of a 25- × 200-mm
chromatographic tube. In a beaker, prepare a mixture of 6 g of chromatographic siliceous earth,
2 mL of freshly prepared Ferric chloride-urea reagent, and 40 mL of chloroform. Transfer the
mixture to the chromatographic tube. Rinse the beaker with 15 mL of chloroform, transfer to
the column, and pack tightly. Place a small amount of glass wool at the top of the column.
Weigh accurately a quantity of the finely powdered contents of Tablets, equivalent to about 50
mg of aspirin, mix with 10 mL of chloroform by stirring for 3 minutes, and transfer with the aid
of 10 mL of chloroform to the chromatographic column. Pass 40 mL of chloroform through the
column, rinse the tip of the chromatographic tube with chloroform, and discard the eluate.
Prepare as a receiver a 100-mL volumetric flask containing 20 mL of methanol and 4 drops of
hydrochloric acid, and elute any salicylic acid from the column by passing 20 mL of a 1 in 10
solution of glacial acetic acid in ether that recently has been saturated with water, followed by
30 mL of chloroform. Dilute the eluate with chloroform to volume, and mix.
Procedure— Concomitantly determine the absorbances of the Standard preparation and the
Test preparation in 1-cm cells at the wavelength of maximum absorbance at about 306 nm,
with a suitable spectrophotometer, using as the blank a solvent mixture of the same
composition as that used for the Standard preparation: the absorbance of the Test
preparation does not exceed that of the Standard preparation (3.0%, calculated on the basis
of the labeled content of aspirin).
Assay for propoxyphene napsylate—
Internal standard solution— Dissolve n-tricosane in chloroform to obtain a solution containing
about 0.6 mg per mL.
Standard preparation— Transfer 50 mg of USP Propoxyphene Napsylate RS and 163 mg of USP
Aspirin RS, all accurately weighed, to a 50-mL volumetric flask. Add 10 mL of acetone, and swirl
to dissolve the Reference Standards completely. Dilute with water to volume, and mix.
Assay preparation— Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 100 mg of propoxyphene
napsylate, to a 100-mL volumetric flask containing 20 mL of acetone, and sonicate for about 1
minute. Dilute the milky solution with water to volume, mix, and filter, discarding the first 20 mL

PF 40(6): Nov.-Dec. 2014

617

of the filtrate.
Procedure— Transfer 5.0-mL aliquots of the Assay preparation and the Standard preparation to
separate 60-mL separators. To each add 5.0 mL of sodium carbonate solution (1 in 5) and 5.0
mL of Internal standard solution. Shake vigorously for 5 minutes, and allow the layers to
separate. Drain the chloroform layer through phase-separating paper, suitably supported in a
funnel, into a screw-capped test tube. Extract with one 5-mL portion of chloroform, and drain
the chloroform layer through phase-separating paper. Evaporate the combined chloroform
extracts, using a stream of dry nitrogen, to a final volume of about 2 mL. Inject separately a
suitable volume, equivalent to about 6.4 µg of propoxyphene, of the chloroform extracts from
the Assay preparation and the Standard preparation into a suitable gas chromatograph
equipped with a flame-ionization detector. The column is typically 120 cm × 3 mm and is
packed with 3% phase G3 on support S1A. The temperature of the injection port is 200 , the
column temperature is 175 , and the carrier gas is nitrogen flowing at the rate of about 60 mL
per minute. Relative retention times are 1.0 for the internal standard, and 1.7 for
propoxyphene. In a suitable chromatogram, the resolution factor is not less than 1.0 and the
relative standard deviation for five replicate injections of the Standard preparation is not more
than 2.0. Calculate the quantity, in mg, of C22 H29 NO2 ·C10 H8 O3 S·H2 O in the portion of Tablets
taken by the formula:
(565.72 / 547.72)(100C)(RU / RS)
in which 565.72 and 547.72 are the molecular weights of propoxyphene napsylate monohydrate
and anhydrous propoxyphene napsylate, respectively, C is the concentration, in mg per mL, of
anhydrous propoxyphene napsylate in the Standard preparation, as determined from the
concentration of USP Propoxyphene Napsylate RS corrected for moisture content by a
titrimetric water determination, and RU and RS are the peak response ratios obtained from the
Assay preparation and the Standard preparation, respectively.
Assay for aspirin—
Sodium hydroxide reagent— Dissolve 1 g of polyoxyethylene (23) lauryl ether in about 100 mL
of hot water contained in a 1000-mL volumetric flask. Dilute with water to about 600 mL, and
dissolve 10 g of sodium hydroxide in this solution. Dilute with water to volume, and mix.
Ferric nitrate reagent— Mix 70 mL of nitric acid with about 600 mL of water contained in a
1000-mL volumetric flask. Dissolve 40 g of ferric nitrate [Fe(NO3 )3 ·9H2 O] in this solution, dilute
with water to volume, and mix.
Standard preparation and Assay preparation—Prepare as directed in the Assay for
propoxyphene napsylate.
Procedure— Into separate 25-mL volumetric flasks pipet 2 mL each of the Standard preparation
and the Assay preparation, and 2 mL of dilute acetone (2 in 10) to provide the blank. Into each
flask pipet 5 mL of Sodium hydroxide reagent, mix by gentle swirling, and allow to stand at
room temperature for 8 minutes. Dilute with Ferric nitrate reagent to volume, and mix.
Concomitantly determine the absorbances of both solutions against the blank in 1-cm cells at
the wavelength of maximum absorbance at about 530 nm, taking care to allow the solutions to
reach an equilibrium temperature in the cell compartment. The color intensity is temperaturedependent. Calculate the quantity, in mg, of C9 H8 O4 in the portion taken for the Assay
preparation by the formula:

PF 40(6): Nov.-Dec. 2014

618

100C(AU / AS)
in which C is the concentration, in mg per mL, of USP Aspirin RS in the Standard preparation,
and AU and AS are the absorbances of the solutions from the Assay preparation and Standard
preparation, respectively. USP39
BRIEFING
Propylthiouracil Compounded Oral Suspension, USP 37 page 4477. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655

Comment deadline: January 31, 2015
Change to read:
Propylthiouracil
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Propylthiouracil
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of propylthiouracil
(C7 H10 N2 OS).
Prepare Propylthiouracil
Compounded USP39
Oral Suspension 5 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations

795 ).

Propylthiouracil tabletsa equivalent to
500 mg
Vehicle: a 1:1 mixture of Ora-Sweet b and Ora-Plusb, a sufficient quantity to make 100 mL
a Propylthiouracil 50-mg tablets, West-Ward Pharmaceutical Corp., Eatontown, NJ.
b Paddock Laboratories, Minneapolis, MN.
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Calculate the required quantity of each ingredient for the total amount to be prepared. Place
the required number of tablets in a suitable mortar, and comminute to a fine powder with a
pestle. Add the Vehicle in small portions, and triturate to make a smooth paste. Add increasing
volumes of the Vehicle to make a propylthiouracil liquid that is pourable. Transfer the contents
of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the Vehicle to
bring to final volume, and mix well.
ASSAY
• Procedure
Mobile phase: 5 mM 1-heptanesulfonic acid, acetic acid (1% v/v), and methanol
(40:45:15). Pass through a nylon 66 filter of 0.45-µm pore size, and degas.
Internal standard solution: 1.0 mg/mL of 6-methyl-2-thiouracil in methanol
Standard stock solution: 1.75 mg/mL of USP Propylthiouracil RS in methanol
Standard solution: Pipet 0.4 mL of the Standard stock solution into a 10-mL volumetric
flask, and add 0.25 mL of the Internal standard solution. Dilute with Mobile phase to
volume to obtain a nominal concentration of 70 µg/mL of propylthiouracil and 25 µg/mL of
6-methyl-2-thiouracil, and centrifuge.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 2 mL of
Oral Suspension into a 10-mL volumetric flask, and dilute with methanol to volume to
obtain a concentration of 1 mg/mL. Transfer 0.7 mL of the diluted solution to a 10-mL
volumetric flask, and add 0.25 mL of the Internal standard solution. Dilute with Mobile
phase to volume to obtain a nominal concentration of 70 µg/mL of propylthiouracil and 25
µg/mL of 6-methyl-2-thiouracil, and centrifuge.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 3.0-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 0.4 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 6-methyl-2-thiouracil and propylthiouracil are
about 0.25 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 10.0 between propylthiouracil and 6-methyl-2-thiouracil
Column efficiency: NLT 10,000 theoretical plates
Tailing factor: NMT 2.0 for the propylthiouracil peak
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of propylthiouracil (C7 H10 N2 OS) in the
portion of Oral Suspension taken:
Result = (RU/RS) × (CS/CU) × 100
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R=
U peak response ratio of propylthiouracil to the internal standard from the Sample solution
R=
S peak response ratio of propylthiouracil to the internal standard from the Standard
solution
C=
S concentration of propylthiouracil in the Standard solution (µg/mL)
C=
U nominal concentration of propylthiouracil in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.8–4.8

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or at controlled cold temperature
2 –8 .

USP39

• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
Change to read:
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
at controlled cold temperature;
2 –8 ;

USP39

and NMT 60 days after the date on which it was compounded, when stored at controlled room
temperature
• USP Reference Standards
USP Propylthiouracil RS

11
BRIEFING

Pyrazinamide Compounded Oral Suspension, USP 37 page 4494. The Compounding Expert
Committee and the Nomenclature, Safety, and Labeling Expert Committee propose to revise
the title of this and other compounded monographs to identify that it is a compounded
preparation, consistent with the Nomenclature Guidelines (http://www.usp.org/uspnf/development-process/compendial-nomenclature). See also Compounded Preparations in
general chapter Labeling 7 published in USP 38–NF 33. A list of all compounding
monograph titles that will be revised is posted online at http://www.usp.org/uspnf/notices/compounding-monograph-titles.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C142655
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Comment deadline: January 31, 2015
Change to read:
Pyrazinamide
Compounded USP39
Oral Suspension
DEFINITION
Change to read:
Pyrazinamide
Compounded USP39
Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of pyrazinamide
(C5 H5 N3 O).
Prepare Pyrazinamide
Compounded USP39
Oral Suspension 10 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile
Preparations

795 ).

Pyrazinamide tablet a equivalent to
Vehicle: a 1:1 mixture of Ora-Sweet b (regular or sugar-free) and Ora-Plusb, a sufficient
quantity to make
a Pyrazinamide 500-mg tablets, Mikart Inc., Atlanta, GA.
b Paddock Laboratories, Minneapolis, MN.

1g
100
mL

Calculate the required quantity of each ingredient for the total amount to be prepared. Place
the required number of tablets in a suitable mortar, and comminute to a fine powder. Add the
Vehicle in small portions, and triturate to make a smooth paste. Add increasing volumes of the
Vehicle to make a pyrazinamide liquid that is pourable. Transfer the contents of the mortar,
stepwise and quantitatively, to a calibrated bottle. Add enough of the Vehicle to bring to final
volume, and mix well.
ASSAY
• Procedure
Solution A: 10 mM monobasic sodium phosphate, adjusted with phosphoric acid to a pH of
3.5
Mobile phase: Acetonitrile and Solution A (10:90). Filter and degas.
Standard stock solution: 1.0 mg/mL of USP Pyrazinamide RS in methanol
Standard solution: Pipet 1.0 mL of the Standard stock solution into a 10-mL volumetric
flask, and dilute with methanol to volume to obtain a solution with a nominal concentration
of 0.1 mg/mL of pyrazinamide.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 1.0 mL
of sample into a 100-mL volumetric flask, and dilute with methanol to volume to obtain a
solution having a nominal concentration of 0.1 mg/mL.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for pyrazinamide is about 6.5 min.]
Suitability requirements
Column efficiency: NLT 8000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pyrazinamide (C5 H5 N3 O) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of pyrazinamide in the Standard solution (mg/mL)
C=
U nominal concentration of pyrazinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 3.9–5.0

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or at controlled cold temperature
2 –8 .

USP39

Change to read:
• Beyond-Use Date: NMT 60 days after the date on which it was compounded, when stored
at controlled cold temperature
2 –8

USP39

or at controlled room temperature
• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards
USP Pyrazinamide RS

11
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BRIEFING
Rosuvastatin Tablets. Because there is no existing USP monograph for this dosage form, a
new monograph based on validated methods of analysis is proposed.
1.
The liquid chromatographic procedure in the Assay and the test for Organic Impurities is
based on analyses performed with the 5-µm, Columbus C18 brand of L1 column. The
typical retention time for rosuvastatin is about 13 min under the conditions specified.
2.
The liquid chromatographic procedure in the test for Dissolution is based on analyses
performed with the 5-µm, Spherisorb ODS 2 brand of L1 column. The typical
retention time for rosuvastatin is about 2 min under the conditions specified.
(SM2: S. Ramakrishna.)
Correspondence Number—C142805

Comment deadline: January 31, 2015
Add the following:
Rosuvastatin Tablets
DEFINITION
Rosuvastatin Tablets contain NLT 90% and NMT 110% of the labeled amount of rosuvastatin
(C22 H27 FN3 O6 S).
IDENTIFICATION
• A. The UV absorption spectra of the rosuvastatin peak in the Sample solution exhibit maxima
and minima at the same wavelengths as those of the corresponding peak from the
Standard solution, as obtained in the Assay.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect all solutions containing rosuvastatin from light.
Solution A: 1% Trifluoroacetic acid in water
Mobile phase: Acetonitrile, Solution A, and water (37:1:62)
Diluent: Acetonitrile and water (25:75)
Standard stock solution: 1 mg/mL of USP Rosuvastatin Calcium RS prepared as follows. To
a suitable amount of USP Rosuvastatin Calcium RS in a suitable volumetric flask, add water
equal to about 50% of the flask volume. Vigorously mix or sonicate the flask to dissolve
the material. Add acetonitrile equal to about 25% of the total volume and then dilute with
water to volume.
Standard solution: 25 µg/mL of USP Rosuvastatin Calcium RS in Diluent from Standard
stock solution
Sample solution: Nominally 25 µg/mL of rosuvastatin prepared as follows. Transfer a
suitable number of Tablets, NLT 5 Tablets for 80-mg Tablet strength and NLT 10 Tablets
for all other Tablet strengths, into a suitable extraction flask. Add water and vigorously
mix to disintegrate the Tablets. Add acetonitrile and mix vigorously. Add more water to
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obtain a 25:75 composition of acetonitrile and water. Pass the solution through a suitable
filter. Dilute the filtrate with Diluent, if necessary, to the desired concentration.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detectors
Assay: UV 242 nm
Identification test B: Diode array, UV 200–440 nm
Column: 3.2-mm × 25-cm; 5-µm packing L1. [Note—A suitable guard column may be
used.]
Column temperature: 40
Flow rate: 0.75 mL/min
Injection volume: 10 µL
Run time: NLT 1.3 times the retention time of rosuvastatin
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.8
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rosuvastatin (C22 H27 FN3 O6 S) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of rosuvastatin from the Sample solution
rS= peak response of rosuvastatin from the Standard solution
CS= concentration of USP Rosuvastatin Calcium RS in the Standard solution (µg/mL)
CU= nominal concentration of rosuvastatin in the Sample solution (µg/mL)
Mr1
= molecular weight of rosuvastatin, 963.10
Mr2
= molecular weight of rosuvastatin calcium, 1001.14
Acceptance criteria: 90%–110%
PERFORMANCE TESTS
• Dissolution 711
Medium: Prepare a solution of 14.7 g/L of sodium citrate dihydrate and 0.33 g/L of
anhydrous citric acid. Adjust if necessary with sodium citrate or citric acid to a pH of 6.6;
900 mL.
Apparatus 2: 50 rpm
Time: 30 min
Diluent: Acetonitrile and water (25:75)
Mobile phase: Acetonitrile, water, and phosphoric acid (400:600:1)
Sample solution: Pass a portion of the solution under test through a suitable filter.
Standard stock solution: 1 mg/mL of USP Rosuvastatin Calcium RS in Diluent
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Standard solution: A solution of concentration similar to the Sample solution in Medium
from Standard stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 4.6-mm × 5-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2.5 times the retention time of rosuvastatin
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rosuvastatin (C22 H27 FN3 O6 S)
dissolved:
Result = (rU/rS) × CS × V × (1/L) × (Mr1/Mr2) × 100
rU= peak response of rosuvastatin from the Sample solution
rS= peak response of rosuvastatin from the Standard solution
CS= concentration of USP Rosuvastatin Calcium RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
Mr1
= molecular weight of rosuvastatin, 963.1
Mr2
= molecular weight of rosuvastatin calcium, 1001.14
Tolerances: NLT 75% (Q) of the labeled amount of rosuvastatin (C22 H27 FN3 O6 S) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Protect all solutions containing rosuvastatin calcium from light.
Diluent and Mobile phase: Proceed as directed in the Assay.
System suitability stock solution: 50 µg/mL each of USP Rosuvastatin Calcium RS and
rosuvastatin diastereomer in acidic water prepared as follows. To a suitable amount of
USP Rosuvastatin Calcium RS in a suitable volumetric flask, add water equal to about 50%
of the flask volume. Add 1 M hydrochloric acid equal to about 10% of the total volume.
Heat in a water bath at 60 for 2 h and neutralize by adding 1 M sodium hydroxide. Cool
to room temperature and add acetonitrile equal to about 25% of the total volume. Dilute
with water to volume.
System suitability solution: 25 µg/mL each of USP Rosuvastatin Calcium RS and
rosuvastatin diastereomer prepared by mixing System suitability stock solution and Diluent
(1:1)
Standard solution: 10 µg/mL of USP Rosuvastatin Calcium RS in Diluent
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Sample solution: Nominally 1 mg/mL of rosuvastatin prepared as follows. Transfer a
number of Tablets per Table 1 into a suitable extraction flask. Add water, and mix
vigorously to disintegrate the Tablets. Add acetonitrile and mix vigorously followed by an
additional amount of water to obtain a final composition of acetonitrile and water of 1:3.
Pass the solution through a suitable filter.
Table 1
Tablet Strength
Number
Volumetric Flask Water
Acetonitrile
(mg)
of Tablets
Size (mL)
(mL)
(mL)
2.5
40
100
50
25
5
20
100
50
25
10
10
100
50
25
20
10
200
100
50
40
12
500
250
125
80
6
500
250
125
Chromatographic system: Proceed as directed in the Assay except for Run time.
Run time: NLT 2.5 times the retention time of rosuvastatin
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between rosuvastatin and rosuvastatin diastereomer, System
suitability solution
Tailing factor: NMT 1.8, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of rosuvastatin from the Standard solution
CS= concentration of USP Rosuvastatin Calcium RS in the Standard solution (mg/mL)
CU= nominal concentration of Rosuvastatin in the Sample solution (mg/mL)
Mr1
= molecular weight of rosuvastatin, 963.10
Mr2
= molecular weight of rosuvastatin calcium, 1001.14
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard peaks less than 0.05%.

Name
Rosuvastatin related compound A
Rosuvastatin
Rosuvastatin diastereomera,b

Table 2
Relative
Retention
Time
0.9
1.0
1.1

Relative
Response
Factor
—
—
—

Acceptance
Criteria,
NMT (%)
—
—
—
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Rosuvastatin ketonec
1.6
0.71
Rosuvastatin lactoned
2.3
1.0
Any unspecified impurity
—
1.0
Total impurities
—
—
a Calcium (3RS,5RS,E)-7-(4-(4-fluorophenyl)-6-isopropyl-2-(Nmethylmethylsulfonamido)pyrimidin-5-yl)-3,5-dihydroxyhept-6-enoic acid.

2.1
1.5
0.2
3.6

b Process impurity controlled in the drug substance monograph. Provided for information only;
the content is not calculated, not reported, and not included in the total impurities.
c Calcium (R,E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-(N-methylmethylsulfonamido)pyrimidin-5yl]-3-hydroxy-5-oxohept-6-enoic acid.
d N-[4-(4-Fluorophenyl)-5-{(E)-2-[(2S,4R)-4-hydroxy-6-oxotetrahydro-2H-pyran-2-yl]vinyl}6-isopropylpyrimidin-2-yl]-N-methylmethanesulfonamide.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards 11
USP Rosuvastatin Calcium RS
USP39

BRIEFING
Salicylamide, USP 37 page 4642. As part of the USP monograph modernization initiative, it is
proposed to make the following changes:
1.
Replace Identification test B based on the UV absorptivities with an identification test
based on the retention time agreement in the Assay.
2.
Delete Identification test C, which is a nonspecific color test.
3.
Replace the titration procedure in the Assay with a validated stability-indicating UHPLC
procedure. The proposed procedure is based on analyses performed with the Waters
Acquity UPLC HSS T3 brand of L1 column. The typical retention time for salicylamide
is about 4.5 min.
4.
Replace the TLC procedure in the test for Organic Impurities with a validated stabilityindicating UHPLC procedure. The proposed procedure uses the same chromatographic
system as the proposed procedure in the Assay to be operationally efficient.
5.
The Acceptance criteria for specified and unspecified impurities are proposed based on
ICH guidelines. Manufacturers are strongly encouraged to submit their approved
specifications to USP if they are different from those proposed in this revision.
6.
Delete the test for Melting Range or Temperature in the Specific Tests section. The
test provides no value.
7.
Add USP Salicylic Acid RS and USP Salicylic Acid Related Compound B RS to the USP
Reference Standards section to support the proposed revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
(SM2: G. Hsu.)
Correspondence Number—C132875

Comment deadline: January 31, 2015
Salicylamide

C7 H7 NO2

137.14

Benzamide, 2-hydroxy-;
2-Hydroxybenzamide
[65-45-2].
DEFINITION
Salicylamide contains NLT 98.0% and NMT 102.0% of salicylamide (C7 H7 NO2 ), calculated on the
anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 302 nm
Standard solution: 16 µg/mL USP Salicylamide RS in methanol
Sample solution: 16 µg/mL of Salicylamide in methanol
Acceptance criteria: Absorptivities, calculated on the anhydrous basis, do not differ by
more than 3%. USP39

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in Assay. USP39
Delete the following:
• C.
Sample solution: 20 mg/mL in alcohol
Analysis: Add a few drops of ferric chloride TS to 5 mL of Sample solution.
Acceptance criteria: A violet color develops. USP39
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ASSAY
Change to read:
• Procedure
Sample: 500 mg
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N sodium methoxide VS
Endpoint detection: Visual
Analysis: Add 30 mL of freshly neutralized dimethylformamide containing a few drops of
thymol blue TS to the Sample in a 100-mL beaker equipped with a mechanical stirrer and
a suitable cover with a single hole for the buret tip. Titrate with Titrant in toluene to the
same blue endpoint obtained in the standardization of the sodium methoxide solution.
Perform a blank determination, and make any necessary correction (see Titrimetry

541

). Each mL of Titrant is equivalent to 13.71 mg of salicylamide (C7 H7 NO2 ).
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
Solution A: 0.1% Formic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.0
92
8
6.0
55
45
6.5
5
95
8.0
5
95
8.01
92
8
12.0
92
8
Diluent: Acetonitrile and water (50:50)
System suitability solution: 1.0 mg/mL of USP Salicylamide RS and 0.001 mg/mL of
USP Salicylic Acid Related Compound B RS in Diluent
Standard solution: 0.2 mg/mL of USP Salicylamide RS in Diluent
Sample solution: 0.2 mg/mL of Salicylamide in Diluent. Pass through a suitable filter of
0.2-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 300 nm
Column: 2.1-mm × 10-cm; 1.8-µm packing L1
Column temperature: 35
Flow rate: 0.3 mL/min
Injection volume: 1 µL

PF 40(6): Nov.-Dec. 2014

630

System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between salicylic acid related compound B and salicylamide,
System suitability solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of salicylamide (C7 H7 NO2 ) in the portion of Salicylamide taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response from the Sample solution
rS
= peak response from the Standard solution
CS
= concentration of USP Salicylamide RS in the Standard solution (mg/mL)
CU
= concentration of Salicylamide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis

USP39

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

Change to read:
• Organic Impurities
Standard stock solution: 1.0 mg/mL of USP Salicylamide RS in methanol
Standard solution A: 200 µg/mL of USP Salicylamide RS in methanol from the Standard
stock solution
Standard solution B: 150 µg/mL of USP Salicylamide RS in methanol from the Standard
stock solution
Standard solution C: 100 µg/mL of USP Salicylamide RS in methanol from the Standard
stock solution
Standard solution D: 50 µg/mL of USP Salicylamide RS in methanol from the Standard
stock solution
[Note—Standard solutions A–D are equivalent to 1.0%, 0.75%, 0.5%, and 0.25%,
respectively, as compared to the Sample solution.]
Sample solution: 20 mg/mL in methanol
Chromatographic system
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621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: n-Butyl acetate, chloroform, and formic acid (6:4:2)
Analysis: Proceed as directed in the chapter. Examine the plate under short-wavelength
UV light. Compare the intensities of any secondary spots of the Test solution with those
of the principal spots of the Standard solution.
Acceptance criteria: NMT 1%; the total of the intensities of all secondary spots of the
Sample solution, except for the principal spot, is NMT that of the principal spot of
Standard solution B.
Solution A, Solution B, Mobile phase, Diluent, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL each of USP Salicylamide RS and USP Salicylic Acid RS
in Diluent
Sample solution: 1.0 mg/mL of Salicylamide in Diluent. Pass through a suitable filter of
0.2-µm pore size.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between salicylic acid related compound B and salicylamide,
System suitability solution
Relative standard deviation: NMT 2.8%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of salicylic acid in the portion of Salicylamide taken:
Result = (rU/rS) × (CS/CU) × 100
rU
= peak response of the salicylic acid peak from the Sample solution
rS
= peak response of the salicylic acid peak from the Standard solution
CS
= concentration of USP Salicylic Acid RS in the Standard solution (mg/mL)
CU
= concentration of Salicylamide in the Sample solution (mg/mL)
Calculate the percentage of each unspecified impurity in the portion of Salicylamide taken:
Result = (rU/rS) × (CS/CU) × 100
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rU
= peak response of each unspecified impurity from the Sample solution
rS
= peak response of salicylamide from the Standard solution
CS
= concentration of USP Salicylamide RS in the Standard solution (mg/mL)
CU
= concentration of Salicylamide in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
Table 2

Name
Salicylic acid related compound Ba
Salicylamide
Salicylic acid
Individual unspecified impurity
Total impurities
a For identification only.

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
—
0.93
1.00
—
1.33
0.1
—
0.10
—
1

USP39

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature
• Water Determination, Method I

741 : 139 –142

USP39

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Salicylamide RS
USP Salicylic Acid RS
USP Salicylic Acid Related Compound B RS
4-Hydroxyisophthalic acid.
C8 H6 O5
182.13
USP39
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BRIEFING
Tolcapone, USP 37 page 4993. On the basis of comments received, it is proposed to revise the
monograph as follows:
1.
Include a specific subsection for Buffer preparation in the Assay. The validation data
indicates that stringent pH control of 2.0 ± 0.1 is not needed. Hence it is being
deleted as well. Also, specify the column particle size used in the HPLC procedure.
2.
Delete Procedure 1 in the test for Organic Impurities, which is used to identify the
impurities. Because the monograph contains an HPLC procedure for identifying and
quantifying the impurities, the TLC procedure is redundant. In addition, the TLC
procedure uses chloroform as a developing solvent. As a result of this proposed
omission, the remaining procedure in the test for Organic Impurities becomes the
only procedure, and thus it is no longer referred to as Procedure 2.
3.
Revise the calculation formula in the test for Organic Impurities to use the relative
response factor in the denominator to be consistent with current USP style. This
requires revision of relative response factors in Table 1 as well.
4.
Delete the acceptance criterion for total unknown impurities because in ICH guidelines
there are no specific requirements given for the total unknown impurities category.
The difference between the total impurities limit and the sum of all the individual
impurities serves as the control for total unknown impurities.
5.
Delete the Absorptivity test, because the monograph contains sufficient tests to assure
the quality of the article.
6.
In the Packaging and Storage section, delete the storage temperature requirement to
be consistent with the sponsor's submission data.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C151416

Comment deadline: January 31, 2015
Tolcapone

C14 H11 NO5

273.24

Methanone, (3,4-dihydroxy-5-nitrophenyl)(4-methylphenyl)-;
3,4-Dihydroxy-4¢-methyl-5-nitrobenzophenone
[134308-13-7].
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DEFINITION
Tolcapone contains NLT 98.5% and NMT 101.5% of tolcapone (C14 H11 NO5 ), calculated on the
anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Diluent: Methanol and acetonitrile (24:15)
Buffer: Transfer 6.8 g of monobasic potassium phosphate into a 1-L volumetric flask.
Dissolve in about 980 mL of water. Adjust with phosphoric acid to a pH of 2.0. Dilute with
water to volume. USP39
Mobile phase: Acetonitrile, methanol, and 0.05 M monobasic potassium phosphate having a pH
of 2.0 ± 0.1
Buffer USP39
(25:40:35)
System suitability stock solution: 5 µg/mL of USP Tolcapone Related Compound A RS, 5
µg/mL of USP Tolcapone RS, and 10 µg/mL of USP Tolcapone Related Compound B RS in Diluent
System suitability solution: 0.1 µg/mL of USP Tolcapone Related Compound A RS, 0.1 µg/mL
of USP Tolcapone RS, and 0.2 µg/mL of USP Tolcapone Related Compound B RS from System
suitability stock solution prepared as follows. Transfer a suitable volume of System suitability
stock solution to a suitable volumetric flask. Add 63% of the flask volume of Diluent and dilute
with water to volume.
Standard stock solution: 1.0 mg/mL of USP Tolcapone RS in Diluent
Standard solution: 0.1 mg/mL of USP Tolcapone RS from Standard stock solution prepared as
follows. Transfer a suitable volume of Standard stock solution to a suitable volumetric flask.
Add 55% of the flask volume of Diluent and dilute with water to volume.
Sample stock solution: 1.0 mg/mL of Tolcapone in Diluent
Sample solution: 0.1 mg/mL of Tolcapone from Sample stock solution prepared as follows.
Transfer a suitable volume of Sample stock solution to a suitable volumetric flask. Add 55% of
the flask volume of Diluent and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.0-mm × 25-cm;
5-µm USP39
packing L1
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Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times are given in Table 1.]
Suitability requirements
Resolution: NLT 4.0 between tolcapone related compound B and tolcapone, System
suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tolcapone (C14 H11 NO5 ) in the portion of Tolcapone taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Tolcapone RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.5%–101.5% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 0.002%

Change to read:
• Organic Impurities
• Procedure 1
Standard solution 1: 0.4 mg/mL of USP Tolcapone RS in chloroform
Standard solution 2: 2.0 mL of Standard solution 1 diluted with chloroform to 10.0 mL
Standard solution 3: 1.0 mL of Standard solution 1 diluted with chloroform to 10.0 mL
Standard solution 4: 5.0 mL of Standard solution 3 diluted with chloroform to 10.0 mL
Sample solution: 40 mg/mL of Tolcapone in chloroform
[Note—Prepare the Sample solution last and the chromatograph immediately.]
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture with a suitable
fluorescing substance
Application volume: 10 µL
Developing solvent system: Chloroform, anhydrous formic acid, and ethyl acetate
(83:15:2)
Analysis
Samples: Standard solutions and Sample solution
Apply the Sample solution and each of the Standard solutions as directed for
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Chromatography 621 , Thin-Layer Chromatography at about 4 cm from the lower
edge of the plate. Dry the plate in a current of cold air, and view it under shortwavelength UV light. The RF values of the analytes are as follows.
Compound

RF

Tolcapone related compound
0.2A
Tolcapone
0.5
Tolcapone related compound
0.7B
Compare any spot at RF of 0.0 in the chromatogram from the Sample solution with the
principal spot of Standard solution 2, Standard solution 3, and Standard solution 4 to
obtain the approximate amount.
Acceptance criteria: NMT 0.1% of any impurity at RF of 0.0. [Note—The RF of
tolcapone related compound A and tolcapone related compound B are given for
reference. They are quantified in Procedure 2.]
• Procedure 2
USP39

Diluent, Mobile phase, System suitability solution, Standard solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tolcapone taken:
Result = (rU/rS) × (CS/CU) × F × 100
Result = (rU/rS) × (CS/CU) × (1/F) × 100

USP39

rU = peak area of any impurity from the Sample solution
rS = peak area of tolcapone from the Standard solution
CS = concentration of USP Tolcapone RS in the Standard solution (mg/mL)
CU = concentration of Tolcapone in the Sample solution (mg/mL)[Note—Concentration is on
the anhydrous and solvent-free basis.]
USP39

F = relative response factor of the impurity (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Name
Time
Tolcapone related compound A
0.6
Tolcapone
1.0
Tolcapone related compound B
1.4
Unknown impurities
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.14
0.1
—
—
0.98
0.2
1.0
0.1 individual
0.2 total
unknown
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—

Table 1
Relative
Retention
Name
Time
Tolcapone related compound A
0.6
Tolcapone
1.0
Tolcapone related compound B
1.4
Any individual unspecified impurity
—
Total impurities
—

—

0.5%

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.87
0.1
—
—
1.0
0.2
1.0
0.1
—
0.5

USP39

SPECIFIC TESTS
Delete the following:
• Absorptivity
Diluent: Dilute 100 mL of 1 N hydrochloric acid with dehydrated alcohol to 1000 mL.
Sample solution: 0.01 mg/mL in Diluent
Analysis: Proceed as directed under Spectrophotometry and Light-Scattering 851 , and
measure the absorbance.
Acceptance criteria: The maximum is between 265.2 and 269.3, and the absorptivity is
between 75.29 and 79.93. USP39

• Water Determination, Method I

921 : NMT 0.1%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers. and store between 20
and 25 .
USP39

• USP Reference Standards 11
USP Tolcapone RS
USP Tolcapone Related Compound A RS
4N-Methyl-3,4-dihydroxybenzophenone.
C14 H12 O3
228.24
USP Tolcapone Related Compound B RS
4-Hydroxy-3-methoxy-4¢-methyl-5-nitrobenzophenone.
C15 H13 NO5
287.27
BRIEFING
Tolcapone Tablets, USP 37 page 4995. On the basis of comments received, it is proposed to
revise the monograph as follows:
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1.
Delete the reference to Spectrophotometry and Light-Scattering 851 from
Identification test A as this is not appropriate for identification by IR. Because the
test uses diffuse reflectance, a reference to Spectrophotometric Identification Tests
197D , Infrared Absorption is included.
2.
Include a specific subsection for Buffer preparation in the Assay. The validation data
indicates that stringent pH control of 2.0 ± 0.1 is not needed. Hence it is being
deleted as well. Also, the column particle size used in the HPLC procedure is
specified.
3.
Include a subsection to describe the preparation of the Standard solution in the test for
Dissolution. Also, include an equation for calculation of the percentage of the labeled
amount of tolcapone dissolved.
4.
Include Table 1 in the test for Organic Impurities.
5.
In the Packaging and Storage section, revise the storage temperature requirement to be
consistent with the FDA-approved package insert.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(SM4: R. Ravichandran.)
Correspondence Number—C151417

Comment deadline: January 31, 2015
Tolcapone Tablets
DEFINITION
Tolcapone Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of tolcapone
(C14 H11 NO5 ).
IDENTIFICATION
Change to read:
• A. Infrared Absorption
197D

USP39

Wavelength range: Between 2200 and 1090 cm 1
Sample: Grind 10 Tablets to a fine powder.
Analysis: Transfer an amount of powder equivalent to 3 mg of tolcapone into a polystyrene vial
containing 2 mixing beads. Add 300 mg of IR-grade potassium bromide, and disperse the
material in the matrix by agitating the capped vial in a grinding mill for 2 min. Transfer a portion
of the material to a sample cup. Record the diffuse reflectance IR spectrum. (see
Spectrophotometry and Light-Scattering

851 ).

USP39

Acceptance criteria: The spectrum thus obtained exhibits maxima only at the same
wavelengths as those of a similar preparation of USP Tolcapone RS, concomitantly measured.
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• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Diluent 1: Methanol and acetonitrile (24:15)
Diluent 2: Acetonitrile, methanol, and water (25:40:35)
Buffer: Transfer 6.8 g of monobasic potassium phosphate into a 1-L volumetric flask.
Dissolve in about 980 mL of water. Adjust with phosphoric acid to a pH of 2.0. Dilute with
water to volume. USP39
Mobile phase: Acetonitrile, methanol, and 0.05 M monobasic potassium phosphate having a pH
of 2.0 ± 0.1
Buffer USP39
(25:40:35)
System suitability solution: 104 µg/mL of USP Tolcapone RS, 10.4 µg/mL of USP Tolcapone
Related Compound A RS, and 10.4 µg/mL of USP Tolcapone Related Compound B RS in Diluent 2
100 µg/mL of USP Tolcapone RS, 10 µg/mL of USP Tolcapone Related Compound A RS, and 10
µg/mL of USP Tolcapone Related Compound B RS in Diluent 2 USP39
Standard stock solution: 1.0 mg/mL of USP Tolcapone RS in Diluent 1
Standard solution: 0.1 mg/mL of USP Tolcapone RS from Standard stock solution prepared as
follows. Transfer a suitable volume of Standard stock solution to a suitable volumetric flask.
Add 55% of the flask volume of Diluent 1 and dilute with water to volume.
Sample stock solution: Nominally 1.0 mg/mL of tolcapone from NLT 20 Tablets prepared as
follows. Finely powder the Tablets and transfer a portion of the powder equivalent to NLT 100
mg of tolcapone to a suitable volumetric flask, add 10% of the flask volume of water, and
sonicate for 10 min. Add 65% of the flask volume of Diluent 1, and sonicate for 15 min. Allow
the sample to settle. If the material is still undispersed, sonicate for an additional 5 min. Dilute
with water to volume, and mix. Centrifuge a portion of this solution.
Sample solution: Nominally 0.1 mg/mL of tolcapone from the centrifuged Sample stock solution
prepared as follows. Transfer a suitable volume of the Sample stock solution to a suitable
volumetric flask. Dilute with Diluent 2 to volume. Pass a portion of the solution through a filter
of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.0-mm × 25-cm;
5-µm USP39
packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
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System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times are given in Table 1.]
Suitability requirements
Resolution: NLT 6.0
NLT 4.0 USP39
between tolcapone related compound B and tolcapone, System suitability solution
Tailing factor: NMT 1.5, System suitability solution
Standard solution USP39
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tolcapone (C14 H11 NO5 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Tolcapone RS in the Standard solution (mg/mL)
C=
U nominal concentration of tolcapone in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: pH 6.8 phosphate buffer containing 1% of sodium lauryl sulfate; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Standard stock solution: 1 mg/mL of USP Tolcapone RS prepared as follows. Transfer a
suitable quantity of USP Tolcapone RS to a suitable volumetric flask. Add 10% of the
flask volume of methanol. Dissolve and dilute with Medium to volume.
Standard solution: (L/1000) mg/mL of USP Tolcapone RS from a suitable volume of
Standard stock solution in Medium, where L is the label claim, in mg/Tablet USP39
Sample solution: Dilute with Medium to a concentration similar to that of the Standard
solution.
Filter portions of the solution under test, suitably diluted with Medium if necessary. USP39
Instrumental conditions
Mode: UV
Analytical wavelength: 271 nm
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tolcapone (C14 H11 NO5 ) dissolved:
Result = (AU/AS) × CS × V × D × (1/L) × 100
AU
= absorbance of the Sample solution
AS
= absorbance of the Standard solution
CS
= concentration of USP Tolcapone RS in the Standard solution (mg/mL)
V
= volume of Medium, 900 mL
D
= dilution factor if dilution was necessary
L
= label claim (mg/Tablet)
USP39

Tolerances: NLT 75% (Q) of the labeled amount of tolcapone (C14 H11 NO5 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Diluent 1, Diluent 2, Mobile phase, System suitability solution, Standard solution,
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each any impurity
USP39

degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of any impurity
USP39

degradation product in the Sample solution
rS = peak area of tolcapone in the Standard solution
CS = concentration of USP Tolcapone RS in the Standard solution (mg/mL)
CU = nominal concentration of the Sample solution (mg/mL)
Acceptance criteria:
See Table 1.
Table 1
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Relative
Retention
Time
0.6
1.0
1.4
—
—

Acceptance
Criteria,
NMT (%)
—
—
—
0.1
0.5

Name
Tolcapone related compound Aa
Tolcapone
Tolcapone related compound Ba
Any individual unspecified degradation product
Total degradation products
a Process impurity, controlled in the drug substance, and included for information only. Not to
be included in total degradation products.
USP39

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, and store between 20 and 25
at controlled room temperature. USP39

• USP Reference Standards 11
USP Tolcapone RS
USP Tolcapone Related Compound A RS
4N-Methyl-3,4-dihydroxybenzophenone.
C14 H12 O3
228.24
USP Tolcapone Related Compound B RS
4-Hydroxy-3-methoxy-4¢-methyl-5-nitrobenzophenone.
C15 H13 NO5
287.27
BRIEFING
Vardenafil Hydrochloride. Because there is no existing USP monograph for this drug
substance, a new monograph based on validated methods of analysis is proposed. The HPLC
procedures in the Assay and the test for Organic Impurities are based on analyses
performed with the Waters XTerra RP18 brand of L1 column. The typical retention time for
vardenafil is about 16 min. The proposed limits in the test for Organic Impurities are
consistent with the limits in the Related Substances procedure for Vardenafil Hydrochloride
Trihydrate in the 8th edition of the European Pharmacopoeia.
(SM4: M. Koleck.)
Correspondence Number—C135455

Comment deadline: January 31, 2015
Add the following:
Vardenafil Hydrochloride
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579.11

Piperazine, 1-[[3-(1,4-dihydro-5-methyl-4-oxo-7-propylimidazo[5,1-f][1,2,4]triazin-2-yl)-4ethoxyphenyl]sulfonyl]-4-ethyl-, monohydrochloride, trihydrate-;
2-[2-Ethoxy-5-(4-ethyl-piperazine-1-sulfonyl)-phenyl]-5-methyl-7-propyl-3H-imidazo[5,1-f]
[1,2,4]triazin-4-one, hydrochloride, trihydrate
[330808-88-3].
Anhydrous
525.06
[224785-91-5].
DEFINITION
Vardenafil Hydrochloride contains NLT 98.0% and NMT 102.0% of vardenafil hydrochloride
(C23 H32 N6 O4 S·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Protect all solutions containing vardenafil from light.
Buffer: Dissolve 1.3 g of monobasic potassium phosphate and 0.7 g of dibasic sodium
phosphate dihydrate in 1 L of water.
Mobile phase: See Table 1. Return to original conditions, and re-equilibrate the system.
Table 1
Time
Buffer Acetonitrile
(min)
(%)
(%)
0
80
20
2
80
20
22
25
75
27
25
75
System suitability solution: 0.5 mg/mL of USP Vardenafil System Suitability RS prepared
as follows. Transfer an appropriate quantity of the Reference Standard to a volumetric
flask. Add 20% of the flask volume of acetonitrile and dilute with Buffer to volume.
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Standard solution: 0.15 mg/mL of USP Vardenafil Hydrochloride RS prepared as follows.
Transfer an appropriate quantity of USP Vardenafil Hydrochloride RS to a volumetric flask.
Add 20% of the flask volume of acetonitrile and dilute with Buffer to volume.
Sample solution: 0.15 mg/mL of Vardenafil Hydrochloride prepared as follows. Transfer an
appropriate quantity of Vardenafil Hydrochloride to a volumetric flask. Add 20% of the
flask volume of acetonitrile and dilute with Buffer to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 3-mm × 25-cm; 5-µm packing L1
Column temperature: 45
Flow rate: 0.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 5.0 between vardenafil and 7-methyl vardenafil, System suitability
solution
Relative standard deviation: NMT 0.85%, Standard solution
Tailing factor: 0.8-1.5, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of vardenafil hydrochloride (C23 H32 N6 O4 S·HCl) in the portion of
Vardenafil Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of vardenafil from the Sample solution
rS= peak response of vardenafil from the Standard solution
C=
S concentration of USP Vardenafil Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Vardenafil Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
Protect all solutions containing vardenafil from light.
Buffer, Mobile phase, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay.
Diluent: Acetonitrile and Buffer (20:80)
Standard stock solution: 0.5 mg/mL of USP Vardenafil Hydrochloride RS prepared as
follows. Transfer an appropriate quantity of the Reference Standard to a volumetric flask.
Add 20% of the flask volume of acetonitrile and dilute with Buffer to volume.
Standard solution: 0.5 µg/mL of USP Vardenafil Hydrochloride RS in Diluent from the
Standard stock solution
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Sample solution: 0.5 mg/mL of Vardenafil Hydrochloride prepared as follows. Transfer an
appropriate quantity of Vardenafil Hydrochloride to a volumetric flask. Add 20% of the
flask volume of acetonitrile and dilute with Buffer to volume.
System suitability
[Note—See Table 2 for the relative retention times.]
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 5.0 between vardenafil and 7-methyl vardenafil, System suitability
solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Vardenafil Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of vardenafil from the Standard solution
C=
S concentration of USP Vardenafil Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Vardenafil Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
Table 2
Relative
Retention
Time
0.83
1.0
0.48
1.2
—
—

Name
7-Methyl vardenafila
Vardenafil

Acceptance
Criteria,
NMT (%)
0.15
—

Vardenafil acidb
Unspecified impurities Vardenafil dimerc
0.10 each
Any unspecified individual impurity
Total impurities
0.3
a 2-{2-Ethoxy-5-[(4-ethylpiperazin-1-yl)sulfonyl]phenyl}-5,7-dimethylimidazo[5,1-f]
[1,2,4]triazin-4(3H)-one.
b 4-Ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo [5,1-f][1,2,4]triazin-2yl)benzenesulfonic acid.
c 2,2'-[(Piperazine-1,4-disulfonyl)bis(6-ethoxy-3,1-phenylene)]bis[5-methyl-7propylimidazo[5,1-f][1,2,4]-triazin-4(3H)-one.

SPECIFIC TESTS
• Water Determination, Method I

921 : 8.8%–10.5%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in well-closed containers at room temperature.
• USP Reference Standards 11
USP Vardenafil Hydrochloride RS
USP Vardenafil System Suitability RS
This mixture contains Vardenafil Hydrochloride and approximately 1% of 7Methylvardenafil (2-{2-Ethoxy-5-[(4-ethylpiperazin-1-yl)sulfonyl]phenyl}-5,7dimethylimidazo[5,1-f][1,2,4]triazin-4(3H)-one).
C21 H28 N6 O4 S
460.55
USP39

Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
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consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
BRIEFING
Isomalt, page 6027 of the First Supplement to NF 32. The European Pharmacopoeia is the
coordinating pharmacopeia for the international harmonization of the compendial standards
for this monograph, as part of the process of international harmonization of monographs and
general analytical methods of the European, Japanese, and U.S. Pharmacopeias. The
following monograph is the OFFICIAL INQUIRY STAGE 4 document. Changes from the
current Isomalt monograph include the following:
1.
Chemical Information. Added chemical structure. Revised chemical name to clarify that
Isomalt is a mixture. Synonyms are also listed.
2.
Assay. Added the temperature for Detector: “Refractive index, maintained at a constant
temperature”. A note was added to indicate that 40 is allowed as an example.
Changed the allowance for the Column temperature from 80 ± 1 to 80 ± 3 in
accordance with Pharmacopeial Discussion Group (PDG) text.
3.
Limit of Nickel. Replaced the previous method with the harmonized method.
4.
Reducing Sugars. In the Sample solution, specified the concentration of acetic acid.
Revised the sentence “add 25 mL of a mixture of 6 mL of hydrochloric acid and 94 mL
of water” to read “add 25 mL of a mixture of 6 volumes of hydrochloric acid and 94
volumes of water”.
5.
Water Determination. Changed the Acceptance criteria from 7%” to 7.0%”.
6.
Conductivity. Specified the heating temperature (40 –50 ) in the Sample solution.
7.
Definition, Identification test B, Organic Impurities, and Labeling. No changes for
harmonization.
8.
Identification test A, Heavy Metals, and Packaging and Storage. No changes. These
attributes are not part of the Stage 4 PDG global text. Future decision on inclusion
as nonharmonized attributes or local requirements will be made at Stage 6.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC: J. Liu.)
Correspondence Number—C150699
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Comment deadline: January 31, 2015
Isomalt
Change to read:

C12 H24 O11
344.31
C12 H24 O11 ·2H2 O
380.32
6-O- -Glucopyranosyl-d-sorbitol;
6-O- -d-Glucopyranosyl-d-glucitol;
1-O- -d-Glucopyranosyl-d-mannitol dihydrate
6-O- -Glucopyranosyl-d-sorbitol and 1-O- -d-glucopyranosyl-d-mannitol dihydrate;
6-O- -d-Glucopyranosyl-d-glucitol and 1-O- -d-glucopyranosyl-d-mannitol dihydrate [6451982-0].
DEFINITION
Isomalt contains NLT 98.0% and NMT 102.0% of a mixture of 6-O- -d-glucopyranosyl-dsorbitol (1,6-GPS) and 1-O- -d-glucopyranosyl-d-mannitol (1,1-GPM), and neither of the two
components is less than 3.0% of the mixture, calculated on the anhydrous basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution: 5 mg/mL of USP Isomalt RS
Sample solution: 5 mg/mL
Chromatographic system
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture containing a fluorescent
indicator with optimal intensity at 254 nm
Application volume: 1 µL
Developing solvent system: Ethyl acetate, pyridine, water, acetic acid, and propionic
acid (10:10:2:1:1)
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter. Thoroughly dry the starting points in warm air.
Develop over 10 cm using the Developing solvent system, dry the plate in a current of
hot air, and dip for 3 s in a 1-mg/mL solution of sodium periodate. Dip the plate for 3 s in
a mixture of dehydrated alcohol, sulfuric acid, acetic acid, and anisaldehyde (90:5:1:1).
Dry the plate in a current of hot air until colored spots become visible. The background
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color may be brightened by exposure to warm steam. Examine in daylight.
Acceptance criteria: The principal spots of the Sample solution are similar in position and
color to those of the Standard solution.
• B. The retention times of the two principal peaks of the Sample solution correspond to those
of the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Water
Standard solution: 20 mg/mL of USP Isomalt RS
Sample solution: 20 mg/mL of Isomalt
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index maintained at a constant temperature
[Note—40 may be used as an example]
Guard column: 4.6-mm × 3-cm; packing L19
Column: 7.8-mm × 30-cm; packing L19
Column temperature: 80 ± 1 3
Flow rate: 0.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 1,1-GPM and 1,6-GPS are about 1.0 and 1.2,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between 1,1-GPM and 1,6-GPS
Relative standard deviation: NMT 2.0% for the 1,6-GPS and 1,1-GPM peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 1,6-GPS in the portion of Isomalt taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of 1,6-GPS from the Sample solution
rS= peak response of 1,6-GPS from the Standard solution
C=
S concentration of 1,6-GPS in the Standard solution, with calculation based on the declared
1,6-GPS content of USP Isomalt RS (mg/mL)
C=
U concentration of Isomalt in the Sample solution (mg/mL)
Calculate the percentage of 1,1-GPM in the portion of Isomalt taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of 1,1-GPM from the Sample solution
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rS= peak response of 1,1-GPM from the Standard solution
C=
S concentration of 1,1-GPM in the Standard solution, with calculation based on the declared
1,1-GPM content of USP Isomalt RS (mg/mL)
C=
U concentration of Isomalt in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% of a mixture of 1,6-GPS and 1,1-GPM, and neither of the
two components is less than 3.0%, calculated on the anhydrous basis.
IMPURITIES
• Heavy Metals, Method I

231 : NMT 10 µg/g

Change to read:
• Limit of Nickel
[Note—The purity of the reagents and the water used must be suitable for trace analysis, and
the reagents and water must be free of nickel.]
Nickel standard solution: Transfer 1 mL of nickel standard solution TS to a 100-mL
volumetric flask, add 1 mL of nitric acid, and dilute with water to volume. This solution
contains the equivalent of 0.1 µg/mL of nickel.
Standard solutions: Into seven identical 10-mL volumetric flasks, introduce respectively
0, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mL of Nickel standard solution equivalent to 0, 0.05,
0.1, 0.15, 0.2, 0.25, and 0.3 µg of nickel. To each flask add a 2.0-mL portion of the
Sample solution, and dilute with water to volume.
Sample solution: Weigh 8 g of Isomalt into a 50-mL volumetric flask, add 8 mL of water
and 3 mL of 65% nitric acid solution, and incubate at 95 for 1 h. Allow the solution to
cool to room temperature, add another 3 mL of 65% nitric acid solution, and incubate at
95 until all brown vapors have dissipated (1–1.5 h). Allow the solution to cool to room
temperature, carefully add 3 mL of 30% hydrogen peroxide, and keep the solution at 95
until the evolution of gas has ceased (1–2 h). Allow the solution to cool to room
temperature. Repeat the procedure two more times, i.e., adding 30% hydrogen peroxide,
heating to 95 , and cooling to room temperature. Dilute the resulting solution with water
to 50 mL.
Blank: Prepare as directed for the Sample solution, except omit the addition of Isomalt.
Blank solutions: Prepare as directed for the Standard solutions, except replace 2 mL of
the Sample solution with 2 mL of the Blank.
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: Atomic absorption spectrophotometry, using an instrument equipped with a
graphite furnace
Analytical wavelength: 232.0 nm
Lamp: Nickel hollow-cathode
Analysis: Concomitantly determine the absorbances of the Standard solutions and the
Blank solutions. Record the average of the steady readings for each of the Standard
solutions and the Blank solutions. Plot the absorbances of the Standard solutions versus
the quantity of nickel, in µg, in the portion of Nickel standard solution added to each
Standard solution flask. Extrapolate the line joining the points on the graph until it meets
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the concentration axis. The distance between this point and the intersection of the axes
represents the amount of nickel (AT), in µg, in the portion of the Sample solution that
was added to each of the Standard solution flasks. Similarly, plot the absorbances of the
Blank solutions versus the quantity of nickel, in µg, in the portion of Nickel standard
solution added to each of the Blank solutions flasks to determine the quantity of nickel
(AB) in the portion of Blank added to each of the Blank solutions flasks.
Calculate the quantity, in µg/g, of nickel in the portion of Isomalt taken:
Result = (AT

AB) × (D/W)

A=
T amount of nickel in the portion of the Sample solution that was added to each of the
Standard solutions flasks (µg)
A=
B quantity of nickel in the portion of Blank added to each of the Blank solutions flasks
(µg)
D= volume of the Sample solution prepared per volume of the Sample solution used for
analysis, 50/2
W= weight of Isomalt used to prepare the Sample solution (g)
Acceptance criteria: NMT 1 µg/g, calculated on the anhydrous basis
Sample solution: Dissolve 10.0 g of Isomalt in 30 mL of dilute acetic acid (115–125 g/L of
C2 H4 O2 ), add water, and shake to dissolve. Dilute with water to 100.0 mL. Add 2.0 mL of
a saturated solution of ammonium pyrrolidinedithiocarbamate (about 10 g/L of
C5 H12 N2 S2 ) and 10.0 mL of water-saturated methyl isobutyl ketone (C6 H12 O, 4-methyl2-pentanone), then shake for 30 s while protected from bright light. Allow the layers to
separate, and use the methyl isobutyl ketone layer.
Standard solutions: Prepare three reference solutions in the same manner as the Sample
solution but add 0.5 mL, 1.0 mL, and 1.5 mL, respectively, of nickel standard solution TS
(10 ppm) in addition to the 10.0 g of the substance to be examined.
Blank solution: Treat water-saturated methyl isobutyl ketone as described for the
Sample solution but omit Isomalt.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 232.0 nm
Lamp: Nickel hollow-cathode
Flame: Air–acetylene
Analysis
Samples: Sample solution, Standard solutions, and Blank solution
Set the zero of the instrument using the Blank solution. Record the average of the steady
readings for each of the Standard solutions and the Sample solution. Between each
measurement, rinse with water and ascertain that the reading returns to zero with the
Blank solution. Plot the absorbances of the Standard solutions and the Sample solution
versus the added quantity of nickel. Extrapolate the line joining the points on the graph
until it meets the concentration axis. The distance between this point and the
intersection of the axes represents the concentration of nickel in the Sample solution.
Acceptance criteria: NMT 1 µg/g on the anhydrous basis
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• Organic Impurities
Mobile phase, Chromatographic system, and Sample solution: Proceed as directed in
the Assay.
System suitability solution: 20 mg/mL of USP Isomalt RS and 0.1 mg/mL each of USP
Mannitol RS and USP Sorbitol RS in water
Standard solution: 0.1 mg/mL each of USP Sorbitol RS and USP Mannitol RS
System suitability
Sample: System suitability solution
[Note—The relative retention times for 1,1-GPM, 1,6-GPS, mannitol, and sorbitol are about
1.0, 1.2, 1.6, and 2.0, respectively. The typical retention time for 1,1-GPM is about 12.3
min.]
Suitability requirements
Resolution: NLT 2.0 between 1,1-GPM and 1,6-GPS
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of mannitol or sorbitol in the portion of Isomalt taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of mannitol or sorbitol from the Sample solution
rS= peak response of mannitol or sorbitol from the Standard solution
C=
S concentration of USP Mannitol RS or USP Sorbitol RS in the Standard solution (mg/mL)
C=
U concentration of Isomalt in the Sample solution (mg/mL)
Calculate the percentage of any unknown impurity in the portion of Isomalt taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unknown impurity from the Sample solution
rS= peak response of sorbitol from the Standard solution
C=
S concentration of USP Sorbitol RS in the Standard solution (mg/mL)
C=
U concentration of Isomalt in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. [Note—Disregard any impurity peak less than 0.1%.]
Table 1
Acceptance
Criteria,
Name
NMT (%)
Mannitol
0.5
Sorbitol
0.5
Any unknown impurity
0.5
Total impurities
2.0
Change to read:
• Reducing Sugars
Sample solution: Dissolve 3.3 g in 10 mL of Purified Water with the aid of gentle heat.
Cool, and add 20 mL of cupric citrate TS and a few glass beads. Heat so that boiling
begins after 4 min, and maintain boiling for 3 min. Cool rapidly, and add 40 mL of dilute
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acetic acid, 60 mL of water,100 mL of a 2.4% (v/v) solution of glacial acetic acid
and 20 mL of 0.025 M iodine VS. With continuous shaking, add 25 mL of a mixture of 6
mLvolumes of hydrochloric acid and 94 mLvolumes of water.
Analysis: After the precipitate has dissolved, titrate the excess iodine with 0.05 N sodium
thiosulfate VS, using 1 mL of starch TS, added toward the end of the titration as an indicator.
Acceptance criteria: NLT 12.8 mL of 0.05 N sodium thiosulfate VS is required, corresponding to
NMT 0.3% of reducing sugars, determined on the anhydrous basis as glucose.
SPECIFIC TESTS
Change to read:
• Water Determination, Method I 921
Sample: 0.3 g
Analysis: Add the Sample to a mixture of anhydrous methanol and formamide (1:1) at 50 ±
5 .
Acceptance criteria: NMT 7%7.0%
Change to read:
• Conductivity
Sample solution: Dissolve 20 g in carbon dioxide-free water prepared from distilled
waterwith gentle heating (40 –50 ), cool,
and dilute with the same solvent to 100 mL.
Analysis: Using an appropriate conductivity meter that has been standardized with a potassium
chloride conductivity calibration standard, measure the conductivity of the Sample solution
while gently stirring with a magnetic stirrer.
Acceptance criteria: NMT 20 µS/cm
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. No storage requirements are
specified.
• Labeling: Label it to indicate the percentage content of 1,6-GPS and 1,1-GPM.
• USP Reference Standards
USP Isomalt RS
USP Mannitol RS
USP Sorbitol RS

11
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors
Contributions in the form of original research reports, evaluations of new and existing
compendial methods, and other commentaries and articles relevant to drug standards or to
USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that
they have not been published previously in any language or medium and that they are not
simultaneously under consideration by any other publication. All manuscripts are subject to
review by USP headquarters staff, Committee members, or qualified outside referees, and if
accepted for publication they will be subject to editing by USP staff. Accepted manuscripts
become the property of the USP Convention (USPC) and may not be subsequently published
elsewhere without written permission from the USPC. Authors are also responsible for obtaining
permission for reprinting any illustrations that have been published elsewhere.
Abstract—Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References—Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
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Copyright—Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest—Maintaining independence and impartiality are
critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/conflicts-of-interest/
Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions—Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Protecting the Quality of Clinical Trial Material During Distribution: What Studies Are
Needed and When?
Robert H. Seevers, PhDa and Rafik H. Bishara, PhDb
ABSTRACT
Current guidance on storage requirements for drug products is covered in three USP general
chapters: 1) Good Distribution Practices for Bulk Pharmaceutical Excipients
Storage and Distribution Practices for Drug Products

1197 ; Good

1079 ; and Quality of Biotechnological

Products: Stability Testing of Biotechnological/Biological Products
guidance on drug product distribution processes is also covered in

1049 . In addition,
1197

and

1079 , with

the proposed update to 1079 to add Good Distribution Practices 1083 . The purpose of
this Stimuli article is to discuss the storage and distribution practices for clinical trial (CT)
materials, which represent a subgroup of drug products and provide the following: 1) a
summary of standard stability and other physical stability tests (e.g., freeze/thaw and shock
and vibration testing) that are needed to support the storage and distribution process with
clinical trial materials; and a recommendation for inclusion of a separate shipping/distribution
statement on drug product container labeling for use by entities who handle, store, or
distribute the CT material. Future revision of the general chapters mentioned above and any
other revisions that deal with product distribution or storage may be beneficial to those who
need the information presented in this Stimuli article.
INTRODUCTION
In recent years (1–4), considerable attention has been placed on the product quality of a drug
as it makes its way from the manufacturer to the patient (5–8). Guidances from regulators,
USP, and the World Health Organization (WHO) are available in this area (9–12). However,
these efforts have been aimed, almost exclusively, at approved drug products. Chapter

1079

, Scope states: “Although this chapter is not intended to address the storage and distribution
of active pharmaceutical ingredients (APIs), excipients, radioactive products, reagents,
solvents, medical devices, medical gases, or clinical trial materials for which storage
requirements may not yet be defined (e.g., Phase I clinical trial drug products), the general
principles outlined here may be useful if applied selectively or comprehensively.” (2). This
Stimuli article is intended to extend the concepts of Good Distribution Practices (GDPs) to
clinical trial (CT) materials (CTMs)/Investigational Medicinal Products (IMPs) and represents an
update of a previous paper by Bishara (13).
There are a number of key differences from the situation with approved medicines that must be
considered when asking how GDPs may be applied to CTMs/IMPs. First and foremost, is that the
clinical trial phase of a drug's life cycle is a time of significant changes. When development
begins, there is typically a very limited dataset regarding a drug's stability, susceptibility to
temperature extremes, humidity, and dynamic physical conditions including shake, drop, and
pressure. As the knowledge about a drug increases, other changes are likely to take place,
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including changes in formulation and dosage form—even whether a drug substance is used as
one salt form or another, or as the free base. While all of this is happening, the number of
patients in CTs exposed to a particular drug increases from Phase 1 to Phase 2 to Phase 3,
often by orders of magnitude. Finally, it cannot be forgotten that the vast majority of
medicines that enter clinical trials will fail. This means that it is simply neither practical nor
appropriate to expect a supporting dataset for CTMs/IMPs comparable to that which may be
seen for a marketed drug.
There is an additional consideration that must be kept in mind regarding the quality of
CTMs/IMPs. If a shipment of an approved drug must be destroyed because it has undergone
temperature excursions outside of what is known to be acceptable, a significant monetary loss
is incurred. If a shipment of CTMs/IMPs cannot be used for the same reason, delays in
completing the research may result, which would lead to corresponding delays in approval of
the new drug product. In this case, patients would have to wait longer for a needed medicine,
and a firm could potentially lose a far greater amount of income.
At the present time, the regulatory guidance available for CTMs (14–16) does not address
GDPs. The paper by Bishara (13), noted above, is the most current summary available. In
general, the risk-based approach proposed for other pharmaceutical development issues (17,
18) may appropriately be extended to distribution.
The principles outlined in this Stimuli article are intended to apply to CTMs, that is, finished
drug products; but they may also be used for drug substances, intermediates, and finished bulk
dosage forms.
THE DEVELOPMENT PROCESS
Development begins with discovery—finding molecules that block a particular enzyme or bind to
a specific receptor, or other in vitro parameters that indicate that the molecules may have a
beneficial effect on a disease state. Once a molecule shows promise, it is necessary to develop
analytical methods for detecting and assaying this molecule. To do this, stress testing is
performed in which the molecule is exposed to heat, oxidation, strong acid, strong base, light,
and other variables to enable scientists to work out the molecule's degradation patterns and to
ensure that the assay will detect, not only the parent molecule, but also the parent molecule's
most likely degradants and metabolites (19).
As a molecule moves into what is known as Phase 1, its testing continues in animals and then
in humans. Before these tests begin, it is typical to have some stability data on the drug
substance (active pharmaceutical ingredient, or API) at its intended storage condition. More
limited data may also be available for the drug product at its intended storage condition.
How much stability data should be available for trials to begin in human beings? It is difficult to
give a one-size-fits-all answer. Sufficient stress stability is essential to determine probable
degradation pathways and to ensure that the analytical methods are adequate. In the case
where a drug substance has been shown to be stable for several months, drug product stability
studies concurrent with the CTs may be acceptable. This is particularly the case where the
drug product is the drug substance with little or no modification. If there is a development lot
of either the drug substance or the drug product made by the process intended for
manufacture of the CTM, stability data for such a lot over a longer time period are likely to be
available and should be applicable to the CTM.
Standard stability testing includes storage at the long-term condition and at an accelerated
condition. For room temperature products, the long-term condition is 25 C/60% relative
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humidity (RH), and the accelerated condition is 40 C/75% RH. Many room temperature products
are being placed on stability at 30 C to accommodate use in Climatic Zone 4 countries (20).
For refrigerated products, the conditions are 5 C and 25 C, respectively (19). Long-term and
accelerated studies are not the only tests needed for some molecules or dosage forms.
Where stability data indicate risks due to temperature excursions, then it is appropriate to have
more data for the drug product before beginning human studies. For example, the CT batch or a
representative development lot may be placed on stability, and as soon as at least 1 month of
acceptable accelerated data are available, either the batch or the lot would be released for the
CT. The stability study continues at the same time as the CT. This practice of concurrent
stability is necessary to avoid the delays and expense that would ensue if more extensive
stability data were required before initiating CTs. In this way, the benefit of starting the trial
earlier is balanced against the risk that the additional stability data may show unacceptable
stability trends or results. In such a case, the batch would be removed from the CT.
For biologics and for modified-release, solid oral dosage forms, there can be a quality risk from
exposure to freezing conditions. In the case of biologics, the risk is agglomeration of the
biomolecules in solution, which could lead to loss of potency and increased immunogenicity. For
modified-release, solid oral dosage forms, where the release of the drug is controlled by a
polymer coating, it is possible that freezing may cause that coating to crack. This could lead to
unreliability in the drug release pattern and possibly dose dumping. For these reasons, a freezethaw study may be conducted on Phase 1 drugs considered to be at risk (8).
The stability testing that was done for Phase 1 is informative, but if the drug product
formulation has changed going into Phase 2, as often happens, new studies are necessary. In
Phase 2, a drug is tested in patients to determine the proper dosing and to get more
information about how the drug is handled in vivo. This is not necessarily true for the drug
substance, even if the synthetic route has changed, unless a new impurity has the potential to
increase the degradation rate (i.e., a metal catalyst).
In Phase 2, the drug product may be tested again at the long-term and accelerated conditions.
In addition, for biologics and for modified-release, solid oral dosage forms, a freeze-thaw study
is appropriate. Because Phase 2 will typically go on longer and in more subjects at more
research sites than Phase 1, there is, of necessity, a more complex distribution supply chain.
Therefore, it may be advantageous to perform temperature excursion studies that go beyond
the accelerated stability condition. For example, in the case of a refrigerated drug product,
exposure to a temperature of 30 C for a several hours cannot be understood simply by looking
at the results of accelerated stability performed at 25 C. On the other hand, a refrigerated
drug product may already show significant change at 25 C, in which case testing excursions at
higher temperatures would provide no useful information. In cases where a drug product has
shown limited change at accelerated conditions, it may be useful to perform temperature
excursion or temperature cycling studies (8).
Phase 3 challenges are both interesting and demanding. The CT effort expands to evaluate the
safety and efficacy of the drug in a significant number of patients. The stability effort needs to
support both the Phase 3 trials and the development of the data needed for registration. If the
drug product formulation has changed from Phase 2, which is not unusual, new long-term and
accelerated stability studies are necessary. It is during Phase 3 that the stability data for
registration are obtained. This process requires a significant amount of time. ICH Q1A (19)
states that 12 months of long-term stability data and 6 months of accelerated data are
expected at the time of submission of a marketing application. Greater amounts of stability will
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permit a longer shelf life for the approved drug (21, 22).
During Phase 3, additional studies support distribution of the drug and need to be performed to
obtain data for registration. These studies may include freeze-thaw testing of the intended
commercial formulation (for biologics and for modified-release, solid oral dosage forms),
temperature excursions, and temperature cycling studies (8).
For biologics, regulators expect to see validation of the drug product shipping included in the
overall validation of the drug product manufacture. There has been a change in perspective in
the past decade in this regard. Previously, where shipping validation was reviewed as part of
the pre-approval inspection of the drug product manufacturing site, more recently the
regulatory expectation has been to review this data in Sections S.2.5 and P.3.5 Process
Validation in the marketing submission. Note that this expectation covers both drug substance
and drug product. This can create challenges because the final commercial packaging for a
drug product, particularly secondary and tertiary packaging such as cartons and multi-packs,
may not be determined until very late in the process.
Shock, vibration, and pressure are also risks for biologics formulated as liquids. Testing to
establish the risks for a particular drug product is important and may be done using standard
protocols from the American Society for Testing Materials or the International Safe Transport
Association (23, 24).
It is important to remember that Phase 3 testing is just that—testing. All too often, drugs fail
to meet clinical expectations during this time. When a drug fails in Phase 3, all of the effort
expended to determine its quality risks represents lost money and resources. For this reason, it
is necessary to balance the risks of clinical failure during Phase 3 against the risk of having an
incomplete stability dataset or a delay in submission of the marketing application.
Table 1 provides an overview of testing and shows when certain tests are typically performed.
Table 1. Drug Development: When and Which Tests Are Done to Support Distribution
Test
Discovery
Phase 1
Phase 2
Phase 3
Submission
Stressa
X
b
Freeze/thaw
X
X
X
X
X
Temperature cycling
X
X
X
X
Temperature excursion
X
X
X
X
Pressure
X
X
Shock and vibration
X
X
a Stress testing is defined as exposure of a drug substance or drug product to extremes of
pH, oxidizers, light, and temperature (19).
b Freeze/thaw testing is done for biologics and some small molecules, particularly parenterals
and modified-release formulations (8).
NUMBER OF LOTS TESTED
During the CT research phase, the tests described in Table 2 are typically performed on only a
single lot of drug substance or drug product; often only one lot is available. For registration
stability, the expectation is that long-term and accelerated testing be done on at least three
lots (19). Consider: How many lots of material should be used to perform freeze-thaw,
temperature excursion, temperature cycling, shock, vibration, and pressure testing? What
shipping validation data should be provided to support a marketing application? Although there
is currently no regulatory guidance available on this topic, it seems reasonable and appropriate
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that a corresponding number of lots be used for those tests as well when the results will form
part of the marketing application. Thus, the authors recommend careful consideration and
statistical analysis in deciding how many lots should be tested.
SHIPPING VALIDATION FOR BIOLOGICS
If one examines regulatory interactions in the past decade around the issue of shipping
validation for biologics, particularly for the United States, it will be seen that during the early
part of this period, firms received 483 observations during pre-approval inspections when
regulators deemed shipping validation data missing or inadequate. In more recent years, the
trend changes to post-approval commitments rather than 483 observations. It can be
concluded that, for the United States at least, the expectation of regulators has changed from
evaluating shipping validation for biologics during pre-approval inspection of the manufacturing
site (both for drug product and for drug substance) to having shipping validation data
submitted in the Biologics Licensing Application.
It should be noted that in the case of shipping, the term “validation” is used in its broadest
sense, meaning demonstration in repeated cycles that a material may be transferred from one
site to another under controlled temperature conditions. This control may be achieved by
temperature-controlled transports (trucks, planes), qualified shipping containers, carefully
monitored shipping lanes, or more likely, a combination of the above. Validation of a
manufacturing process is a situation where multiple variables are controlled; validation of a
shipping process is one where variables such as weather, traffic, and customs delays are not
controllable, and the system must be sufficiently robust to withstand significant variability in
conditions as a result.
The ICH Common Technical Document (CTD) was created at a time before the expectation was
to provide shipping validation data in the registration document (25). Even so, the CTD has
provided information where it is appropriate to provide shipping validation results for the drug
substance in S.2.5 Process Validation and for the drug product in P.3.5 Process Validation.
IMPLICATIONS FOR PRODUCT LABELING
If a drug product has all of this information, is there an appropriate, effective way to
communicate it at the appropriate level to various audiences, such as patients, truck drivers,
warehouse staff, and others? One possibility is through the product label's “How Supplied”
section. Currently, this section has a recommended storage statement, typically “Store at 2 –8
C (36 –46 F)”. It should be possible to add recommended transport conditions, such as Table
2 shows, which has been done for several products currently approved in the United States. A
similar practice has been the International Air Transport Association (IATA) in Chapter 17 of the
Perishable Cargo Regulations (26), which provides the use of a separate time/temperature label
for the shipment of temperature-sensitive materials, including pharmaceuticals.
Table 2. U.S. Approved Products with Transport Recommendations in the “How
Supplied” Section
Drug
Statement
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AMINO ACIDS INJECTION:
lysine acetate, leucine,
phenylalanine, valine,
isoleucine, methionine,
threonine, tryptophan,
alanine, arginine, glycine,
histidine, proline, glutamic
acid, serine, aspartic acid,
and tyrosine solution

Store in the closed carton; do not expose solution to light until
ready for use. Exposure of pharmaceutical products to heat
should be minimized. Avoid excessive heat. It is recommended
that the product be stored at 20 –25 C (68 –77 F). (See USP
659 Packaging and Storage Requirements, Controlled Room
Temperature.) Brief exposure to temperatures above 25 C
during transport and storage will not adversely affect the
product. Solution that has been frozen must not be used.

CYANOKIT:
hydroxocobalamin injection,
powder, lyophilized, for
solution

Lyophilized form: Store at 25 C (77 F); excursions permitted
to 15 –30 C (59 –86 F). (See USP General Notices and
Requirements, Controlled Room Temperature).
Cyanokit may be exposed during short periods to the
temperature variations of usual transport [15 days submitted to
temperatures ranging from 5 to 40 C (41 –104 F)], transport in
the desert [4 days submitted to temperatures ranging from 5 to
60 C (41 –140 F)] and freezing/defrosting cycles [15 days
submitted to temperatures ranging from 20 to 40 C ( 4 to
104 F)].
Reconstituted solution: Store up to 6 h at a temperature NMT
40 C (104 F). Do not freeze. Discard any unused portion after 6
h.

Marcaine® 0.5% with
epinephrine 1:200,000
injection (as bitartrate;
Bupivacaine
Hydrochloride and
Epinephrine Injection,
USP)
VIVACAINE: bupivacaine
hydrochloride and
epinephrine bitartrate
injection, solution

Xalatan® latanoprost
ophthalmic solution

Store at 25 C (77 F). May be stored for brief periods during
shipment at temperatures NMT 30 C (86 F). Do not permit to
freeze.

Store at 25 C (77 F). May be stored for brief periods during
shipment at temperatures NMT 30 C (86 F). Do not permit to
freeze.
Storage: Protect from light. Store unopened bottle(s) under
refrigeration at 2 –8 C (36 –46 F). During shipment to the
patient, the bottle may be maintained at temperatures up to
40 C (104 F) for a period NMT 8 days. Once a bottle is opened
for use, it may be stored at room temperature up to 25 C (77 F)
for 6 weeks.
CONCLUSION

It is important to protect the quality of CTMs in the distribution process. There is an ethical
imperative to ensure that CT patients receive high-quality drugs. In addition, there is an
economic imperative to ensure that the data derived from CTs are valid. This Stimuli article has
set out recommendations, and each organization must adapt them to their particular situations.
Firms should capture their expectations in Development Standard Operating Procedures (SOPs)
so that teams know what the expectations are. This Stimuli article has set out
recommendations for tests that are needed to support storage and distribution processes for
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CTMs and provide a standard practice for sharing how a drug product, including CTMs, should
be handled under distribution processes for use by entities along the supply chain. Five
examples of current FDA-approved “How Supplied” labeling have been provided to demonstrate
this practice. This information is known to be needed as the product moves along the supply
chain, and providing the FDA labeling is considered to be a reasonable practice for
communicating requirements that will support an investigation if temperature or other
excursions occur from entity to entity.
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Use of Enzymes in the Dissolution Testing of Gelatin Capsules and Gelatin-Coated
Tablets — Revisions to Dissolution
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ABSTRACT A revision to the general chapters Dissolution

711

and Disintegration and

Dissolution of Dietary Supplements 2040 is being proposed to address the shortcomings of
the current chapters regarding the use of enzymes in the dissolution test of gelatin capsules or
gelatin-coated tablets. The recommendations are to use the enzymes pepsin (medium with pH
equal to or below 4.0), papain or bromelain (medium with pH above 4.0 and below 6.8), and
pancreatin (medium with pH equal to or above 6.8) if the dosage form does not comply to the
appropriate Acceptance Table or, in the case of dietary supplements, appropriate Tolerances
requirements due to the presence of cross-linking in the gelatin. Also, the revision clarifies how
the enzyme activity should be determined, the amount of enzymes to be added to the medium,
and a pre-treatment procedure to be used when the dissolution medium contains surfactant or
any other ingredient known or suspected to inactivate the enzyme being used. This Stimuli
article provides the rationale for these revisions and presents data to support the
recommendations being made. Readers are encouraged to send any comments, questions,
suggestions, or data to the corresponding author. Also, see the section Other Related Revisions
at the end of this article for information on other related general chapters and monographs.
INTRODUCTION
The USP general chapters Dissolution

711

(1) and Disintegration and Dissolution of Dietary

Supplements 2040 (2) allow the addition of enzymes to the dissolution medium when hard or
soft gelatin capsules and gelatin-coated tablets do not conform to the dissolution specification.
The current text in these chapters is:
“For hard or soft gelatin capsules and gelatin-coated tablets that do not conform to the
Dissolution specification, repeat the test as follows. Where water or a medium with a pH of less
than 6.8 is specified as the Medium in the individual monograph, the same Medium specified
may be used with the addition of purified pepsin that results in an activity of 750,000 Units or
less per 1000 mL. For media with a pH of 6.8 or greater, pancreatin can be added to produce
not more than 1750 USP Units of protease activity per 1000 mL.”
These instructions present some challenges:
1. The text “that do not conform to the Dissolution specification” is open for interpretation
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1. The text “that do not conform to the Dissolution specification” is open for interpretation
because it does not exclusively relate the dissolution failure to the presence of crosslinking in the gelatin. The user can assume that the enzymes can be used for any type
of failure, even those not related to gelatin cross-linking. Also, there is no clear
definition of what constitutes the Dissolution specification.
2. The chapter recommends the use of pepsin when the medium is water or it has a pH
less than 6.8. The pH for optimal activity of pepsin is up to a pH of 4; pepsin has almost
no protease activity above pH 5.5 (3).
3. The use of purified pepsin is recommended. The specification for this enzyme is in the
Reagent Specifications section of USP–NF (4). Not all users are aware that this
specification contains the procedure for determining the appropriate pepsin activity.
Commonly, the amount of pepsin to be added to the medium is based on the information
displayed on the reagent label or in the certificate of analysis, where the units used
may not be comparable or equivalent to those obtained when following the procedure in
the purified pepsin specification in USP–NF.
4. Pepsin has good activity up to pH 4 and pancreatin is to be used for dissolution media
with pH above 6.8; there is no current recommendation for an enzyme appropriate for
the pH range from 4 to 6.8.
5. The text does not give any guidance regarding dissolution media that contain surfactant
or other ingredients that may denature the enzyme being used.

A revision to 711 and 2040 is being published in this issue of Pharmacopeial Forum (PF)
to address these issues and make recommendations for the appropriate procedures to be
followed. This Stimuli article gives the scientific background for these revisions and presents
data to support the recommendations being made.
CROSS-LINKING IN GELATIN CAPSULES
One of the major factors that can affect the properties of the gelatin capsule shell is the
chemical interactions between the fill material and gelatin or between the gelatin and
environment during storage, which can result in gelatin cross-linking. Cross-linking entails the
formation of strong chemical linkages beyond simple hydrogen and ionic bonding between
gelatin chains (5–7). One of the strongest and most common types of cross-linking involves the
covalent bonding of the amine group of a lysine side chain of one gelatin molecule to a similar
amine group on another gelatin molecule. This reaction generally is catalyzed by trace amounts
of reactive aldehydes. Formaldehyde, glutaraldehyde, glyoxal, and reducing sugars are the most
common catalysts. The covalent bonding produced with this type of cross-linking is, for all
practical purposes, irreversible, and will eventually render the gelatin insoluble. When the
gelatin is no longer soluble in water, dissolution of the shell must involve the breaking of other
bonds, e.g., by enzyme-mediated breaking of peptide bonds in protein chains.
Common causes of cross-linking include:
1. Aldehydes present in active pharmaceutical ingredients, excipients, packaging materials,
or degradants formed in situ during storage (e.g., polyethylene glycols that may autooxidize to form aldehydes)
2. High humidity
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3. Substances that facilitate a cross-linking reaction
4. Substances that promote decomposition of stabilizers used in excipients such as
hexamethylenetetramine in corn starch resulting in the formation of ammonia and
formaldehyde
5. Rayon coilers that contain an aldehyde functional group (furfural)
6. Polyethyelene glycols that may auto-oxidize forming aldehydes
7. UV light, especially in the presence of high temperature and humidity
8. Heat, which can catalyze aldehyde formation
Cross-linking typically results in the formation of a pellicle on the internal or external surface of
the gelatin capsule shell that prevents the capsule fill from being released. Cross-linking is
evidenced by the observation of a thin membrane or gelatinous mass during dissolution testing
(8).
In vitro dissolution testing of cross-linked capsules can result in slower or incomplete release of
the active ingredient or no release at all (9,10). The degree of cross-linking is not usually
uniform within one capsule or among different capsules. As consequence, dissolution results will
have higher variability when gelatin capsules are cross-linked (5,6,8,9,11).
EVIDENCE OF CROSS-LINKING
The easiest way to confirm dissolution failure resulting from cross-linking is by visual
observations. The capsule is going to hydrate and swell but it is not going to rupture. A thin
membrane or gelatinous mass can be seen around the capsule (see Figures 1 and 2).

Figure 1. Cross-linked gelatin capsule with sinker in USP Dissolution Apparatus 2. ©2014 Vivian
Gray. Used with permission.
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Figure 2. Cross-linked gelatin capsule in USP Dissolution Apparatus 1. ©2014 Vivian Gray. Used
with permission.
Several techniques can be used to determine the nature and extent of gelatin cross-linking,
including carbon 13-nuclear magnetic resonance, ultraviolet and fluorescence
spectrophotometry, magnetic resonance imaging (12), Fourier transform near-infrared
spectroscopy (12,13), and others.
Another option to identify gelatin cross-linking during method development is to do a capsule
switching test, when possible. This can be done by transferring the content of the cross-linked
capsules into fresh capsules and the dissolution test is run again (14).
HISTORY OF THE USE OF ENZYMES IN DISSOLUTION TESTING
In the early 1990s, a Gelatin Capsule Working Group was formed and charged with the task of
assessing the issue of non-compliance of the in vitro dissolution results and its potential impact
on the bioavailability of gelatin capsules drug products. This group was composed of members
of pharmaceutical industry trade associations, gelatin capsules manufacturers, USP, academia,
and several offices within the U.S. Food and Drug Administration (FDA). The information
gathered by this group indicated that satisfactory dissolution rates might be obtained for
bioavailable products upon the addition of pepsin or pancreatin enzymes to the dissolution
medium. The Working Group developed a protocol to use carefully stressed hard and soft
gelatin capsules to determine the relationship of the in vitro to the in vivo performance. These
stressed capsules were compared to unstressed capsules in two bioequivalence studies. The
completed bioequivalence studies indicated that moderately stressed gelatin capsules, which do
not meet the standard dissolution test specifications but do pass the test upon the addition of
enzymes to the medium, are bioequivalent to unstressed capsules. Over-stressed capsules,
which fail to meet the dissolution test specifications with and without enzymes in the medium,
failed to demonstrate bioequivalence. In vitro studies were conducted using pepsin in simulated
gastric fluid and water, and pancreatin was used in simulated intestinal fluid at pH 6.8 and 7.5.
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On the basis of the results of these studies, the Working Group recommended that a second
step or tier be added to the standard USP or approved dissolution test. This two-step test was
found appropriate for all gelatin capsules and gelatin-coated tablets at any time, including at
the batch release of a marketed product (15,16). The results of these studies were used to
establish the amount of pepsin and pancreatin that could be added to the dissolution medium in
the case of test failure due to the presence of cross-linking in the gelatin. The two-step
dissolution testing was included in the First Supplement to USP 24 (17).
ENZYMES IN DISSOLUTION TESTING
The current version of 711 (1) and 2040 (2) recommends the use of pepsin for
dissolution media with pH values less than 6.8 and pancreatin for dissolution media with pH
values equal to or greater than 6.8. Because pepsin has good protease activity in pH values up
to 4 (3), there is a need to select appropriate proteases that could be used with dissolution
media that have pH in the range from 4 to 6.8. Papain and bromelain were identified as
potential candidates for this application. Their use is being recommended only as proteases to
digest cross-linked gelatin in dissolution media; they are not simulating any in vivo condition.
Pepsin
Pepsin is obtained from the glandular layer of hog stomach (18). It can also be obtained from
cattle or sheep (19). Its typical applications include: preparation of fishmeal and other protein
hydrolysates and in the clotting of milk to manufacture cheese (18). Other applications include:
dietary supplements, digestive aids, protein hydrolysis, leather tanning, silver recovery from
films, dissolution testing, and others.
Figure 3 shows the relationship between pH and activity and stability of pepsin. Pepsin is stable
over the pH range of 1–6 (3). Above pH 6, pepsin is rapidly irreversibly inactivated. At pH 8
pepsin is completely inactivated (3,20). Pepsin has a maximum activity at pH 2, 70% of the
maximal peptic activity is still present at pH 4.5, and almost no peptic activity at pH 5.5 (3,21).
Figure 3 also shows that although pepsin is inactive at pH 6.5, more than 90% of the pepsin is
still stable. The inactive pepsin at pH 6.5 can be reactivated when the pH is lowered to 2.0,
retaining 70% of its original activity. Pepsin remains stable at pH 7.0 for at least 24 h at 37 C,
retaining around 79% of its original activity after re-acidification to pH 2 (22). Pepsin as dry
powder is stable for 3 years at room temperature and for extended periods of time when stored
at –10 C to –25 C.
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Figure 3. The pH stability and pH activity of pepsin (3).
Pepsin activity can be determined using different substrates: egg albumen (23), hemoglobin
(4,18,19), and milk (24). Recently, USP revised the procedure that uses hemoglobin to make it
as similar as possible to the procedure in the Food Chemical Codex (FCC) (18). The revisions
were published in PF (25,26) with the option of using a calibration curve or a single point.
Several comments and suggestions were received and the revised hemoglobin procedure will be
published in a future issue of PF. With the implementation of the FCC procedure for the activity
determination of pepsin, the amount currently recommended in USP of 750,000 Units/L will be
revised and it will expressed as USP units/L.
Papain
Papain is a proteolytic enzyme obtained from the latex of the green unripe fruit of the papaya
(Carica papaya) (27,28). Papain is typically sourced from tropical areas, including India and the
Democratic Republic of Congo. Papain applications include: dietary supplement, meat
tenderizer, treatment for insect bites, cell culture, cell isolation, chill-proofing (clarifying) beer,
protein hydrolysis, and others. Papain will digest most protein substrates more extensively than
the pancreatic proteases.
Although papain aqueous solutions have good thermal stability, the solution stability is pH
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dependent. Papain solutions are unstable under acidic conditions, i.e., at pH values below 2.8,
there is a significant loss in activity (27). Typically, the optimal pH for papain activity is 6.0 –
7.0 but it varies according to the substrate; the optimal pH is about 5 for gelatin and about 7
for casein and egg albumen (29).
The proteolytic activity of papain is most commonly determined using casein substrate (27,30).
Other substrates that can be used are hemoglobin (31), milk (32), egg albumen, and gelatin
(33).
Papain, as a dry powder, is stable for 2 years when stored at 2–8 C, retaining 90 –100% of its
potency. It has a markedly shorter shelf life at room temperature, retaining 70–80% of its
potency when stored for 2 years at room temperature.
Bromelain
Bromelain is a proteolytic enzyme obtained from stems of pineapple (Ananas comosus)
(34,35,36). Bromelain is sourced from tropical areas including Philippines, Brazil, Indonesia, and
Thailand. Its typical applications include: dietary supplements (anti-inflammatory action,
platelet aggregation, etc.), meat tenderizer, leather tanning, protein hydrolysis, protein stain
remover, chill-proofing (clarifying) beer, and lowering the protein level of flour in baking
applications (37,38,39).
The optimum pH value is influenced by the nature of the substrate, the concentration and type
of buffer, and the presence of reducing agents (37). The most common range is pH 5–7, but
bromelain can also function in the pH range of 3–9. Bromelain is stable over the pH range of
3.0–6.5 and, once it has combined with its substrate, the activity is no longer susceptible to
the effect of the pH (38). Figure 4 shows the effect of pH on the activities of native bromelain
(NB) and two types of chemically modified bromelain (PB and PMB), which indicated that the
optimum pH values were 7.0, 8.0, and 9.0, respectively (40).
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Figure 4. Effect of pH on native bromelain (NB) and on two types of chemically modified
bromelain (PB and PMB) activities (40).
Bromelain as a dry powder is stable for 1.5–3 years when stored at 2– 8 C. If stored at
temperatures higher than 25 C, the activity should be retested at 3 months intervals. In
aqueous solution, bromelain rapidly deteriorates through self-digestion. The addition of serum
containing 2 -macroglobulin will prevent self-digestion (39).
Bromelain is commonly assayed using a gelatin substrate but it can also be assayed using
casein, hemoglobin, and milk (34,36,37,38).
Pancreatin
Pancreatin is an enzyme complex containing enzymes with various substrate specificities. These
enzymes include trypsin, -chymotrypsin, carboxypeptidase, lipase, and amylase. It is
produced by exocrine cells of the pancreas. For analytical and industrial applications,
pancreatin is of porcine or bovine origin. Pancreatin is widely used because of its broad
substrate specificity and its ability to hydrolyze proteins, fats, and polysaccharides (41). Its
typical applications include: treatment of conditions in which pancreatic secretions are
deficient, and use in detergents, and contact lens cleaning solutions (42).
Pancreatin is not stable under conditions of high humidity and temperature. The enzymatic
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activity reaches a maximum in neutral to weakly alkaline solutions and decreases quickly in
acidic or strong alkaline solutions. Pancreatin has a good proteolytic activity in the pH range of
6–8, depending on whether its source is bovine or porcine (see Figure 5) (41).

Figure 5. Proteolytic activity of pancreatin according to the pH of the medium (1 – pig, 2 –
bovine) (41).
For use in dissolution testing, the component of interest is the protease activity. The substrate
most often used in the determination of pancreatin protease activity is casein (43).
DISSOLUTION TESTING OF CROSS-LINKED GELATIN CAPSULES USING ENZYMES
Objective
The dissolution testing of non-cross-linked gelatin capsules using media with and without
enzymes were compared to evaluate the impact of the use of enzymes in the dissolution
results. The typical dissolution results were also compared using pepsin and pancreatin.
Dissolution testing of cross-linked gelatin capsules was carried out using the enzymes papain
and bromelain to determine the suitable amounts of each enzyme capable of digesting the
cross-linked gelatin.
Materials and Methods
Pepsin (lot 00511010, 1:10, 400–450 units/mg solid), pancreatin (lot 52320708, protease
activity of 203 USP units/mg), papain (Lot 70310665-B, 66,900 USP units/mg), and bromelain
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(Lot 55910802-B, 2450 gelatin digesting units (GDU)/g) were obtained from American
Laboratories (Omaha, NE). Aqueous solution of formaldehyde (37%) was purchased from J.T.
Baker (Phillipsburg, NJ). Acetaminophen, USP grade was purchased from Sigma-Aldrich (St.
Louis, MO). Glacial acetic acid was purchased from J.T. Baker (Phillipsburg, NJ). Buffer salts
were reagent grade and purchased from J.T. Baker. Tylenol (Acetaminophen) 500 mg capsules
were from McNeil Consumer Healthcare. Gelatin capsules were size 0, clear, Capsugel Lot
70836321.
Preparation of Cross-linked Capsules–Capsules were cross-linked by placing six empty capsules
in a round desiccator 15 cm in diameter. In the bottom of the desiccator, 100 mL of a 37%
formaldehyde solution was placed and the desiccator was closed to allow interaction between
the gelatin capsules and formaldehyde vapors. After 30 min the capsules were removed, filled
with 380 ± 10 mg of pure unformulated acetaminophen, and immediately subjected to
dissolution testing. Previous experience had indicated that this procedure would produce a
moderate to high degree of cross-linking (44,45). Alternatively, the pre-filled capsules can be
treated by completely vaporizing small amounts (i.e., around 5 µL) of 37% formaldehyde by
applying vacuum for about 15 s to the desiccator, which contains the gelatin capsules samples.
The hard gelatin capsules were exposed to formaldehyde for about 2 h (44,45). The dissolution
test was carried out just after the forced cross-linking procedure. Other forced cross-linking
procedures can be used as long as consistent results are obtained.
The dissolution testing was performed using USP apparatus 2 at 50 rpm with 900 mL of
dissolution medium. Helix wire sinkers were used to prevent capsules from floating on the
surface of the medium. Dissolution samples were (i) collected at specified time points and
analyzed by HPLC, or (ii) the data were generated by a Fiber Optic-UV(FO-UV) system. When
an FO-UV system was used, the excipient and enzyme background were checked and
corrected. There was no significant background interference for acetaminophen detection.
The Impact of Enzymes in Dissolution Results
For each dissolution method, the first step was to verify if there was any impact to the
dissolution results by adding the enzymes. The dissolution profiles were obtained using USP
apparatus 2 at 50 rpm with 900 mL of dissolution medium. Helix wire sinkers were used to
prevent capsules from floating on the surface of the medium. The impact of using pepsin and
pancreatin in the dissolution was evaluated using acetaminophen capsules according to the
conditions in 711 , and the results showed there was no difference of the dissolution profiles
when pepsin (Figure 6) and pancreatin (Figure 7) were added to the dissolution media.
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Figure 6. Dissolution profiles of non-cross-linked acetaminophen capsules (normal capsules)
using 0.1 N hydrochloric acid as medium, without pepsin (Tier 1) (blue line), with pepsin (Tier 2)
(pink line).
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Figure 7. Dissolution profiles of non-cross-linked acetaminophen capsules (normal capsules)
using pH 6.8 phosphate buffer as dissolution medium: without pancreatin (Tier-1) (green) and
with pancreatin (Tier-2) (orange).
The second step was to evaluate how a cross-linked capsule fails the dissolution, and how
much the dissolution profile can be revived by adding enzymes. Figure 8 shows the dissolution
results obtained with cross-linked acetaminophen capsules tested using 0.1 N hydrochloric acid
as dissolution medium with and without pepsin. Figure 9 shows the same sample tested using
pH 6.8 phosphate buffer as dissolution medium with and without pancreatin. It can be observed
that the cross-linked gelatin capsules will fail the test in the absence of enzymes using both
dissolution media. The failure can be recovered by using pepsin and pancreatin at the levels
stated in

711 .
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Figure 8. Dissolution profiles of acetaminophen capsules using 0.1N hydrochloric acid as
dissolution medium. The blue profile represents a typical dissolution result of non-cross-linked
(normal) capsules in the absence of enzyme (Tier-1). Cross-linked gelatin capsules fail the test
in the absence of enzyme (Tier-1) (red profile). Adding pepsin per 711 to 0.1 N hydrochloric
acid, the cross-linked capsules will pass Tier-2 testing (green profile).
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Figure 9. Dissolution profiles of acetaminophen capsules using pH 6.8 phosphate buffer as
dissolution medium. The blue profile represents a typical dissolution result of non-cross-linked
(normal) capsules without the enzyme (Tier-1). Cross-linked gelatin capsules fail the test in the
absence of enzyme (Tier-1) (red profile). Adding pancreatin per 711 to pH 6.8 dissolution
media, the same cross-linked capsules will pass Tier-2 testing (green profile).
New Enzymes (Papain and Bromelain)—The Digestion Power and Working pH Ranges
Initially dissolution testing was performed with non-cross-linked capsules, cross-linked capsules
with no enzymes, and cross-linked capsules with 0.5 g/L of bromelain (about 2450 GDU/L) and
0.1 g/L of papain (about 6,690,000 U/L) added to the dissolution medium. The enzyme levels
were arbitrarily chosen to make sure these enzymes could provide sufficient digestion power to
the cross-linked gelatin.
The dissolution profiles were obtained using USP apparatus 2 at 50 rpm with 900 mL of
dissolution medium. Helix wire sinkers were used to prevent capsules from floating on the
surface of the medium. Dissolution tests were performed at pH 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, and
6.8. At pH 4.0–5.5 the dissolution media were 0.05 M acetate buffer, and at pH 6.0 and above
the dissolution media were 0.05 M phosphate buffer. At each pH four dissolution tests were
performed, one test with reference (non-cross-linked) capsules, one test with cross-linked
capsules and no enzymes, one test with bromelain at 0.5 g/L, and one test with papain at 0.1
g/L. Five mL samples were pulled from each vessel after 5, 10, 15, 30, 45, 60, and 75 min and 5
mL of fresh dissolution medium was added to each vessel.
This study was intended to demonstrate that bromelain and papain would be effective in
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digesting cross-linked gelatin capsules across the pH range of 4.0–6.8. Figures 10–17 show the
dissolution results of non-cross-linked capsules (normal) tested with dissolution medium without
enzymes, cross-linked capsules tested with dissolution medium without the enzyme, crosslinked gelatin capsules tested using dissolution medium containing 0.5 g/L of bromelain, and
cross-linked gelatin capsules tested using dissolution medium containing 0.1 g/L of papain at
various pH values.
The results confirmed that both bromelain and papain are suitable to be used for dissolution
testing of cross-linked gelatin capsules in the pH range from 4.0 to 6.8.

Figure 10. Dissolution profiles of cross-linked gelatin capsules using the enzymes pepsin in 0.1 N
hydrochloric acid, bromelain in pH 4.0 acetate buffer, and papain in pH 4.0 acetate buffer. The
solid blue line is the dissolution profile on non-cross-linked gelatin capsules (reference capsules)
containing acetaminophen in pH 4.0 acetate buffer.

Figure 11. Dissolution profiles of cross-linked gelatin capsules using the enzymes bromelain in pH
4.0 acetate buffer, and papain in pH 4.0 acetate buffer. The solid blue line is the dissolution
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profile on non-cross-linked gelatin capsules (reference capsules) containing acetaminophen in
pH 4.0 acetate buffer.

Figure 12. Dissolution profiles of cross-linked gelatin capsules using the enzymes bromelain in pH
4.5 acetate buffer, and papain in pH 4.5 acetate buffer. The solid blue line is the dissolution
profile on non-cross-linked gelatin capsules (reference capsules) containing acetaminophen in
pH 4.5 acetate buffer.

Figure 13. Dissolution profiles of cross-linked gelatin capsules using the enzymes bromelain in pH
5.0 acetate buffer, and papain in pH 5.0 acetate buffer. The solid blue line is the dissolution
profile on non-cross-linked gelatin capsules (reference capsules) containing acetaminophen in
pH 5.0 acetate buffer.
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Figure 14. Dissolution profiles of cross-linked gelatin capsules using the enzymes bromelain in pH
5.5 acetate buffer, and papain in pH 5.5 acetate buffer. The solid blue line is the dissolution
profile on non-cross-linked gelatin capsules (reference capsules) containing acetaminophen in
pH 5.5 acetate buffer.

Figure 15. Dissolution profiles of cross-linked gelatin capsules using the enzymes bromelain in pH
6.0 phosphate buffer, and papain in pH 6.0 phosphate buffer. The solid blue line is the
dissolution profile on non-cross-linked gelatin capsules (reference capsules) containing
acetaminophen in pH 6.0 phosphate buffer.
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Figure 16. Dissolution profiles of cross-linked gelatin capsules using the enzymes bromelain in pH
6.5 phosphate buffer, and papain in pH 6.5 phosphate buffer. The solid blue line is the
dissolution profile on non-cross-linked gelatin capsules (reference capsules) containing
acetaminophen in pH 6.5 phosphate buffer.

Figure 17. Dissolution profiles of cross-linked gelatin capsules using the enzymes bromelain in pH
6.8 phosphate buffer, and papain in pH 6.8 phosphate buffer. The solid blue line is the
dissolution profile on non-cross-linked gelatin capsules (reference capsules) containing
acetaminophen in pH 6.8 phosphate buffer.
Evaluation of the Amounts of Enzyme to Be Used in the Dissolution Testing of CrossLinked Gelatin Capsules
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Using the results from the studies described above, additional studies were carried out to
explore the appropriate enzyme levels to be used for each selected enzyme (pepsin, papain,
bromelain, and pancreatin). It was found that the gelatin dissolution rate (Figure 18) is faster
in pH around 1.2 (0.1 N hydrochloric acid) than in pH 4.5 (acetate buffer) and pH 6.8
(phosphate buffer). This indicates that the capsule opening is faster and in favor of drug
release from the capsules in 0.1 N hydrochloric acid.

Figure 18. Dissolution profiles of hard gelatin capsule shells in various dissolution media.
The cross-linked capsules samples were prepared by treating the hard gelatin capsules with
formaldehyde (44,45). The hard gelatin capsules were exposed for 2 h and the dissolution test
performed immediately after the treatment to control the consistency of gelatin cross-linking
level.
The dissolution profiles obtained with cross-linked and non-cross-linked capsules were
compared. The cross-linked capsules failed the dissolution test at all three pH conditions. The
cross-linked capsules passed the test when pepsin was used with 0.1 N hydrochloric acid (see
Figure 8).
Using all the background information available, it was decided to use as a reference the
dissolution profile obtained with 0.1 N hydrochloric acid with pepsin as a reference to evaluate
the performance of the other dissolution conditions. Different amounts of bromelain or papain
were added to 50 mM pH 4.5 sodium acetate buffer, and different amounts of pancreatin were
added to 50 mM pH 6.8 sodium phosphate buffer. The goal was to identify the proper amount
of each enzyme to achieve similar effectiveness in digesting cross-linked gelatin as was
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obtained using pepsin in 0.1 N hydrochloric acid containing pepsin. The following conditions
show similar results in the ability of the used level of enzyme to digest cross-linked gelatin hard
capsules:
pepsin in pH below 4: 750,000 units/L (as the current version of
pancreatin in pH equal or above 6.8: 2000 units/L
bromelain in the pH range 4–6.8: 30 GDU/L
papain in the pH range 4–6.8: 550,000 units/L

711 )

Figure 19 shows the dissolution profiles obtained using these enzymes in the amounts
mentioned above.

Figure 19. Dissolution profiles of cross-linked gelatin capsules using the enzymes pepsin in 0.1 N
hydrochloric acid, pancreatin in pH 6.8 phosphate buffer, bromelain in pH 4.5 acetate buffer,
and papain in pH 4.5 acetate buffer. The blue dash line is the dissolution profile of non-crosslinked gelatin capsules containing acetaminophen in pH 6.8 phosphate buffer.
Capsule Opening and Drug Release Behaviors
The drug release process from capsule products may go through two major steps, i.e., (i)
capsule shell opening, and (ii) drug release from the content/fill. From the acetaminophen
capsule experiments, the dissolution data was analyzed taking into consideration the time
necessary to release a certain amount of drug, since the data were continuously collected by
an FO–UV system. The drug released at >5% of label claim (LC) (i) was used to reflect a stage
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that the capsule shell has significantly opened, and (ii) at >85% of LC to show the full drug
release stage. The time (in minutes) to reach each stage from each trial was identified from the
detailed profiles obtained by the FO-UV system. Figure 20 shows that non-cross-linked
capsules (good capsules) opened and released at least 5% of LC within 4–6 min in three
different dissolution media. When cross-linked capsules were evaluated, the initial release of
5% was delayed by as much as 20 min. The cross-linked gelatin was not completely dissolved
during the testing time period, and the drug release was achieved through some small holes
(openings) of the capsule shell, which limited the content from spreading out. Therefore, the
drug release level never reaches 85% LC at 60 min (i.e., the end of the dissolution run) when
the dissolution media did not contain enzymes. This behavior caused the dissolution testing to
fail the specification of Q = 80% at 30 min.
The same capsules were tested with dissolution media containing enzymes, and the results are
shown in Figure 20. For good capsules, there is no significant difference for the drug release
rate from the Tier-1 results. The drug release processes compared for the four different
enzyme/pH conditions are very similar. It showed the capsule opening time changed from 3–5
min to 11–15 min; the gelatin capsule continued to dissolve and the drug release reached full
release within NMT 12 min after the capsule opened. The cross-linked acetaminophen capsule
samples can pass the Q = 80% at 30 min by Tier-2 testing under all these four conditions.

Figure 20. Drug release and capsule behavior comparison for non-cross-linked capsule versus
cross-linked capsule in the absence of enzymes (Tier-1).
The same capsules were tested using dissolution media containing enzymes (Tier-2), and the
results are shown in Figure 21. For good capsules, there is no significant difference for the drug
release rate from the Tier-1 results. The drug release processes compared for the four different
enzyme/pH conditions are very similar. It showed the capsule opening time changed from 3–5
min to 11–15 min; the gelatin capsule continued to dissolve and the drug release reached full
release within NMT 12 min after the capsule opened. The cross-linked acetaminophen capsule
samples can meet the acceptance criteria of Q = 80% at 30 min by Tier-2 testing under all
these four conditions.
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Figure 21. Drug release and capsule behavior comparison for non-cross-linked capsules (good
capsules) vs. cross-linked capsules using dissolution media containing enzymes (Tier-2).
The time to reach 5% of LC can be used for the decision of the pre-treatment time when
enzymes are added to the dissolution medium (Tier-2 methods). The time gap between 5% of
LC and 85% of LC on the formulation, which needs to be carefully evaluated during method
development.
INTERACTION ENZYMES—SURFACTANTS
Surfactants may inhibit enzymatic activity because of denaturation of the enzyme or by
competition for the substrate, or surfactants can enhance enzymatic activity. The type of
interaction depends on the type of surfactant, the substrate being used with the enzyme, the
solvent, the pH of the medium, and the characteristics of the enzyme. A comprehensive review
of the interaction of enzymes with surfactants was published by Otzen (46). With very few
exceptions, non-ionic surfactants do not denature proteins, whereas ionic surfactants do so at
very low concentrations that are often well below their critical micelle concentration (CMC).
The critical issue is not the concentration of surfactant present but the ratio between protein
and surfactant, because this will determine how much surfactant is available per protein
molecule. An additional layer of complexity is introduced if the surfactant changes ionization
over a pH range that is relevant for the protein. In this case, small changes in pH can have
profound effects on protein-surfactant interactions.
Given the multiple ways in which surfactants can bind to proteins, it is expected that they can
have other effects on proteins besides denaturing them or stabilizing them as ligands. Many
proteins are stabilized by the binding to ionic surfactants. Some proteins are simply resistant to
denaturation by a specific surfactant such as sodium lauryl sulfate (SLS). Examples of nonSLS-binding proteins include papain and pepsin (46). SLS, dodecyl trimethylammonium chloride,
and Peregal O (non-ionic surfactant) in various concentrations were shown to increase the
enzymatic activity of pancreatin when the substrate was gelatin (47). The effect of SLS and
Tween 80 on the dissolution of cross-linked gelatin capsules using pepsin and pancreatin was
evaluated. SLS significantly hampered the dissolution due to the formation of a less soluble
precipitate of gelatin.
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Another study found similar results for SLS (48). SLS significantly reduced the dissolution of
gelatin capsules below pH 5. Visually, the gelatin shells were transformed into a less-soluble
precipitate under these conditions. The precipitate was found to have a higher sulfur content
than the gelatin control sample, indicating that SLS is part of the precipitate. Tween 80
showed far better results in dissolution media at neutral or low pH (49).
The inhibitory effect of dioctyl sodium sulfosuccinate on pepsin activity was investigated over
the pH range of 1.5–3.0. The inhibitory effect was studied using a natural substrate,
hemoglobin, and a synthetic substrate, N-acetyl-l-phenylalanyl-l-diiodotyrosine. A substrateinhibitor interaction was the major mechanism of inhibition with hemoglobin. With the synthetic
substrate, the inhibition was due to a competition between the substrate and the inhibitor
molecules for the enzyme (50). Papain is denatured by SLS (51) but its activity can be
enhanced with moderate amounts of Tween 80 (52). Analysis of kinetic data showed that SLS
acts as a partial non-competitive inhibitor for bromelain, and demonstrated that bromelain is
resistant to SLS binding and denaturation (53).
The influence of some surfactants on the pepsin activity was evaluated at the USP Biologics
and Biotechnology Laboratory. The FCC (18) procedure for determination of pepsin activity
employs 30 mM hydrochloric acid, pH 1.6, as diluent. This diluent was replaced by the following
solutions, commonly used as dissolution medium; hydrochloric acid adjusted to pH 1.2, 1.6, and
2.2; 0.1 M phosphate buffer, pH 2.5; pH 3.0 and pH 4.0 citrate buffer; and 0.2 M acetic acid
buffer, pH 4.0. The results showed that buffers with pH values of 2.5 and below did not inhibit
the protease activity of pepsin. Citrate buffer at pH 3.0 reduced the activity by 31%. Acetic
buffer and citrate buffer, both at pH 4.0, almost completely inhibited the pepsin activity.
Surfactants were added to the diluent used in the FCC procedure (30 nM hydrochloric acid, pH
1.6). Tween 80, Tween 20, and SDS were tested at the concentrations of 0.1% and 0.5%.
SDS at 0.1% did not inhibit the pepsin activity but 0.5% SDS inhibited the activity by 75%.
Tween 20 and Tween 80 did not inhibit pepsin activity at the concentrations of 0.1% or 0.5%;
rather both surfactants seemed to enhance the activity of pepsin by as much as 80%.
Because the enzyme-surfactant interaction is influenced by so many variables and the outcome
cannot be easily predicted, if the dissolution medium used in the dissolution of gelatin capsules
or gelatin-coated tablets contains surfactants, it is recommended to carefully verify the impact
from surfactant in the enzyme digestion power needed in the dissolution test. If the loss of
enzyme activity is clearly observed, a pre-treatment can be applied.
The dissolution procedure that includes a pre-treatment step uses two dissolution media:
Medium A is the dissolution medium for the pre-treatment of the cross-linked gelatin capsule or
gelatin-coated tablet. It is the original medium in the dissolution procedure with the appropriate
enzyme but without the surfactant or solubility enhancer. Medium B is the original medium in
the dissolution procedure containing the surfactant or solubility enhancer at a concentration
sufficient to produce the concentration in the original dissolution medium when added to
Medium A. Other than adding the enzyme, the original composition of the dissolution medium
cannot be modified for the pre-treatment step. In some publications the original procedure is
called Tier 1 and the procedure with the addition of the enzyme is called Tier 2.
Pre-Treatment Step Method Development
The pH of the dissolution medium determines the appropriate enzyme to be used according to
711 . The amount of the enzyme to be added to the dissolution medium should be
determined experimentally to obtain the required protease activity. The stability of the enzyme
in the pre-treatment dissolution medium needs to be evaluated to optimize the method
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performance.
For the pre-treatment procedure, the volume of Medium A is smaller than the volume stated in
the dissolution procedure. This volume is defined on a case-by-case basis. After the pretreatment period, a volume of Medium B is added to the vessel to reach the specified
dissolution medium volume and the final surfactant or solubility enhancer concentration as
stated in the original procedure. Medium B should be pre-warmed to 37.0 ± 0.5 C before it is
added to Medium A. The addition should be as gentle as possible to minimize the physical
disturbance to the dissolution medium flow. The agitation should be maintained during the pretreatment step and it should be the same as stated in the original method or monograph.
Typically, the pre-treatment time period is NMT 15 min. However, the required pre-treatment
time should be evaluated on a case-by-case basis and should be justified. This time is part of
the total time of the dissolution procedure.
Some examples of this pre-treatment step can be found in the “FDA-Recommended Dissolution
Methods” database available at
http://www.accessdata.fda.gov/scripts/cder/dissolution/index.cfm (Figure 22).

Figure 22. Example of dissolution procedure with the pre-treatment step from the FDArecommended Dissolution Methods database
(http://www.accessdata.fda.gov/scripts/cder/dissolution/index.cfm).
By using the procedure described in Figure 22 as an example, the dissolution medium is 900 mL
of 0.05 M sodium phosphate buffer, pH 7.5, containing 2% (w/w) sodium dodecyl sulfate (SDS,
synonymous with SLS). In the presence of cross-linking, the samples undergo a 15 min pretreatment where the medium is 700 mL of 0.05 M sodium phosphate buffer, pH 7.5, containing
1% of pancreatin. After 15 min, 200 mL of 0.05 M sodium phosphate buffer, pH 7.5, containing
9% of SDS is added to the vessel and the test is continued until the final time point.
The stepwise addition of enzyme and surfactant enables both agents to take effect individually
and sequentially in the dissolution medium. The enzyme digests the cross-linked gelatin capsule
shell at the beginning to ensure the opening of the capsule shell, whereas the addition of
surfactant or solubility enhancer afterwards increases drug solubility and/or wettability. The
pre-treatment can be used even when the surfactant is a component of the formulation. Once
the cross-linked capsule shell ruptures and dissolution starts, the surfactant inside the
formulation will work as expected (14).
Because most of the dissolution parameters remain unchanged, the development of the pretreatment step should focus on the selection of the enzyme, adjustment of the volumes of
Medium A and Medium B, definition of the concentration of surfactant or solubility enhancer in
Medium B, and determination of the time for Medium A pre-treatment.
Pre-Treatment Step Method Validation
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Specificity, accuracy, precision, linearity, and range are the primary parameters in the
validation of any typical dissolution method. Some additional considerations may apply to a pretreatment procedure (54). For specificity, non-interference of the enzyme should be confirmed
using the pre-treatment procedure. Accuracy, precision, linearity, and range should not be
compromised due to the addition of the enzyme. The laboratory should use the proposed pretreatment procedure to verify the repeatability of the procedure on the test article at
appropriate time points
The dissolution test using enzymes, with or without the pre-treatment, may be implemented
during the course of stability studies, provided that the method has been properly validated.
The pre-treatment step is intended to assess the degree of the release from the test article at
the original specification time points. The dissolution profile from the pre-treatment method may
not be comparable to that generated using the original dissolution method.
OTHER RELATED REVISIONS
During the development of the revision being made to <711> and <2040> or as a consequence
of this revision, other monographs and general chapters will be reviewed:
1094

Capsules—Dissolution Testing and Related Quality Attributes

1092 The Dissolution Procedure: Development and Validation
Pepsin, as reagent
Bromelain, as reagent
New monograph for Hard Gelatin Capsule Shell
Gelatin monograph
We strongly recommend that readers monitor PF for future revisions to these chapters,
reagents, and monographs. Readers should also send any comments, questions, suggestions, or
data to Margareth Marques at MRM@usp.org.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Ophthalmic Products — Replies to Comments Received
Dale S Aldricha, Cynthia M. Bacha, William Brownb, Wiley Chambersa,c, Jeffrey Fleitmana,
Margareth R. C. Marquesb,d, Karen McCulloughf , Yana Millec,e, Ashim Mitraa, Seshadri
Neervannana, Stacey M. Platzera, Stish K Singha, Tom Ticea, George Tina
ABSTRACT This Stimuli article provides responses from the USP Expert Panel on Ophthalmic
Products to comments received related to the revision to the USP general chapter Ophthalmic
Ointments

771

(proposed to be renamed to

771

Ophthalmic Products—Quality Tests),

the new general chapter 1771 Ophthalmic Products — Performance Tests, a Stimuli article
on ophthalmic preparations published in Pharmacopeial Forum (PF) 39(5) [Sept.–Oct. 2013],
and comments and suggestions discussed at the USP workshop titled “Ophthalmic Products”,
held at the USP headquarters on October 21–22, 2013. Both chapters are being revised and the
major revisions are related to the general chapter titles, particulate and foreign matter,
leachables and extractables, dissolution/drug release, and bacterial endotoxins.
INTRODUCTION
In Pharmacopeial Forum (PF) 39(5) [Sept.–Oct. 2013] (1) the USP Expert Panel on Ophthalmic
Products, working under the direction of the USP Expert Committee General Chapters—
Pharmaceutical Dosage Forms, proposed a revision to the USP general chapter Ophthalmic
Ointments

771

(2) to include the description and quality tests for all dosage forms that can

be applied in the eye. The chapter was proposed to be renamed

771

Ophthalmic

Preparations—Quality Tests. In the same issue of PF the proposal for the new chapter 1771
Ophthalmic Preparations—Performance Tests (3) was published. This new chapter addresses
the dissolution and drug release tests for ophthalmic products. The rationale for the revisions
to these two chapters, additional information on novel ophthalmic dosage forms, and references
were published in the Stimuli article Ophthalmic Preparations (4) in the same issue of PF.
The workshop “Ophthalmic Products” was held at the USP headquarters in Rockville, MD on
October 21–22, 2013. This meeting provided an open forum for the discussion of the revisions
made to the two general chapters 771 and 1771 . Emphasis was placed on the critical
quality attributes for the dosage forms that can be applied in the eye currently available on the
market.
The comments received from the publications in PF and from the discussions during the
workshop can be divided in five topics: 1 - general chapter titles, 2 - particulate and foreign
matter, 3 - leachables and extractables, 4 - dissolution/drug release tests and 5 - bacterial
endotoxins. This Stimuli article provides the rationale and pertinent references to the revisions
being made to the two chapters

771

and

1771 , published elsewhere in this issue of PF.

GENERAL CHAPTER TITLES
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The word “Preparations” in the title of the revisions to both chapters
being replaced with “Products”. The new titles are

771

771

and

1771

is

Ophthalmic Products—Quality Tests

and 1771 Ophthalmic Products—Performance Tests. Even though there are no official
documents or guidances stating that the word Preparations is of exclusive use of compounding
pharmacy, given common practice to use the term Preparation to refer to compounded
formulations, the change is being made to avoid any potential confusion.
PARTICULATE AND FOREIGN MATTER
The definition for three particle categories where added, extrinsic, intrinsic, and inherent, which
are also included in all USP chapters related to particles. This includes definitions in the general
chapters Visible Particulates in Injections
Inspection

790 , Particulate Matter Determination—Visual

1790 , Methods for Determination of Particulate Matter in Injections and

Ophthalmic Solutions

1788 , Subvisible Particulate Matter in Therapeutic Protein Injections

787 , and Measurement of Subvisible Particulate Matter in Therapeutic Protein Injections
1787 . Limits were defined for two types of ophthalmic product administration, i.e., extraocular
and intraocular, in regard to sensitivities of the affected tissue. The need to inspect final sterile
injectable product packages is stressed to comply, where possible, with the standards for
these injection products.
In compliance with current Good Manufacturing Practices (cGMP), the most appropriate
components for the new product, for both package and formulation, which result in the most
stable product should be selected during development and commercial production. Refined
processes that minimize extraneous matter and consider component quality, package cleaning
and long-term physical stability are important parts of this program. All of these component
conditions may affect the quality of the final product.
While the presence of even single particles may be a medical issue, it is the content of
objectionable types (hard and/or large) and the elevated numbers that promote granulomas and
potential vascular blockage (5); these are the primary focus of these changes. Also important
are the route of administration (extraocular or intraocular), the intended patient population and
the condition of the patient. Overall, exclusion of unwanted particulate matter is important for
all patients and extremely so for those at high sensitivity and risk.
Much discussion in historical literature concerns the effects of foreign matter injection,
reported as due to massive particle numbers (6–10). Current promotion of particle awareness
and exclusion from the final product have much to do with meeting the capability of modern
pharmaceutical systems, rather than the effects of high particle loads. The danger of patient
harm via ophthalmic extraocular administration due to single particles seems minimal. For
intraocular administration, and the most critical intravitreal injection, the sensitivity of the
tissues makes this route of administration most important.
Controlling particle content is a critical consideration for all products. The presence of elevated
amounts or extraneous sources or incomplete removal of adventitious particles indicates a poor
production process. Particles represent potential microbial insult, especially from extraneous
sources. Careful selection of package and formulation components may minimize the presence
of substances that may be involved in or promote particle growth. Included in this
consideration are extractable materials (organic and inorganic), crystallization/nucleation of any
component, relatively-insoluble formulation impurities, degradants and hydrates/solvate
formation and product-package interaction effects. Machinery lubricants and plasticizers have
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been identified as contributor to formulation instability. Silicone oil, added to some products to
facilitate closure insertion and plunger actuation may be a direct or contributing factor in
particle content problems.
Control and exclusion of particulate matter for intraocular use follows the guidance for other
parenteral products; ophthalmic products are also considered in the revision to the USP general
chapter Injections and Implanted Drug Products (Parenterals)—Product Quality Tests 1 .
Being able to detect, isolate, identify and control unwanted particulate (and other) matter is
the essence of the product life cycle approach driving revision in USP and embraced by
regulatory agencies.
EXTRACTABLES AND LEACHABLES
Sources of ophthalmic products extractables and leachables (E/L) include the primary
packaging such as the bottle or syringe or the secondary packaging, which includes packaging
components that help to protect and identify the product such as foil wraps, inks, and
adhesives.
Many tasks are required to evaluate E/L including:
1. Develop test methods
2. Qualify packaging components
Plastics
Inks
Adhesives
Elastomers
Cartons
Shrink wrap
3. Qualify manufacturing components
Tubing
Filters
4. Perform stability studies
5. Identify E/L
6. Support toxicology assessment of E/L
7. Set product specifications
8. Author common technical documents (CTD) (see www.ich.org) regulatory submission
sections (methods, stability, and others)
9. Negotiate specifications with regulatory agencies
10. Support post-approval issues that arise from detection of previous unknown E/L
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One of the major obstacles for these studies is the lack of harmonized regulatory guidances for
testing, identification, and report of E/L.
The dilemma facing the pharmaceutical industry includes answering difficult questions: Can
ophthalmic products E/L testing requirements be put in perspective with Total Daily Intake
(TDI) limits in existing ICH guidances? Can a one-time container closure system qualification
approach be used to eliminate the need to establish finished product E/L specifications,
especially when the identical container-closure system is used for different products?
DISSOLUTION/DRUG RELEASE
Information was added to the proposed general chapter 1771 that this type of test is
typically applicable to products that have a mechanism that typically extends release beyond
one day.
BACTERIAL ENDOTOXINS
Endotoxin is a component of the cell walls of Gram-negative bacteria. Native endotoxins are
pieces of bacterial cell wall that contain lipopolysaccharide, outer membrane surface proteins,
phospholipids, and lipoproteins. Lipopolysaccharide (LPS) is the biologically active component in
endotoxin. LPS is an amphipathic molecule, comprised of the Lipid A component that is highly
conserved across Gram-negative species, and which is the biologically active portion of the
molecule, and the hydrophilic polysaccharide component that confers O-antigen specificity to
various strains of Gram-negative bacteria. The unit of measure of the biological activity of an
endotoxin preparation is called an Endotoxin Unit (EU), or in Europe, an International Unit (IU).
By definition, one EU = one IU.
Exposure to LPS can result in many different reactions in mammals from inflammation to fever to
lowering of blood pressure (11). Pyrogenic, or febrile responses to varying concentrations of
intravenously injected LPS in mammals have been measured, resulting in endotoxin limit
requirements for parenteral products (12–14). The compendial limit for pyrogenicity (the
threshold pyrogenic dose) is established at 5 EU/kg, and product-specific endotoxin limits for
various preparations are calculated based on the dose of the product, the route of
administration and the length of administration. Endotoxin is measured using a reagent called
Limulus Amebocyte Lysate (LAL), which is an extract of the circulating blood cells of the
horseshoe crab. This bacterial endotoxins test (BET) can be executed using a variety of
methodologies for suitability and routine testing described in the harmonized compendial
chapter for the Bacterial Endotoxins Test 85 (United States Pharmacopeia, European
Pharmacopoeia 2.6.14, Japanese Pharmacopoeia 4.01).
However, of equally significant concern are endotoxin levels that will elicit a clinically significant
inflammatory response. Formal dose response studies in humans have not been performed to be
able to distinguish potentially harmful levels of inflammation from milder levels indistinguishable
from normal healing. Toll-Like Receptors, or TLRs, are proteins that can detect patterns
representing a broad range of pathogenic bacteria, and are components of the innate or first
line of defense against infection. To date, eleven TLRs have been identified in humans with
TLR-4 being responsive to the Lipid A portion of LPS (15–17). When endotoxin is present, TLR-4
is activated to stimulate the expression of inflammatory cytokines, which constitute the first
line of defense to infection. TLR-4 receptors have been identified on many mucosal epithelia in
the body, and have been identified on the surface of conjunctival epithelial cells but not on
ocular (corneal) epithelial cells (17,18).
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All injected or implanted ophthalmic drug products should be prepared in a manner to minimize
bacterial endotoxins as defined in USP 85 . The limits being proposed are not more than
(NMT) 0.5 EU/mL for ophthalmic irrigation products and NMT 2.0 EU/dose/eye for injected or
implanted drug products. Bacterial endotoxin limit is not typically recommended for products
with a topical application. This chapter does not address the endotoxin limits for devices that
are injected or implanted.
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